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CHAPTER I 

INTRODUCTION 

Need for the Study 

Energy prices have r1sen steadily since the 1973-74 Arab oil 

embargo. Between 1974 and 1981 the price of domestic crude oil at 

wellhead rose from $6.87 per barrel to $31.77. The average landed cost 

of imported crude petroleum rose from $6.26 per barrel in December 1973 

to $35.85 in 1981. The price of motor gasoline in major U.S. citie·s 

rose from 53.2 cents per gallon to 131.l cents for leaded regular 

between 1974 and 1981. 

Between 1981 and 1982 petroleum product prices declined slightly 

due to an international oil glut and the inability of the OPEC member 

countries to reach an agreement on international oil prices. The 

domestic wellhead price of petroleum decreased from $31.77 per barrel in 

1981 to $28.52in1982. Average landed import oil prices declined from 

$37 .OS to $33.55. The price of motor gasoline decreased on the average 

from 135. 3 cents per gallon to 128.1 cents for all types. Other energy 

prices also increased continuously. The average wellhead price of 

natural gas increased from 22 cents per thousand cubic feet in 1973 to 

$1.98 in 1981, and to $2.41 in 1982. Average retail prices of 

electricity increased from 1.96 cents per kilowatt-hour in 1973, to 5.46 

cents in 1981, and 6.13 cents in 1982. 

1 
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Higher energy prices affect the national economy in many 
~ -

directions. They lead to higher industrial prices, and affect 

investment, employment and government revenue. Agriculture is also 
.:_ ___ « _ _. .. 

affected by higher energy prices. Natural gas is allocated to the 

agricultural sector for purposes of irrigation, post-harvest drying and 

other farm uses. Gasoline is used for production, marketing of products 

and supplying of inputs. Rural communities and farm families require 

electricity, heating fuels and gasoline for job commuting and other 

family related transportation needs. High er energy co st s lead to lower 

farm outputs and higher food costs. 

Higher energy prices contribute to higher income and employment in 

the energy-producing sector of the economy. Through the secondary 

economic effects, the increase in income and employment in the 

e ne r gy-produc ing sec tor leads to higher output, income and employment rn 

other sectors of the economy. Energy producing regions show higher 

growth rates of Lncome and employment than the rest of the country when 

energy prices rise. Through interregional feedback, these energy 

producing regions import more from other regions. Hence income and 

employment in some regions of the rest of the country could be induced 

to rise by an increase in energy prices. 

The many economic consequences of higher energy prices have 

raised concerns of economists. Much work has been ·done on the 

aggregate economic effects of energy price escalations. Results of 

such work have been wide ranging, including the contributions of 

higher energy prices to national recessions (73), accounting for 

energy prices Ln current inflation (72), and the stimulus of higher 

energy prices to factor substitution (27). In the area of regional 

\ 7 

t 
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economics, Miernyk advanced the hypothesis that higher energy prices in 

the United States would result in income increasing more rapidly 1n 

regions (states) which produce energy than in regions which do not (69, 

70, 71). Manuel tested Miernyk's hypothesis by using the export base 

model to explain per capita income growth (66). Lee, Blakeslee, and 

Butcher (59) applied an input-output methodology to study the impact of 

exogenous price changes of wheat, electricity, petroleum, and natural 

gas on the Washington State's economy. Polenske (86) developed the 

Multi-Regional Input-Output "'.1odel (MRIO) and studied the regional 

impacts of changes in regional energy costs. 

Oklahoma is a major producer and consumer of energy. Any exogenous 

changes in prices or demands for energy affect the income and employment 

of this region greatly. In 1978 Oklahoma produced 2,939 trillion fil'U of 

energy and consumed 1,483 trillion BTU, thus exporting about 49.9 

percent of its 1978 production. On the other hand, Oklahoma production 

of energy decreased by 10.0 percent from 1970 to 1978 while consumption 

increased by 36.3 percent over the same period. In 1980, 76.3 thousand 

people were employed in the oil and gas extraction and refinery 

industry, whereas only 52. 7 thousand people were engaged in the 

agricultural sector. The percentage of people employed in the oil-gas 

extraction and refinery industry increased from 5.5 percent in 1970 to 

6.4 percent in 1980, while employment in the agricultural sector fell 

from 6.6 percent to 4.4 percent. 

Exogenous increases of energy prices have great impacts on the 

economy of Oklahoma. Higher energy prices induce more oil and natural 

ga~ exploration and drilling. This means that more petroleum and 

natural gas will be produced in Oklahoma. Higher income and employment 
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I
: will be generated in the energy producing sector and in other related 

sectors of the economy as well. Higher incomes in the energy sector 

\ 
could induce more production in the agricultural sector. However, 

: 
higher energy prices also lead to higher food costs in Oklahoma since 

energy is a major input in producing fertilizers and pumping irrigation 

water as well as marketing of farm products. Higher energy prices could 

induce more output and higher prices of manufactured commodities in an 

energy producing state. Higher energy prices may have further 

interrelationships with the utilization of water resources. More 

production of petroleum and natural gas require more water resources for 

drilling and refining. More kilowatts of electricity produced may 

demand more water resources for the generation of power in eastern 

Oklahoma. Higher energy pri.ces may suggest new policies for factor 

utilization such as the use of coal rather than natural gas in the 

generation of electricity. Finally, higher energy prices nationally 

could induce some energy-favored industries to locate in Oklahoma since 

they would find it more profitable to locate nearer the source of energy 

inputs. 

To trace the impacts of exogenous changes in energy prices on __ ........ ~--..... -·.-...-·--~----·-----' 

production, income, and employment, as well as on prices of 

I 1 

II 
il 

agricultural products and other goods and services of Oklahoma and 

,-
\.t .. 

\'t<'f'.' 
;S ~ _, 

I 
! 

other regions of the country, 

can be used. Such a model is 

on intenegional input-ouput price model \! ~'\' ~J 
well suited to this purpose. Relatively \ 

little work has been done in this area, especially for Oklahoma. 

Ghebremedhin (38) developed a comprehensive energy information system 

for Oklahoma for 1972 and integrated this information into a dynamic 

input-output and simulation model to evaluate alternative energy 
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choices and to project economic variables such as employment, income, 

government revenues and expenditures and gross state product. However, 

the economic impacts of higher energy prices on regional prices, output, 

income and employment have not been investigated. 

Objective of the Study 

The overall objective of this study i.s to construct an 

interregional input-output model for Oklahoma and the Rest of the United 

States economies and use this model to analyze the economic impacts of 

energy price changes. More specifically the objectives are to: 

1. Develop an interregional input-output model with 81 processing 

sec tors from the benchmark national input-output table for the 

base year 1977 to establish the interregional linkages between 

Oklahoma and the Rest of U.S. 

2. Construct a human resource account showing the allocation of 

household income and consumption expenditure and employment tn 

Oklahoma and the Rest of U.S. by economic sector and integrate 

the data from this account into the interregional input-output 

model for measuring interregional output, income, and 

employment multipliers. Interregional input-output 

multipliers are calculated for both Type I when the household 

sector is treated outside the model and Type II when the 

household sector is treated endogenous in the model. 

3. Construct an energy balance sheet for the base period 1977 

showing production and consumption of energy by energy 

source and by economic sector and integrate this energy data 

. ' 
\ i 
; I 



base into the i.nterregiona 1 input-output model for purposes 

of evaluati.ng impacts of energy price changes on the 

economies of Oklahoma and the Rest of U.S. 

6 

4. Develop an interregional input-output price model to project 

t h e i m pa c t s o f e n e r g y p r i c e c h a n g e s o n o t h e r re g i o na 1 

commodity prices. This model is applied first to a 

hypothetical 20 percent increase in price of each energy 

source and then total energy throughout the United States. 

Next, the model is applied to the actual real price increases 

of petroleum products and natural gas in Oklahoma and the Rest 

of U.S. between 1977 and 1981. 

5. Deve 1 op a modified interregiona 1 input-output price model so 

that the final impacts of energy price changes on regional 

output, income and employment can be measured, 

Organization of the Study 

Chapter II presents a review of previous energy modeling. 

Chapter III describes the methodology of an input-output model in five 

parts, respectively: (1) a national input-output model; ( 2) a 

regional input-output model; (3) an interregional input-output model; 

(4) an interregional input-output price model, and (5) a modified 

interregional input-output price model. In Chapter IV, Oklahoma 

regional and interregional input-output models are developed and 

discussed. Chapter V presents the regional employment and income 

account. Chapter VI presents the regional and interregiona 1 energy 

I 

! 
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account. Chapter VII presents regional and interregional multipliers. 

Chapter VIII presents empirical results of interregional input-output 

price models. ·Chapter IX presents empirical results of the modified 

interregional input-output price models tn measuring the final impacts 

of energy price changes on regional output, income and employment. 

Chapter X presents the summary and conclusion. Appendices contain data 

sources and supplementary information. 



CHAPTER II 

REVIEW OF ENERGY MODELS 

Introduction 

The field of energy modeling is immense, new and rapidly 

de ve 1 oping. Virtually all the leading models were initiated soon after 

the Arab oil embargo in 1973 and are still under development. Energy 

models differ importantly in objectives, design and the maturity of 

their developm~nt. The models overlap in their economic content but 

differ in their detail and mode of organizing the supply and demand for 

energy. 

rev 1 ew. 

A discussion of all models is far beyond the scope of this 

In the first part of this review, the early energy models, 

which were developed before the energy crisis in 1973, will be 

discussed. In the later part of the report, the recent energy models 

are reviewed. In this section, energy models are classified in three 

groups--economy-wide energy models, energy sector models and regional 

energy models. Energy-price models which study the relationships 

between energy prices and other energy related variables are reviewed in 

another section. Finally, Oklahoma energy models are discussed in the 

last section. 

8 
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Early Energy Models 

For an indepth review of most of the major energy models and 

studies during the period 1960 through 1970, the reader is referred to 

the comprehensive study by Decision Science Corporation (62). More than 

45 studies conducted in the United States were reviewed and supplemented 

with an analysis of energy models constructed tn other countries, 

especially Canada, the United Kingdom, France, West Germany, Sweden and 

the Netherlands. These models were evaluated with respect to their 

ca pa bi 1 it i es in demand forecasting, supply forecasting, supply-demand 

interaction, effect of price on demand, effect of price on supply, 

regional breakdown, inclusion of policy issues and inclusion of 

technological change variables. One of the conclusions of this study 

was that a 1 though a large number of studies have been conducted i.n the 

area of energy supply and demand, most have concentrated either on the 

location of supply or demand and very few analyses were made in the area 

of supply, demand, pricing, and other factors which are needed to 

evaluate alternative policy issues. Another major finding was the lack 

of comprehensive and consistent analyses of price/demand and 

price/ supply interactions. Additionally, it was determined that very 

few studies dea 1 t with the problems at the regional level. 

Energy modeling reviews have been made on electricity demand 

forecsting methods by the Federal Power Connnission (26) and the Edison 

Electric Institute (10). Reviews of national energy studies and demand 

forecasts have been made by Battelle Memorial, Institute (4), Edison 

Electric Institute (96) and the Committee on Interior and Insular 

Affairs of the U.S. Senate ( 16, 2). Jones (54) also reviews energy 

modeling in the early 1970's. 
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Energy modeling activity was on a very rapid growth curve in the 

early 1970's. During 1970-73, there were many major conferences 

concerned with energy modeling in the U.S. and many energy models were 

de ve 1 oped. Energy modeling efforts proceeded along quite diverse paths, 

using a wide variety of modeling techniques. The major directions of 

this effort can be characterized under three headings: 

equilibrium models, and dynamic simulation models. 

static models, 

Static models are those which do not deal directly with changes in 

time. They are generally not used for predictive purposes but rather 

for studying energy system structure and operation. Equilibrium models, 

on the other hand, usually consider variables which change with time and 

are often used for predictive purposes. However, they consider the 

response of the system to inputs by assuming pseudo steady state 

conditions or consider only the net result after all transients have 

died out. Dynamic simulation models are able to consider transient 

responses, as well as steady state solutions. Dynamic simulation models 

are normally used for predictive purposes where transients are of prime 

importance. 

Linear programming is the most commonly used modeling method for 

static energy models. Sue h models a re primarily used to study the 

structure of energy systems and the various flows of energy and other 

associated materials. They are also well suited for optimization. The 

tradi t iona 1 fonn of an optimization model is with an objective function 

minimizing costs of meeting established demands for energy from known 

supplies. The geographic scale of the linear programming energy models 

is quite diverse. They range from a model centered around the energy 

system of New York City developed by the Brookhaven National 
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Laborat.:ny and the State University of New York (51, 9), to the national 

energy model developed by the Atomic Energy Commission (3), and to the 

international energy model which considers both United States and Canada 

and developed by the Canadian National Energy Board (68). 

The types of linear programming energy studies varies considerably, 

ranging from the electricity energy model developed at Battelle

Northwest (20) and Waverman's natural model (134) to the total-energy 

model developed by Battelle-Columbus and the Associated Universities 

(8). These models are large and complex, and require the specifying of 

a great many technical coefficients within the model structure. They 

generate output in terms of patterns of supply and cost for specific 

situations, given a stated product demand and supply availability by 

producing regions. They a re mo st useful for genera ting al terna ti ve 

out comes under changes in supply-demand assumptions. They present, in 

short, comparative static snapshots of alternative situations. Linear 

programming methods can also be combined with other modeling techniques 

as is done by Griffin (40). The Griffin model uses a standard 

econometric model to drive a linear programming model. 

A.n alternative to linear programming is network analysis. Debanne 

(19), who uses this method to ass~ss pollution control and new 

technology, claims network analysis can result in significant savings in 

computation time as compared to linear programming. 

The energy "flow maps" which describe how the different forms of 

energy flow through an energy system can be considered another form of 

static energy modeling. These energy maps are widely used to show the 

relative magnitudes of various energy uses and to show the processes 

whereby energy resources are used to supply demands. These energy maps 
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may consider only a certain region and may be quite detailed, as in the 

work done at the University of Wisconsin (30, 31). Similar energy maps 

are also useful for the development of some linear programming models. 

On the other hand, energy maps, such as the ones developed for the Joint 

Committee on Atomic Energy (97) may be very simple and consider the 

entire nation or even the world. These are usually used to give a quick 

overall perspective of the energy supplies and demands. 

Input - output mode 1 s a re a common form of the equilibrium model 
/' 

widely used in economic studies. However, for energy studies, the v / 

models must be formulated on a unit of energy basis (BTU, KwH, etc.) 

rather than on a dollar basis. These models attempt to describe the 

effect of changes 1n the energy sector on the total economy and the 

effect of changes 1n the total economy on the energy sectors. 

Input-output models are wel 1 suited for showing both the direct and 

indirect energy cost of individual products. They are also useful for 

showing how different products contribute to total energy demand. The 

main drawback to widespread use of energy input-output models is that 

they are extremely data intensive and require the estimation of a large 

number of. parameters and technical coefficients. 

Herendeen (43) has converted the 1963 input-output tables to energy 

terms and has shown how they can be applied to a number of energy 

questions. The energy input-output coefficients for a number of years 

have been derived in work at Battelle-Northwest (87, 88). By 

determining the coefficients over time, the trends in energy use for 

various products can be seen. Almon (1) combines direct energy 

input-output coefficients with an economic model to forecast demand for 

petroleum. The energy model developed at Data Resources (133) 
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integrates energy input-output models and economLc models and allows 

price effects and substitutions between fuels to be considered. 

Economic models are widely used for energy studies. Most often, 

these are equilibrium models. The areas of the energy system to which 

econometric models are applied are diverse as well as the particular 

methods used in individual models. This makes it somewhat difficult to 

address the advantages and disadvantages of the traditional econometric 

techniques. Exampls of the wide variety of problems for which 

econometric models are used range from Spann and Erickson's (96) 

assessment of joint costs in oil and gas exploration to the 

determination of substitution effects in energy demand by Erickson et 

al. (24). In some of the larger studies, econometric and economic models 

are being used as complementary models to, or driver for, other types of 

models. This was seen earlier in the Almon model (1), the Data 

Resources model (133), and the Griffin model (40). 

Dynamic systems simulation (DSS) models consider the dynamic 

characteristics of a system or process under study. The theory behind 

using DSS for modeling industrial and economic systems was largely 

developed by Forrester (32). He later expanded the use of DSS to 

socio-economic systems as well (33, 34). A dynamic systems simulation 

approach takes into account the various interrelationships and feedback 

effects found in the system. The model is composed of several 

sub-models, each dealing with a certain area of the system. In a 

problem, the system would be given the initial conditions, parameters 

and variables. The simulation model then generates values of certain 

preselected variables. These values, Ln turn, are used for the next 

time span and the model is run again. 



14 

Due to its relatively recent introduction, compared to other 

techniques, DSS has not been extensively used in energy modeling. Also 

slowing its widespread use ts the considerable amount of work, 

compar:ible to input-output and linear programming models, involved in 

developing detailed quantitative DSS models. MacAvoy and Pindyck (63, 

64) have developed a simulation model of the natural gas industry of the 

United S.ta tes using econometrically fitted parameters. This rnodel shows 

the time path of development for scenarios of policy changes in the 

natural gas markets. It attempts to depict the dynamic structure and 

movement of the market place. Such models are highly useful for policy 

analysis, since a new policy can be entered into the models as a 

constraint or a parameter and the effect of the policy can be simulated 

against the base case. Baughman (5, 6) has developed a dynamic systems 

simulation model which simulates interfuel competition. His tnodel 

considers the competition between the major fuels on a national basis. 

Both the demand and supply sides of the markets are considered 

simultaneously. Gar re t ( 35), on the other hand, uses a DSS model to 

simulate a single electric utility company. His model considers both 

capital investment and capacity expansion as a joint planning problem to 

obtain management strategies. 

Recent Energy Models 

The dramatic increase 1n world petroleum prices spurred more work 

on energy mode 1 ing. Many large-sea le energy-economic models have been 

developed at the national and regional levels. The computer-based 

energy models are useful for long-range planning on various aspects of 
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energy-related issues. Energy modeling techniques include optimizing 

linear programming, input-output, econometrics and dynamic system 

simulation. 

Hughes (50) presents a very useful survey and taxomony of many of 

the important energy models in existence today. In his classification, 

these models can be viewed at four levels: macroeconomic growth, the 

interindustry composition of the economy, the interdependence of energy 

markets, and individual energy industries or markets. Whereas models at 

the first two levels analyze energy in relation to the economy as a 

whole, the third and fourth levels focus specifically on energy markets. 

Such models can be viewed as having a mix of levels (for example, 

macro-growth interindustry composition or individual energy industries 

or markets), and these levels are linked depending on the objectives of 

the model. 

For the purpose of the following discussion, energy models will be 

grouped into three classes--economy-wide models, energy sector models 

and regional energy models. This classification is chosen in 

correspondence to that of Hughes. Economy-wide models are concerned 

with interactions between energy and the composition of the economy. 

Most of them are integrated macroeconomic and interindustry models. In 

contrast to the economy-wide models, which are explicitly concerned with 

interactions between energy and the economy, the energy sector models 

are mainly used for relatively detailed analysis of energy supply and 

demand for policy analysis, forecasting, or technology assessment. 

Interaction with the economy as a whole is rarely of interest. Regional 

energy models are concerned with the planning and policy of energy 

l ssue s at the state and regional levels. Most regional energy models 

resemble the major national models. 
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Economy-wide Energy Models 

Macroeconomic iind interindustry energy models have three basic 

uses. The most common and basic use is to provide macro forecasts to 

"drive" an energy sector or industry model. The economy-wide models 

generate a consistent set of values for economic activity levels which 

affect demand for energy and factor prices for labor, capital and 

primary materials. Economy-wide models are sometimes used as 

self-contained systems to analyze economy-energy interactions at a 

highly aggregated level. For example, in the Energy Modeling Forum 

( 23), economy-wide models are used to assess the impact of major energy 

developments on the long-term growth of the gross national product. 

Finally, economy-wide models are sometimes integrated (partially or 

fu 11 y) with energy sector or market models in a two-way linkage to take 

account of interact ions between the economy and the energy sector in 

analyzing detailed impacts of major energy developments, such as an 

extended nuclear moratorium. In the two-way linkage, the 

energy-specific and economy-wide models are repeatedly iterated unti 1 

mutually compatible values exist for all variables. Typically, the 

energy-specific model accepts activity levels and input prices from the 

economy-wide model and feeds back new energy supplies, demands, and 

prices to override the initial values of these variables in the 

economy-wide model. 

are obtained. 

The process is repeated until comparable results 

Major energy-oriented model systems that incorproa te macroeconomic 

growth include the Wharton energy model, the Long Term Interindustry 

Model (LITM), the Energy Technology Assessment (ETA) MACRO model, and 

PI LOT model. All of these except ETA-MACRO employ interindustry models 
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to analyze the composition of the economy in terms of the flow of goods, 

services and productive factors bet~een industries and final demand. 

The LITM. and Wharton models employ "variable coefficient" 

specifications that relate overall economic-growth to the prices and 

activity levels of energy supplying and using industries. The other 

inter-industry models take no account of price effects, thereby tending 

to overstate the interindustry ramifications of contingent events. 

However, freedom from the requirement of having to estimate pn.ce 

effects from an entire economy permits the construction of fixed 

coefficient models in greater detail. In self-contained applications, 

fiJCed coefficient models with 100 or more sectors include some with few 

new technologies and are used to trace the interindustry consequences of 

major energy developments. 

The Wharton Annual Energy Model (41, 42) was built by integrating 

the Wharton Annual Macroeconomic Model with an energy-oriented variable 

coefficient interindustry model having 59 intermediate goods and 

industries. Detailed energy-using sectors are well organized for use 

with detailed energy demand models. Post-Keynesian specification of the 

macroeconomic model is appropriate for intermediate-term forecasting and 

is of doubtful validity for long-range analysis involving substantial 

changes in the composition of the economy. 

The Long Term Interindustry Model (LITM) or the Hudson-Jorgenson 

Model (48) is an integrated system of neoclassical macroeconomic growth 

and a l 0-sec tor, energy-oriented interindustry model incorporating 

effects of prices and costs on supply and demand for energy, goods, and 

factors of production. The mode 1 analyzes the economy in terms of 

long-run equilibrium of supply and demand throughout the economy. Thus 
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it ts appropriately designated as an economy-wide integrating model for 

very long-range ancily::2c; but inappropriate for analyzing the 

intermediate-term effects such as a potential oil embargo. 

The ETA-MACRO Model (4) integrates the Energy Technology Assessment 

(ETA) energy sector model with a compact neoclassical macro-economic 

grow th model designed for long range assessment. of interactions between 

energy and economic growth. Whereas LITM emphasizes long run 

equilibrium, MACRO explicitly incorporates lags in the adjustment of the 

economy's capital stock to changing prices of energy. ETA-MACRO also 

differs from the integrated macro and interindustry systems in that its 

macroeconomic model is linked directly with energy supply and demand in 

the ETA nonlinear-programming model of the energy sector. Compact 

structure expresses interaction between energy and the economy with a 

few parameters. The model is inexpensive to use and easy to interpret 

in analyzing broad features of energy policy, the economy, and 

technology. However, ETA-MACRO cannot be used to analyze the 

interactions between energy, the supply of productive factors, and the 

interindustry composition of the economy. 

The PILOT Economic Energy Model (17, 18) is a dynamically specified 

linear-programming model of energy supply, designed for long-range 

assessment of new energy technologies and driven by a macroeconomic 

demand model. The original version, now undergoing substantial 

revision, features a 23-sector fixed coefficient interindustry model 

containing five energy supply industries, five energy-intense 

manufacturing industries, and three capital goods industries closely 

related to energy supply. 
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For analyzing broad economy-wide supply patterns associated with 

gi.ven final demands, the model is well speci.fi.ed, but the demand 

speci.fi.cati.on, which ignores price and treats consumption of each good 

as a linear function of total consumption, fails to capture the 

supply-demand interactions that are central to most analyses of energy 

and the economy. 

The PILOT model is being modified to allow for use of flexible time 

intervals for simulation over a 100 year planning horizon. This feature 

permits mode 1 users to concentrate on relatively short-time intervals 

during the critical period of adjustment to a new technology or other 

de ve 1 op me nt while economizing on computer runs by using long intervals 

for the less critical periods. 

The Brookhaven-Illinois Input-Output Model (7), a detailed 

110-sec tor interindustry model, employs devices of "energy products" to 

convert value coefficients of conventional models to physical energy 

measured in BTU s. The model is used as a linking device between the 

LITM interindustry forinulation, organil:ed in 10 economic sectors, and 

the detailed energy demand sectors of the Brookhaven Energy System 

Optimizing Model (15) and the Dynamic Energy System Optimizing Model 

(67). 

Kim ( 5 7) has developed an interindustry energy model from the U.S. 

Department of Commerce's 1967 Input-Output tables to estimate: (a) the 

total (both direct and indirect) technical requirement of petroleum, 

( b) the extent of price increase due to an imposition of a tariff on the 

imported oil, and (c) the price elasticity of petroleum consumption for 

each of the 82 industrial sectors of the United States. 
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In this energy model, the conventional input-output model has been 

expanded in two directions: (1) changes in the imported prices are 

directly related to the final demands through pn.ce elasticities, and 

(2) changes in the final demands in turn affect the overall output and 

the employmnent level of the economy through the multiplier effects. 

Energy Sector Models 

Energy sector models are appropriate where the analyst is 

spec i fi cal ly interested in the interdependence of supply and demand for 

t""o or more energy forms and much less concerned with interaction 

between energy and the economy as a whole. Some of the leading energy 

sector models are the Brookhaven Optimizing Models, the Bulldog Model, 

the ETA Energy Sector Model, . the Project Independence Evaluation System 

(PIES), and the SRI-Gulf Model. 

Energy sector models employ a variety of architectures. The 

P roj ec t Independence Evaluation System (PI ES) employs an integrating or 

market-clearing model to link specialized models of individual energy 

industries or markets. The Standard Research Institute (SRI)-Gulf model 

is a detailed integrated network of supply and demand functions 

organized in a modular structure. The Brookhaven optimizing models and 

many others employ a mathematical programming structure that selects the 

optimum linear combination of energy supply sources to meet energy 

demands. 

The Brookhaven Energy System Optimizing Model (BESOM) (15) and the 

Dynamic Energy System Optimizing Model (DESOM) (67) are the leading 

examples of the sectorwide activity analysis approch, which has been 

employed in a number of energy models. In these inodels, the energy 
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sector ts treated as a simple complex of energy-supplying and 

using-activities for which the optimal (least cost) combination of 

supply sources is chosen to equate supply with demand. BESOM and DESOM, 

which have been employed extensively in long-range technology assessment 

and policy analysis by the Energy Resource and Development 

Administration (ERDA), draw upon the Brookhaven Reference Energy System, 

a detailed tracing of energy source use flows in physical (BTU) terms. 

BESOM is a static equilibrium model. It minimizes the long-run 

annualized. cost of supplying the end uses from the production processes 

and primary sources. IE SOM is formulated dynamically. Capital outlays 

are separated from annual operating expenditures, and the model 

minimizes the present discounted value of these outlays and 

expenditures. 

The Bulldog model has been developed by Nordhous (76) for 

long-range analysis of energy resource allocation alternatives. Bulldog 

employs an economic model of energy demand, divided into 

nonsubstitutable categories in which demand responds to energy prices 

and income. Macroeconomic variables are introduced exogenously. Energy 

supply is modeled as a linear program which is dynamic but specifies 

capital outlays as annualized flows. The model incorporates a 

sophisticated parameterization of technolgoical change and a 

well-organized articulation of the nuclear fuel cycle. However, like 

the other sectorwide activity analysis models, it optimizes on the basis 

of the average cost per BTU for large supply and end-use categories and, 

as a result, can produce accurate results only through the external 

imposition of constraints. 

The ETA Energy Sector Model (65) is a nonlinear-programming model 

of energy supply and demand. ETA was used extensively in the analysis 
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of nuclear and alternative technologies. ETA is highly aggregated, 

having only four electric and three nonelectric energy supply 

alternatives and only two categories of demand, electric and 

nonelectric. The demand specification of ETA, derived from the 

aggregated preference function of MACRO, directly incorporates own-price 

elasticities and cross-price effects in interfuel substitution. The 

supply specification is a conventional linear-programming process 

analysis in which the costs are specified explicitly in terms of 

investment outlays and current costs, as in DESOM. Primary fuel 

resources at different cost levels. are cumulatively depleted. ETA's 

basic virtue is its compact structural expression of the energy sector 

in terms of a few parameters. When these parameters and exogenous 

variable values are calibrated against the results of more detailed 

models, the ETA or ETA - MACRO System ought to be a cost-effective 

device for broad assessment of major energy supply technology 

alternatives. 

The Project Independence Evaluation System (PIES) of the Federal 

Energy Administration (25) is a system which can be used to produce 

forecasts of the state of energy markets and analyses of alternative 

energy issues. PIES consists of a number of interrelated models and 

data sets. The central component of the system 1s the PIES Integrating 

Model (PIESIM) which is a representation of the national energy system 

in which production, conversion, transportation, distribution, and 

consumption of energy take place. Inputs to PIESIM are generated by 

separate models of demand, oil and gas supply, coal supply, and refinery 

operation, each of which in turn requires inputs of data and 
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'l~sumptions. The separate demand and supply models typically produce 

specialized output reports which contain background information more 

detailed and extensive than that which PIESIM produces as its output. 

The impacts of various energy market situations on the rest of the 

economy can be projected using a variety of models and methodologias. 

These models permit analysis of energy market impact on economic 

variables such as GNP, income, unemployment, household energy 

expenditures, and tax burdens. Inputs to the impact models include not 

only the PIESIM forecasts of the state of the energy market, but also 

additional inputs on investment, costs, and expenditures which are 

either contained in the original assumptions or can be extracted from 

the output of the preliminary demand and supply models which feed 

PI ESIM. 

The SRI-Gulf model (12) is a highly detailed, regionally 

art i.culated, and dynamic formulation of national energy supply and 

demand. Most applications of the model have been supply oriented, but 

its structure has general applicability to a wide range of microeconomic 

applications requiring detailed analysis of both demand and supply. 

The energy sector is formulated as a network of competitive markets 

specified in terms of dynamic supply and demand functions for each 

market segment or process. A modification of the specification can 

al low for alternatives to the competitive specification. An innovative 

solution algorithm develops a consistent set of market-clearing prices 

for all market segments in each year and over time. The model has great 

generality and flexibility in selecting functional forms and in 

tailoring the degree of detail to particular applications. There is a 

sophisticated treatment of economic rent and resource depletion, an 



24 

excel lent detailed functional breakdown of energy--supplying and--using 

processes, and an ingenious demand specification for analyzing interfuel 

substitution. The model's modular network organization permits the user 

to tailor the degree of detail in any market segment to the requirement 

of the problem at hand. 

Regional Energy Models 

E n e r g y mode 1 s , pa r t i c u 1 a r 1 y a t the e n e r g y s e c tor 1 eve 1 , a re 

valuable tools for planning and policy analysis at the state and 

regional levels. To date, the best models are national in scope, though 

some of them are regionally articulated. Models tailored to individual 

regions have usually borrowed heavily from approaches pioneered by the 

major na t iona 1 mode 1 s. Recently, the Northwest Energy Policy Project 

employed an integrated system of energy models to analyze the energy 

future of the Pacific Northwest (13). A regional Brookhaven- type 

reference energy system was employed for supply and combined with 

estimated costs to develop supply functions. Demand was modeled 

econometrically using approches first developed in models estimated from 

cross-section data using states as observations. The integrating model 

employed the basic PIES concept in conjunction with techniques that 

assure a consistent equilibrium time path of prices. 

The Wisconsin Regional Energy Model (WISE) (31) is being developed 

for the State of Wisconsin as a tool for quantitative long-range energy 

policy analysis. WISE is a dynamic simulation model, structured on a 

component basis to allow flexibility in: (l) focusing either on 

spec i fie areas of the energy system, (2) modifying various parts of the 
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model, and (3) adding to the model as additional policy questions arise. 

The model 1 s intended to describe technological-economic-environmental 

interactions in the Wisconsin energy system over the medium to long 

range interva 1, typically considered to extend from three to 30 years. 

The model inc 1 ude s a 11 forms of energy and treats demand, supply and 

environmental impact within both a physical and economic framework. The 

first version of the model is now operational and is currently being 

applied to the development of several total energy futures for Wisconsin 

through the year 2000. 

The South Carolina Energy Model (46) is an integrated input-output 

model of the structure of the State of South Carolina economy and a 

detailed analysis of economic impacts associated with petroleum usage by 

the various economic sectors within the State. The location quotient 

procedure has been employed for simulating regional input-output 

matrices. A simulated input-output matrix of the South Carolina economy 

is in turn combined with a 15 times 56 matrix of petroleum usage 

coefficients to estimate the economic impacts directly and indirectly 

associated with various types of petroleum usage, i.e, employment, tax 

revenues, income and value added per unit of petroleum used for each of 

56 economic sectors in the State so as to determine which sectors of the 

State economy achieve the gr ea test economic payoff per unit of petroleum 

used. 

The Montana Energy and MHD Research and Development Institute (102) 

has forecasted demand for natural gas (including synthetic natural gas) 

in ~ontana. The purpose of this study is to determine the demand for 

synthetic natural gas in Montana through 2000 A.O. The approach used 
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was to develop a model of Montana's economy on which energy demands can 

be used. A dynamic systems simulation approach was selected as most 

appropriate for the model. This approch takes into account the various 

interrelationships and feedback effects found in the Montana economy. 

The model 1s composed of several sub-models, each dealing with certain 

areas of the economy. The dynamic simulation is combined with 

input-output analysis in determining levels of economic activity. The 

industrial and connnercial demands for energy are based upon the levels 

of activity in the corresponding sectors of the economy while 

residential demands are based upon the number of households and their 

.income. In addition, the effects of inter-fuel competition and 

conservation are considered. 

Wendling and Ballard (135) have employed a multiregional model 

developed at the Bureau of Economic Analysis to measure the regional 

economic and demographic effects of advanced U.S. coal production on the 

Montana economy. The model, National-Regional Impact Evaluation System 

(NRIES), is a medium-run (five to 10 year) impact analysis tool composed 

of 51 state econometric models integrated into a national framework. 

NRIES is a highly detailed model of economic and demographi:: 

interrelationships within the national economy. Within each of these 

state models, there are 264 equations, of which 68 are behavioral. 

There are, in addition, 20 behavioral and 100 total equations within the 

U. S. mode 1. Thus, the full model system has about 3 ,500 behaviora 1 and 

14,000 total equations. The model includes a wide range of 

stochastically estimated economic variables for each of the 51 regions. 

Major economic categories include industrial output, employment, and 

wages (12 industries each); non-wage-income sources (four components); 
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state and local government revenues and expenditures (10 categories); 

personal tax and nontax payments (five categories); and retail sales 

(five outlet types). Demographic variables include births and deaths, 

population (.five age cohorts), unemployment (total and insured), and 

labor .force. 

In the Montana Coal Model, NRIES is used to measure the economi.c 

and demo graphic impacts of two advanced coal development scenarios 

provided by the U.S. Department of Energy (DOE), Energy Informatrion 

Adm i ni st ra.t ion. In the first scenario, surface coal development 10 

Montana has been increased, and a single-region application of NRIES is 

emphasized. In the second scenario, national coal development has been 

increased in what the DOE terms a medium-demand, medium-supply, 

high-oil-price scenario. Here, NRIES is used simultaneously in its 

regional, multiregional, and national capacities. 

Goettle IV et al. (39) have proposed the formulation of alternative 

solution strategies for an integrated multi-regional energy and 

interindustry model of the United States. In their proposed 

formulation, the energy sector is represented in a detailed 

multi-regional linear programming model. This model optimally allocates 

regionally produced energy resources and selects the optimal regional 

mix of energy supply, conversion, and demand technologies according to 

least cost or other important criteria (e.g. an aggregate environmental 

index or foreign energy imports) to meet projected energy demands. 

Regions are linked by both imports and exports of natural resources and 

converted fuels or products, including electricity. Resources are 

characterized by region specific supply functions, and regional energy 
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demands are specified in terms of functional end uses (e.g. space heat, 

air conditioning, process heat, and motive power). 

The energy sector model is integrated with a multi-regional 

Leonti e f interindustry model of the economic system. Here, regions are 

linked not only by interregional energy flows but also by interregional 

industrial flows. Having specified the interindustry model in a multi

reg i o na 1 input- output framework, large energy-using industrial sectors 

can be removed from the interindustry structure and made exogenous 

components of regional final demand. These components can be driven by 

the results of independent comparative cost or econometric studies of 

industrial location. They may also be partially driven by intermediate 

solutions to the integrated model, operated in an iterative mode. The 

traditional components of final demand results from macroeconomic 

projections of regional product and its composition. These may be 

derived from a typical multi-regional econometric model. 

This integrated multi-regional energy and interindustry model has 

overcome certain drawbacks of isolated use of either the energy 

optimization model or the interindustry model. While the I-0 framework 

does allow for interfuel substitution, the nature or rate of 

tech no 1 ogi cal change in the national/ regional energy system cannot be 

internally determined. Further, the technological detail required for 

energy analyses is absent from its specification. Conversely, the 

energy model is weak in macroeconomic content. Supplemental information 

on Gross Regional Product and its components or on interindustry energy 

demand cannot be easily related to the specification of the demands 

which drive the energy model. The combination of the models reduces the 
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a priori judgments that must be made prior to using either model, and 

the combined solution provides a more integrated and complete 

description of the national/ regional-energy/ economic system. 

Energy Price Models 

Early energy models relate the higher price in specific energy to 

the demand and supply of energy rather than to the impacts on the 

economy. Economists were concerned with how higher prices of energy 

would induce an increase in the production of domestic petroleum or 

natural gas and, at the same time, how it would discourage consumption 

of energy and encourage interfuel substitution. After the energy crisis 

in 1973-74, economists became more interested in the imapcts of energy 

price increases on the economy. Many energy models have been designed 

to measure the impacts of higher energy prices on income, employment, 

and factor substitution of the national economy as well as the regional 

economy. 

Griffin (40) utilizes an econometric model of the U.S. electricity 

utility to simulate the effects of higher fuel prices on electricity 

demand and on the mix of fuel inputs to electricity generation. The 

model treats as an e.ndogenous electricity demand, electricity prices, 

the efficiency of fuel conversion, and the choice among coal, natural 

gas, residential fuel oil, and nuclear fuel inputs. The results 

suggest that given projected fuel input prices, the short- and long-run 

impacts on electricity demand are likely to be small. The effect on 

fuel mix appears quite substantial in the intermediate and long run, but 

in the period of one -year or less, fuel substitution possibilities 

appear fairly limited. 
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Pagoulatos et al. (83) developed an econometric model useful to 

examine the effects of selected price policies by the federal government 

on petroleum production. Attempt were made to determine if adjustments 

l.n the pricing mechanism for domestic crude oil will improve the 

demand-supply situation for oil rn the U.S. Price policies examined 

include: (a) equalization of the domestic wellhead price of crude oil 

at the world price, (b) constant money wellhead prices for crude oil, 

(c) constant real ,.,ellhead prices with the 1976 world price with 

increases thereafter equal to the change in the domestic wholesale price 

index. 

A theoretical model that captures the total system regulating the 

generation and extraction of crude oil is developed and estimated. The 

model is explicitly designed to test the responsiveness to price 

incentives of petroleum ex pl oration, reserves genera ti on and extraction. 

The model consists of three major components: ( a ) a p e t r o 1 eum 

exploration submodel, (b) a reserve generating submodel, and (c) a 

submode 1 genera ting oil for refined products. There are 11 stochastic 

equations and three identities in the model. They are estimated vi.a 

three stage least squares and validated via a variety of numerical 

measures. The study indicates that rising crude oil prices provide the 

ne ce s sa ry incentive to the U.S. petroleum industry for intensifying the 

exploration effort. Higher price increases the number of new 

exploratory wells drilled and the use of secondary and teritiary 

recovery methods. 

Pindyck (84) developed an econometric model of the natural gas 

industry to describe in detail the simultaneous behavior and interaction 

of natural gas and oil exploration and reserve accumulation, natural gas 
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production out of reserves, natural gas distribution, and finally 

natural gas demand. The model is then used to forecast the regional 

effect on the industry of the higher prices proposed by the Federal 

Power Commission. 

Hudson and Jorgenson (49) developed a dynamic general equilibrium 

mode 1 of the U.S. economy to analyze the effects of higher energy prices 

resulting from the establishment of the OPEC oil cartel in late 1973 and 

early 1974. The model is the Long Term Interindustry Transactions Model 

(LITM) previously mentioned (48). In this model production activity is 

divided among ten sectors: agriculture, construction, manufacturing, 

transportation, services, and six: energy sectors. There are 13 inputs 

into each sector--intermediate inputs from the 10 producing and the 

three primary factors of production--capital services, labor services 

and imports. Each producing sector supplies output to each of the four 

categories of final demand: personal consumption, investment, 

government purchases and exports. The technology of each producing 

sector is represented by an econometric model giving the supply price of 

output as a function of the prices of primary and intermediate inputs 

and the level of technology. Also, technical coefficients giving the 

use of each type of primary and intermediate input per unit of output 

for each producing sector are derived as functions of prices and 

pr 0 d UC ti Vi t y • Cans um er preferences are represented by an econometric 

mode 1 giving the allocation of personal consumption expenditures among 

goods and services as a function of prices and income. The level of 

output from each sector is determined given the final demands and the 

technical coefficients. Then, using the levels of output and the 

technical coefficients, each sector's demand for intermediate and 

primary inputs, including energy, is calculated. 
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In each period, the relati.ve prices of all commodities are 

determined by the balance between demand and supply. Technical input 

coefficients are determined simultaneously with the prices. Final 

demands are also functions of these prices. Final demands and input 

coeffi.cients together determine sectoral output levels and input 

purchases from the condition that there is balance between total demand 

and supply for each type of output. The condition that demands for 

ca pi ta 1 and labor equa 1 their supplies yields the prices of these 

primary inputs, The supply of capital in each period is fixed by past 

investment. Variations in demand for capital services affect the price 

but not the quantity of these services. Similarly, the supply of labor 

in each period is fixed by past demographic developments. Variations in 

demand for labor by the producing sectors and by the household sector 

for consumption in the form of leisure affect the price of labor and the 

allocation of time between market and nonmarket activities. Finally, 

the supply of savings by the household sector must be balanced by final 

demand for investment by the producing sectors. Dynamic adjustment to 

higher energy prices 1s modeled by tracing through the impact of 

investment on capacity expansion. 

The dynamic general equilibrium model was used to simulate two 

economic growth paths over the 1972-76 period, In the first simulation, 

act ua 1 va 1 ue s of the exogenous variables, including world oil prices, 

were employed as the basis for model solution. This simulation provides 

an estimate of the actual development of the U.S. economy between 1972 

and 1976. In the second simulation, 1972 energy prices were employed 

over the whole 1972-76 period; 1.e. world oil prices were held at their 

1972 real values. As world oil prices are the only set of exogenous 
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variables to change between the two simulations, the differences in 

simulated economic activity can be attributed solely to the impact of 

the oil price increase. (Other energy prices are affected by the oil 

price change so al 1 energy prices change between the simulations.) 

There fore, comparison between the two simulations provides the basis for 

analyzing the impacts of the energy changes on energy use and on the 

level and structure of economic activity. 

The ove ra 11 co nc l us ion of the study i.s that higher energy prices 

have had a dramatic impact on the U.S. economy over the period 1972-76. 

This impact is not limited to a reduction in the growth of energy 

consumption, but it has also resulted tn a slowdown in economic growth, 

a weak recovery of capital spending, a substantial increase in 

employment as a result of increasing labor substitution for energy, and 

a decline in the growth of productivity. 

Mork and Hal 1 ( 72) attempt to quantify the economic impact on the 

U.S. economy of the 1974 oil price increases. They construct a 

medium-sized macroeconomic model of the United States with an explicit 

treatment of energy. The mode 1 treats the economy as having two 

sectors, goods and energy, but only the goods sector i.s fully 

represented. Energy is used as an input to the goods sector and is 

thought of as primary energy, such as crude oil, natural gas at the 

wel 1 head, and coal at the mine-mouth. A single price for energy is used 

and viewed as exogenous, and what cannot be supplied by the domestic 

energy sector is imported. The goods sector combines labor, capital, 

and energy to produce goods. The term "goods" covers all goods and 

services including finished energy products such as gasoline and 

electricity. Tota 1 goods production is allocated among consumption, 



34 

investment in the goods sector, government expenditures, net export of 

goods, and deliveries to the energy sector. Within this sector the 

important features of the model are technology constraints with the 

three inputs of capital, labor, and energy; a money demand function with 

gross output as the transaction variable; a permanent income consumption 

function; rational expectations; and some important short-run 

rigidities, notibly in wage and price determination and in the 

investment process. The net result of the simulation of the 1973-74 

energy price shock was clearly a major cause of the 1974-75 recession 

and inflation. 

Miernyk (69, 70, 71) has analyzed the regional economic 

consequences of rising energy prices. He has compared the economic 

conditions of the energy-producing states with the nonenergy-producing 

states and concluded that as the relative price of energy continues to 

rise, there will be a shift in real income from energy-consuming to 

energy-producing states. Some of the economic rents which accrued to 

urban America will be returned to the coal and oil-producing areas. 

Profits earned by energy-producing companies may not remain in the 

producing regions, although as long as these sectors are expanding a 

significant share of these profits will be ploughed back into the 

expansion of capacity. Despite increasing mechanization, coal remains a 

labor-intensive economic activity with labor costs accounting for about 

39 percent of total direct costs. Rising coal wages will boost personal 

income in coal-producing areas, and will have the usual income and 

multiplier effects. Some of the coal prosperity will rub off on other 

sectors in the regions involved. Although some regions will gain in 

income and employment at the expense of others as a result of rising 
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energy prices, depressed coal-producing regions wi 11 not automatically 

be transformed into islands of prosperity. The benefits of high prices 

will not be widely diffused, although the extent of diffusion will 

depend upon the relative importance of energy production in each state. 

The high unemployment rates found in many coal regions during the 

nation's prosperous years should continue to decline. States with heavy 

dependence upon energy production should move up the per capita income 

ladder; other states will be displaced downward. The depressed areas of 

the next decade might well be concentrated in industrial states heavily 

dependent upon imported energy. 

Manual (66) designed the export base model to test Miernyk's 

hypothesis that energy producing states experienced per capita income 

growth rates in post embargo years which exceeded those of energy 

consuming states. I n d i re c t 1 y , the ex po r t b a s e mode 1 provided a 

confirmation of Miernyk' s hypothesis. Energy producing and energy 

surplus states experienced considerably higher export base employment 

growth rates in the post embargo period than energy consuming and energy 

deficit states. Furthermore, of the two components of export base 

employment, mining and manufacturing, the former realized larger gains, 

particularly after energy prices accelerated and in the energy producing 

and energy surplus states. Through the export base mechanism, higher 

energy prices are likely to contribute to relatively rapid rates of 

income growth in these states generously endowed with energy resources. 

As yet, evidence is unavailable as to whether these income gains will be 

at the expense of energy difici t states. 

Lee, Blakes 1 ee, and Butcher (59) describe a method for 

incorporating exogenous price changes of wheat and energy into 
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input-output analysis and thereby estimating the impact on a regional 

economy. The I-0 model for price changes describe the relationship 

between a set of endogenous variables--sector outputs, factor purchases, 

consumption, imports, and income--and a set of exogenous variables-

sector final demands, prices and autonomous income. The price set is 

broken into the price of goods and services produced within the region, 

import prices, and the wage rates. In the empirical work, though, they 

do not consider the effects of changes in the wage rate. The empirical 

results demonstrate that when the prices of wheat, electricity, 

petroleum, and natural gas are increased by exogenous forces, their 

effect on Washington State's economy are significant and diverse. 

Polenske (85) has developed the multi regional input-output (MRIO) 

price model to study the differential regional impacts caused by 

changes in regional energy prices. The MRIO price model is a dual 

version of the MRIO model. It is an extension of the national price 

model that has been described by Leontief and others. For the price 

analysis of the interdependences among regions and industries, the 

national price model is reformulated into a multiregional form by 

incorporating a set of structural interregional trade coefficients. One 

version of the MRIO price model is used to show the variations from 

region to region in the dependencies among wages, profits, and prices, 

such as what effect a 20 or 30 percent increase in the wages of coal 

workers in Appalachia will have on the country. Other versions of the 

MRIO price model can be used to investigate policy issues that arise in 

periods of inflation. An area of particular interest is to isolate the 

price changes occuring in the energy industries and to tract the short 

run regional impact those price changes have on other industrial prices. 
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The final version of the MRIO price model is designed for the 

determination of the output and employment effect on a region-by-region 

basis. 

Some pre 1 imi nary runs of the truncated MRIO price model have been 

made using a 19 industry, nine region aggregation of data. Some results 

a re observed from these preliminary calculations. First, changes in the 

price of a given commodity such as coal will have differential impacts 

on various industries. Because of the second, third, and higher round 

effects, the final impact cannot be easily determined without the use of 

an input-output table. Second, changes in the price of the commodity 

wi 11 a 1 so produce strong differential effects on the prices of the same 

industry in different regions, effects that can be measured through the 

use of the MRIO truncated model. Third, the effects represent only the 

effects on prices of other industries in the short run. 

Oklahoma Energy Models 

Being both a major producer and consumer of energy, rising energy 

prices greatly affect the economy of Oklahoma. The energy crisis of 

1973 increased the awareness of energy-related issues within the state. 

However, not many energy models have yet been developed. 

For complete studies of the energy system in Oklahoma, the reader 

is referred to the Final Report of Oklahoma Energy Advisory Council 

(7 9). This report presents the findings of 16 working committees which 

were created to evaluate and project Oklahoma's energy supply and demand 

requirements through 1990, Besides the projections of supply and demand 

requirements of all types of energy l.n Oklahoma, the report also 

contains findings on the relationships between available energy supplies 
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in Oklahoma and the State's potential economic growth. The 

env i ronme n ta l impact of producing and consuming energy in Oklahoma has 

also been analyzed in this report. 

Flood, Chang, and Schreiner (28) developed an input-output model of 

Oklahoma for estimating state energy requirements to 1980 and quantified 

some of the relationships among state's output, employment and energy 

use. Given the 20 sector input-output model of Oklahoma and direct 

energy coefficients by industry, they have generated: (a) the direct 

and indi. rect energy coefficient and (b) the direct, indirect, and 

induced energy coefficient for each sector. These two coefficients are 

used to project energy consumption by sector i.n Oklahoma in 1970 and 

1980. With given employment-output ratios, they estimate: (a) the 

direct energy emp 1 oyme nt co efficients, expressing the relationship 

between employment and energy, and (b) the total energy required per 

basic job in the State. 

Rychel (92) has designed an optimization model to evaluate the 

effect of energy prices and availability on food production in Oklahoma. 

For a predicted price and availability of variable inputs, the study 

optimally allocates these inputs to maximize the growers' profits and 

simulates the effect of this allocation on food prices, demand, and 

energy consumption. His study also investigates possible future energy 

situations and their effect as well as investigating alternate methods 

and policies for food production. 

Jones et al. (55) has designed a dynamic simulation model of the 

electric utility industry of Oklahoma to study the behavior of the 

energy system of the region. The model considers two forms of energy-

primary energy resources and electrical energy. The model is divided 
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into three parts--energy resources, electric utilities, and the economy. 

The simulation model takes account for all of the complex interactions 

and feedback loops in the energy system. 

The Oklahoma State University Second Century Project (103) has 

de ve 1 oped a prototype computer simulation model of the State of Oklahoma 

as a vehicle for quantitatively examining Oklahoma's future. The model 

projects future population, economic, and resource usage trends through 

the year 2000. The model uses two sets of inputs: (1) U.S. and World 

scenarios regarding economic conditions, fuel prices, migration 

patterns, etc., and (2) decisions, policies, laws and regulations made 

by Oklahoma decision makers, both in the private sector and in 

government. The computer model then processes these inputs through a 

set of equations which represents cause-effect relationships between the 

many interacting components of the model. (For example, some of the 

equations relate state tax revenue to both the amount and price of oil 

and gas produced, while other equations relate population growth to 

over a 11 economic activities within the state.) The output of the model 

consists of projections for such variables as population, energy costs, 

tax revenues, per capita income and a variety of others. 

Ghebremedhin and Salkin (36) have analyzed the potential economic 

impact of expansion in Oklahoma's coal industry. An economic base model 

is used to derive economic base multipliers. The economic base analysis 

has shown that expansion Ln Oklahoma's coal industry has the potential 

to create growth in eastern Oklahoma communities. Each 10 percent 

increase in coal mining employment is expected to provide for 340 new 

area jobs and help support an additional 1,100 persons in the area. The 

incomes and increased tax revenue gained from these people represent a 

potential benefit in the region. 
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Ghebremedhin and Schreiner (38) have developed a comprehensive 

energy information system for Oklahoma and integrate this information 

into a dynamic simulation model for purposes of evaluating alternative 

energy choices. The major contr.ibution of the information system is its 

estimated distribution of energy utilization by input-output sector and 

basic energy source, thus recasting energy statistics into a form 

consistent with economic models composed of processing and final demand 

sectors. Energy sources are classified as natural gas, petroleum 

products, coal and electricity. The input-output sector classification 

consists of five final demand sectors and 81 processing sectors of which 

77 are "demand determined" non-energy sectors and four are 

"supply-determined" energy sectors. The purpose of the model is to 

simulate the Oklahoma economy from 1972 to 2000 determining baseline 

data such as sector output, employment, income, value added, gross state 

product, government revenues and expenditures and energy use and trade. 

Impact analyses then comapre alternative growth rates in energy 

production and efficiencies in energy utilization with baseline 

projections. 

Olson (82) has utilized a 16-sector Oklahoma State Input-Output ---
Model (OSIM) to estimate the effect of rising energy prices on the 

Okl ah om a economy. The first step of the model was the determination of 

the change in the value of production resulting from a change in energy 

prices, where the change in value of production refers to the increase 
\ 

in value of output in the mining (crude oil and natural gas) sector. 

Given the change in the value of mining output the next task was to 

determine the proportion of output likely to be delivered directly to 

final demand, or indirectly to final demand via foreward linkages. 
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After the changes in final demand were determined, the next step was to 

estimate the resulting change in gross output. The gross output 

multipliers were derived from 

(OSIM), a non-survey model based 

the._Qltl.sLliQ.~a State Input-Output Model ) 
"-~·- .... ___ .... ---.... __ ·--··---·~------···-·---·--- ·j{ 

upon the RIMS II methodology recently /\ , __ ______ 

developed at the Bureau of Economic Analysis. OSIM employs the 1972 BEA 

U.S. input-output table and BEA regional earnings data for 1979 to 

derive a comparably-sectored Oklahoma model. Changes in gross output 

were converted into changes in value-added to eliminate double counting. 

This was accomplished with the use of value added-to-gross output ratios 

by industry at the state level. The next step was to determine the 

various shares of value-added employee compensation, profit-type income, 

net interest, rental income, and indirect business taxes. Changes in 

earnings were derived usLng earnings multipliers from OSIM. Finally, 

projections of average annual wages (in 1979 dollars) per worker were 

applied to earnings projections to determine the changes in employment 

resulting from a change in the value of production. 

The application of the model to study the impacts of rising energy 

prices attributable to changes initiated in the primary energy sector\ 

\ 

:::c :::• :0 t::: ::g:h:P::l::o::.::::y t:::: :~::P::i:•:.:,:::f:m::: \\ 
throughout the entire period, appearing either as a larger gain 

(1981-85) or as a smaller loss (1981-90). Measured in terms of 

employment, there would be a gain of 3,343 to 15,782 workers during 

1981-85 as a result of switching from the low to the high price 

scenario, and a gain of 2,078 to 7 ,694 workers during 1986-90. Given 

the be nc hma rk projections of to ta 1 earnings and employment in Oklahoma 

for 1985 and 1990, while the impact of rising energy prices would be 
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\ 
positive as a result of their effect on the prltnary energy sector, they \ 

would have a small impact relative to the total state economy. 

Turner ( 105) broadly examined some of the general equilibrium 

effects of energy price changes brought about by the oil embargo and the 

subsequent run up in oil prices on the Oklahoma economy. He found that 

the direct income effect of a $1 rise in the price of oil and its 

natural gas equivalent at the 1979 production level is $479,489,170 per 

year. The wealth represented by Oklahoma's probable total reserves was 

calculated to be $122,644,170,000. If natural gas were immediately 

decontrolled, this wealth would rise by about $13,609,000,000. A $1 

rise in the expected inflation adjusted price of oil and its equivalent 

tn natural gas, would raise Oklahoma's energy wealth by $4,663,000,000. 

He also found that production changes in energy have been delayed 

by price controls, but seem to be moving upward. Energy consumption per 

constant dollar of income has fallen 12.5 percent in Oklahoma. Changes 

in factor-demand in Oklahoma has increased employment by more than the 

national average, encouraged migration into the state, kept unemployment 

low and raised Oklahoma wages relative to U.S. wages. The overall 

effect of price changes on Oklahoma consumption and production was not 

undertaken, but it was clear that Oklahoma's output of energy related 

equipment had expanded. Both Oklahoma's total exports and total imports 

have increased over the 1972 to 1978 period. 

The Oklahoma State Econometric Model (OSEM) developed and operated 

by the Office of Business and Economic Research in the College of 

Business Administration of Oklahoma State University has been used to 

forecast the state economic activity annually. OSEM contains 122 

equations and over 200 total variables. The energy sector, currently in 
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a rudimentary form, includes 21 equations of both consumption and 

production (53). The consumption side contains equations for 

residential, commercial, and industrial sales and average prices of 

electricity and natural gas. Additionally, the consumption of gasoline 

and distillates, kerosene, and residual fuel oils has been modeled. On 

the production side, the estimates have been made on the production of 

oil and natural gas. The forecasts of the OSEM has been published 

annually in the Oklahoma Economic Outlook (77). 

Hiebsch (44) has updated and modified the Oklahoma Energy Advisory 

Council's publication, Energy in Oklahoma: Final Report of the 

Oklahoma Advisory Council. An econometric model of energy consumption 

with 54 multiple regression equations and 12 identities has been 

utilized. This model predicts and forecasts consumption of energy by 

type of energy and by user to the year 2000. It is divided into seven 

major energy users: residential, commercial, industrial, government, 

transportation, agriculture, and electrical utilities. Each major 

user's total energy consumed and the consumption of each particular 

energy source has been estimated. The types of energy modeled are 

electricity, natural gas, coal, liquified petroleum gas (LPG), residual 

oil, distillate oil including diesel fuel and kerosene, jet fuel, and 

gasoline. Hydropower and nuclear power were included with electric 

utilities consumption but these power sources were not modeled. Other 

categories modeled were LPG consumption by internal combustion engines 

and other uses of LPG; natural gas consumption for lease and plant uses 

and for pipeline use; and, under the transportation sector, consumption 

of energy by automobiles, motorcycles, trucks, buses, railroads, 

airplane, and barge usage. 
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This study found that income, population and past consuming habits 

were the primary determinants of residential consumption of energy 

inO kl ah om a. For the commercial user of energy, measures of output or 

economic activity and past consumption levels were the primary 

predictors of present energy consumption. The same is used for 

industrial customers. For both commercial and industrial customers 

prices or relative prices were found to be important, even primary in 

certain cases. For electrical utilities, consumption of energy was a 

derived demand, caused by the consumption of electricity. Electricity 

consumption was primarily determined by the econoin1c well being of the 

state as mesured by increases in real personal income. 

The primary determinants of- transportation's energy consumption 

were oriented toward economic activities such as gross state product, 

industrial output for the state, personal income level, and tonage 

shipped. Also demographic variables such as population and the number 

with drivers licenses had a major impact. Previous consumption patterns 

again proved to be a primary .determinant. In agriculture, the amount of 

farm activity such as acreage of winter wheat, and real output levels, 

was important. Relative prices were more important than for some 

previous categories. 

However, the best determinants of total usage of a particular 

energy type were dominated by variables such as Gross State product and 

the previous level of consumption. 

Distinct Aspect of This Study 

The present study differs from other energy models in several 

aspects. First, this study attempts to construct an interregional 
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input-output model to show interindustry linkages between Oklahoma and 

rest of U.S. economies. Second, the interregional input-output 

multipliers are measured to determine the impacts of any changes of 

fina 1 demand on regiona 1 output, income, and employment. Third, the 

interregional input-output :nodel is used to project the impacts of 

energy price changes on regional commodity prices. Finally, impacts of 

commodity pr ice changes on interregional input-output coefficients are 

measured so that final impacts of energy price changes on regional 

output, income and employment can be predicted. 



CHAPTER III 

'IHEORETICAL ASPECTS OF INPUT-OUTPUT MODELS 

The purpose of this chapter is to discuss the methodology of 

input-output models used in this study. This chapter discusses the 

theory and assumptions of input-output models as they relate to the 

objectives of this study. The input-output models are described in 

three groups: (1) national input-output models, (2) regional 

input-output models, and (3) interregional input-output models. This 

chapter also discusses application of input-output models in (l) 

economic impact analysis which is highly useful for rural resource 

de ve 1 opment planning and (2) price analysis particularly as related to 

energy price changes. 

National Input-Output Models 

Input-output analysis (or interindustry analysis) is concerned 

with the interdependence among economic sectors. The input-output 

model as used today is based mainly upon work completed by Professor 

Wassily Leontief (60). In the 1930's, Leontief developed a general 

theory of production based on the idea of economic interdependence, 

gave his theory empirical content and developed the first input-output 

tab 1 e for the U.S. economy. His first book on input-output economics, 

The St rue tu re of the American Economy, 1919-1929, was published i.n 

1 941 • Since Leontief's work, input-output analysis has been 

46 
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extensively utilized as a means of investigating structural 

interrelationships among industries and projecting the level of change 

in the economy under a given condition of autonomous change in final 

demands. 

The United States Bureau of Economic Analysis (USBEA) has 

subsequently initiated a policy to complete a U.S. input-output study 

every five years. The latest report of the Bureau on the U.S. 

input-output tables, The Summary Input-Output Tables of the U.S. 

Economy, 1973, 1974 and 1975 (110), presents summary (85 

industry/commodity) input-output tables of the U.S. economy for the 

1973-75 period, These tables were obtained by updating U.S. BEA's 

benchmark input-output table for 1972 (108). 

Basic Components of Input-Output Models 

All input-output models consist of three fundamental components: 

a transaction or flow table, a table of direct coefficients or 

technical coefficients, and a table of interdependence, or direct and 

indirect coefficients. These three tables with their mathematical 

manipulation will be discussed accordingly. A hypothetical 

input-output table developed by Jones (56) will be used as an 

illustration of the model. 

The Flow Table 

The first step in I-0 analysis is to develop a flow table. This 

table is the essence of I-0 analysis sLnce it is an empirical model of 

J 
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the economy under study. It is the base of the model as the direct, 

and di re ct and indirect coefficients are derived from it. The flow 

table records total transactions occurring in a given economy during a 

given time period, showing final demand for goods and services and the 

interindustry transactions required to satisfy this demand. To 

develop a flow table, economic activities in the area under study are 

divided into functionally homogeneous groups called sectors and 

industries. 

To illustrate the flow table, consider a model having four 

producing sectors and three final demand sectors. Each producing 

s e c t o r ha s a c e r t a i n am o u n t o f o u t p u t , which is used w i thin the 

sector, purchased by other sectors, or purchased for final demand by 

the consumer. Table I presents the flow table of the model. 

Entries in the I-0 flow table are arranged in rows and columns. 

Rows represent sales and columns represent purchases. The table is 

made up of four sections called quadrants. 

Quadrant I (final demand) contains all exogenous sectors of the 

model and is made up mostly of household expenditures, exports, 

capital expenditures, and government purchases. This is the 

autonomous sector which determines the level of output of the economy 

under study. Entries in Quadrant I represent the value of output 

purchased from the processing sectors. Changes in final demand are 

transmitted throughout the rest of the flow table. 

Quadrant II (processing sector) contains those sectors (or 

industries) producing goods and services for final demand. These are 

the endogenous sectors of the model •. All output of the processing 

sectors is either sold to final demand or to other processing sectors. 

) 
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TAB IE I 

INPUT-OUTPUT FLOW TABLE 

Outputs to 1 Exports Total Total 

2 and Final Gross 
Inputs from A B c D Households Government Other Demand Output 

w guadrant 11 guadrant I 
0 ... 
u 

Industry A 10 20 10 ill 
en 5 10 5 10 25 70 

,..... Oil Industry B 12 4 6 
"' Cl 

5 10 3 5 18 45 
w ·.-t 

Industry 6 4 ill U) c J 
..-i U) 

10 17 10 3 30 53 
..-i QJ 

Industry 10 5 10 QJ u D 
en o 5 2 5 23 JO 60 
~i.. 

p., 

"' ill 
Quadrant ..... 

w III Quadrant IV ... 
U) 

;:l 
'ti 

Households 15 4 10 Cl 
H w,...., 10 i 6 0 7 46 

0 'ti 
Other primary 00 ... ill 

Cl u "" ..... ill 'ti inputs 20 6 13 25 11 3 2 16 80 u tn Ill 
;:l 
'ti ... ill 
0 Cl ;:l 
w ill .-1 

Po< e_ ~ Total Value Added 35 10 23 35 12 9 2 23 126 
Ill~ 

11< 
Total Gross Outlay 70 45 53 60 51 32 43 126 354 

1Reading across a row, sales to sectors along the top of the table by those listed in each row at the left. 

2 
Reading down a column, purchases from sectors at the left of the table by sectors at the top of each column. 
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The processing sectors must comprise 
__--:----

a ~SH:!.!~~-1!12.~E .... ~X (there must be as 
•" "~ 

many rows as there are columns). The corresponding row and column 

totals for each sector (or industry) in Quadrant II must be equal. In 

most empirical input-output studies, this portion of the flow table ts 

greatly expanded and often contains numerous sectors. 

Quadrant III (payment sectors) accounts for primary and exogenous 

inputs purchased by the processing sectors. It shows purchases by 

processing sectors for inputs they do not produce. Entries in 

Quadrant 111 include payments to households in the form of wages, 

salaries, rental income, interest income and profits; payments to 

government; imports of goods and services; inventory depletion; and 

capital consumption or depreciation. 

Quadrant IV shows the direct transactions between the exogenous 

and primary input sectors (payments sectors) and the final demand 

sectors. This includes outputs of the local economy as well as 

imports that enter directly into final use without any intermediate 

processing by the endogenous sectors (for example, services of 

hou s eh o 1 d emp 1 oyees, loca 1 labor commuting out of the area for work, 

intergovernment transfers, direct household purchases of nonlocal 

\ 

goods, etc.). ~:\<'-

The inputs and outputs of sectors in the I-0 model are of two 

kinds: intermediate and final in the C_!!_~~ __ oJ,.Pl1J;R__ut, and 

intermediate and primary in the ca~~ of inp~ts~ Intermediate 

output ts that output sold to other processing sectors to produce 

other goods and services. Final output is that output sold to final 

demand and does not re-enter the production processes. Intermediate 

j 

J 
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inputs a re those which processing sectors pure has e from other 

processtng sectors (or industries). Primary inputs are distinguished 
·---·-··--·-----

from intermedi.ate inputs tn that they are directly employed by the 

ustng industry and their value constitute the value added by that 

industry. 

Value added ts included in Quadrant III and IV (the payment 
-~--M ______ .--..... 

sector) of an I-0 flow table, and is comprised of wages, salaries, 

rent, interest, profit or loss, business taxes and depreciation. 

Final demand -------------·-··--- (Quadrant I) consists of personal consumption, fixed 

ca pi ta l format ion, inventory accumulation, government purchases, and 

exports. The sum of final demand is equal to total value added plus 
-..... ____ .-".,. ... J·--· -··-·· ---., •.• _,. , __ , ..... _.,,, 

imports by the economy (the total value of all rows in the payments 

sector must equal the total value of all columns in the final demand 

sector of the I-0 model). 

main concern of the I-0 analyst. Each industry produces a certain 

amount of output or provides a certain service. which may be used 

within the industry itself, sold to other processing industries as 

inputs, or sold to final demand. To produce its output, an industry 

may purchase inputs from itself, from other processing industries, and 

from primary and exogenous input sectors. 

Each element in a row represents total sales by the industry 

named at the beginning of the row to the industry or sector listed at 

the head of the column. Conversely, each element in a column 

represents t_,?.~_~} __ p1Jr<:;l1as~s by the industry or sector named at the head 

of the column from the industry listed at the beginning of 
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the row. For example, industry A (Table I) produced 70 units of 

output; 10 were used by A itself, 20 sold to industry B, 10 to C, 5 to 

D and 25 to final demand. To produce these 70 units of output, 

industry A purchased 10 units of its own output, 12 units from 

industry B, 3 from C, 10 from D, and 35 from payments. These 

purchases and sales of industrie_!> b.!1. t]1e p,r()c_~s~~ng sectorare used in 

computing the technical and interdepend.en.c_e coeffi&ient table$. 
"'"" "'--··••Ho'•,·,--, •. 

) • • . rt:.t c.~ t (~,->..;-<'. / ! '"· , 
Direct Coefficients.; The direct coefficients, developed from 

the da t;;i in the flow table, relat~ .. inputs of an industJY,..t:;Q_j.J._s total .... ----·. ' . -"··-~·~---.. ---""'·'''''"''-~-------··---- .. ,,-~.,.._.~ ~"'' '" .. _.._ ______ , ___ .. ~ 
output. The direct coefficients indicate the input requirements per 

dollar of output for a given sector. Direct coefficients (sometimes 

called t.:_3_\}JJ.J .. ~al c?:.~.f~_:!e~£_s) are relevant Q!!1Y. __ for the proc~~~~n.~. 

sectors; therefore, technical coefficients are computed only for the 

columns of the purchasing sectors. Calculation of the technical 

coefficients involves dividing all entries (purchases) in each 

industry's column by the gross output (total sales) for that igd~stry. 

There fore, the table of technical coefficients, arranged on the order 

of the processing sectors of the flow table, consists of the ratios of 

industry purchases of total output, arranged in rows and columns. 

) 

I 
'_k 

) \ 

Each column shows the inputs that the industry named at the top of \ 

that column requir:-ed from each of the industries 

beginning of the rows to produce a dollar of its out~t. 

named at the 
l 

\ 
\ 
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Direct and Indirect Coefficients. Direct coefficients show 

only direct purchases made by a given industry from all other 

~·" 

industries for each dollar's worth of current- output. This, however, 

does not account for the tot a 1 change in output resulting from a 

change in sales (an increase or decrease) to final demand. An 
j 

increase in final demand for goods and services of an industry within 

the processing sector will lead to both direct and indirect increases 

in the output of all industries in the processing sector. For 

instance, assume an increase in final demand for the products of 

industry A (Tab 1 e I). Industry A, as it expands product ion to meet 

this new demand, must increase its purchases of inputs from supporting 

industries, B, C, and D. These are direct purchases. 

However, as A t ncreases its purchases from industries B, c, and 

D, they must also increase their purchases of inputs from other 

industries in order to expand their output to satisfy A's need. If 

there are other industries in the processing sector, their sales and 

purchases may also increase, depending upon their linkage to industry 

A and its supporting industries. These interactions represent 

indirect purchases and sales or indirect effects and spread throughout -------------
the processing sector (as well as into the payments input sector 

outside the processing sector). 

I-0 coefficients which measure both direct and indirect effects 

of changes in final demand are called i.Eterdependence coefficient.§. or \,/. 
---~ .. --··.c~-......... :::-::.:,~=~~-""'""'~ 

direct and indirect coefficients. They are computed from the table of _______ . _ __.,.._, .. - .. ~ . 
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technical coefficients through a matrix inversion process. The t.able 
--~-·-

of interdepend~nc~_cpefficlents or i.ctverse matrix shows total 
•>·"-"·"-'>· 

expansion of output in all industries as a result of ._tl1!Ldel.ivery of a 

dollar's worth of output to final demand by each industry in the 

processing sec~.~!:· 
-··~·-·------------P""' .... 

The table format follows that of the technical 

coefficients table. Entries are arranged in rows and columns 

representing each industry in the processing sector. Each column 

shows the output required both directly and indirectly from the 

industry named at the left (beginning of each row) for each dollar of 

deliveries to final demand by the industry named at the head of the 

column (top of table). 

Table II exh.ibits the direct coefficients for the processing 

sector (Quadrant II, Table I). These were obtained by dividing each 

entry in columns A, B, C, and D by the column totals 70, 45, 53, and 

60, respectively. This matrix of direct coefficients was subtracted 
,/ 

from an ident i.ty matrix of equal size to obtain the Leontief I-0 

matrix (also called the [I-A] matrix). The Leontief I-0 matrix was 

then inverted to obtain the inverse matrix (Table III). The sum of 

each column of entries in Table III yields the industry output 

multiplier. In this numerical example, the output multipliers 

(rounded to two decimal places) for industries A, B, C, and Dare 

2.14, 2.71, 2.25, and 1.94, respectively. 

Assumptions of the Input-Output Model 

The input-output model is based upon two fundamental assumptions. 

The most restrictive assumption is that the direct coefficients are 



TABLE II 

I-0 DIRECT COEFFICIENTS 

Industry A B c 

A .1429 .4444 .1887 

B .1714 .0889 .1132 

c .0429 .1333 .0755 

D .1429 .1111 .1887 

Households .2143 .0889 .1887 

Other Primary Inputs .2856 .1334 .2452 

Total Value Added .4999 .2223 .4339 

Total 

Industry 

A 

B 

c 

D 

Total 1 

1 
Column 

1.0000 1.0000 1.0000 

TABLE III 

DIRECT AND INDIRECT COEFFICIENT MATRIX 
OR I-A INVERSE MATRIX 

A B c 

1.3894 • 7749 .4348 

.3076 1.3098 .2629 

.1606 .2858 1.2023 

.2869 .3384 .3471 

2.1445 2.7089 2.2471 

totals are industry output multipliers. 
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D 

.0833 

.0833 

.1667 

.0833 

.1667 

.4167 

.5834 

1.0000 

D 

.2757 

.1948 

.2592 

1.2108 

1. 9405 
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fixed. The assumption of fixed coefficients implies that technology 

remains constant, no external economies or diseconomies exist, and no 

substitution occurs to changes in relative prices or availability of 

new materials (21). 

The fixed coefficient assumption places limits on the use of the 

input-output model as a long-range forecasting technique. Empirical 
---~-· .. "·-~-~ ... -- .,_ 

studies on the reasonableness of this assumption found that the fixed 

coefficient assumption is realistic for the short run; however; 

continued technological change causes the actual relationships to 

change over time. Therefore, periodical adjustments of the 

coefficients or the construction of a new table is suggested (14). 

Another limiting assumption of the basic input-output model 1s 

that there are no errors of aggregation in combining industries into 

sectors. Industries within a sector are homogeneous and different 

from industries in other sectors. This implies that a given product 

is supplied by only one sector and there are no joint products. So 

the coefficients for a sector are representative of all the industries 

within that sector. Conclusions drawn from the analysis indicate the 

average conditions of the industries within the sector. The more 

sectors included in the model, the less chance that errors of 

aggregation will arise. 

Mathematical Formulation of the Input-Output Model 

A simple mathematical formulation of the flow table and 

coefficients tables can be presented as follows: 

1 • The Flow Table: This table defines the interrelationships 

which exist in an economy during a given time period and can be 

expressed mathematically. 



The row to ta 1 for a given sector, x. ' 1. 
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represents the total 

output for the sector, i.e. the sum of sales to processing sectors, 

x .. ' 
l_ J 

plus the sum of sales to final demand sectors, y .• 
l_ 

It 

follows that: 

x. = 
1. 

n 
,2::1 X .. + Y. 
J= 1.J 1. 

(3 .1) 

The column total for a given sector, X., represents the total 
J 

outlay for a sector; i.e. the sum of purchases from the processing 

sectors, x .. ' 
1. J 

plus the sum of payments to primary sectors designated 

as V .• 
J 

This relationship can be stated as: 
n 
2:: 

i=l 
x. 

J 
= x .. 

1.J 
+ v. 

J 
(3 .2) 

Tota 1 out put must equal total outlay for each processing sector 

as the receipts from sales must equal receipts paid out for goods and 

services plus value of final payments to primary inputs. 

where 

This relationship can be shown as 

x. 
l_ 

x. 
1. 

x. 
J 

x .. 
1.J 

= x. (3.3) 
J 

= the total output, in dollars, of industry i during 

the base period. 

= the tota 1 outlay, in dollars, of industry j during 

the base period. 

= total sales, in dollars, of industry i to industry 

j during the base period. 

Y. = amount of final demand, in dollars, for industry i. 
1. 

v. 
J 

= total value added, or sum of payment to primary 

inputs, in dollars, of industry j. 
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1 and J = rows and columns, respectively, of the flow table. 

n = number of rows and columns, or size of matrix. 

2. Direct Coefficients: Derivation of these coefficients 

assumes a linear relationship between purchases of an endogenous 
-----··---~-----~-"· 

sector and the level of output of that sector. The equation for 

calculating these coefficients is: 

a .. 
lJ 

x 
= _jj 

x. 
(3.4) 

J 

which equals the amount of industry i's output necessary to produce 

one unit of industry j's output. 

Direct coefficients are computed as indicated above for each 

industry in the processing sector. These computations yield the 

following matrix of direct coefficients: 

matrix of direct coefficients. 

3. Direct and Indirect Coefficients: Calculation of these 

coefficients yields a table of direct and indirect requirements per 

dollar of final demand. They are obtained by subtracting the matrix 
I' 

of direct coefficients from an ldentity matrix of the same order to 
"'·-~,,_, 
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get the Leontief matrix, (I-A), and then inverting this matrix. The 

re s u 1 t i n g m a t r i x , (I - A ) - 1 , i s t h e t a b 1 e o f d i. rec t and ind i rec t 

coefficients which may be expressed as follows: 

All Al2 ••••• Aln 

Al2 A22. • •.• A2n 

(I-A)-l= • 

where the I-0 model contains n processing sectors. 

The I-0 problem is that of determining the interindustry 

transactions or output required to sustain a given level of final 

demand. The solution of the input-output model can be obtained by 

rewriting equation (3.1) as 
TI 

x. 
l. 

= L: a .. X. + Y. 
j=l l.J J l. 

(3.5) 

If X represents a column sector of total output, A represents the 

direct coefficients matrix, and· Y the column sector of final demand, 

then 

x =AX+Y 

X-AX = y 

(I-A)X = y (3.6) 

Employing the use of the identity matrix and matrix algebra, 

under the condition that (I-A) is non-singular, both sides of the 

equation can be multiplied by the inverse (I-A) yielding 

(I-A)-l (I-A)X = (I-A)-lY 

then 

x (3. 7) 



60 

where 

X = total output sectors of the economy 

Y = final demand sectors facing economy 

Using the above formula, changes in output resulting from changes 

in f i na 1 demand can be determined for each sector in the economy from 

the following equation: 

x = (I-A)-l 6Y (3.8) 

where 

6Y = column sector of changes in final demand 

6X = column sector of changes i.n to ta 1 out put 

(I-A)-l = matrix of di re ct and indirect coefficient 

Application of Input-Output Mode 1 to 

Economic Impact Analysis 

The flow table, direct coefficients table, and direct and 

indirect coefficients table are the basic analytical tools of the 

input-output mode~-~, They can be used in making impact analyses, 

predictions of economic activity, or in estimating productive 

requirements resulting from changes in final demand for an area's 

goods and services. 

Economic impacts on the area resulting from changes in final 

demand are often measured through mJ.!l~-~~~~~rs of the input-output 

mode 1. Mul.tip!:i!:_rs ,.indicate the relationships bet·.,een some observed 

in the economy and the total change in economic activity 
---~""<M 

created throughout the economy. The most common in put-output 

multipliers are output, ins_<!m~, and emJ?JQyment. 
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Output Multiplier 

The output multiplier measures the change 1.n total output from 

all sectors resulting from a one dollar change in final demand for the 

product of that sector. Output multiplier Type I measures the ..:'.'.!.~.-°-.f 
--·-~· -·· 

di-r.e.c ~ ~ndindi re~ __ t effects; on the other hand, output mul_ti_!>.~-~~~ .. :!-)'P..':. 

.I L_l_l!~ a s u r e s d i r e c t , i n d i r e c t , and induced effect of a one dollar .. -- . . ···--·---------. 

change in final demand for the output of that sector. Output 

multiplier .T.XP.~.--.:! is derived by s.~~i1~g--~-~i:__c()J.1,1mr.i entries of the 

. d . d. . ( )-l dl.rect an i.n l.rect matrtx I-A • The surn of each column is the 

output multiplier for the sector named at the head of the column. The 

addition to the direct and indirect interindustry effects. Output 

multiplier Type II 

direct, indi!_':_Ct, 

i.s derived by summing the column entries of the ____ ,........._,,.. . - - " -

and induced matrix 
-1 

(I-AH) .• The direct, 

indirect, and induced matrix (I-AH)-l 1s de:~~_:_d by exp(in~_ing the 

direct coefficient matrix (A) by inclusion of the household row and 
. ~- .. -~- ·-·-~-~----~---·---·--- .......... --~ 

column thereby making the househQl~;l._sector endogenous. Since the --- ~-- ·- - '" ___ --· -~ ------ " ,_ . ,_". ·-· ---~"'- """ ·---- , ___ , .... -
additional i.n!!~£~<l ... il!!.I?.~t..Jesulting from the consumption expenditures 

--·•-•o•• •' • "·--•-• ·~·"-

on the economy 1s added to each Type I multiplier, each TY.pe II 

multiplier is expected to be greater than its Type I counterpart. __ .. ______ ,.,, .. --~,.-" - _,.,. ~- ---...... ,,..._~·-·•"'-•' ' ' . ' ' . . -· - '' - ' 

The value of the total change in output of an economy resulting 

from a change in final demand for a given sector's output can be 

estimated by multiplying the sector's change 1.n final demand by the 

output multiplier for that sector. However, this provides only an 

est i mat ~-Jl_L.tb~ to ta 1 economic effect. To appraise the effect of the 
---~----· --- . """ -

change on individual sectors of the economy, one must multiplythe 
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sector's column of direct and irldirect coeffic_i,~nts by _th~ change jn. 
- •••• •,,,,<'""_.p ·•-·" -- --e••w"-•-•>·---••-

final demand, Each product of the above multiplication will indicate 

the effect of the given final demand change on that particular sector 

in terms of output requirements. The sum of t~~§~ __ j,:ri,gj,.y_i,d.,1,i.:il sec .. ~QX 

output changes will equal the total change acquired originally by.. 

sector output mult,ipl.i .. ~r ~Y.:.~h~_change in final 
. -· ·-''' ....... ~.-, ...... ,.~--·"'"''"'"'"'""·~(.'"''. 

demand. This is because the direct and indirect coefficients are 

merely the individual components of the output multi plier. 

Income Multiplier 

The income multiplier measures the total change 1.n income 

throughout the economy resulting from a one dollar change in income in 

a given sector in response to a final demand change. The most common 

I- 0 income mu 1 t ipl iers are the Type I and Type II. The basis of the 

income mu 1tip1 i er s ls that a certain .. am.QIJ~~ .. -~.f. .... ~~-~-ome is ge9:~E?._ted 

~~ t ~ _:-~-~-~---C-~CJ:~ge . i~-- ()~~ e,~_t .9L.J;J1e, ... ~~.2.1lQmy_. Type I and Type II income 

multipliers are computed from the direct, indirect and induced income 

effects estimated via an I-0 model. 

The Type I income multiplier is the ratio of direct and indirect 

income effects to direct income effects resulting from sectoral 

changes 1 n f i na 1 demand. The Type II income __ ~ul ti plier is the ratio 

of direct , indirect , and induced i.ncome effects per unit change in 

final demand of a given sector. It is computed for -~~---I-:Q .. _i;_~£-~Q!'._QY. 

d~--~h~_ ... _l_t<?~_!!h~_!_c:l __ ~?..!..,,_entr,y _in th!-1.t .!3e~_!;_l'.)r~s column of ___ in,ve!'._.$.e-. 

coefficients by the direct income coefficient for that sector • 
. .------~· ...... ~·-
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Direct income represents an esti.mate of the initi.al impact on 

household income per dollar change in output. It is the proportion of 

each dollar of output which goes to households in the form of wages 

and salaries, proprietor income, interest, rental income, or other 

forms of income. The direct income effect for each sector is found in 

the household row of the direct coefficient matrix, where households 

are endogenous, or in the household row of the payments sector where 

households are exogenous. 

Indirect income is obtained by subtracting the di.rect income 

from the combined direct and indirect income of households. The 

di re ct and indirect income effects are the total changes in income 

resulting from a one dollar change in final demand in a particular 

sector. To compute the direct and indirect income effect of a sector, 

each column entry for that sector in the direct and indirect 

coefficients (inverse) matrix is multiplied by the corresponding 

household row entry of direct income coefficients sector. This 

mul t ipl ica ti on is carried out for each sector in the inverse matrix. 

The sums of the products of this multiplication represent the direct 

and indirect income effects of changes in final demand for each column 

sector in the inverse matrix. 

Induced income effects are computed by making households an 

endogenous sector and calculating direct and indirect coefficients for 

the new flow table (with households endogenous). The household row of 

the new matrix yields the direct, indirect, and induced income effects 

for each column sector. 

Induced income is the direct, indirect, and induced income 

combined minus the direct and indirect income (computed with 
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households exogenous). The induced income effect results from changes 

in household purchases of locally produced goods and services as 

household income changes. It takes into account consumer 

expenditures, and that a change in household receipts initiates a 

change in the level of local expenditures. These household 

ex pe ndi ture changes cause output adjustments in the endogenous sectors 

and further changes in payments to local households in the economy. 

The assumption underlying this income multiplier is that changes in 

consumer spending are assumed proportional to changes in income, both 

in terms of quantity of income spent and expenditure patterns. 

Employment Multiplier 

The employment multiplier, as computed from an I-0 model, is used 

to estimate changes in employment resulting from changes in final 

demand for the output of each endogenous sector. Employment 

multipliers define the change in total employment in the economy 

resulting from a one-unit change in the employment for a particular 

sector. The basic assumption underlying the employment multipliers is 

that, for each endogenous sector, a linear relationship exists between 

employment and output. 

multipliers, which are similar to the Type I and Type II income 

multipliers. 

The Type I employment multiplier for a sector is computed by 

dividing the direct and indirect employment effects resulting from a 

unit (one dollar, for example) change in final demand by the direct 

employment coefficient. The Type II employment multipliers are 
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computed by dividing the direct, indirect, and induced employment 

effects resulting from a unit change in final demand by the direct 

employment coefficient. 

The direct employment coefficient is obtained for each sector of 

the I-0 model by dividing total sector employment by total sector 

output. The direct and indirect employment effects are estimated for 

each sector by multiplying the inverse matrix (I-A)- 1 , with 

households exogenous, by a row vector of direct employment 

coefficients (which is merely a matrix of ratios of employment to 

output for each sector in the model) and summing the products for each 

sector (column) in the inverse matrix. Direct, indirect, and induced 

employment effects are estimated by multiplying the inverse matrix 

-1 
(I-AH) , with households endogenous, by a row vector of direct 

employment coefficients and surruning the products of each column in the 

inverse matrix. 

The direct employment coefficient of a sector multiplied by that 

sector's change i.n final demand provides an estimate of direct 

employment effects resulting from the final demand change. This ,4 

estimate multiplied by that sector's employment multiplier equals 

total estimated employment changes i.n the economy due to the given 

change in final demand. 

The total effect of a change in final demand on employment within 

the economy being modeled can be broken down into three components: 

direct employment changes which result from a specific sector's 

response to a change in its final demand; indirect employment changes 

which result from endogenous output adjustments required to directly 
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and indirectly support a change in final demand of a given sector; and 

induced employment changes art si.ng from a change in the level of local 

household consumption expenditures. 

The Regional Input-Output Model 

With increasi.ng nati.onal concern for regional economic analysis 

the number of input-output models applied to regional ·economic studies 

has rapidly expanded. The input-output model applied to regional 

analysis has weaknesses Ln addition to those present 10 national 

applicati.on. Nevertheless, the input-output model is extensively 

applied in regional .:.inalysis. The predominant use of input-output in 

regional analysis has been a single region model which is the direct 

appl ica ti on of national input-output models to a single region. This 

type of model is called a regional input-output model. 
"-'"·-·-·--~~--- ,,-.... _,. 

Review of Methods of Construction of Regional 

Input-Output Tables 

One of the major limitations in the use of the input-output model 

l.n regional economl.c analyses i.s the extensive data gathering process 

required in developing a flow table from primary data. For this 

reason, non-survey methods are frequently used to construct regional.J/ 
•'-.J~--~~-•• .--·-"·~• ·~ ......... ,..__,.._,, ... _>>'-.ui' -~"''-L'•""'•''-'"•'-•-'"''~.-.._ .:.... ...... ~ 

input-output tables. Non-survey methods generally start with either 

na_t.i..a..na..L-c.n~i_Li__s.j,_~-~~.s __ .<?.~.--':~=~-ficient s OE_~~.~~~lly produced for other ~/ 

regions as a basis for technologies of the study region and then 

adj us tme n ts a re made to take into account differences between the 

study region's economy and that of the nation or the surrogate 
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region. According to the specificity of the data input needs, these 

techniques can be classified into four broad groups. 

The first group of non-survey tech:Jtique.s estimates regional 

input-output coefficients, using detailed knowledge of local 

characteristics derived from data on industries or establishments 

whose technologies or trading patterns are suspected of differing from 

their national counterparts. This technique is called "the mixed 

approach", because the regional input-output coefficients are viewed 

as a mixture of purely national and purely regional interindustry 

relationships. Two examples of regional input-output models are used 

to illustrate this approach. As a first example, the Georgia Economic 

Model (94) was estimated by using the national I-0 table as a first 

approximation to the State's table. This table was then adjusted with 

data on interindustry purchases and sales obtained by surveying a 

sample of firms. In addition, confidential industry-specific output, 

employment, and wage data were used to supplement the survey-based 

data and to serve as a further adjustment to the national table. 

These confidential data were gathered by various state government 

administrative agencies as part of their ongoing revenue and 

expenditure functions. 

As a second example, the Multiregional Input-Output Model (MRIO) 
'-·~---------~-·~-------·-··- .-... ,. .. -·"-"'". ,. .......... ,~ ........ ,,,-·- ·---~---·-·· ,,-

consists of linked I-0 models for each state (85). MRIO is based on 

the following five data estimation techniques: ( 1) detailed, 

state-specific, interindustry relationships (obtained from various 

federal sources) for a number of industries, (2) state-specific 

output-weights of national coefficients for other industries, (3) 

various estimation techniques based on federal data sources for 
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construction of the components of final demand, as well as 

industry-specific totals for output, employment, payrolls, and other 

aiea sure s related to value added, (4) special t.'tbulations of the U. s. 

Census of Transportation for estimating interstate trade, and (5) 

reconciliation of the estimates obtained from the preceeding four 

procedures with values from national economic accounts and I-0 tables. 

In several respects, the MRIO methodology for constructing each state 

I-0 table is similar to that used in constructing the national I-0 

table, that is, while no surveys of establishments are used directly 

in estimating MRIO or national I-0 coefficients, numerous federal data 

files are used. Because of the lack of actual dat.3 for some necessary 

components at the state level, when compared to national I-0 tables, 

the MRIO methodology requires a more extensive use of estimation 

techniques to fill in the missing data. 

The mixed approach of modifying a national table with limited 

survey or other region-specific data may require considerably less 

data gathering than a purely survey based table and, therefore, may 

entail lower associated cost. However, in terms of the need for 

experienced personnel, the costs of the two approaches are similar. 

In addition, the mixed approach frequently cannot be applied for small 

areas because of the unavailability of administrative data for these 

a re as. In these respects, the mixed approach has the same drawbacks 

as a purely survey-based methodology. 

The second broad group of national table adjustment 

procedures--the constraining of national technical coefficients, based 

on region-specific information--also requires a significant survey 

element. The RAS technique is an example of this type of adjustment 
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The RAS _technique was originally developed by Stone and 
~~~->_.,,_-/ 

Brown (99) for projecting national technical coefficients with limited 

survey data ; it has also been used to estimate regional tables. In 

the reg i o na 1 applications of the RAS technique, national coefficients 

are constrained to regional industry, specific intermediate output and 

input control totals. As applied by Morrison and Smith (74), the 

control totals are obtained from survey data. While the RAS technique 

requires less primary data than the mixed approach, its data gathering 

costs often preclude its being applied in many small-area impact 

analyses, especially for a one-time set of changes in final demand. 

I\ third group of techniques for adjusting the national tables to 
- --......... ~ .. ··-,......,.,.....,~.--... --,......,~~~--............ 

generate regional tables uses no survey data, but it makes use of 
---~·~-- __ ....., ___ ,,.,_~ '"•·">>'- •· ~ _ "* __ _,,-~- ..••. ,..- -~~,-~.,,,..,._-.-...,.....,_._,~_"''V ·-__ ,...,_..._.~ "-··~~·,-•~-~''"'"~~· ....... ~"-·''', ,, ~ ,.,.., ·~- '·"'°k'· ._.,,,,.._, 

economic data gathered by the Federal Government. For example, a 

methodology proposed by Stevens and Trainer (98) uses the Bureau of 

Labor Statistics Consumer Expenditure Survey and the Bureau of the 

Census regional economic data (especially, The Census of 

Transportation) for altering technical coefficients from the national 

table. This third group of non-survey techniques is similar to the 

first group; the major difference is that the adjust:nent data are not 

survey-based and often must be estimated for a particular area. This 

group of techniques avoids the large costs of gathering survey data 
-··· ·--.. ··~--- .. ---~--·" ... , ~-----· .. --....... ~ .. , .. ..,.,_,_,.~-·-"''~' 

and can be applied on a consistent basis to many small areas for 

interregional comparisons. However, there are two potential problems ---... ______ .,..,..,._. .. ,..,_,_., __ .. 
with this group of techniques. First, since Census data often are 

available only every five years, estimating current import levels in 

regional tables may be difficult. Second, much of the data actually 

used in adjusting national tables to small area tables are estimated 

J 
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by regressLon equations that are specified by the use of state or 

metropolitan area data for aggregated industry control totals. The 

estimated <lat.a, therefore, may not reflect actual relationships at the 

small-area level. 

The fourth group of national table adjustment techniques makes 
'""~"'·-- ·----~ .... ..-----... "'-'•~\.,_,__,_..:OL-.---~-....._.,.--....,_,.......-~, . .--·'' 

use of generally available published data on industry specific 

employment or earnings to estimate the level of industry specific 

imports. The national table is then adjusted to the regional level by 

taking into account these imports. The major advantages of these 

techniques are their low application cost, and their ability to be 

applied even at the county level when making interarea multiplier 

comparisons. 

The Location Quotient (LQ)_a'l!!~~g_plz.:.~.~~pool t~~, as 

described by Schaffer and Chu (93), Schaffer (94) and Morrison and 

Smith (74), are examples of the fourth group of techniques. In 

c o m pa r i n g t h e LQ a n d t he s u p p 1 y - de ma n d po o 1 t e ch n i q u e s w i t h 

survey-based tables, the studies indicate that the simple LQ technique 
--------~~-----~---

is the most accurate of the non-survey techniques analyzed. However, 

the average multiplier generated by this LQ technique is considerably 

higher than the average multiplier estimated from the survey-based 

tables. 

The Location Quotient Technique 

The Oklahoma State Input-Output mode,l. is ~eveloped from,_ the .u. s. 

input-output coefficients based on the location quotient technique as 

described and developed by Schaffer and Chu (93). The location 
.,,.,..,,.--

/ 
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quotient (LQ) is a measure comparing the relative importance of an 

industry in a region and its relative importance in the nation. It ts 

defined for industry i as: 

X./X 
l 

{LQ = Z. /Z 
l . 

(3. 9) 

where X. represents 
......._ ______ !._ - -- --. ·-------

the regional output of industry i, X the total 
•;------·--........... ""·• ··--·-··~ ~··· 

regiona 1 output, 
-------·-----~~--

z. the national outpµ_t 0Li11ciustry i and Z the 
l 

The basic data required for the location quotient procedures are -. ____ .,.._,_ -- .... ____ .,.-----·--·~-----------,~--~----\ 

( l) national technical coefficient matrix, (2) state total output, and 

( 3) state total· final demand without trade for each sector. The state 

flow of goods and services to final demand sectors is computed 

sepa ra tel y. The basic function of the procedure is to compute the 

state interindustry transact ion matrix, technical coefficient matrix, 

and interdependence matrix. The disposition of output in the 

transaction matrix can be defined as follows: 

where: 

AN XA + yo = XR 

XA - XR = YT 

XA = column vector of 

AN = national direct 

0 
column .vector of y = 

without trade 

XR = column vector of 

YT = column vector of 

state total actual output 

coefficients matrix 

state total final demand 

state total required output 

state trade. 

(3.10) 
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If the state's actual ()Utput for a particular sector is equal to 

the state's required output (XA=XR), the state sector is assumed 

to be just self-sufficient, that is, it has its "proper share". If 

the state's actual sector output i.s greater than the state's required 

output (XA >XR), the state sector, in this case, produces more 

than its proportionate share and exports its surplus production. In 

both situations, national technical coefficients (A .. = Z .. /Z.) 
1J lJ J 

for that sector's row may be used directly to represent the state 

technical coefficients (a .. = X .. /X.). 
1J 1J J 

In other words, if 

L Q .>,..l, t h e n a . . = A ..• 
1 1J lJ 

For the latter case, the surplus 

production by sector ls put ln the export column vector of final 

demand. 

However, if the state's actual sector output lS less than the 

state's required output (XA<XR), that is, if LQ < 1, the state 

produces less than its proportionate share and imports the deficit 

requirements. In this situation the state technical coefficients 

(a .. ) are not equal to the national technical coefficients (A .. ), 
1J 1J 

but equal to a. . = LQ. • A ..• 
1J 1 1J 

The national coefficients of the 

sector's row are reduced proportionally to account for the state's 

deficit product ion and the difference placed as an import row vector 

ln the primary payments. The final state flow table is developed by 

including the interindustry flows, final demand and imports and 

exports derived in the manner explained above. Once the state flow 

table is developed, the state technical and interdependence 

coefficient matrices are obtained by mathematical manipulation of the 

derived state flow table by assuming a linear relationship between the 

purchases of a sector and the level of output of that sector. 
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Criticisms of Regional Input-Output Model 

The single region input-output model has been criticized on 

several accounts. One criticism is that exports to and imports from 

other regions are lumped together without identifying their origin and 

destination. Generally, regional economies are far less 

self-sufficient. They are very dependent on other regions for 

supplies and markets. Regions are so closely interrelated that the 

impact of any proposed economi.c change on one region cannot be fully 

understood unless interregional relationships are studied. Another 

criticism is that the regional input-output model ignores feedback 

effects and the impact of economic changes in other regions on the 

study region. Although there i·s no general index, some empirical 

studies have shown that by ignoring the feedback effects, regional 

mode 1 s have significantly underestimated the regional economic impacts 

( 4) • The input-output model which overcomes these defects is an 

interregional input-output model closed on the national boundary. 

An Interregional Input-Output Model 

Introduction 

An interregional input-output model has been designed for 

multi-regional study. in an interregional input-output model, two 

sets of structural relationships, inter-industrial and interregional, 

a re considered in combination. Industries are related by input-output 
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activities and regions are related by trade. Economic activities are 

analyzed in terms of both input-output among industries and trade 

among regions. Structural coefficients of these relationships are, in 

km 
expressed as b .. , where this is defined as the 

iJ 
Isard's notation, 

amount of commodity i from region k required to produce one dollar's 

worth of output by industry j in region m (52). Such two dimensional 

information, however, is generally not readily available. 

The first fixed column coefficient interregional input-output 

model was developed by Chenery (14) and Moses (75). In this model, 

the interregional input-output coefficient (b~) is estimated by two 
. iJ 

m 
separate coefficients, i.e. regional technical coefficient (a .. ) and . iJ 

m h . th . . 
represents t e i input required trade coefficient a .. 

l. J 

for producing one dollar's h f . th 
wort o J 

disregarding the region of its origin. 

commodity in region m 

kn . 
t. represents the fixed 

i 

. f l . ( . ) f . th . b proport ton o to ta receipts consumption o the i commodi.ty y 

region m from region k. The trade coefficients are derived by ratios 

of a regions' purchase of a commodity from various regions including 

its own, and are derived from the base year trade flow estimates. 

Thus the sum of the coefficients equals one. 

However, the above trade pattern does not specify the 

interindustry relationships between trading regions. It is assumed 

that each purchasing industry 1n region m purchases the same 

proportion of the 

column model: 

km m 
b .. = a 

iJ iJ 

km 
t. 

i 

. th . f h . i input ram t e region k. Thus, in the fixed 

-(3.11) 
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Having estimated the above two structural coefficients, a~. and 
1] 

km 
t .. , the solution of the interregional input-output model is obtained 

LJ 

by the following matrix equation: 

-1 
X = (I-TA) TY or X = ( I-B) -l TY. (3.12) 

Structure and Theory of an Interregional 

Input-Output Model 

This section will briefly illustrate the structure and theory of 

an interregional input-output model which was first introduced by 

Moses (12). Consider an economy in which there are only three 

industries: (1) agriculture, (2) manufacturing, and (3) services. 

The economy is divided into three regions: (1) East, (2) Middle West, 

and (3) West, which are open to one another for trade. Regions and 

regional flows will be described by superscripts; commodities and 

commodity flows by subscripts. 

Input-output systems are usually presented in two sets of 

equations, one expressing certain balance relations and the other 

through both balance and structural relations. The balance equations 

of national input-output systems express the condition that the output 

of each industry is equal to its sales to all industries and final 

demand sectors. The balance equations of the interregional model 

simply add a regional dimension. They state that the output of each 

industry in each region is equal to its sales to all industries and 

final demand sectors in all regions. They are expressed as: 
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1 11 11 11 12 12 12 13 13 13 11 12 13 
X l-xll-xl2-xl3-xll-xl2-xl3-xll-xl2-xl3 = yl + yl + yl 

1 11 11 11 12 12 12 13 13 13 11 12 13 
X 2-x2 l-x 22-x23-x21-x22- x23-x21- x22-x23 Y2 + Y2 + Y2 

1 11 ll ll 12 12 12 13 13 13 11 12 13 
X 3-x 31-x32-x33-x 31-x32-x33-x31-x32-x33 = Y3 + Y3 + Y3 

2 21 21 21 22 22 22 23 23 23 21 22 23 
x 1-x ll-xl2-xl3-xll-xl2-xl3-xll-xl2-xl3 = y 1 + Y2 + Y3 

2 21 21 21 22 22 22 23 23 23 21 22 23 
X 2-x21-x 22-x23-x21-x 22-x23-x21-x22-x23 = y 1 + Yz + Y3 

2 21 21 21 22 22 22 23 23 23 21 22 23 
X 3-x 31-x 32-x33-x31-x 32-x33-x 31-x32-x33 = y 1 + y 2 + Y3 

3 31 31 31 32 32 32 33 33 33 31 32 33 
X 1-x lrx 12-xl3-xll-xl2-xl3-xll-xl2-xl3 = y 1 + y 1 + yl 

3 31 31 31 32 32 32 33 33 33 31 32 33 
X 2-x21-x22-x23-x2i-x22-x23.,...x21-x22-x23 = y 2 + y 2 + Y2 

3 31 31 31 32 32 32 33 33 33 31 32 33 
X 3-x 3rx 32-x 33-x 31-x 32-x 33-x 31-x 32-x33 = y 3 + y 3 + Y3 

In these equations, X, x, and Y represent respectively regional 

outputs, regional interindustry purchases, and regional final demand 

shipments. 
3 

Thus x1 is the output of agricultural goods in the West, 

12 . 1 f f d f x 21 is the va ue o manu acture goods ram the East consumed by the 

agricultural industry of the Middle West. The Y's require special 

interpretation. 

The term final demand has two meanings in regional input-output 

systems. The first corresponds to that in national input-output 

mode 1 s , i.e. the demands by the sectors in each region which must be 

given or known from outside the system since no functional 
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relationships are postulated for them. The term final demand here 

refers to receipts. Each region may also contribute to satisfying 

fi na 1 demand at home as well as in other regions. In this sense final 

demand signifies shipments. Thus Y 1s the demand for agricultural 

goods by the final demand sectors of the West. It is a datum. Yi1, 
Y~2 , Y i3 are the shipments of agricultural goods on final demand 

account by the East to itself, the Middle West and the West. These 

a re unknown. The level of economic activity in a region is related 

more directly to its shipment on final demand account than to its 

receipts. 

The ba la nee equations of the interregional system are incapable 

of solution. For a three-region-three-industry case there are ni.ne 

equations and 11 7 unknowns. However a solution can be obtained by 

introducing two sets of structural equations. The first set defines 

the structure of production in each region and the second defines the 

structure of trade among the regions. 

Structure of Production 

The structure of production in each region 1s manifest in the 

interindustry flow (or tranasactions) table. From the flow tables the 

direct production coefficients are derived as in a single region 

input-output model. The assumption is made that an industry's inputs 

are a constant proportion of its output. For example, in region one 

the technical coefficients can be shown as: 
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East 

1 
1 xl2 1 

al2 xl al3 
2 

East 

The technical coefficient ai2 is the amount of input purchased by 

industry two located 1n region one from industry one (located in any 

region) per unit of output in industry two. Technical coefficients 

are derived for each region in the same fashion. Technical 

coefficients of the three regions can be presented as a diagonal block 

matrix as in Table IV. 

Structure of Trade 

A second set of equations defines the per unit flow of 

commodities among and within regions. Again, fixed coefficients are 

assumed such that each region purchases its requirements of every good 

according to a fixed regional supply pattern. The structure of trade 

is identified by a set of trade coefficients for each good. The 

derivation of the trade coefficient is straight forward. Let r 

indicate the value of a region's purchases of a good from other 

regions and itself. Then ri3 is the value of the agricultural goods 

(Sector 1) bought by region three from region one. The sum of 

purchases of agricultural goods from all regions by region three is 

indicated by R~. The trade coefficient is obtained by division: 



1. 

1. Agriculture 
1 

all 

1 
2. Manufacturing a21 

3. Services 

1. Agriculture 

2. Manufacturing 

3. Servkes 

TABLE IV 

BLOCK MATRIX OF REGIONAL TECHNICAL COEFFICIENTS 

I East II, Middle West 
Agri- 2. Manu- 3. Ser- 1. Agri- 2. Manu- 3. Ser- 1. Agri-
culture facturing vices culture facturing vices culture 

1 1 1 
x_u_ 1 xl2 1 xl3 

=0 al2 =0 a13= -1-

1 2 x3 

1 1 1 
= x21 1 x22 1 x23 

a =- a23 =~ xl 22 x 1 
1 2 '3 

2 2 2 
2 xll 2 xl2 2 Xl3 

all = ;z al2 = ;z al3 =~ 
1 2 3 

2 2 2 
2 x21 2 x22 2 x23 

a21 =;z a22= -2- a23= ;z 
1 x2 3 

2 2 1 
2 X31 2 = ~12_ 2 x33 

a =- a'32 a)] = ;z :n x2 x2 
'l ·2 -3 

III. West 
2. Manu- 3. Ser

facturing vices 



1. Agriculture 

2. Manufacturing 

3. Services 

TABLE IV (Continued) 

I. East 
1. Agrl- 2. Manu- 3. Ser-

culture facturing vices 

II. Middle West 
1. Agri- 2. Manu- 3. Ser

culture facturing vices 

III. West 
1. Agri- 2. Manu- 3. Ser

culture facturing vices 

3 3 3 
3 Xll '.l xl'.! 3 X13 

all = -3- 8 12 = -3- 8 12 = -3-
x x2 X3 l 

3 3 3 
3 x21 3 x22 3 x23 

a21 = -3- 8 22 = -1- 8 23 ~ 3-
xl x X3 2 

3 3 3 
3 X3] 3 x32 3 x)] 

8 31 = ;-r- 8 32 = ~T 8 33= -3 -

1 2 X3 

00 
0 
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(3.14) 

The trade coefficients may also be presented as a block diagonal 

matrix: as Table v. Here each block pertains to a good and describes 

the per unit trading patterns of all regions in this good. Since they 

are proportions, the trade coefficients in any column of a block add 

up to unity. Table V also presents symbolically the data from which 

trade coefficients are derived. 

From the two sets of structural relations an interregional 

input-output coefficient matrix is derived which includes both trade 

and production coefficients. The int e r r e g i o n a 1 in p u t - o u t put 

coefficients 
km 

(bij )) indicate the proportion of sector i's output 

purchased by region m from region k to produce a unit of output in 

sector j. Thus, for example, 32 - 2 32 
b12 - \2 • t1 • It is assumed that 

goods brought into the region are used i.n the same proportion by a 

region's industries as are inputs produced in the region. 

Table VI presents an interregional coefficient matrix for a three 

region model. The fourth row block, total input (a1:1.), gives the 
l] 

regional technical coefficients which show the inputs required by 

various producing industries from various supplying industries in 

order to produce one dollar's worth of output in region m without 

identifying the origin of inputs. 

function of region East and contain 

2 
region model, there are 3 x 3 = 27 a .. I So 

l.J 

a~. represents the product ion 
l] 

3 2 = 9 a .. ' s. In a three 
l. J 

The sources of origin and amount of inputs required for the 

production in each region are shown in the first three row blocks. 



QJ ... 
:I .... 

..... 
:I 

I. East 

;l II. Middle 
"' West 
~ 
,....j 

III. West 

I. East 

ti/) 

= .... ... 
:I .... 
u .,. 

II. Middle .... 
:I 

West 
~ 
.-i 

III. West 

TABLE V 

BLOCK MATRIX OF TRADE COEFFICIENTS 

II. Middle II. Middle 
I. East West III. West I. East West III. West 

32 
32 r 

t c-

l R2 
1 

33 
33 r 

t =-
1 R3 

1 

21 
21 r2 

t c-

2 Rl 
2 

31 
31 r2 

t2 =~ 

2 

22 23 
22 r2 · 23 r2 t .,_ 

t --2 R2 2 R3 
2 2 

32 33 
32 r2 r t33 __ 2_ 

t2 ·;r- 2 R3 

'.! 2 

II. Middle 
I. East West III. West 

co 
N 



I. Fast 

Ul 
QI 
u ..... e II. Middle· 
QI West 

<I.I 

..; 

III. West 

TABLE V (Continued) 

II. Middle II. Middle II. Middle 
I. East West III. West I, East West III, West I. East West III. West 

11 12 13 
11 r3 12 r3 13 rJ 

t =- t.3 = -2- t3 -~ 3 Rl 
3 R3 3 

21 22 23 
21 r 3 22 r3 23 r3 t m- t3 = -2- t --3 Rl 3 R3 

R3 3 3 

31 32 33 
31 r3 32 r3 33 r3 

t -- t3 =7 t --3 Rl 3 R3 
3 3 3 

CXl 
w 



TABLE VI 

INTERREGIONAL INPUT-OUTPUT COEFFICIENT MATRIX 

••• !ut n. Middle WHt lU. Wut 

l. A&rl- 2. Kanu- J, lier- 1. Aari- 2. Kanu- l. Se1'- 1 • .Aart- 2. tlanu- l. Ser-
culture factul"ina vie•• culture far.tu1'lna vie•• cultun facturlng vice• 

I, Eau 

l. A&rlcuhure 
11 l 11 

bu·•u Ct1 > 11 1 11 
b13••12 (tl ) 

11 1 11 
bu·•u<t1 > 

12 2 12 
bu-"11 Ct1 > 

12 2 12 
bu·auCtl > 

12 2 12 
b13••13h1 ) 

13 3 13 
bu·•u Ct1 > 

ll l 13. 
bl2.3 l2(tl 1 

l) . 3 lJ 
bll•a13 Ct 1 ) 

2. Henufacturtna 11 1 11 
b12·•21<t2) 

11 1 11 
b12·•22<t2 ) 

11 1 11 
bu••23<t2 > 

11 2 12 
h21·•21 <t2 > 

12 2 12 
b22·•22 (t2 ) 

12 2 12 
b23·•23<t2 ) 

13 J 13 
b21·•21<t2) 

ll 13 13 
b22·"22 (t2 ) 

JJ ) JJ b23•a21 Ct 2 ) 

11 1 11 11 1 11 11 1 11 21 2 12 12 2 13 b12. l2(tl3) ll 3 ll 13 3 13 13 ) lJ 
l. ServtcH b31••11<t1) b12·•12<t1 ) b33•"'33Ct3 ) b31••31 (t3 ) b32••32<t3 ) ll •33 3 b31••11 (t) ) b12·11 12<t3 ) b))•u33 Ct 3 ) 

ll. Mldd la l.leat 

l • .Aartculture 
21 l 21 :il l 21 bll· ll(t21) 22 2 22 22 2 22 22 2 22 23 ) 23 23 ) 2) 2) ) 2) 

bu·•u<t1 > b12·•12<t1 ) u •u 1 b11·•11 <t1 > bu·•u <t1 > •u·•u<t1 > b11·"11 (tl ) b12·•12<t1 ) bu·au Ct I > 

i. Kanufacturtna 
21 l 21 

b21·•21 (t2 ) 
21 1 21 

b22·•22<t2 ) 
21 1 21 

b23••23<t2 ) 
22 2 22 

b21·•21 Ctz > 
22 2 22 

b22·•22<t2 ) 
22 2 22 

•21·•23 (tl ) 
2l 2) 2J 

b21·•21 (cl ) 
23 3 21 

b22·•22<t2 ) 
21 ) 2) 

b2J. 8 2l (t2 ) 

l. Servlcea 
21 l 21 

bu••31 Ct3 > 21 1 21 
b32••32<t3 ) 

21 1 22 
b33••33Ct3 > 

22 22 22 
b~1·•32Ct3 ) 

22 2 2Z 
b32·•12<t3 ) 

22 2 22 
•33••n <t3 > 

23 3 23 . 2) ) 2) 
b31•"31 (t3 ) . b32-"32<t3 ) 

23 ) 2] 
b 33~a 33 (t 3 ) 

III. lo:eet 

l. A&rlculture 
ll 1 ll 

bu·•u <c1 > 31 1 31 
b12·•12<t1 ) 

31 1 31 
bu·•u<t1 > 

32 2 32 
bu·•u <t1 > 32 2 32 

bu·•12<c1 > 
32 3 33 

bu••u <t1 > 
ll 3 33 "u·•u <c1 > 

33 3 33 
bl2.8 12(tl ) 

)3 ) 33 
b,3-•13<t1 ) 

2. Hanufacturtna 
ll 1 ll 

b21·•21<t2) 
ll 1 ll 

b22·•22<t2 ) 
31 1 ll 

b23••23<t2 ) 
32 2 32 

h21 ·•21 (t2 ) 
•. 32 2 32 

b22·•22 (t2 ) 
)2 2 32 

b23••23 (t2 ) 
33 3 33 

b21·•21 Ct2 > 
33 3 33 

b22·•22<t2 ) 
33 ) 33 

b23-.. 23<t2 ) 

J. S•rvice• 
21 1 31 

b31••31 (t2 ) 
31 1 31 

b32-•32 (t3 ) 
31 . 1 31 

b33••33<t2 ) 
32 2 32 

bn••31 Ct3 ) 
22 2 32 

b32•"32 (t3 ) 
32 2 3l 

b33••33<t3 ) 
33 3 3) 

bll-·31 (tl ) 
33 l 33 

b32••32 (t l ) 
]) l 33 

bn·"11<c1 > 

Total Input• 1 l 1 2 2 2 3 l 3 l • .Agriculture •11 •12 •13 •u •12 •u •u •12 •13 

2. Hanufacturtna 
1 1 1 2 2 2 3 3 l 

•21 •22 8 23 •21 •22 •21 •21 "22 "21 

l. Servicea 1 1 1 2 2 2 3 ) J 
•31 8 32 •33 •31 •32 8 33 •31 8 32 •n 

1 2 ) .,J .,J •1j 

00 
.p.. 
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11 
The bij = 

1 • 11 . 
aij t ij L n the first row block in the East region 

represents intraregional input shipments which are the conventional 

input-output tables in a single region input-output model. The second 

11 1 • 21 31 1. 31 
and third row blocks in the same region b .. = a . . t . . and b .. =a .. t .. 

lJ lJ lJ lJ lJ lJ 

represent inputs which are i1nported from each industry in the Middle 

West and Western regions, respectively. 

With the information of technical coefficients and trade 

coefficients, the set of nine balance equations, now solvable, can be 

rewritten as: 

11 1 12 2 13 3 
tl Y1+t1 Y1+t1 yl 

11 1 12 2 13 3 
= t2 Y2+t2 Y2+t2 Y2 

= tllyl+tl2y2+tl3y3 
3 3 3 3 3 3 

= t2lyl+t22y2+t23y3 
1 1 1 1 1 1 

= t2lyl+t22y2+t23y3 
2 2 2 2 2 2 

= t2lyl+t22y2+t23y3 
3 3 3 3 3 3 

= t2lyl+t22y2+t23y3 
3 3 3 3 3 3 

= t2lyl+t22y2+t23y3 
3 3 3 3 3 3 

= t3lyl+t32y2+t33y3 
1 1 1 1 1 1 

In the above system, bX' s are substituted for interindustry 

pure ha se s of the original balance equations, and tY' s are substituted 

for the unknown final demand shipments. For instance, X 1s 
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a re n 1 n e e q u a t i o n s , the n 1 n e unknown re g ion a 1 o u t p u t s can be 

determined. Balances of trade for pairs of regions or for a single 

region with respect to all others can be obtained from the trade 

coefficients and total demands for each commodity in each region. 

The bal.'1nce equation system may also be presented in the matrix 

form as fol lows: 

(I-B]X = TY (3.16) 

Then, the output solutions are obtained from the following equation: 

x -1 = [I-B] TY (3.17) 

where: I 11 X1 l· 
' ; 

1 l 
[ 

Xz 
I 

I 

11 11 11 13 13 13 
bu b12 b13 • • • • • • bi1 biz hi3 

11 11 11 13 13 13 
b21 bzz bz3· • • • • • bz1 bz2 bz3 

I 

1 
1 I X3 

I, 

2 
X1 ' 

x B 
2 

Xz 

2 
X3 

3 
X1 

3 
Xz 

3 
t x 3 
I-

9 x l 9 x 9 



T = 

l ~l ~2 ~3 

I ~1 ~2 ~3 
tll tl2 s3 
3 3 

L 

yl 
1 

y 2 . 
1 I 

y3 
1 
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~l ~2 ~3 

t21 22 23 
2 s s 
21 22 23 

t3 t3 s 
31 32 33 s_ s_ s_ 

t31 32~3 ' 
2 ~ • 

; 

t31 32 33 : 
3 t3 t::_j 

9 x 9 
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Application of An Interregional Input-Output Model 

to Economic Impact Analysis 

The Basic Data 

Interregional input-output enables the study of interindustry and 

interegional dependenc i.es and derivation of sector multipliers for 

output, income and employment at desired disaggregated industrial 

leve 1 s. Economic impact multipliers of an interregional input-output 

model are derived in a similar manner as those of a regional 

input-output model. The multipliers of an interregional model are 

greater than their regional multiplier counterparts since the 

interregional trade effects are included in the model. 

The basic data sources for various multipliers are (1) regional 

technical coefficients (A), (2) interregional trade coefficients (T), 

(3) interregional input-output coefficients (B), (4) interregional 

direct and indirect coefficients 
-1 

(I-B) , and (5) interregional 

direct, indirect and induced coefficients (I-BH)-1 • 

While technical coefficients provide the information of direct 

input requirements from various supplying industries in order to 

produce one dollar's worth of output by a purchasing industry 

disregarding their regional origin, interregional direct requirements 

provide the regional _origin of these inputs. One can find direct and 

indirect requirements from the various supplying industries in the 

various regions to yield a dollar's worth of output to final users by 

a purchasing industry i.n a particular region. This information i.s 

obtained by inverting the matrix (I-TA) or (I-B). The direct, 
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ind i. rect and induced requirements are obtained by inverting the matrix 

in the TA matrix. 

Output Multipliers 

The output multiplier for the ith industry measures the total 

requirements from all sectors needed to deliver one additional dollar 

of output to the final users. The Type I multiplier measures direct 

and indirect requirements; on the other hand, the Type II multiplier 

measures direct, indirect, and induced requirements. The Type I 

multiplier 

or (I-B)-l 

-1 
is derived by summing the column entries of the (I-TA) 

matrix under the 
. th . 
1 industry and the Type II 

multiplier is derived by summing the same column entries of the 

-1 
(I - B H ) mat r ix • Since output includes both 

industrial and final demand, the output multi plier indicates linkage 

effects of each industry. The higher the multiplier, the higher the 

industry's linkage with other industries. 

Income Multipliers 

The output multiplier is convenient tn measuring total shipment 

and linkage effects, but it does not measure the impact in terms of 

income which is a more convenient form of the economic growth index. 

Income multipliers are also derived from the basic tables discussed in 

the earlier sections. As in the output multipliers, income 

multipliers are classified into Type I and Type II multipliers and the 

meanings of these multipliers are analogous to those of the output 

multipliers. 
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Type I Income Multiplier. The Type I income multiplier is 

expressed as the ratio of the direct plus the indirect income changes 

to the direct income change resulting froiu a dollar increase in final 

demand for any given sector. The direct income change for each 

industrial sector is given by household row entry of the interregional 

I-0 table and direct coefficient table in terms of household 

coefficients. 

The di re ct and indirect income change is derived by multiplying 

-1 
each column entry of an industrial sector in a region in the (I-13) 

matrix by the supplying industry's corresponding household row 

coefficient from the direct coefficient table and summing the 

multiplied results along the column. Type I income multiplier 

represents the direct and indirect change in income resulting from a 

dollar increase in direct income. It is worth noting that this Lncome 

results from a dollar change in direct income but not a dollar 

increase in final demand. To Lncrease direct rncome by a dollar, the 

final demand must Lncrease more than a dollar. 

Type II Income Multipliers. Type I I Lncome multipliers are 

derived by dividing the direct, indirect, and induced income changes 

by the direct income change resulting from the increase of a dollar's 

worth of delivery by an industry to the final users in a region. The 

direct, indirect, and induced income changes to yield a dollar's worth 

of 
. th 
L output . . th . f t.n J regt.on o final users l. s sh own in the 

household row entries in the 
-1 . 

(I-BH) matnx. In the case of the 

three region model, income changes due to the delivery of one dollar's 

output by the first industrial sector in Region I is the sum of the 
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-1 
.. hree household rows under the first industry of (I-BH) matrix. 

The direct income change is shown in the direct coefficient table. As 

in the case of output multipliers, the Type II multipliers are greater 

than their Type I counterpart due to the induced impacts. 

Employment Multipliers 

The employment multiplier is used to estimate changes i.n 

employment resulting from changes in final demand for the output of 

each endogenous sector in a particular region. Employment multipliers 

define the change in total employment tn the regional economy 

resulting from a one-unit change in the employment for a particular 

sector. There are Type I and Type II employment multipliers, which 

are similar to Type I and Type II income multipliers. 

The Type I employment multiplier for a sector is computed by 

dividing the direct and indirect employment effects resulting from a 

unit change 1n final demand by the direct employment coefficients. 

The direct and indirect effects are derived by multiplying the 

-1 
[I-B] matrix by a row vector of direct employment coefficients, 

and summing the products of each sector along the column of the 

inverse matrix. The direct employment coefficients are obtained by 

dividing total sector employment by total sector output. 

The Type II employment multiplier is computed by dividing the 

direct, indirect, and induced employment effects resulting from a unit 

change in final demand by the direct employment coefficients. The 

direct, indirect, and induced employment effects are estimated by 

multiplying the 
-1 

(I-BH) matrix by a row vector of direct 

employment coefficients and summing the products for each column in 

the inverse matrix. 
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Input-Output Price Model 

Introduction 

The purpose of this sect ion ts to describe the theoretical 

framework of an input-output model that can be used to study the 

regional impact caused by energy price changes. First, the national 
--~·----·---- ........_ -~~--

input-output price model which is a dual version of the national input 

-output model, will be discussed as described by Leontief (61), Then 

a dual version of the interregional input-output model will be 

described. An interregional input-output price model is an extension 

of the national price model and has been described by Polenske (85) 

and Young ( 136 ). 

National Price Model 

Prices are determined 1n an input-output model from a set of 

equations which state that the price which each productive sector of 

the economy receives per unit of its output must equal the total 

outlays incurred in the course of its production. These outlays 

comprise not only payments for inputs purchased from the same and from 

the other industries, but also the "value added", which essentially 

represents payments made to the exogenous sectors. 

The above relationship can be described by the set of balance 

equations of the dual of the national input-output model. Each 

equation shows the balance betw'een total outlays and the component 

purchases. 
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Consider again an input-output model with three industries. Then 

the three dual balance equations are presented as: 

where 

pj 

P.X .. 
J lJ 

(3.18) 

=price of the output produced by industry j, 

= the dollar value of output of industry i 

bought by industry j, 

P.X. = the total output, in dollars, of industry j, 
J J 

U. = the dollar value of value added in industry j. 
J 

As in the case with the primal input-output model, equation 

system (3.18) can be rewritten by replacing each p.X .. on the 
J lJ 

right hand side with the corresponding p.a .. X. terms. Equation 
J l.J J 

system (3.19) results: 

(3.19) 

The pr ices of the output produced by the three industries can be 

obtained by dividing all the terms in each of the three equations in 

system (3.19) by the appropriate output, X.: 
J 
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(3. 20) 

Thus, the price of each output equals the unit cost of 

production, which includes the costs of the inputs of intermediate 

goods and services [p.a .. ] as wel 1 as the value added costs per 
J 1J 

unit of output [v.=U./X.]. 
J J J 

To so 1ve the dua 1 input-output model for the prices, P, in any 

given year, an analyst requires a set of techni.cal coefficients, A, 

for a base year and a set of value-added-per-unit-of-output 

coefficients, V, for the given year. The method of implementing the 

model is analogous to that used for the primal model. The solution is 

easiest to follow using matrix notation: 

all a21 a31 

A= al2 a22 3 32 

al3 3 23 a33 

Equation system (3.20) can now be rewritten as: 

P = AP + V (3.21) 



where 

The solution for the m prices is obtained as follows: 
A 

P - AP 

(I-A)P 

p 

= v 

= v 
A -1 

[I-A] V 

A = transpose of the matrix of technical coefficients 

P = vector of normalized industrial prices 

V = vector of value-added-per-unit of output 
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(3. 22) 

(3. 23) 

(3. 24) 

Using equation (3.24), the commodity prices are determined as a 

function of the 
" -1 

(I-A) matrix and the value-added-per-unit of 

output vector V. The 
" -1 

(I-A) matrix is the exact transpose of the 

(I-A)-l matrix in the primal input-output model. 

Given the particular set of information used, a solution for the 

value system of equations is directly obtainable through the fact that 

the entire system in dollars is normalized to 1.0. Each coefficient, 

a .. , in the technical coefficient matrix represents the dollar value 
1J 

of good i purchased by industry j to produce one dollar of good J. In 

the input-output accounting framework, the sum of the costs of all 

intermediate and primary factor inputs used to produce a unit of good 

j must be equal to the total value of output of one unit of good J• 

The technical coefficient matrix normalizes these costs in relation to 

one dollar of the commodity produced. In other words, the total cost 

of production for one unit of output for each industry is equal to one 

dollar and that is also the price of the unit of output produced by 

the industry, because in a competitive system cost equals price. 
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The normalizati.on of output prices to 1.0 allows the technical 

coefficient matrix, measured in value terms, to be used in the price 

mode 1. By the use of the truncated price model developed later in 

this ch apt er, output price changes can be computed as deviations from 

1. 0. A computed price of $1.25, for example, is interpreted as a 25 

percent increase from the base price. 

Interregional Input-Output Price Model 

The interregional input-output price model is an expans.ton of the 

national price model by incorporating a set of structural 

interregional trade coefficients. Whereas in. the national price model 

the intersectoral linkages in a national economy can be shown, in the 

interregional input-output price model, the interregional as well as 

the interindustrial linkages in a regional economy can be shown. 

The fixed supply form of the static interregional input-output 

price model is formulated using the following three assumptions: 

1. Constant technology coefficients. No substitution among 

inputs is allowed to occur in response to relative changes 

in input prices. This is a severe limitation when the price 

model is used for long-range forecasts, because factor 

substitution will occur in the long run, resulting in 

inaccuracies in the technical coefficients. However, in the 

short run, this assumption is less important. Carter (11) 

has verified through empirical tests using U.S. data that 

the national technical coefficients are relatively stable in 

the short run. 
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Constant trade coefficients. No substitution among 

supplying regions is allowed to occur. This assumption 

implies that the trade relationships between regions will 

not change as input prices change. Thus , a region is 

assumed to continue supplying a given proportion of the 

consumption of another region. 

3. Constant industrial shares. Each industry in a given region 

is assumed to continue purchasing a fixed share of the total 

am o u n t of a g i v e n go o d s up p 1 i e d t o th e r e g i o n • Thi s 

assumption is made in order to reduce the amount of data 

required to implement the model. 

To imp 1 eme nt the interregional input-output price model, three 

basic sets of interregional data are required: (1) trade 

coefficients, (2) technical coefficients, and (3) value 

added-per-unit-of-output coefficients. 

The interregional trade coefficient matrix [T] and the 

interregional technical coefficient matrix [A] are required for the 

construe t ion of the interregional input-output coefficient matrix [TA 

or B] as described earlier in the interregional input-output model. 

The third basic set of data is the value-added-per-unit-of- output 

vector [V]. Each element in this vector denotes the value added 

required for producing one unit of output of a particular commodity in 

a region. 
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With these three basic sets of data, the interregional 

input-output price model can be implemented, To form the 

interregional input-output price model, the national price model is 

modified by replacing the matrix of technical coefficients (A) by the 

interregional input-output coefficient matrix [B], i.e. to incorporate 

the trade between regions into the system, 

For example, an interregional input-output price model with three 

regions and three industries. Using the following matrix notations: 

l vl 
P3 3 

2 v2 pl l 

z 2 
p2 v 

p v 2 

p2 v2 
3 3 

p3 v3 
l l 

p3 lv~ 2 

p3 v3 
3 



where 
P = vector of output prices for three regions and three 

industries 

V = vector of value-added-per-unit-of-output coefficients 

for three regions and three industries 

B =transpose of the matrix of interregional input-output 

coefficients [B] 

The matrix of interregional input-output coefficients, B, has 

been obtained by the same procedure as described in the sect i.on of an 

interregional input-output model. 
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The prices of commodities in the base interregional input-output 

model are tfie sum of the value of intermediate inputs imported from 

all industries and regions required for the production of one unit of 

output of a particular commodity pl1.Js the value added per unit of 

out put required for that commodity. Expressed in matriK notation, the 

system of nine structural balance equations for an interregional pr1ce 

model for three regions and three industries can be presented as: 

p = BP + v ( 3. 25 ) 

P-BP v ( 3. 26 ) 

[I-B]P v (3.27) 

p [I-;]-lV (3.28) 

Using equation (3.28), the commodity prices are determined as a 

A -1 
function of the [I-B] matrix and the value-added-per-unit-of 

output coefficients vector. The base interregional price model can be 

used to estimate commodity pric2 changes due to i:icreases or decreases 

in the value added component needed in the production of certain 

commodities. An increase in the value-added-per-unit-of-output for a 

particular industry in a region can be substituted in the appropriate 

term in the V vector. Using 

vector [P] can be calculated 

matriK by the revised V vector. 

equation (.3.28), the commodity price 

by matrix-multiplying the [1-~]-l 

Truncated Interregional Input-Output Price Model 

The commodity price changes resulting from changes rn the value 

added per unit of output for a particular commodity in a region can be 
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estimated using the base interregional input-output price model. This 

model can be extended to trace the price repercussLons Ln a 

multi regional economy resu 1 ting from regiona 1 commodity price changes. 

The base interregional input-output price model serves as the 

foundation for the development of the truncated model to estimate 

commodity prices resulting from commodity price changes. To implement 

the truneated model certain commodity prices are exogenously 

determined. For example, if the price of petroleum products in a 

pa rt icular region has increased by 20 percent over the base price, the 

petroleum products price is exogenously set to l.20. The price 

increase in that region will affect the commodity prices in other 

industries and regions through the use of the higher-priced petroleum 

products as intermediate inputs in their production. The column that 

corresponds to the use of this higher-priced petroleum products is 

truncated from the B matrix. The row in the B matrix that 

corresponds to the use of the other commodities as intermediate inputs 

in the production of the higher-priced petroleum products is also 

truncated, as the exogenously determined price is assumed not to be 

affected by other commodity prices. If the base model consists of n 

equations and an m x n B matrix, the truncated model will consist of 

n x (n-a) equations and an (n-a) x (n-a) B' matrix, "1here is the 

number of commodity prices determined exogenously. 

0 ne f i na 1 step is required. Each element in the column of the B 

matrix that denotes the use of the higher-priced petroleum products as 

intermediate inputs in the production of other commodities 1s 

multiplied by the exogenously determined price and added into the 
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model. The linkage bet;veen the exogenously determined petroleum 

products industry and other industries in the same region and in other 

regions are included in the model. 

To illustrate the development of the truncated model in detail, 

the three-region, three-industry, case will be used to estimate the 

effect of a 20 percent increase in the price of the commodity produced 

by the first industry in the first region. The price is exogenously 

determined such that 
1 

pl=l.20. The commodity prices for the other 

industries in Region I and for all industries in Region 2 and 3 are 

now affected by the price increase. These eight commodity prices can 

1 
be written in an 8 x 1 P* sector where the pl term ls now eliminated 

(the * will indicate a truncated matrix). 

The price increase of industry one in Region 1 affects the other 

industry prices through the trade of its commodities and their use as 

intermediate inputs in the production of other commodities. The 
A 

elements ln the first column of the B matrix represent the trade and 

use of commodity one from Region 1 as intermediate inputs. Then each 

element of this vector lS multiplied by the exogenously set price of 

commodity one in Region 1, each term is the value of the intenn~di.ate 

input of commodity one from Region 1 needed to produce one unit of the 

commodity manufactured by the particular industry. This vector is the 

intermediate production cost effect and is denoted as the C vector in 

the ma tr ix no ta ti on. 

The first term in the C vector is truncated, as this is the input 

of commodity one for the production of commodity one within the first 

region. The truncated C* vector is now obtained and expressed as: 
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~11 n . 12pl, 

111: 

~ 13pli 

ii 11 1' 
'b 11P 1 

12 1 
b 12p 1 (3.29) 

Ci< b 12 1 
l:f 1 

1 where p1 = 1. 20 

A A 

The B matrix is truncated to an 8 x 8 B* matrix, where the column 

corresponding to the outflow of industry one from Region one to other 

industries and regions and the row corresponding to the inflow of 

commodities as intermediate inputs for the production of commodity one 
A 

in Region one are excluded. The truncated B* is matrix-multiplied by 

the P* vector to obtain the value of intermediate-inputs-per-unit-of 

output vector. 

Finally, the value-added-per-unit-of-output coefficient vector 

(V) must be truncated to an 8 x 1 vector, V*, where the term 

corresponding to the value added per unit of output for commodity one 

in Region one is excluded. 
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The prices of commodities are equal to the sum of the value of 

intermediate inputs (other than those of commodity one from Region 

one) required for the production of one unit of output tn the 

particular industry, the immediate production cost effect of the use 

of the higher-priced commodity one from Region one, and the value 

added required per unit of output. Therefore, the price of a 

commodity is equal to the total production costs per unit of output. 

The eight-equation system can be rewritten in matrix notation as: 

P* = B* P* + C* + V* (3.30) 

where 

P* = the truncated commodity price vector 

B*P* = the truncated value of intermediate input-per-

unit-of-output-vector, excluding the commodities 

where prices are determined exogenously 

C* = the truncated immediate production cost effect 

vector for those commodities whose price is 

determined exogenously, and 

V* = the truncated value-added-per-unit-of-output 

coefficient vector. 

By writing out equation (3.30) in full, an eight-equation system 

1 n eight unknowns is obtained. This eight-equation system differs 

from the nine-equation system obtained from the base price model by 

the exclusion of the price equation for conunodity one in Region one. 

The C* vector is the first column of terms in the nine-equation system 

that corresponds to the cost of using commodity one from Region one as 

an intermediate input. 

-
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The commodity prices can be obtained by isolating the P* vector 

in equation (3.30) and solving: 

A 

C* P*-B*P* = + V* (3.31) 

A 

[I-B*]P* = C* + V* (3.32) 

P* = [I-B*J-1 [C*+V*] (3.33) 

Using equation (3.33), the commodity prices are a function of the 

A -1 
[I-B*] matrix, the truncated value-added-per-unit-of-output 

coefficient vector, V*, and the immediate production cost effect 

vector, C* •. The truncated model can be extended to estimate commodity 

price changes resulting from a number of ex.ogenously determined 

prices. If a prices were exogenously set, the B matrix would be 

truncated to an (n-a) x (n-a) B* matrix, where columns and rows 

correspond to the inflows and outflows of those commodities. The V 

vector would also be truncated to an (n-a) x 1 vector. Those terms 

corresponding to the V vector for these industries whose prices have 

been ex.ogenously set will be excluded in the truncated V* vector. 

There will be (n-a) x 1 immediate production cost effect vectors, C*, 

corresponding to those industries whose prices have been set. 

Equation (3.33) can be used to estimate commodity price changes 

for a variety of combinations of initial regional and commodity price 

increases and decreases. The truncated model can be used to conduct 

policy analyses for a wide range of pricing alternatives. These 

policy alternatives can be analyzed by the appropriate truncation of 

the B matrix and V vector and the creation of a C* vector reflecting 

the regional and industrial commodity price changes. 
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Modification of an Interregional Input-Output Price 

Model for Economic Impact Analysis 

The truncated interregional input-output price model forecasts 

the impacts of exogenous changes in output prices of one or more 

industries on the output of the remaining industries. This model 

alone is not suffi.cient to trace the fi.nal impacts of output price 

changes on output, income, and employment of the region. However, 

with some modifications to the structure -of the interregional 

input-output model, these impacts can be measured. 

Tay 1 or (100) <level ops a methodology for updating the input-output 

tech ni cal coefficient matriic when commodity prices •He changing. His 

mode 1 can be borrowed for adjusting the interregional input-output 

coefficients to cope with changes in commodity prices resulting from 

an exogenous change of output prices of one or more industries. 

Hence, the final impacts of commodity price changes on output, income, 

and employment can be easily traced through the multiplier analysis of 

I 

an interregional input-output model. 

The model can be restated as follows: 

The demand-supply balance equation of an input-output model is 

rewritten by inclusion of commodity prices as: 

n 

P.X. = .E 1 P.X ... + P.Y. 
1 l J= 1 1J 1 1 

(3.34) 
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where X. is an index of total output in industry i in the price of 
1 

some base year, P. 
l. 

ts a price index for the sector, X .. are its 
lJ 

sales to sector j for intermediate users, and Y. is the sum of 
l 

sector i final demands less competitive imports. 

In most applications of input-output analysis, it is assumed that 

intermediate purchases X .. of commodity i by sector j are related to 
lJ 

its output level X. by a fixed coefficient a... That is: 
J lJ 

X .. = a .. X. 
lJ . lJ J 

where a .. is assumed not to vary in response to price changes. 
l.J 

(3.35) 

If the input-output coefficients are fixed but prices vary across 

sectors, it is convenient to rewrite Equations (3.34) and (3.35) as: 

P.X. = 
1 l 

n 

L: 
j=l 

(P.a .. /P. )P .X. + P. Y. (3 .36) 
l l.J J J J 1 l. 

In Equation (3. 36) sector output and final demand levels are 

expressed in current price terms and the input-output coefficients are 

rev a 1 u e d a s P . a .. I P . to ke e p the a c count in g co n s i st e nt • In a 
l l. J J 

base year, all prices are set to unity, so they cancel out in Equation 

(3.36). However, if prices shift over time relative to each other, 

they do not cancel, and the more complicated expression for 

input-output coefficients has to be used. 

The next step is to express input-output Ln matrix terms. In 

base year when all prices are one and cancel out, we have the familiar 

balance equations. 
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This expression can be restated Ln matrix notation as: 

X=AX+Y (3.37) 

where X is a column vector of output levels, A is an rum matrix of 

input-output coefficients, and Y is a column vector of fi.nal demand, 

Then the standard solution of the input-output model is obtained by: 

-1 
X = (I-A) Y (3.38) 

This standard formula permits the computation of gross output 

levels required to satisfy a vector of final demands Y after 

intermediate input requirements are taken into account. 

To generalize these equations for varying prices, the simplest 

procedure is to introduce the diagonal price matrices. 

and 

p = 

"-1 
p = 

pl 0 •• ••.•.• 0 
0 p.2 • •••••• 0 

I : 

I 

0 0 •••••••• p 

l/Pl O •••••••• O 
0 l/P2 ...... ? 

I I 

0 0 •••••• 1/ p 

n 

n 

( 3.39) 

( 3. 40) 

Using these 'hat' matrices, Equation (3.36) can be rewritten as: 
A A "-1 /'. A 

PX= (PAP ) PX +PY (3.41) 

and the flexible price analog to (3.38) becomes: 
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A A "'-1 -1 A 

PX = [I-PAP ] PY (3. 42) 

Equation (3.41) and (3.42) show how to make current price 

estimates of output levels required to support a vector of final 

demand PY when both prices and quantities demanded are changing. 

The above :nodel can easily be applied to the interregional 

input-output model when regional commodity prices are changing. 

The diagonal price matrices are now representing interregional. 

price matrices: 

0 

P* = 

0 

and 

l/P1 
1 

0 
; 

0 

0 
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Then the structure balance equation of an interregional 

input-output model can be rewritten as: 

-1 
P*X = (P*BP* ) P*X + P*TY (3 .45) 

and 

-1 -1 
P*X = [I-P*BP* ] P*TY (3 .46) 

where B is an interregional input-output coefficient matrix, T is an 

interregional trade coefficient matrix, and Y is a vector of 

interregional final demand levels. 

Equations (3.45) and (3.46) show how to incorporate changes in 

commodity prices into an interregional input-output model. IE P* 

represents a diagonal matrix of output price changes resulting from an 

exogenous change in one or more ·commodity prices as determined in the 

truncated interregional input-output price model, then Equation (3.46) 

can be used to determine the final impacts of exogenous changes of 

output prices on the sector output levels once the final demand levels 

are given. 

The inverse matrix, [I-P*BP*-l]- 1 , represents the new 

st rue tu ra 1 component of an interregional input-output model. It can 

be used to forecast the final impacts of commodity price changes on 

the output, income and employment of the region through the process of 

the conventional interregional multiplier analysis. 



CHAPTER IV 

OKLAHOMA REGIONAL AND INTERREGIONAL 

INPUT-OUT PUT MODELS 

Empirical regional and interregional input-outp~t models with 81 
- ,.,.-• ,.. - .. .-,-~ .... -~ ............... ~ .... ,,- ... - ·~- .. , ....... ,. 

processing sectors for the state of Oklahoma and the Rest of U.S. for 

the base year 1977 are presented i..n this chapter. The chapter is 

presented in two parts: (1) Oklahoma regional input-output model and 

(2) Oklahoma and Rest of U.S. (RUS) interregional input-output model. 

Oklahoma Regional Input-Output Model 

Sector Specification 

The Oklahoma regional input-output structure is basically derived 

from the input-output structure of the United States for 1977. The base 

y ea r 1 9 7 7 i s ch o s e n s i n c e i t l s t h e mo s t re c e n t ye a r f o r which 

comprehensive statistics exist. In 1977, the U.S. Department of 

Com me re e C<JnQ.!,!_C:~_~d four major censuses that are most relevant to the 

re gi.ona l . .in-ri11-t-ou t pu L .. d.a. . .ta. They are the Censuses __ qf M.anu.fac.t.u-rce-rs, 

M..L_.~~-':"~..::0_~_!. ;i~·~13-_t _ _:_~es, Construction Industries and Government. The Census 

of Agricult;.._~_r~~-~§32.~~ucted in 1978. In October, 1981, the Bureau of 

Economic Analysis (BEA) completed updating Input-Output tables of the 
........... __ ,_ -·~-- .. ~~~·-- ---·-~-,---~-· ----
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U.S. economy for 1973, 1974 and 1975 from the benchmark national 

input-output table for 1972 (110). T~i}ese four benchmark national 

input-output tables were used as the basis for extrapolating the 1977 
~·-.---·~--- -~"' . -

U.S. input-output technical coefficients. The Oklahoma i.nput-output 

table for 1977 was derived from these updated national input-output 

technical coefficients based on t.he location quotient technique as 

described in Chapter III. The Rest of U.S. input-output table was 

derived directly from the U.S. technical coefficients. 

The Oklahoma regional input-output table consists of 81 processing 

(or purchasing) s~=-~~s, s~_?' dµ1Timy and special industries, and nine 

final demand sectors. 
-----~··· •·-'~•- ~~ - M" ~ - ~·<- ~--..w..,.._,._ 

Industry aggregation and classification by 

Standard Industrial Classification (SIC) codes are illustrated i.n detail 

in Append ix A. 

According to the developed input-output structure for the state of 

Oklahoma and the Rest of U.S., there are four sectors of agricultural 

activities, four sectors of mining except fuels, two sectors of 

construction, 52 sectors of manufacturing, 13 sectors of service-type 

activities, two government sectors, and four energy producing sectors. 

Al 1 these make up the 81 processing sectors of the study. A complete 

listing of the sectors, which are referred to throughout this study, is 

presented in Table VII along with the associated SIC codes. 

Characteristics of Regional Input-Output Tables 

The regional input-output tables have the same characteristics as 

the national input-output tables. The row entries of the regional 



TABLE VII 

INDUSTRY CLASSIFICATION OF THE 1977 OKLAHOMA 
INPUT-OUTPUT TABLE 

Industry Number and Title 

Agriculture, Forestry and Fisheries 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 

Related Census
SIC Codes ( 197 2 

Edition) 

113 

4. Agricultural, forestry and fishery services 

pt. 01, pt. 02 
pt. 01, pt. 02 
081-4' 091, 097 
0254, 07 (excl, 074), 

Mining Except Fuels 

5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 

Const rue t ion 

9. New construction 

10. Maintenance and repair construction 

Manufacturing 

11. Ordnance and accessories 

12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mil ls 
15. Miscellaneous textile goods and floor 

16. 
1 7. 

coverings 
Apparel 
Miscellaneous fabricated textile products 

085' 092 

101, 106 
102-5' pt. 108, 109 
141-5, pt. 148, 149 
147 

pt. 15-17, pt. 108, 
pt. 111 2, pt. 121 2, 
pt. 148 

p t • 15 -1 7 , pt • 13 8 

3482-4, 3489, 3761, 
3795 

20 
21 

221-4, 226, 228 

227, 229 
225, 23 (excl. 239) 
239 

18. Lumber and wood products, 
19. Wood containers 

except containers 241-3, 2448, 249 
2441, 2449 

20. Household furniture 251 
21. Other furniture and fixtures 252-4, 259 
22. Paper and allied products, except containers 

and boxes 261-4, 266 
23. Paperboard containers and boxes 265 
24. Printing and publishing 27 



TABLE VII (Continued) 

Industry Number and Title 
Related Census
SIC Codes (1972 

Edition) 

Manufacturing (Continued) 

25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
3 7. 
38. 

39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
so. 
51. 

52. 
53. 
54. 
55. 
56. 

5 7. 
58. 
59. 

Chemicals and selected chemical products 
Plastics and synthetic materials 
Drugs, cleaning and toilet preparations 
Paints and allied products 
Paving and roofing materials 
Rubber and miscellaneous plastic products 
Leather tanning and finishing 
Footwear and other leather products 
Glass and glass products 
Stone and clay products 
Primary iron and steel manufacturing 
Primary nonferrous metals manufacturing 
Metal containers 
Heating, plumbing, and fabricated structural 

2 81 ' 2 86 -:-7 ' 2 8 9 
282 
283-4 
285 
295 
30 
311 
313,7, 319 
321-2 
324-9 
331-2, 339, 3462 
333-6' 3463 
341 

metal products 343-4 
Screw machine products and stampings 345, 3465-6, 3469 
Other fabricated metal products 342, 347, 349 
Engines and turbines 
Farm and garden machinery 
Construction and mining machinery 
Materials handling machinery and equipment 
Metalworking machinery and equipment 
Special industry machinery and equipment 
General industrial machinery and equipment 
Miscellaneous machinery, except electrical 
Office, computing, and accounting machines 
Service industry machines 
Electrical transmission and distribution 

equipment and industrial apparatus 
Household appliances 
Electric lighting and wiring equipment 
Radio, TV and communication equipment 
Electronic components and accessories 
Miscellaneous electrical machinery, 

equipment and supplies 
Motor vehicles and equipment 
Aircraft and parts 
Other transportation equipment 

351 
352 
3531-3 
3534-7 
354 
355 
356 
359 
35 7 
358 

361-2, 
363 
364 
365-6 
367 

369 
371 
372 

3825 

373-5, 3792, 3799, 
2451 

114 

60. Professional, scientific, and controlling 
instruments and supplies 

381, 3822-4, 3829, 384 
387 

61. Optical, ophthalmic, and photographic 
equipment and supplies 

62. Miscellaneous manufacturing 
383' 385-6 
39 



TABLE VU (Continued) 

Industry Number and Title 

Transportation, Communication, and Utilities 

63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary services 

Wholesale and Retail Trade 

67. Wholesale and retail trade 

Finance, Insurance and Real Estate 

68. Finance and insurance 
69. Real estate and rental 

Services 

70. Hotels and lodging, personal and repair 
services (except auto) 

71. Business services 

72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social services 

and nonprofit organizations 

Government Enterprises 

76. Federal government enterprises 
77. State and local government enterprises 

Energy Producing 

78. Petroleum production 

79. Natural gas production 

80. Coal mining 

81. E lee t rici ty and hydropower 

Related Census
SIC Codes (1972 

Edi ti on) 

40-2, 44-7 
481-2, 489 
483 
494, 495, 496 

llS 

50-57, 59, 7396, 8042 

60-74, 67 
65-6, pt. 1531 

70-72, 762-4, pt. 7699 
73 (excl. 7396), 7692, 

76 94, pt. 76 99 
58 
75 
78-9 
0 7 4 , 80 ( exc 1. 80 42 ) , 

32-84, 86, 8992 

not applicable 
not applicable 

2 91, 299, 131 
132 pt. 

492, 131 pt., 
138 pt. 

111, pt. 1112' 
pt. 1211 

491 

pt. , 

132, 

1211 ' 



TABLE VII (Continued ) 

Industry Number and Title 

Dummy and Special Industries 

82. Noncomparable imports 
83. Scrap, used and second-hand goods 
84. Government industry 
85. Rest of the world industry 
86. Household industry 
87. Inventory valuation adjustment 
TI Total input 
VA Value added 

F ina 1 Demand (FD) 

91. Personal consumption expenditures 
92. Gross private domestic fixed investment 
93. Change in business inventories 
94. Exports 
95. Imports 
96. Federal government purchases, national 

defense 
97. Federal government purchases, non-defense 
98. State and local government purchases, 

education 
99. State and local government purchases, other 

Related Census
SIC Codes ( 1972 

Edition) 

116 
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input-output table represent the dollar value of use by each industry 

and sa 1 es to f i na 1 demand of the output of the commodi t:y named at the 

beginning of the row. The column entries are the dollar value of inputs 

of commodities and value added generated in production in the industry 

named at the column head. 

Total regional consumption for each sector is the sum of 

interindustry inputs (TI) and final demand (FD). Final demand is the 

sum of nine components: (1) personal consumption expenditure; (2) gross 

private domestic fixed investment; (3) change in business inventories; 

(4) exports; (5) imports; (6) federal government purchases; (7) national 

defense; (8) state and local government purchases, education; and (9) 

state and local government purchases, other. 

In both national and regional input-output tables, imports are 

treated in a special way. Imported commodities that are comparable to 

domestically produced commodities are included with the distribution of 

the output of the comparable domestically produced commodity. Their 

domestic port value is shown as a negative entry in the import column of 

fina 1 demand. In this way, the row total for each commodity equals the 

domestic production of that commodity. Imports that are not comparable 

to domestically produced commodities are shown in the row for 

non-compar.1ble imports at foreign port value. The total of this row is 

shown where the row for imports intersects the column for imports. 

Total Sector Output 

Total regional output for each sector is equal to regional 

product ion p 1 us no n-compa ra bl e imports and other dummy and special 
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industries. These dummy industries are scrap, used and second-hand 

goods (sector 83); government industry (sector 84); rest of the world 

industry (sector 85); household industry (sector 86); and inventory 

valuation adjust;nent (sector 87). They are used only to keep industry 

output totals consistent. These entries are related to the accounting 

procedures used to construct the table. After applying the location 

quotient technique these dummy industries can be eliminated. 

Th_~_ location quotient technique was used to estimate the Oklahoma 

input-output table. Data needed for the location quotient technique are 

entries in the national flow table and total output for each regional 

sector. The location quotient procedure compares the percenta~~ .~h.ilX<:! 

of individual sector output of a region to the percentage share of that ______ ,_,_,,.,_,.,~"''·~- .. , '"~··, 

sector output in the nation. 

Data and methods i-n obtaining the sector total output for Oklahoma 

and the Rest of U.S. for the base year 1977 are explained in Appendix A. 

Data on total sector output for U.S., Oklahoma and the Rest of U.S. in 

1977 are presented in Table VIII. 

In 1977, all processing sectors of the U.S. produced $3,058,856 

million of output, while all processing sectors in Oklahoma produced 

$34,131 million or 1.12 percent of national output and the Rest of U.S. 

produced $3,024,725 million or 98.88 percent. Values of total output 

for the aggregated procesing sectors of Oklahoma are: $2,420 million for 

agriculture, forestry, and fisheries; $163 million for mining except 

fuels; $2,367 million for construction; $9,286 million for 

manufacturing; $14,032 million for transportation, communication, trade 

and services; and $5,413 million for energy processing industries. 



TABLE VIII 

TOTAL SECTOR OUTPUT, 1977 
(THOUSAND OOLLARS) 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural 

products 
3. Forestry and fishing products 
4. Agricultural, forestry and 

fishing services 

Agricultural, Forestry and Fisheries 

5. Iron and ferralloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and 

quarrying 
8. Chemical and fertilizer 

Mining Except Fuels 

9. New construction 
10. Maintenance and repair 

construction 

Construct ion 

11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco industries 
14. Broad and narrow fabrics, yarn 

and thread mills 
15. Miscellaneous textile goods and 

floor coverings 
16. Apparel 
17. Miscellaneous fabricated textile 

products 
18. Lumber and wood products, except 

containers 
19. Wood containers 
20. Household furni tu.re 
21. Other furniture and fixtures 
22. Paper and allied products 

except containers and boxes 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical 

products 

u. s. 

63,831,000 

85,892,000 
3,478,600 

13 ,107 ,100 

166,308,700 

1,986,000 
3 ,541 ,600 

4,564,700 
2,167,200 

12,259,600 

1 80 , 6 78 , 16 3 

34,166,156 

214,844,320 

10 ,346 ,3 92 
199 ,093 ,015 

11 ,545 , 801 

31,918,400 

9 ,038 ,500 
32,375,000 

8, 280 ,600 

39,102,500 
1,222,600 

10,514,000 
6, 709,600 

39,096,100 
13,400,500 
49,973,800 

61,675 ,300 

Oklahoma 

1,205 ,114 

1,067 ,433 
25 ,404 

121, 783 

2,419,734 

0 
6, 959 

144, 1 74 
11,507 

163 ,640 

1,944,003 

422, 951 

2,366,954 

14,963 
1 ,650 ,120 

0 

38,533 

79, 2 97 
274 ,283 

5 7 ,3 94 

256 ,85 2 
6 ,895 

47,659 
23,018 

202 ,2 98 
46,544 

344, 768 

354,503 

119 

Rest of U.S. 

62,625 ,886 

84,824,567 
3,453,196 

12, 985 ,317 

163 ,888, 966 

1,986,100 
3,534,641 

4 ,420 ,5 26 
2, 155 ,6 93 

12,096,960 

1 78, 73 4, 160 

33,743,205 

212 ,4 77, 3 70 

10,331,429 
197 ,442,895 
11,545,801 

31, 879, 86 7 

8, 95 9, 203 
32,100,177 

8,223,206 

38,845,648 
1,215,705 

10,466,341 
6 ,686 ,582 

38,893,802 
13 ,353, 956 
49,629,032 

61 ,320, 797 



TABLE VIII (Continued) 

Input-Output Sector 

26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet 

pre para tions 
28. Paints and allied products 
29. Paving and roofing materials 
30. Rubber and miscellaneous plastic 

products 
31. Leather tanning and finishing 
32. Footwear and other leather 

products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel 

manufacturing 
3 6 • Primary nonferrous me ta 1 

manufacturing 
37. Metal containers 
38. Heating, plumbing and fabricated 

structural metal products 
39. Screw machiner products and 

stampings 
40. Other fabricated metal products 
41. Engine and turbine 
42. Fann and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and 

equipment 
46. Special industry machinery and 

equipment 
47. General industrial machinery and 

equipment 
48. Miscellaneous machinery, except 

electrical 
49. Office, computing and accounting 

machines 
50. Service industry machines 
51. Electrical transmission and 

distribution equipment and 
industrial apparatus 

52. Household appliances 
53. Electric lighting and wiring 

equipment 
54. Radio, 1V and cormnunication 

equipment 

u. s. 

20,230,500 

30,888,500 
6,703,100 
3,679,800 

40,064,100 
1,46 7 ,600 

6,205,700 
9,245,300 

26 ,031,500 

62,998,000 

40,271,600 
9,327,100 

30 ,264,400 

20,281,400 
30 ,592 ,800 
10 ,686 ,800 
11,879,200 
18,547 ,200 

5 ,195 ,200 

13 ,621 ,000 

9,265,000 

16 ,85 7, 900 

8,255,000 

1 7 ,396 ,300 
12 ,621 ,500 

15 ,669,200 
10,886,900 

8 ,504 ,600 

30 ,261 ,500 

Oklahoma 

3 ,214 

13 ,204 
25,249 
61,247 

742,975 
7,200 

12,472 
181,510 
286 ,462 

164,475 

134,967 
13 ,490 

717,219 

34 ,5 78 
25 7 ,308 

32,956 
54. 25 0 

726 ,142 

32 ,246 

15,757 

111. 84 7 

256 ,548 

112,622 

216,733 
94,913 

60,233 
5 ,6 76 

16,731 

656 ,073 

120 

Rest of U.S. 

20,227,286 

30 ,875 ,296 
6,677,851 
3,618,553 

39, 321 , 125 
1,460,400 

6,193,228 
9,063,790 

25, 745 ,038 

62 ,833 ,5 25 

40 ,136 ,633 
9,313,610 

29,547 ,181 

20 ,246 ,822 
30 ,335 ,492 
10,653,844 
11,825 ,150 
17 ,821 ,058 

5,162,954 

13,605,243 

9,153,153 

16,601,352 

8, 142 ,3 78 

17,179,567 
12,526,587 

15,608,967 
10 ,881 ,224 

8,487 ,869 

29,605 ,427 



TABLE I/III (Continued) 

Input-Output Sector 

55. Electronic components and 
accessories 

56. Miscellaneous electrical 
machinery, equipment and 
supplies 

57. Motor vehicles and equipment 
58. Aircrafts and parts 
59. Other transportation equipment. 
60. Professional, scientific, and 

controlling instruments and 
supplies 

61. Optical, ophthalmic, and 
photographi~ equipment and 
supplies 

62. Miscellaneous manufacturing 

Manufacturing 

63. Transportation and warehousing 
64. Communications, except radio 

and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary 

services 

Transportation, communication 
and utilities 

67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 

Finance, insurance and real estate 

70. Hotels and lodging, personal 
and repair services (except 
auto) 

71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social 

services and non-profit 
organization 

Services 

u. s. 

15 '71 7 ,300 

9,179,300 
11 9' 981 ,080 

26 ,002 '900 
15,884,100 

17,022,000 

12 ,3 75 ,300 
19,524 ,092 

1,287 ,877 ,080 

111,385 ,000 

44,145 ,900 
6,335,000 

4,825,600 

166 ,691 ,500 

301 ,116 ,400 
112,423,500 
244,905,200 

357,328,700 

44,218,102 
54,500 ,405 
61 ,307 ,142 
21,575 ,500 
21 ,143 ,209 

211 ,596 ,117 

414,340 ,475 

Oklahoma 

48, 876 

17 ,849 
26 7',499 
251,680 

62 ,464 

46,848 

68' 142 
77 ,6 74 

121 

Rest of U.S. 

15,668,424 

9,161,451 
119, 713 ,581 

25 '751,220 
15 ,821 ,636 

16,975,152 

12,307 ,158 
79,446,418 

9,286,456 1,278,590,624 

1,672 ,775 

437 ,883 
75 ,31 7 

72 ,826 

2 ,258,801 

3 ,5 73 ,348 
1,164,370 
2 ,888 ,65 7 

4,053,027 

529,759 
5 71 ,254 
687 ,210 
245 ,887 
11 7 ,356 

1, 995 ,0 97 

4,146,563 

1 0 9 ' 71 2 ' 2 25 

43,708,017 
6,259,683 

4,752,774 

164,432 ,699 

2 97 ,543 ,OS 2 
111,259,130 
242 ,016 ,543 

353 ,275 ,6 73 

43 ,688, 343 
53, 929,151 
60,619,932 
21 ,329,613 
21,025,853 

209,601 ,020 

410,193,912 
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TABLE VII I (Cant i nued) 

Input-Output Sector u. s. Oklahoma Rest of U.S. 

76. Federal government enterprises 15 ,5 00 ,094 25 7 '913 15,242,181 
77. State and local government enter-

prises 20 '963 ,500 191,494 20 '772 ,006 

Government enterprises 36 ,463 ,594 449 ,407 36,014,187 

78. Petroleum product production 48,371,806 2 ,902 ,346 45 ,469 ,460 
79. Natural gas production 15 '13 9' 3 97 1,398,008 13 '741 ,389 
80. Coal mining 14,970,779 106,054 14, 864' 725 
81. Electricity and hydropower 23'143 ,804 1,006'955 22 ,136 ,849 

Energy processing l 0 1 '6 25 ' 7 86 5,413,363 96 ,212 ,423 

Total Processing Sectors 3 '0 5 8 '85 6 '15 5 34,131,293 3 ,024, 724;862 
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Regional shares of national output in 1977 are presented in Table 

IX. Oklahoma, in general, represents only small shares of national 

output. Few processing sectors in Oklahoma account for more than two 

percent of national output. Among the highest regional shares for 

Oklahoma are natural gas production (9.23 percent); pEt~rol~um products 

production (6.00 percent); stone and clay mining and quarrying (3.16 

percent); radio, TV, communication equipment (2.17 percent); livestock 

and livestock products (1.89 percent); and crop and other agricultural 

products (1.87 percent). 

The 1 9 7 7 re g i on a 1 i n t e r i n du s t r y f 1 ow s for 0 k 1 ah om a a re not 

presented in this study. The 1 977 Oklahoma and Rest of U.S. direct 

coefficient matrices are presented in Appendix Tables. In these tables, 

the dummy and special industries were eliminated and the non-comparable 

import row was included in the value added row (VA). 

Oklahoma and Rest of U.S. Interregional 

Input-Output Model 

The previous section presented the input-output model and provided 

data and data sources. This section presents the empirical results of 

the interregional model. I t cons i st s o f th re e components: (1) 

technology matrix; (2) trade matrix, and (3) interregional input-output 

matrix. 

Technology Matrix 

The tech no logy matrix of the interregional input-output model is a 

block diagonal matrix showing the regional technical coefficient 



TABLE lX 

REGIONAL SHARE OF NATIONAL OUTPUT 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural products 
J. Forestry and fishery product 
4. Agricultural, forestry and fishery 

services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufactures 
14. Broad and narrow fabrics, yarn and 

thread mills 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile products 
18. Lumber and wood products, except 

containers 
19. Wood containers 
20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural metal 

products 

Oklahoma Rest of U.S. 
(percent) 

1.89 
1.87 
0. 73 

0. 93 
o.oo 
0.20 
3 .16 
0.53 
1.07 
1.24 
0 .14 
0. 83 
o.oo 

0 .12 

0.88 
0.88 
0 .69 

0.66 
0.56 
0 .45 
0.34 

0 .5 2 
0.35 
(}. 6 9 
0 .5 7 
0.16 
0.43 
0.38 
1.66 
1.85 
0.49 
0.20 
1. 96 
1.10 
0. 26 
0.34 
0 .14 

2.37 

98 .11 
98 .13 
99.27 

99.07 
100.00 

99.80 
96 .84 
99.47 
98. 93 
98. 76 
99.86 
99.17 

100.00 

99.88 

99.12 
99.12 
99.31 

99.34 
99.44 
99.55 
99.66 

99.48 
99.65 
99.31 
99.43 
99.84 
99.57 
99.62 
98 .34 
98 .15 
99.51 
99.80 
98 .04 
98. 90 
99.74 
99.66 
99.86 

97 .63 

124 



TABLE IX (Continued) 

Input-Output Sector 

39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Fann and garden machinery 
43. Construction and mining machinery 
44. Materials handling, machinery and 

equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and equipment 
47. General industrial machinery and 

equipment 
48. Miscellaneous machinery, except 

electrical 
49. Office, computing and accounting machines 
50. Service industry machines 
51. Electric industrial equipment and 

apparatus 
52. Household appliances 
53. Electric lighting and wiring equipment 
54. Radio, 'IV and cotmnunication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
58. Aircraft and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 
61. Optical, ophthalmic and photo equipment 
62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and 'IV 
65. Radio and 'IV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair services 

except auto 
71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
7 4. Amusements 
75. Health educational and special services 

and nonprofit organizations 
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Oklahoma Rest of U.S. 
(percent) 

0.17 
0.84 
0.31 
0.46 
3.92 

0.62 
0 .12 
1.21 

1.52 

1.36 
1.25 
0.75 

0.38 
0.05 
0. 20 
2.17 
0.31 

0.19 
0.22 
0. 97 
0 .39 
0.28 
0.55 
0.40 
1.50 
0.99 
1.19 
0.15 
1.19 
1.04 
1.18 

1.20 
1.05 
1.12 
1.14 
0.55 

0. 94 

99.83 
99.16 
99. 69 
99.54 
96 .08 

99.38 
99.88 
98.79 

98.48 

98 .64 
98. 75 
99.25 

99.62 
99. 95 
99.80 
97 .83 
99.69 

99.81 
99.78 
99.03 
99.61 
99.72 
99.45 
99.60 
98.50 
99.01 
98.81 
99.85 
98. 81 
98. 96 
98.82 

98.80 
98. 95 
98.88 
98.86 
99.45 

99.06 



TABLE IX (Continued) 

Input-Output Sector 

76. Federal government enterprises 
77. State and local government enterprises 
78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 
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Oklahoma Rest of U.S. 
(percent) 

1.66 
0. 91 
6.00 
9.23 
0. 71 
4.33 

98.34 
99. 09 
94.00 
90. 77 
99.29 
98.00 
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matrices, Thus for the two reg1ons of Oklahoma and Rest of U.S., the 

technology matrix is: 

A = ( 4. l) 

Technical coeffi.cients for Oklahoma for the non-energy processing 

sectors for the base year 1977 were derived from the national 

input-output table. Technical coefficients for the energy processing 

sectors of Oklahoma were estimated separately and are presented in 

Chapter VI. 

The technical coefficient matrix for the Rest of U.S. was derived 

directly from the national input-output coefficients. Since Oklahoma 

output accounts for only small shares of U.S. output, while the Rest of 

U.S. accounts for nearly 99 percent of national output the U.S. national 

RUS 
technology coefficients are substituted for A , 

The petroleum products production (sector 78) of the energy 

processing sector needs special attention, The petroleum products 
.---.--.--,..._._,__~-----,·-·'~ 

pro_~l!.C.-tion_"'se_cJ;oE of this study1s a combination between crude petroleum 

and petroleum refining industries. Since there is the intrasectoral 

transaction between crude petroleum and petroleum refi.ning sectors the 

total output of petroleum products production was estimated as the sum 

of the output of crude petroleum and petroleum refining after 

subtracting the intrasectoral consumption between these two sectors. 

The petroleum product price was obtained by dividing the dollar value of 

total output of petroleum products by the total physical quantity of 

crude petroleum. This price reflects the average petroleum product price 

paid by other processing sectors for their petroleum products inputs. 
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The dollar value of petroleum products consumption of each processing 

sector was obtained by multiplying this price by the physical quantity 

of petroleum products used. Then the row technical coefficients were 

obtained by dividing the value of petroleum products consumption by the 

corresponding total sector output. The column technical coefficients of 

petroleum product production were derived in the same manner as other 

processing sectors. 

Trade Matrix 

Cur re n.t data on interregional trade flows are not available. The 

only published data on interregional trade is Rogers, State Estimates 

of Interregional Commodity Trade, 1963 (91). The trade flow estimates 

for 61 industries among 51 regions are available in the format presented 

in Figure 4.1. There exist region-by-commodity trade data for each 

state. Regional transfers-out are treated as intraregional shipments in 

the trade matrices. These trade data were disaggregated to correspond 

with 81 industries and two region~ of this model. 

are 

Column totals are total regional consumption. Trade coefficients 

computed by dividing the jth commodity flow from region k to 

region m by total regional consumption of cormnodity J rn region m. The 

trade coefficients include intraregional flows. For the two region 

interregional trade model, a total of four diagonal matrices were 

computed as the following: 



Traded Commodity Sectors for Region m 

Region 1 • • • • j • • • • • • • • . • • . . . • 61 

1 

k • • • • • • • . . . . . . . . . . . . . . . . 

44 

Total 
Regional 

Consumption 

. . . 

km m 
= t. R. 

J J 

. . . . . . . . . . . . . . . 
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Total 
Regional 

Trade 

Figure 1. Region - by - Commodity Trade Data, 1963 ($1,000) 
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OK 

T = ( 4. 2) 

RUS 

Each of the 
km 

T matrices lS an 81 sector diagonal matrix. The 

matrices forming the principle di.agonal identify intraregional 

shipments, thus non-traded commodities are accounted for i.n these 

matrices. In the off-diagonal matrices, non-traded commodities (sectors 

63 through 77) received a zero value. 

In order to utilize these published trade data for the present 

study, it is necessary to assume that the interregional trade structure 

remained constant throughout the period between 1963 to 1977. This is 

one of the weaknesses of the interregional model in this study. 

However, attempts were made to update these data. For the non-energy 

processing sectors (sectors 1 through 77) interregional trade 

coefficients were estimated from Rodger's data. Interregional trade 

coefficients for energy processing sectors (sectors 78 through 81) were 

estimated from the current data on energy balances for Oklahoma and the 

Rest of U.S. for 1977 as explained in Chapter VI. The trade data of 

Rest of U.S. region were estimated as differences between Oklahoma and 

U.S. trade volume. Data for the four trade matrices are presented in 

Table X. 

Interregional Input-Output Matrix 

The interregional input-output coefficient matrices are now 

computed as the product of the interregional trade matrix and the 

regional technology matrix: 



TABLE X 

OKLAHOMA-REST OF U.S. :rRADE COEFF IC1ENTS 

Input-Out put Sector OK-OK RUS-OK OK-RUS RUS-RUS 

1. Livestock and livestock products 0.27945 0.72055 0.01848 0. 9815 2 
2. Crops and other agricultural products 0.53898 0.46102 0 .00973 0. 99027 
3. Forestry and fishery products 1.00000 0.00000 0.00000 1.00000 
4. Agricultural, forestry and fishery 

services 1.00000 0.00000 0.00000 1.00000 
5. Iron and ferroalloy ores mining 0.00000 1.00000 0.00000 1.00000 
6. Nonferrous metal ores mining 0 .07855 0.92145 0.00029 0. 99971 
7. Stone and clay mining and quarrying 0.76218 0.23782 0 .00071 0. 9992 9 
s. Chemical and fertilizer mineral mining 0 .00540 0. 99460 0.00000 1.00000 
9. New construction 1.00000 0.00000 0.00000 1.00000 

10. Maintenance and repair construction 1.00000 0.00000 0.00000 1.00000 
11. Ordnance and accessories 0.46701 0.53299 0.00597 0. 99403 
12. Food and kindred products 0.33241 0.66759 0.00459 0. 99541 
13. Tobacco manufacturers 0.00000 1.00000 0.00000 1.00000. 
14. Broad and narrow fabrics, yarn and 

thread mil ls 0.02665 0.97335 0 .0000 7 0.99993 
15. Miscellaneous fabricated textile 

products 0.00497 0. 995 03 0.00014 0.99986 
16. Apparel 0.02876 0.97124 0.00235 0.99765 
1 7. Miscellaneous fabricated textile 

products 0.00817 0. 99183 0.00126 0. 99874 
18. Lumber and wood products, except 

containers 0 .OS 292 0.94708 0.00249 0.99751 
19. Wood containers 0.00047 0. 995 30 0.000230 0. 99977 
20. Household furniture 0 .01945 0.98055 0.002720 0. 99728 
21. Other furniture and fixtures 0.03149 o. 96851 0.002510 0.99749 

f-' 
22. Paper and allied products, except w 

f-' 
containers and boxes 0 .00973 0. 9902 7 0.000980 0.99902 



TABLE X (Continued ) 

Input-Output Sector 

23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
35. 
36. 
3 7. 
38. 

39. 
40. 
41. 
42. 
43. 
41~. 

45. 
46. 

Paperboard containers and boxes 
Printing and publishing 
Chemicals and selected chemical products 
Plastics and synthetic materials 
Drugs, cleaning and toilet preparations 
Paints and allied products 
Paving and roofing materials 
Rubber and miscellaneous plastic 

products 
Leather tanning and finishing 
Footwear and other leather products 
Glass and glass products 
Stone and clay products 
Primary iron and steel manufacturing 
Primary nonferrous metals manufacturing 
Metal containers 
Heating, plumbing, and fabricated 

structural metal products 
Screw machine products and stampings 
Other fabricated metal products 
Engines and turbines 
Farm and garden machinery 
Construction and mining machinery 
Materials handling machinery and 

equipment 
Metal working machinery and equipment 
Special industry machinery and 

equipment 

OK-OK 

0.02009 
0 .3 7098 
0.12368 
0 .00395 
0 .00736 
0.00271 
0. 73880 

0 .13464 
0.08744 
0.00793 
0 .40060 
0.60568 
0.06925 
0 .13305 
0 .01311 

0 .54206 
0.01712 
0 .38843 
0 .03975 
0.02683 
0 .14682 

0 .02558 
0.00013 

0 .00761 

RUS-OK 

0.97991 
0.62902 
0.87632 
o. 99605 
0.99264 
o. 99729 
0. 26120 

0.86536 
0. 91256 
0.99207 
0.59940 
0.39432 
0.93075 
o. 86695 
o. 98689 

0.45794 
0. 98288 
0.61157 
0.96025 
0.97317 
0.85318 

0. 97442 
0.99987 

o. 99239 

OK-RUS 

0.003310 
0.00175 
0.00271 
0 .00088 
0.00079 
0.00242 
0.00220 

0.00898 
0.00000 
0.00119 
0 .01946 
0.00164 
0 .000 71 
0.00488 
0.00128 

0 .00991 
0.00140 
0.00350 
0.00158 
0.00243 
0.02660 

0.00275 
0.01414 

0.00273 

RUS-RUS 

o. 99669 
0.99825 
0.99729 
0.99912 
0.99921 
0.99758 
0.99780 

0.99102 
1.00000 
0.99881 
o. 98054 
0.99836 
o. 9992 9 
0. 99512 
0.99872 

o. 99009 
0.99860 
o. 99650 
0.99842 
o. 9975 7 
0.97340 

0.99725 
0.98586 

0.99727 
f-' 
w 
N 



TABLE X (Continued) 

Input-Output Sector 

47. General industry machinery and 
equipment 

48. Miscellaneous machinery, except 
electrica 1 

49. 

so. 
51. 

52. 
53. 
54. 
55. 
56. 

5 7. 
58. 
59. 
60. 

61. 

62. 
63. 
64. 
65. 
66. 
67. 

Office, computing, and accounting 
machines 

Service industry machines 
Electrical transmission and distribution 

equipment and industrial apparatus 
Household appliances 
Electric lighting and wiring equipment 
Radio, TV and communication equipment 
Electronic components and accessories 
Miscellaneous electrical machinery, 

equipment and supplies 
Motor vehicles and equipment 
Aircraft and parts 
Other transportation equipment 
Professional, scientific and controlling 

instruments and supplies 
Optical, ophthalmic, and photographic 

equipment and supplies 
Miscellaneous manufacturing 
Transportation and warehousing 
Communications, except radio and TV 
Radio and TV broadcasting 
Water supply and sanitary services 
Wholesale and retail trade 

OK-OK 

0.02854 

0.03025 

0 .05585 
0.08061 

0.02624 
0.00315 
0.01078 
0.10724 
0.00628 

0.01711 
0.02401 

·0.47413 
0.04020 

0.14848 

0.00091 
0.11948 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 

RUS-OK 

0. 97146 

0.96975 

0.99415 
0.91939 

0.97376 
o. 996 85 
o. 98922 
0 .892 76 
0.99372 

0.98289 
0.97599 
0.52587 
0. 95980 

0. 8515 2 

o. 99909 
D.88052 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

OK-RUS 

0.00974 

0.00554 

0.00041 
0.00497 

0.00282 
0.00089 
0.00043 
0.01210 
0.00200 

0.00278 
0.00143 
0.02215 
0.00278 

0.00215 

0.00034 
0.00146 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

RUS-RUS 

0. 99026 

0. 99446 

0.99959 
o. 99503 

o. 99718 
0. 99911 
0.99947 
o. 98790 
0.99800 

0.99722 
o. 9985 7 
0.99785 
0.99722 

0.99785 

0. 99966 
o. 99854 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 



TABLE X (Continued) 

Input-Output Sector OK-OK RUS-OK OK-RUS RUS-RUS 

68. Finance and insurance 1.00000 0.00000 0.00000 1.00000 
69. Real estate and rental 1.00000 0.00000 0.00000 1. 00000 
70. Hotels and lodging, personal and 

repair services (except auto) 1.00000 0.00000 0.00000 1.00000 
71. Business services 1.00000 0.00000 0.00000 1.00000 
72. Eating and drinking places 1.00000 0.00000 0.00000 1.00000 
73. Automobile repair and services 1.00000 0.00000 0.00000 1.00000 
74. Amusements 1.00000 0.00000 0.00000 1.00000 
75. Health, educational and social services 

and nonprofit organizations 1.00000 0.00000 0.00000 1.00000 
76. Federal government enterprises 1.00000 0.00000 0.00000 1.00000 
77. State and local government enterprises l.00000 0.00000 0.00000 1.00000 
78. Petroleum products production 1.00000 0.00000 0 .01120 o. 98800 
79. Natura 1 gas production 1.00000 0.00000 0 .05 336 o. 94664 
80. Coal mining 1.00000 0.00000 0 .0085 2 0. 99148 
81. Electricity and hydropower 1.00000 0.00000 0.00612 0.99388 
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( 4. 3) 

or 

T A = B 

Interregional flows can be computed as the product of the B matrix 

and the diagonal matriic of regional output: 

~ I ~ OK I 0 
--- +-- - ·- = 

: XRUS ~ I aj OK 11 i Xl2 
- ---1- ---

RDS 21 l X22 ( 4. 4) 

The interregional input-output coefficient matrix and the 1977 

interregional interindustry flow matrix are not presented in this study. 

The comp 1 e te interregional input-out put model can now be expressed 

as: 

(4. s) 

or 

B x + T y = x 

The elements B, X and T are previously defined. Final demand, Y, 

when multiplied by the interregional trade coefficient matrix shows 

those portions of final demand coming from each region. 

The output projection equation becomes: 

X = (I-B)-l TY (4. 6) 
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The interregional direct and indirect input-output coefficient 

matrix, (I-B )-l, is used for the economic impact analysis in the 

latter parts of this study. The 1977 interregional direct and indirect 

input-output coefficient matrix is not presented in this study due to 

its size. 



CHAPTER V 

REGIONAL EMPLOYMENT AND INCOME ACCOUNT 

The human resource account presents the data of regional employment 

and Lnc-ome for the purpose of economic impact analysis. Included in 

this account are estimates of wage and salary and proprietor employment 

by input-output sector. With employment and sector output data, 

emp 1 oyme nt -out put coefficients are <level oped for 81 processing sectors 

for Oklahoma and Rest of U.S. The income portion of the account 

includes wage and salary disbursements and proprietors' income by 

input-out put sector. The income-output coefficients are also estimated 

in this account. This chapter is presented in two sections; employment 

analysis and income analysis. 

Employment Analysis 

Employment Data 

Data of Oklahoma labor force and employment were obtained from two 

sources. Agricultural sector employment data were obtained from 

Ok 1 ah oma De pa rtment of Agriculture, Oklahoma Agricultural Statistics, 

1980 (77). This data source provides total farm employment and family 

and hired workers. The Oklahoma employment was from Oklahoma Employment 

Security Commission, Handbook of Oklahoma Employment, 1981 (80) 

137 



138 

and provides dat.:1 on total employment, number of proprietors and 

estimates of domestic service, self-employed, and unpaid family workers 

for the non-agricultural sectors. The Oklahoma Employment Security 

Commission (81) also provides data on the number of nonfarm wage and 

salary jobs by industry. 

Data for Rest of U.S. employment were obtained from the U.S. 

Department of Labor, Bureau of Labor Statistics, Employment and 

Earnings ( 130). This data source provides number and employment status 

of the noninstitutional population 16 years and over in the U.S. from 

1970 to 1980. However, estimates of wage and salary employment are 

available only by relatively broad sector categories. 

St rue ture of the U.S. labor force Erom 1970 to 1980 is presented in 

Table XI. Total labor force has increased continuously from 82,715,000 

in 1970 to 104, 719,000 in 1980 or about 26.6 percent increase. Number 

of persons employed increased from 78,627,000 in 1970 to 92,270,000 in 

1980, an increase of 17.4 percent. Rapid increase in total employment 

was mainly the result of sharp tncreases 1n employment of 

non-agricultural sectors. Non-agricultural sector employment was 

75 ,165 ,000 in 1970, and 93,960,000 in 1980, or a 25.0 percent incresae. 

Employment in agriculture remains fairly stable with a slight decline in 

recent years. Agricultural employment was 3,462,000 in 1970, and 

3 ,310 ,000 in 1980, or 4.4 percent decline. The number of unemployed 

reflects two separate business cycles over the 11 year period. 

General characteristics of the Oklahoma labor force from 1970 to 

1980 are presented in Table XII. Similar to the national trend, the 

Oklahoma labor force showed a continuous increase over the period. 



Year 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

TABLE XI 

U.S. CIVILIAN LABOR FORCE 1970-1980 
(IN THOUSANDS) 

Emelox:ment Total 
Agriculture Nonagriculture Employed Unemployed 

3 ,462 75'165 78 ,627 4 ,088 

3,387 75,732 79'120 4,993 

3,472 78,230 81 '702 4,840 

3 ,45 2 80 '95 7 84 ,40 9 4 ,304 

3,492 82 ,443 85 '935 5 ,076 

3,380 81 ,403 84,783 7,830 

3,297 84, 188 87 ,485 7,288 

3,244 87,302 90 ,546 6 ,855 

3 ,342 91,031 94,373 6,047 

3,297 93,648 96 '945 5 '963 

3,310 93 '960 92,270 7,448 
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Total 
Civilian 

Labor 
Force 

82 '715 

84' 113 

86 ,542 

88,714 

91 ,011 

92 ,613 

94 '773 

97,401 

100,420 

102 ,908 

104. 71 9 

Source: U.S. Department of Labor, Bureau of Labor Statistics, 
Emeloyment and Earnings, January 1981. 



Year 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

Wage and 
Salary 

Employment 

787 .5 
795 .8 
832.2 
869. 2 
896 .9 
903 .4 
949. 9 
992 .o 

l ,051. 3 
1,105.6 
1,152.3 

TABLE XU 

OKLAHOMA LABOR FORCE 1970-80 
(IN THOUSANDS ) 

Proprietor Employment 
Non- Total 

Agriculturea Agriculture Total Employed 

99.5 130.5 230.0 1,017.5 
98. 7 133.2 231. 9 1,027.7 
96. 7 134.6 231.3 1,063.5 
95 .3 134.2 229.5 1,098.7 
93.9 136.5 230.4 1,127.3 
89.0 140 .1 229.1 1 , 132. 5 
84.5 141.6 226 .1 l , 176.0 
75.3 149.5 224.8 1,216.8 
82.5 15 7 .o 239. 5 1,290.8 
61.8 161 .5 233.3 l ,328. 9 
55.5 165 .6 221.1 1,373.4 

8 Include family workers in agriculture. 

b 
Include those idled or unemployed as a result of labor dispute. 

Unemployed 
b 

41.0 
41.0 
44.0 
33.0 
49.0 
83.0 
65 .o 
61.0 
48.0 
44.0 
64.0 

Sources: Oklahoma Department of Agriculture, Oklahoma Agricultural Statistics, 1980. 

Total 
Labor 
Force 

1 ,058.5 
1,068.7 
1,107.5 
1,131.7 
1 , 1 76. 3 
1 ,215 .S 
l ,241 .o 
1,277.8 
1,338.8 
1,372.9 
1,437.4 

Oklahoma Employment Security Commission, Handbook of Oklahoma Employment, 1980. 
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Total labor force in Oklahoma increased from 1,058,500 in 1970 to 

1,437 ,400 in 1980, a 35.8 percent tncrease. Total employment increased 

from 1 ,017 ,500 in 1970 to 1,373,400 in 1980, a 35.0 percent tncrease. 

To ta 1 emp 1 oyement in Oklahoma ts composed of wage and salary employment 

and proprietor employment. Wage and salary employment made dramatic 

change through the years. Wage and salary increased from 787,500 in 

1970 to 1,152,300 in 1980 or 46.3 percent increase. The share of wage 

and salary employment in total employment increased from 77 .4 percent in 

1970 to 83.9 percent in 1980. Total proprietor employment is composed 

of self-employed and unpaid family workers in agriculture and 

non-agricultural industry and related services, Total proprietor 

employment declined from 230,000 in 1970 to 221,100 in 1980. The 

decline in total proprietor employment 1s related to the continuous drop 

in the proprietor employment in agriculture. Proprietor empl oyement in 

agriculture decreased from 99,500 or 43.3 percent of total proprietor 

employment in 1970 to 55 ,500 or 25. 7 percent of total proprietor 

employment in 1980, a 44.2 percent decline. Proprietor employment in 

non-agriculture increased from 130,500 in 1970 to 165,600 in 1980, a 

26, 9 percent increase. The number of unemployed increased from 41,000 

in 1970 to 83 ,000 in 1975, decreased to 44,000 in 1979 and increased 

again to 64,000 in 1980. In 1977, total employment in Oklahoma was 

1,216 ,800. It was composed of 992,000 of wage and salary employment and 

224,800 of proprietor employment. 
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Employment Bv Input-Output Sector 

To further ·.disaggregate the employraent data into 81 input-output 

industrial classificati.ons, the following procedures were used. Data 

from the Oklahoma Department of Agriculture (78) were used to allocate 

farm employraent to the four agricultural sectors assuming that the 

percentage distribution of employraent among those four agricultural 

sectors are the same as those estimated by Schreiner et al. (95). 

Employr.1ent payroll data from the Oklahoma Employraent Security Commissi.on 

(80) were used to allocate nonfar:n wage and salary employraent to the 

nonagricultural input-output sectors. Proprietor employraent distributed 

to input-output industry groupings, computed by Schreiner et al. (95) 

was used to disaggregate the 1977 proprietor employment of Oklahoma. 

Finally, the sum of wage and salary employr.1ent and proprietor employment 

provided the allocation of total employment by 81 input-output sectors 

for Oklahoma in 1977. The allocation of U.S. enployment dat.:i among 

input-output sectors as computed by Schreiner et al. (95) was used to 

disaggregate 1977 U.S. total employment into the 81 processing sectors. 

Subtraction of 01tlahoma employment from U.S. employraent gives the final 

allocation of Rest of U.S. total employment among the 81 input-output 

sectors. 

Estimates of 1977 total employra2nt by input-output sectors for 

Oklahoma, Rest of U.S., and U.S. are presented Ln Table XIII. In 1 977 , 

total employment in Oklahoma and Rest of U.S. was 1,216,800 and 

89,329,200, respectively. Total interindustry employment was 999,383 or 

82.2 percent of total employment in 'Jkl.:i.homa and 77,950,518 or .37.3 

percent of total employment in Rest of U.S. Processing sectors with 

high pecentage shan~ of total employr.1ent are mainly tl1ose dealing 1.;ith 



TABLE XIU 

WAGE AND SALARY AND PROPRIETORS' EMPLOYMENT 
BY INPUT-OUTPUT SECTOR, 1977 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural 

products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery 

services 

Agriculture, forestry and fisheries 

5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral 

mining 

Mining except fuels 

Oklahoma Rest of U.S. 

56 ,260 

52,042 
549 

1,360,550 

1,397'1 70 
133,333 

5,968 238,128 

114,819 3,129,181 

0 
186 

1,831 

1 

2 ,018 

18' 856 
37,654 
91,463 

23,943 

171,196 

9. New construction 58,553 3,220,194 
1,039,605 10. Maintenance and repair construction 7 ,896 

Construction 

11. 
12. 
13. 
14. 

15. 

16. 
1 7. 

18. 

19. 
20. 
21. 
22. 

23. 
24. 
25. 

Ordnance and accessories 
Food and kindred products 
Tobacco manufactures 
Broad and narrow fabrics, yarn and 

thread mills 
Miscellaneous textile goods and floor 

coverings 
Apparel 
Miscellaneous fabricated textile 

products 
Lumber and wood products, except 

containers 
Wood co nta ine rs 
Household furniture 
Other furniture and fixtures 
Paper and allied products, except 

containers 
Paperboard containers and boxes 
Printing and publishing 
Chemicals and selected chemical 

products 

66,449 4,259,799 

514 
16,580 

0 

636 

1'773 
9,456 

1,364 

4 ,620 
133 

1,869 
671 

1,573 
992 

10,488 

1,610 

56,486 
1,669,842 

78,400 

782,798 

132,508 
1,118,042 

190 ,532 

725 ,990 
43,464 

330,324 
156 ,341 

481'927 
213,008 

1'176'172 

482 ,228 

u. s. 

1 ,416 ,810 

1,449,212 
133 ,882 

244,096 

3,244,000 

18, 856 
37,840 
93,294 

23,944 

173 ,934 

3,278,747 
1,047 ,501 

4,326,248 

5 7 ,000 
1,686 ,422 

78 ,400 

783 ,434 

134,281 
1,127,498 

191 ,896 

730,610 
43 ,597 

332'193 
157,012 

483 ,500 
214,000 

1,186,660 

483 ,838 
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TABLE XII I (Continued) 

Input-Output Sector 

26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet 

pre para tions 
28. Paints and allied products 
29. Paving and roofing materials 
30. Rubber and miscellaneous plastic 

products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel 

manufacturing 
36. Primary nonferrous metal 

manufacturing 
37. Metal containers 
38. Heating, plumbing and structural 

meta 1 products 
39. Screw machine products and 

stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and 

equipment 
46. Special industry machinery and 

equipment 
47. General industrial machinery and 

equipment 
48. Misc. machinery, except electrical 
49. Office, computing and accounting 

machines 
50. Service industry machines 
51. Electric industrial equipment and 

apparatus 
52. Household appliances 
53. Electric lighting and wiring 

equipment 
54. Radio, 'IV, and communication 

equipment 
55. Electronic components and 

acce sso r1 es 

Oklahoma Rest of U.S. 

637 

214 
351 
497 

9, 770 
73 

718 
4,766 
5,487 

2 ,648 

2 ,352 
1 74 

13 ,6 75 

1 ,264 
5,339 

104 
1,065 

11, 76 2 

605 

264 

1 ,01 7 

5 ,640 
3,068 

3,499 
1,845 

1,544 
77 

225 

9,759 

854 

212,070 

310,449 
66,316 
30,429 

723 ,684 
22,885 

230 ,169 
199,873 
474,178 

470 ,545 

400 ,911 
73 ,834 

548,571 

402,961 
523, 901 
132,138 
165 ,038 
290,850 

65,244 

33 7 ,609 

196 ,063 

299,662 
255,707 

330,894 
178,702 

35 7 ,330 
185 ,530 

211 ,193 

120, 148 

409, 25 7 

u. s. 

212,707 

310,663 
66,667 
30,926 

733,454 
22 '95 8 

230,887 
204 ,639 
479,665 

473 ,193 

403 ,263 
74,008 

562,246 

404 ,225 
5 29' 240 
132,242 
166,103 
302,612 

65,849 

337,873 

197 ,080 

305,302 
258, 775 

334,3 93 
180 ,547 

358,874 
185 ,607 

211 ,418 

129,907 

410, 111 
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TABLE XII I (Continued) 

Input-Output Sector 

56. Misc. electrical machinery and 
supplies 

57. Motor vehicles and equipment 
58. Aircraft and parts 
59. Other transportation equipment 
60. Scientific and controlling 

instruments 
61. Optical, ophthalmic and photo 

equipment 
62. Miscellaneous manufacturing 

Manufacturing 

63. 
64. 

65. 

Transportation and warehousing 
Communications, except radio and 
TV 
Radio and TV broadcasting 

Transportation, communication and 
utilities 

66. 
6 7. 
68. 
69. 

Water supply and sanitary services 
Wholesale and retail trade 
Finance and insurance 
Real estate and rental 

Finance, insurance and real estate 

70. Hotels, personal and repair 

71. 
72. 
73. 
74. 
75. 

service except auto 
Business services 
Eating and drinking places 
Automobile repair and services 
Amusements 
Health, educational and social 

services and nonprofit org. 

Services 

76. Federal government enterprises 
77. State and local government 

enterprises 

Government enterprises 

Oklahoma Rest of U.S. u. s. 

266 
3,461 
6,061 
2 ,552 

695 

452 
2 ,524 

156 ,166 
98 9, 979 
476 ,584 
440 '740 

276,522 

35 7 ,048 
448' 103 

156 ,432 
993,440 
482 ,645 
443 ,292 

277 ,21 7 

35 7 ,500 
450,627 

157,583 19,009,345 19,166,928 

37 ,969 

11,574 
1,851 

2,957,490 

1,012,460 
170,473 

52.199 4,373,155 

805 
268,321 

42 '956 
11 ,892 

232,732 
16,281,519 

3 ,85 2 ,548 
l ,143 ,861 

54,848 4,996,409 

33,655 
41'954 
43 ,087 

6,890 
8,883 

76 ,3 72 

2 ,176 ,483 
2 '940 '969 
4,257 ,936 

712,418 
711,709 

8,364,223 

2 '995 ,459 

1,024 ,034 
1 72 ,324 

4,425,354 

233,537 
16,549,840 
3,895,504 
1,155,753 

5,051,257 

2,210,138 
2,982,923 
4,301,023 

719 '308 
720 ,592 

8 '440 ,595 

210,841 19,163,738 19,374,579 

5,268 364,732 370,000 

3,946 470,054 474,000 

9,214 834, 786 844,000 
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TABLE XIII (Continued) 

Input-Output Sector 

78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 

Energy producing 

Total Interindustry 
Private Household 
Federal Government 
State and Local Government 

Total Employment 

Oklahoma Rest of U.S. 

26 ,546 462 ,069 
2 9' 5 95 272,650 

610 84'119 
6,885 341,838 

63,636 1, 160 ,6 76 

999,928 73 ,380 ,5 24 
16,886 5,780,662 
43 ,232 2,310,768 

156,754 7 ,85 7 ,246 

1,216,800 89,329,200 

u. s. 

488,615 
302,245 
84 '729 

348,723 

1,224,312 

78,380,452 
5,797 ,548 
2,354,000 
8,014,000 

90 ,546 ,000 

Sources: Oklahoma Department of Agriculture, Oklahoma Agricultural 
Statistics, 1980. 

Oklahoma Employment Security Commission, Handbook of Oklahoma 
Employment, 1980. 

U.S. Department of Labor, Bureau of Labor Statistics, 
Employment and Earnings, January 1981. 
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service related activities. They include: wholesale and retail trade 

(sector 67); health, educational, and social services and nonprofit 

orgainizations (sector 75); eating and drinking places (sector 72); 

f i na nc e and ins u ra nc e (sector 68); business servi.ce s (sector 71); and 

hotels, personal and repair services except auto (sector 70). Oklahoma 

employment in these sectors as a percent of total employment ranged from 

22 .1 percent for wholesale and retail trade (sector 67) to 2.8 percent 

for hotels, personal and repair services except auto (sector 70). For 

the Rest of U.S., the range was from 18.2 percent for wholesale and 

retail trade and 2.4 percent for hotels, personal and repair services 

except auto. 

Federal government (including federal government enterprise) 

employed 48 ,500 or 4. 0 percent of total employment in Oklahoma and 

2,675,500 or 3.0 percent of total employment in Rest of U.S. State and 

local government (including state and local government enterprise) 

employed 160,700 or 13.2 percent of total employment in Oklahoma and 

8,327,300 or 9.3 percent of total employment in Rest of U.S. 

New construction (sector 9) employed 58,553 or 4.8 percent of total 

employment in Oklahoma and 3,220,194 or 3.6 percent of total employment 

in Rest of U.S., respectively. Transportation and warehousing (sector 

63) employed 37 ,969 or 3.1 percent of total employment in Oklahoma and 

2,957,490 or 3.3 percent of total employment in Rest of U.S. 

Food and kindred products (sector 12) has the highest percentage 

share of employment of any manufacturing industry. Food and kindred 

products employed 16,580 or 1.4 percent of total employment tn Oklahoma 

and 1,669,842 or 1.9 percent of total employment in Rest of U.S. 
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Among energy processing sectors, petroleum products and natural gas 

production were leaders tn employment. Petroleum products (sector 78) 

employed 26,546 or 2.2 percent of total employment in Oklahoma and 

462,069 or 0.5 percent of total employment in Rest of U.S. Natural gas 

production (sector 79) employed 29,595 or 2.4 percent of total 

employment in Oklahoma and 272,650 or 0.3 percent of total employment in 

Rest of U.S. 

Livestock and livestock products (sector 1) employed 56,260 or 4.6 

percent of total employment in Oklahoma and 1,360,550 or 1.5 percent of 

total employment in Rest of U.S. Crops and other agricultural products 

(sector 2) employed 52,042 or 4.3 percent of total employment in 

Oklahoma and 1,397 ,170 or 1.6 percent of total employment in Rest of 

u. s. 

Employment-Output Coefficients 

Employment-output coefficients are needed for estimating direct 

employment effects from a one unit increase in sector output. 

Employment-output coefficients indicate average labor productivity of 

the processing sectors. Estimates of 1977 employment-output 

coefficients by input-output sector for Oklahoma and Rest of U.S. are 

presented in Table XIV. These coefficients were obtained by dividing 

total employment by input-output sector by the corresponding sector 

total output from Table VIII of Chapter IV. The employment-output 

coefficient shows direct employment requirement per thousand dollars of 

output in the particular sector. 



TABLE XIV 

EMPLOYMENT OUTPUT COEFFICIENTS, 1977 
(PERSONS EMPLOYED PER $1 ,000 

OUTPUT IN 1977 PRICES) 
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Input-Output Sector Oklahoma Rest of U.S. 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery services 
5. Iron and ferroal loy ores mi:iing 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New const·ruction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mi 11 s 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile products 
18. Lumber and wood products, except containers 
19. Wood containers 
20. Household furniture 
21. Other furniture and fixutres 
22. Paper and allied products, except containers 
23. Paper board containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Pavi~g and roofing material 
30. Rubber and miscellaneous plastic products 
Jl. ~eather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural 

metal products 
39. Screw machine products and stamping 
40. Other fabricated metal products 

0 .03408 
0 .04875 
0.02161 
0.04901 

0.02673 
0.01270 
0 .0000 9 
0.03012 
0.01867 
0.03435 
0.01005 

0.01651 

0.02236 
0.03448 
0.02377 
0.01799 
0 .0192 9 
0 .03922 
0.02915 
0 .007 78 
0.02131 
0 .03042 
0.00454 
0 .19818 
0.01621 
0 .01390 
0.00811 
0.01315 
0 .01014 
0 .OS 75 7 
0 .026 27 
0.01915 
0.01610 
0.01743 
0 .01290 

0 .01907 
0.03656 
0.02075 

0 .021 73 
0.01647 
0 .03861 
0.o1834 

0.01065 
0.02069 
O.Ollll 
0.01802 
0 .03081 
0.00547 
0.00846 
0.00679 

0.02455 

0.01479 
0.03483 
0.02317 
0.01869 
0.03575 
0 .03156 
0.02338 
0 .01239 
0.01595 
0.02370 
0.00784 
0 .01048 
0.01005 
0 .00993 
0.00846 

0.01567 
0 .03716 
0.02205 
0 .01842 
0.01226 
0.00999 
0.00793 

0 .0185 7 
0.01990 
0.01727 



TABLE XIV (Continued) 

Input-Output Sector 

41. Engines and turbines 
42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and equipment 
47. General industrial machinery and equipment 
48. Miscellaneous machinery except electrical 
49. Office, computing and accounting machides 
50. Service industry machines 
51. Electric industrial equipment and apparatus 
52. Household appliances 
53. Electric lighting and wiring equipment 
54. Radio, TV and communication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
58. Aircrafts and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 
61. Optical, ophthalmic, and photo equipment 
62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair services 

except auto 
71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social services 

and non-profit organization 
76. Federal government enterprises 
77. State and local government enterprises 
78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 
82. Household 
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Oklahoma Rest of U.S. 

0.00316 
0 .01963 
0.01620 

0.01876 
0.01675 
0 .00909 
0 .02198 
0.02724 
0.01614 
0.01944 
0 .02564 
0.01357 
0 .01345 
0 .01487 
0.01747 

0 .01490 
0 .01294 
0 .02408 
0 .04086 
0.01484 
0.00633 
0.03249 
0.02270 
0.02643 
0.02458 
0.01105 
0.07509 
0.03689 
0.00412 

0 .0635 3 
0.07344 
0.06270 
0 .02802 
0.07569 

0.03828 
0 .02043 
0.02061 
0.00914 
0 .0211 7 
0 .005 75 
0 .006 84 
0.00131 

0.01240 
0.01396 
0.01632 

0 .01264 
0.02481 
0.02142 
0.01805 
0 .03140 
0.01926 
0.01427 
0.02289 
0 .01 705 
0.02488 
0 .00406 
0.02612 

0.01705 
0.00827 
0 .01851 
0.02786 
0.01629 
0.02901 
0.02304 
0 .02688 
0.02316 
0 .02723 
0.04897 
0.05472 
0 .03463 
0,00473 

0.04982 
0.05453 
0.07024 
0 .03340 
0 .03385 

0 .03905 
0.02393 
0.02263 
0.01016 
0 .01984 
0.00566 
0.01544 
0.01317 
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For Oklahoma, processing sectors with the highest employment-output 

ratios are trade and service related activities. They include 

amusements (sector 74); wholesale and retail trade (sector 67); business 

services (sector 71); hotel, personal and repair services, except auto 

(sector 70); and eating and drinking places (sector 72). With a one 

rn i 1 1 i o n do 1 1 a r i n c r e a s e l n o u t p u t o f t he s e s e c t o r s , em p 1 oyme nt 

increases by the following amounts: 76 persons for amusements; 75 

persons for wholesale and retail trade; 64 persons for hotels, personal 

and repair services, except auto; and 63 persons for eating and drinking 

places. For energy processing sectors, petroleum products production 

and natural gas production required nine persons and 21 persons, 

respectively, for every one million dollar increase in value of output. 

Livestock and livestock products and crops and other agricultural 

products employed 34 persons and 49 persons for every one million 

dollars of output, respectively. 

For Rest of U.S., sectors with the highest employment-output 

coefficients are similar to those of Oklahoma. Eating and drinking 

places (sector 72) employed 70 persons for every one million dollars of 

output. Wholesale and retail trade (sector 67) and business services 

(sector 71) required 55 persons for every one million dollars of 

output. Natural gas production employed 20 persons while petroleum 

products production employed 10 persons for every one million of output. 

Livestock and livestock products employed 22 persons and crops and other 

agricultural products employed 16 persons for every million dollars of 

output. 
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Income Analysis 

Income Data 

The human resource account presents an analysis of the structure of 

personal income in Oklahoma and U.S. for the period 1970-80. Income 

data were obtained from the U.S •. Department of Commerce, Survey of 

Current Business, July 1981 (109) in broad sector categories. Total 

personal income is estimated by summing wages and salary disbursement; 

other labor income; proprietors income; dividends, interest, and rent; 

and transfer payments, and subtracting personal contributions to social 

insurance. 

The structure of personal income in the U.S. between 1970-80 is 

presented in Table XV. Total personal income increased from $803,922 

million in 1970 to $2,162,936 million in 1980. Wage and salary 

disbursements increased from $541,831 million in 1970 to $1,348,179 

million in 1980. All other income categories also show substantial 

increase between 1970 to 1980. Other labor income, proprietor's income, 

property income (dividends, interest, and rent), and transfer payments 

increased about 322 percent, 95 percent, 208 percent and 267 percent, 

respectively, during this ten year period. 

Personal income per capita is defined as total personal income 

divided by total population. Per ca pi ta personal income in U.S. 

increased from $3,945 in 1970 to $9,521 in 1980, or 141 percent 

increase. 



It- 1970 

V•ae •nd a.thry ·.Uobura .... ent 541 ;1131 

Other labor income 32,480 

Propr-t!itJr 1a i1ll!o1ntt 65,904 

Divi.Jc-1\Js, interll!s~ .and 
rent 111 ,347 

Tr•nsf er paymient s 8;;,149 

l.aH: person~l contribution• 
for allcial ins&Jrance 27 ,603 

Tot.ol pt! roona l incorae 803,922 

Per c.1pi ta im:t.>ml! 3,945 

TABLE XV 

PERSONAL INCOME, UNITED STATES, 1970-80 
(MILLION DOLLARS) 

1971 1972 1971 1974 1975 1976 1977 

574,716 629,212 696 ,844 760,084 800,828 884,487 977 ,949 

36,666 43 ,007 48,815 55,817 64,489 75 ,823 88,990 

69,050 76 ,369 93,318 88,014 90, l 14 95, 154 105, I 71 

117 ,66 7 126 ,045 142,980 164,976· 176, 145 192 ,542 215,325 

94,'435 104,681 119,512 141,221 178,308 194,271 207,4'/2 

30,420 34,218 42,105 47 ,627 50, l 18 5 5, 149 60, 739 

861,904 944,852 1,058, 902 1,162,203 1,259,430 1,386, 772 1,511,768 

4,167 4,515 5,010 5,448 5,1145 6,374 6,979 

1978 

1,100,827 

102,124 

117,61) 

241,665 

2H,272 

69, 244 

I, 919, 486 

8,617 

Note: Sums may not add to total due to roundlna. 

Sourcia: u. s. Department of Conwncrce, Surver: of Current Busines1 1 Reviied State Personal Income Data 1969-80, July 1981. 

1979 19111) 

I ,2JI ,841, I, 148, I 79 

118, 5 52 111,058 

111,515 128,765 

288,760 142' 5 Ill 

249, 192 294. 240 

80, 181 87. 370 

1,919,486 2,162,91~ 

8,617 9. 5 21 
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The structure of personal income in Oklahoma between 1970 and 1980 

is presented in Table XVI. Total personal income increased from $8,565 

million in 1970 to $27,645 million in 1980, or 222.8 percent increase. 

Wage and salary disbursement increased substantially from $5,307 million 

in 1970 to $16,279 million in 1980, or 206.7 percent increase. Almost 

al 1 categories of personal income show a substantial increase every year 

from 1970 to 1980. Other labor income increased from $318 million in 

1970 to $1,649 million in 1980. Proprietors' income increased from $949 

million in 1970 to $2,400 million in 1980. However, proprietors' income 

declined in 1971, 1974, 1975 and 1980. Dividends, interest, and rent 

increased from $1,201 million in 1970 to $4,478 million in 1980. Per 

ca pi ta income in Oklahoma was slightly less than that for the U. s. Per 

capita personal income in Oklahoma increased from $3,337 in 1970 to 

$9,116 in 1980, or 173 percent increase. 

Income by Input-Output Sector 

Labor and proprietors' income was used to allocate income into 81 

input-output sectors of Oklahoma and the Rest of U.S. for the purpose of 

economic impact analysis. Data of the Department of Commerce (109) 

distribute labor and proprietors' income by broad industrial 

classifications for both Oklahoma and U.S. from 1969 to 1980. This data 

source includes both wage and salary disbursement and other labor 

income. The 1970 payroll and proprietors' income by input-output sector 

of Schreiner et al. (95) was used to allocate the 1977 labor and 

proprietors' income for both Oklahoma and the U.S. Labor and 

proprietors' income by input-output sector for Rest of U.S. was obtained 

by subtracting Oklahoma income from that of the U.S. 



;I tea 

11•1• ancl anlary d11bur .. •ent 

Other lab.a lllCo•• 

Propriet~r'• lllComM 

Divld•nd1, lnterut encl 
r~nt 

Tranofer pay•enta 

Leu: l"'roonal contribution• 
f..,r •->ciat inaiuranc• 

Tota t pc r 2101l.1i l i ncmna 

Per ca pi ta inco•e (dolleu) 

H.ite: Sum aay nut add to torel 

TABLE XVI 

PERSONAL INCOME, OKLAHOMA, 1970-80 
(MILLION DOLLARS) 

1970 1971 1972 1973 1974 197S 1976 

5,307 5,636 6,148 6,812 7,674 11,4]2 9,420 

3111 358 424 482 574 6118 1110 

949 946 1,117 1,49) l,323 1,319 1,425 

1,201 1,312 . l ,lll l,UI 2,001 2,!69. 2,402 

1,019 l,176 1,290 1,484 1,777 2,193 2,42) 

284 326 353 . 455 4911 543 ·602 

11,565 9,158 10,024 11,542 12,954 14,1911 16,051 

l,337 l,498 3,772 4,284 4,741 5,194 5,685 

due to roun•ll na. 

1977 

10, 597 

960 

1,638 

2,887 

'2,615 

. 686 

18, 158 

6,ll6 

Soor.;I!!: u. s. Dep.a rt1aent of Conuuerce. Survev of Current llu1iu11, llvloed 9tata Peuonal lncom1 

1978 1979 1980 

12, 197 14,001 16,279 

1,1 H 1,)60 1,649 

2,028 2,572 2,400 

l,296 ),848 4,478 

2,1120 l, 197 1,'187 

802 948 1,01~ 

20,824 24,21l7 27 ,645 

7,148 
, 

8,150 9, 11'1 

196!}-80, July 1981. 
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The d i s t r i b u t i o n o £ 1 9 7 7 la b o r a n d pr o p r i e t o r s ' t n c om e by 

input-output sector for Oklahoma and Rest of U.S. are presented in Table 

XVI I. In 1977, total labor and proprietors' income :i.n Oklahoma was 

$13,195 million or 72.6 percent of total personal income. Wage and 

salary disbursement and other labor income was $11,557 million or 87.6 

percent of total labor and proprietors' income. Total interindustry 

sectors generated $10,390 million or 78.7 percent of total labor and 

propreitors' income in Oklahoma in 1977. Federal government and state 

and local government has the largest share in total labor and 

proprietors' income with 21.9 percent, wholesale and retail trade is 

next with 17.4 percent. These sectors are followed by manufacturing, 

services, and energy processing with 15.9 percent, 14.7 percent and 11.3 

percent, respective 1 y. Construe t ion and transportation, communication 

and public utilities accounted for 6.9 percent and 5.1 percent of total 

labor and proprietors' income, respectively. The agricultural sector 

accounted for 2.2 percent of total labor and proprietors' income in 

Oklahoma in 1977. 

Total labor and proprietors' income in Rest of U.S. was $1,158,917 

million or 76.5 percent of total personal income in Rest of U.S. 10 

1 97 7. Wage and salary disbursement and other labor income was 

$1,055 ,382 million or 91.1 percent of total labor and proprietors' 

income in Rest of U.S. in 1977. Tota 1 interindustry sectors in Rest of 

U.S. obtained $973 ,835 million or 84.0 percent of total labor and 

proprietor income in 1977. The manufacturing sectors accounted for 25.3 

percent of total labor and proprietors' income. This was followed by 

services, federal government and state and local government, and 

wholesale and retail trade, with 17.8 percent, 17.1 percent and 



TABLE XVII 

LABOR AND PROPRIETORS' INCOME BY INPUT-OUTPUT SECTOR, 
197 7 (THOUSAND DOLLARS) 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural 

products 
3. Forestry and fishery products 
4. Agriculture, forestry and fishery 

services 

Agriculture, forestry and fisheries 

5. 
6. 
7. 
8. 

Iron and ferroalloy ores mining 
Nonferrous metal ores mining 
Stone and clay mining and quarrying 
Chemical and fertilizer mineral 

mining 

Mining except fuels 

9. New construction 
10. Maintenance and repair 

construction 

Construction 

11. 
12. 
13. 
14. 

Ordnance and accessories 
Food and kindred products 
Tobacco manufacturers 
Broad and narrow fabrics, yarn and 

th read mi 11 s 
15. Miscellaneous textile goods and 

floor coverings 
16. Apparel 
17. Miscellaneous fabricated textile 

products 
18. Lumber and wood products, except 

containers 
19. Wood containers 
20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 

Oklahoma Rest of U.S. 

130,452 

115 ,548 
3,000 

49,000 

2 98 ,000 

0 
1,221 

18, 773 

6 

20,000 

805 ,596 

107 ,404 

913,000 

241 
205,000 

0 

3 ,647 

13,353 
76,194 

12 ,806 

44,977 
3,023 

15,320 
8 ,680 

21 ,954 
13 ,046 

111 ,000 

7,268,200 

20 ,36 7 ,800 
964 ,000 

3,910,000 

32,510,000 

465,288 
1,194,978 
1,478,200 

385 ,534 

3 ,5 24 ,000 

59,373,533 

8,601,447 

67,975,000 

3,325,810 
23,753,000 

1,136,000 

7 ,6 70 ,258 

1,689,742 
7, 992 ,308 

2, 907 ,692 

8,983,747 
456 ,253 

3,393,421 
1,699,579 

7 ,906 ,208 
3 ,640, 792 

15,714,000 

157 

u. s. 

7,398,652 

20 ,483 ,348 
96 7 ,000 

3,959,000 

32 ,808 ,000 

465,288 
1'196 ,199 
1,496,973 

385 ,540 

3,544,000 

60 ,179,149 

8, 708, 851 

68,888,000 

3,326,051 
23,958,000 
1,136,000 

7,673,905 

1,703 ,095 
8,068,502 

2,920,498 

9,028,724 
459,276 

3 ,408, 741 
1,708,259 

7, 928, 162 
3,653,838 

15,825,000 



TABLE XVII (Continued) 

Input-Output Sector 

25. Chemicals and selected chemical 
products 

26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet 

preparations 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic 

products 
31. Leather tanning and finishing 
32. Footwear and other leather 

products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel 

manufacturing 
36. Primary nonferrous metal 

manufacturing 
37. Metal containers 
38. Heating, plumbing and structural 

metal products 
39. Screw machine products and 

stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and 

equipment 
46. Special industry machinery and 

equipment 
47. General industrial machinery and 

equipment 
48. Miscellaneous machinery, except 

electrical 
49. Office, computing and accounting 

machines 
50. Service industry machines 
51. Electric industrial equipment and 

apparatus 
52. Household appliances 
53. Electric lighting and wiring 

equipment 
54. Radio, TV and corrnnunication 

equipment 

Oklahoma Rest of U.S. 

42,661 
462 

4 ,5 25 
7 ,352 
7J1 75 

139,000 
12 

3,988 
71 ,494 
74,506 

45,486 

36,514 
1 ,490 

224 ,5 79 

13 ,348 
5 7 ,583 

423 
12, 920 

222,365 

5 ,446 

5 ,011 

17,767 

88,065 

3 8, 2 93 

6,567 
27J143 

18,228 
1 ,932 

313 

149 J 95 7 

9 ,869 ,831 
4,034,456 

4,965,754 
1,653 '95 9 

712,473 

9,767,000 
332,375 

1,930,625 
2 ,640 ,281 
7 ,5 21 J 719 

13 ,447 ,859 

11 ,043 ,141 
1,408J558 

7 ,148 ,598 

4,318,235 
7 ,389,609 
2 ,871 ,643 
3,236,652 
4,421,487 

1,894,931 

6 ,631J964 

3,880,717 

7J183J1 72 

3,704,280 

4,755,466 
3,168,431 

4,714,691 
2,234,529 

1 ,83 8 J 1 71 

9,817,091 

158 

u. s. 

9,912,492 
4,034,918 

4,970,279 
1 ,661 ,311 

719,648 

9,906,000 
332 ,337 

1,934,613 
2,711,775 
7 ,5 96 ,225 

13 ,493 ,345 

11 ,079 ,655 
1,410,048 

7,373,177 

4,331,583 
7,447,192 
2,872 ,066 
3 ,249,572 
4 ,643 ,85 2 

1, 900 ,3 77 

6,636,975 

3,898,484 

7,271,237 

3 J 742 ,573 

4,762,033 
3,195,574 

4,732,919 
2,236,461 

1 ,838,484 

9,967 ,048 
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TABLE XVII (Continued) 

Input-Output Sector 

55. Electronic components and 
accessories 

56. Miscellaneous electrical machinery 
and supplies 

57. Motor vehicles and equipment 
58. Aircrafts and parts 
59. Other transportation equipment 
60. Scientific and controlling 

instruments 
61. Optical, ophthalmic and photo 

equipment 
62. Miscellaneous manufacturing 

Manuf<;1cturing 

63. 
64. 

65. 
66. 

Transportation and warehousing 
Communications, except radio and 

TV 
Radio and TV broadcasting 
Water supply and sanitary services 

Transportation, conununication and 
utilities 

67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 

Finance, insurance and real estate 

70. Hotels; personal and repair 
services except auto 

71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social 

services and non profit org. 

Services 

76. Fede ra 1 government enterprises 
77. State and local government 

enterprises 

Government enterprise 

Oklahoma Rest of U.S. 

3,326 

2,244 
6 7 ,000 

103,865 
27,135 

12,562 

8 ,438 
21 ,000 

3,969,979 

1,277'796 
23,335,000 
11 '786 ,225 

5 '977, 775 

6'188' 85 3 

3,305,147 
4,999,000 

u. s. 

3,973,305 

1 ,280 ,040 
22,402,000 
11,890 ,090 
6,004,910 

6,201,415 

3 ,313 ,585 
5,020,000 

2,099,416 299,646,283 301,745,699 

401 ,000 

221 , 124 
29,876 
19' 973 

671,973 

2,294,000 
513 ,627 
138,373 

652,000 

173,000 
151 ,362 

94,500 
46'138 
44,000 

1,294 ,000 

49,556,000 

20, 989' 96 9 
2,528,031 
1,244,492 

74,318,492 

193 ,028 ,ooo 
50,913,416 
14,509,584 

65,423,000 

14,959,000 
1 7 ,505 ,5 36 
19,767,627 

6 '943 ,83 7 
7,900,000 

123 ,086 ,ooo 

49' 95 7 ,000 

21,211 ,093 
2,557,907 
1,264,465 

74 '990 ,465 

195 ,322 ,000 
51,427,043 
14,647,957 

66,075,000 

15,132,000 
17 ,656 ,898 
19,862'127 
6,989,975 
7,944,000 

124 • 3 80 '000 

1,803,000 190,162,000 191,965,000 

107, 726 8,551,008 8 ,658, 734 

42,956 7 ,477 ,85 2 7 ,5 20 ,808 

150, 682 16,028,860 16 ,179,542 
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TABLE XVII (Continued) 

Input-Output Sector 

78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and Hydropower 

Energy producing 

Total Interindustry 
Private Household 
Federal Government 
State and Local Government 

Total Labor and Proprietors' 
Income 

Oklahoma Rest of U.S. 

549,452 
791 ,539 

28,000 
118' 861 

1 ,487 ,85 2 

10,389,923 
6 7 ,000 

1,151 ,306 
1 ,586 '771 

13,178,659 
5,256,660 
5 ,453 ,000 
7,330,716 

31,219,035 

973 ,834,6 70 
4,713,929 

55,331,803 
125 ,036 ,5 98 

u. s. 

13,728,111 
6,048,199 
5,481,000 
7 ,449,577 

32,706,887 

984,224,593 
4 '780 '92 9 

56,483,109 
126 ,623 ,369 

13,195,000 1,158,917,000 1,172,112,000 

Source: U.S. Department of Commerce, Survey of Current Business, Revised 
State Personal Income 196 9-80, July, 1981. 
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16.8 percent, respectively. Transportation, communication, and public 

utilities, and construction sectors accounted for 6.5 percent and 5.9 

percent respectively. Energy processing sectors and agricultural sectors 

had 2.8 percent and 2.7 percent, respectively, of total labor and 

proprietor income of Oklahoma in 1977. 

Income-Output Coefficients 

Income-output coefficients show the direct income effect of a 

dollar unit change in sector total output. Income-output coefficients 

represent the household row coef fie ient s of an input-output model which 

are used in calculating income multipliers. For example, the 

income-output coefficient for food and kindred products (sector 12) of 

0.12423 indicates that $124.23 of household income (labor and 

proprietors' income) is derived from each $1,000 of that sector's 

output. 

Estimates of 1977 income-output coefficients for the 81 

input-output sectors of Oklahoma and Rest of U.S. are presented in Table 

XVI I I. Income-output coefficients were derived by dividing total labor 

and proprietors' income by the corresponding sector total output. For 

Oklahoma, sector·s with high income-output coefficients are health, 

educational and social services, and non-profit organization (sector 

75), wholesale and retail trade (sector 67), and communications, except 

radio and TV (sector 64). Health, educational and social services and 

nonprofit organizations (sector 75) obtained 64.86 cents as income from 

every one dollar of output, while wholesale and retail trade (sector 67) 



TABLE XVIII 

INCOME OUTPUT COEFFICIENTS, 1977 
(INCOME PER IOLLAR OUTPUT 

IN 1 977 DOLLARS ) 
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Input-Output Sector Oklahoma Rest of U.S. 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

th read mills 
15. Miscellaneous textile goods and 

floor coverings 
16. Apparel 
17. Miscellaneous fabricated textile products 
18. Lumber and wood products, except containers 
19. Wood containers 
20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paper board containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural metal 

products 
39. Screw machine products and stamping 

0 .10825 
0,10825 
0.11809 
0.40236 

0 .17546 
0. 13021 
0.00052 
0.41440 
0.25394 
0.01611 
0 .1242 3 

0 .09465 

0 .1683 9 
0. 27779 
0.22312 
0 .1 7511 
0.43843 
0. 32145 
0.37710 

0 .1085 2 
0.28029 
0 .32196 
0.12034 
0 .143 75 
0.34270 
0.29118 
0.11715 
0 .1870 9 
0 .0016 7 
0 .31976 
0.39388 
0.26009 
0 .27655 
0.27054 
·0.11045 

0.31312 
0 .38603 

0.11606 
0. 24012 
0.27916 
0.30111 
o. 2342 7 
0.33808 
0.33439 
0.17884 
0.33219 
0. 25491 
0.32191 
0 .12030 
0.09839 

0.24060 

0.18860 
0,24897 
0 .35360 
0.23127 
0 .3 7530 
0.32422 
0. 25418 

0.20328 
0.27264 
0.31663 
0.16095 
0 .19946 
0.16083 
0.24768 
0.19689 
0. 24839 
0.22759 
0.311 73 
0. 2 9130 
0. 2 9216 
0.21402 
0.27514 
0 .15124 

0.24194 
0.21328 



TABLE XVII I (Continued) 

Input-Output Sector 

40. Other fabricated metal products 
41. Engines and turbines 
42. Fann and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and equipment 
47. General industrial machinery and equipment 
48. Miscellaneous machinery, except electrical 
49. Office, computing and accounting machines 
50. Service industry machines 
51. Electric industrial equipment and apparatus 
52. Household appliances 
53. Electric lighting and wiring equipment 
54. Radio, TV and connnunication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
58. Aircrafts and parts 
59. Other transportation equipment 
60, Scientific and controlling instruments 
61. Optical, ophthalmic, and photo equipment 
62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair services 

except auto 
71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social services 

and non-profit organizations 
76. Federal government enterprises 
77. State and local government enterprises 
78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 
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Oklahoma Rest of U.S. 

0.22379 
0.01284 
0.23816 
0. 30623 
0 .16889 
0.31802 
0.15885 
0.34327 
0.34001 
0.03030 
0.28598 
0.30262 
0 .34038 
0.01871 
0. 2285 7 
0 .06805 

0 .125 72 
0. 25047 
0.41269 
0 .43441 
0 .26814 
0 .12383 
0.27036 
0.23972 
0.50498 
0 .3%6 7 
0.27426 
0. 64197 
0.44112 
0 .04790 

0.32656 
0 .26496 
0.13751 
0 .18764 
0.37493 

0.64859 
0 .41 768 
0. 22432 
0.18931 
0.56619 
0.26402 
0.11804 

0.24360 
0.26954 
0.27371 
0.24810 
0.36702 
0.48746 
0.42398 
0.43269 
0. 45 494 
0.27681 
0.25294 
0.30205 
0. 205 36 
0.21656 
0.33160 
0. 25 33 7 

0.13948 
0.18657 
0 .45 770 
0.37782 
0.36501 
0.26855 
0. 25 707 
0.45169 
0.48023 
0.40386 
0. 26185 
0.64874 
0. 45 761 
0 .05995 

0. 34240 
0.32460 
o. 32609 
0 .32555 
0.375 73 

0.58724 
0.56101 
0.36000 
0.28984 
0.38254 
0 .36684 
0 .33115 
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and communications, except radio and IV (Sector 64), derived 64. 20 cents 

and SU.SO cents from every one dollar of output, respectively. Among 

energy processing sectors, petroleum products production, natural gas 

production, coal production, and electricity and hydropower derived 

incomes of 18.93 cents, 56.62 cents, 26.40 cents and 11.80 cents, 

respectively for every one dollar of output. Livestock and livestock 

products and crop and other agricultural products derived 10.83 cents 

from every one dollar of output. 

For Rest of U.S., wholesale and retail trade had the highest 

income-output coefficient. Wholesale and retail trade (sector 67) 

obtained 64. 87 cents of household income for each dollar of output. 

This was followed by health, educational and social services and 

nonprofit organizations, and federal government enterprise with S8.72 

cents and 56 .10 cents respectively. Among energy processing sectors Ln 

Rest of U.S., petroleum products production and natural gas production 

had the income-output ratios with 28.98 cents and 38.2S cents for every 

one dollar of output, respectively. Coal mining and electricity and 

hydropower obtained 36.68 cents and 33.12 cents as income out of every 

one dollar of output, respectively. 



CHAPTER VI 

THE REGIONAL AND INTERREGIONAL 

ENERGY ACCOUNT 

Oklahoma has relatively abundant energy resources, primarily 

petroleum and natural gas. Energy development has been a key factor in 

the economic and social development of the state. Events during the 

decade of the 70' s appeared to have shifted the U.S. economy from a 

posit ion of abundant, low-cost energy to an outlook of possible energy 

shortages and rising energy prices. The s e e v e n t s d r a ma t i ca 11 y 

demonstrated that fossil energy reserves, including those i.n Oklahoma, 

are finite and must be husbanded with wisdom and concern for the future. 

Oklahoma's position as a major net exporter of oil and gas lends 

importance to current and future energy policy decisions. Higher energy 

prices, however, cut both ways. Future revenues to producers and to the 

state and future costs to energy users i.n the state increase the 

importance of good information on which to make policy decisions. 

The objective of this chapter is to construct an energy account for 

0 kl ah oma in a form easily integrated into an interregional input-out put 

model for the purpose of evaluating the effects of changes in energy 

prices on other regional commodity prices and on all input-output 

multipliers. The major contribution of the energy account is its 

estimated distribution of· energy utilization by input-output sector and 

165 
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basic energy source, thus recasting energy statistics into a form 

consistent with economic models composed of processing and final demand 

sectors. In this study energy sources are classified as natural gas, 

petroleum products (including gasoline, heating fuels, non-gasoline 

transportation fuels and products employed in industrial processing, 

energy-production and miscellaneous uses), coal and electricity. 

This chapter is organized into two sections. The first section 

discusses the trends in energy production, consumption, trade and prices 

in Oklahoma. An energy balance account is presented in the second 

section and gives data on energy use and production in Oklahoma for the 

base year 1977 and relates these data to the economic sectors of an 

Oklahoma input- output model. Direct energy coefficients are estimated 

for the interregional input-output model in this section. 

Trends in Energy Production, Consumption, 

Trade and Prices in Oklahoma 

Production and Consumption 

Genera 1 trends in energy production and consumption for Oklahoma 

have been assessed by the Institute for Energy Analysis, Oklahoma State 

University (79) and are presented in Figures 2 and 3. Oklahoma is a 

major fossil fuel producer, ranking fifth among states in the production 

of crude petroleum and third in the production of natural gas. But the 

production of crude oil has declined annually since 1%7. Production of 

natural gas has slightly increased since 1976. Coal production 
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Energy Production In Oklahoma 
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CRUDE OIL: Production has been declining for several 
years. The decontrol of petroleum prices in February 
1981 will result in sharply increased drilling activity, 
which will Increase production in the short run. 

NATURAL GAS: Partial decontrol of gas prices in the 
late 1970's caused'an increase in drilling and produc· 
tion. There is optimism that very large reserves of 
"deep" gas will permit greatly increased production for 
several more years. 

COAL: Oklahoma's large coal reserves remain essen
tially unexploited due to the high sulfur content of the 
coal and to its occurrence In thin seams. Eventually, 
coal will likely play a larger rote in Oklahoma's energy 
picture. 

z 
0 3,000,000 ----------1---~ 

Actual l PProj~cted ~=-
~ .. 
c .! 
Ou cc·
a. .g 
<II u 
<( -Cl 0 .. ... c 
<( 0 
cc:: 
~= 
I- :!ii 
<( -
z 

2,500,000 

2,000,000 

1,500,000 

1,000,000 

I • 
I 

/1 
I 
I 

1960 65 1970 75 1980 85 1990 

~ 25,000,000 ------------.---~ 
o Actual 
I-

~ 20,000,000 

"' !!!. 
~ 15,000,000 
i= 
0 
~ 10,000,000 
0 
cc 
~ 5,000,000 
<( 
0 
0 

? 

1960 65 1980 85 1990 

'i(JU!lCE o•v .. •OM•OE,•!lTMEN•O~ ..... u AIOIUAL 
.ESTO ... illlEO 

Source: Institute for Energy Analysis, Oklahoma State 
University (79). 

Figure 2. Trends in Energy Production in Oklahoma 
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Energy Consumption In Oklahoma 
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GASOLINE: Gasoline usage by Oklahomans dropped 
dramatically in 1980, following sharp price increases. 
Further price increases expected in 1981 and 1982 will 
likely curtail usage. The long-term effect of price in
creases is unknown. 

NATURAL GAS: The high consumption in 1978 and 1979 
was caused by very cold winters. Consumption dropped 
in 1980 due to a mild winter. Conservation efforts and 
smaller houses wi II likely moderate the rate of con
sumption increase. 

ELECTRICITY: The rate of increase in electricity con
sumption has followed a remarkably smooth pattern for 
many years. The record hot summer of 1980 caused con
sumption to be unusually high. Predicting future con
sumption trends is particularly difficult for electricity 
because of so many variables involved, such as the rate 
and type of industrial expansion. 

Source: Institute for Energy Analysis, Oklahoma State University 
(7 9). 

Figure 3. Trends in Energy Consumption in Oklahoma 
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remains uncertain due to high sulfur content of Oklahoma coal and 

whether legislation requiring conversion from natural gas to coal in 

generating electricity will hold. 

Energy consumption in Oklahoma .ts not atypical from consumption in 

other parts of the country. Higher energy prices lead to energy 

conservation. Electricity consumption, however, continues to show 

strong increases. Growth in industrial development i.s the key to 

continued expansion in state energy consumption. 

Data sources of Oklahoma energy production and consumption are 

discussed extensively 1n Hirunruk et al. Energy Data Base for 

Oklahoma by Economic Sector and Energy Source (45). 

Trade 

Estimated trends of net exports of energy from Oklahoma are shown 

for years 1965 through 1978 m Table XIX. Oklahoma's net exports of all 

energy sources currently equals approximately half of its production. 

However, the trend in net exports is declining as consumption continues 

to increase while production is decreasing. In 1977, Oklahoma produced 

2, 970. 530 trillion Bf Us and consumed 1,404.845 trillion BfUs which left 

l ,565 .685 trillion BrUs for export. - On the other hand, in 1972 Oklahoma 

produced 3,229.176 trillion BfUs and consumed only 1,168.426 trillion 

BTUs, hence left 2 ,060. 750 trillion Bf Us for export. 



Activity and Fuel 

Production 

Crude Petro2eum 
1 

Natu~al Gas 
Coal 
Electricity a~d 

Hydropower 

Total Production 

Consumption 
5 

Refined Petroleum 
Products 

Natural Gas 
Coal 
Electricity and 

Hydropower 

Total Consumption 

Export 

TABLE XIX 

OKLAHOMA ENERGY PRODLK;TION, CONSUMPTION AND TRADE, 1965-1978 
(TRILLION BTUs) 

1965 1966 196 7 1968 1969 

1,179.958 1,304.066 1,338.344 1 ,297 .013 1,303.428 
1,294. 86 8 1 ,309.469 1,518.990 1 ,581.317 1,694.813 

21.343 18. 642 18.266 24.465 40 .6 71 

44.110 48. 959 5 2. 6 23 57.806 68.984 

2,540.279 2,681.136 2,928.223 2,886.892 3,107.896 

314.167 328.885 338.676 364.656 376.641 
482.886 45 3. 268 463.758 511.855 563.123 

0.765 0.788 0.642 0.513 0 .156 

44. 768 44.911 48. 933 61. 700 71.458 

842. 586 82 7 .85 2 85 2.069 938. 724 1,011.378 

1 ,697 .693 1,853.284 2,076.154 l , 948. 168 2.096.,518 

1970 1971 

1,296.729 1,237.215 
1,833.904 1 ,846. 704 

54.066 49.43 9 

79.790 84 .191 

3,264.489 3,217.549 

400.788 403.423 
615.681 630. 541 

0.184 0.194 

71. 3 75 75 .087 

l ,088. 028 1,109.245 

2 'l 76. 461 2,108.304 



TABLE XIX (Continued) 

Activity and Fuel 1972 1973 1974 1975 1976 1977 1978 

Production 

Crude Petroleum 1,204.215 1,108. 983 1,031.153 946. 134 936.426 907 .015 872 .645 
Natural Gas 1,876.762 1,823.328 1,799.443 1,793.269 1, 770. 331 1,806.679 1,807.219 
Coal 56.014 48.487 52.583 63.099 80. 302 132.353 120 .198 
Electricity and 

Hydro power 92. 185 104,056 113 .036 113.493 119. 80 9 124.483 139. 370 

Total Production 3,229.176 3,084.854 2,996.215 2. 915. 995 2,906.868 2,970.530 2,939.432 

ConsumEtion 

Refined Petroleum 
Products 436.603 459.617 449.640 456.665 475. 948 496. 780 533.376 

Natural Gas 646. 760 625 .055 6 75. 263 684.001 775 .876 784. 897 788.830 
Coal 0.186 4.616 4. 775 0.543 1. 727 13.427 45 .472 
Electricity and 

Hydro power 84. 877 113.157 115.396 110.028 99.440 109. 741 115. 784 

Total Consumption 1,168.426 1,251.227 1,245,074 1,251.237 1,352.991 1,404.845 1,483.462 

Ex_eort 2,060.750 1.833.627 1 '7 51 • 141 1,664.758 1,533.877 1,565.685 1,455. 970 



TABLE XIX (Continued) 

Sources: 1American Petroleum Institute, Basic Petroleum Data Book, Volume 1, Number 3. 

2 
Oklahoma Tax Commission Records (Fiscal Year Basis) and Oklahoma State University, Institute 
for Energy Analysis Report. 

3 Oklahoma Department of Mines, Annual Reports and Bureau of Mines, Mineral Yearbooks. 

4Edison Electric Institute, Statistical Yearbook of Electric Utility Industry. 

5 
U.S. Department of Energy, State Energy Data Report: Statistical Tables and Technical 
Recommendation 1960 through 1978, Apri 1 1980. 
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Prices 

Data on energy prices in Oklahoma during the pa st decade are shown 

in Table XX. Trends in energy prices, as assessed by the Institute for 

Energy Analysis (79), are presented in Figure 4. Energy price changes 

are dependent on legislation and world energy prices. Since the oil 

embargo in 1973, crude oil prices rose dramatically from $3.78 per 

barrel in 1973 to $7.18 per barrel in 1974 and $25.09 per barrel in 

1980. Ga so 1 ine prices respond to changes in oil prices. Regular leaded 

gasoline increased from 37.53 cents per gallon in 1973 to 50.33 cents 

per gallon in 1974 and $1.15 per gallon in 1980. 

The part i a 1 price decontrol of natural gas has had a strong impact 

on natural gas prices since 1975. Average wellhead value of natural gas 

rose from 32 cents per thousand cubic feet in 1975 to $1.51 per thousand 

cubic feet tn 1980. 

Resident ia 1 electric prices actually declined steadily for several 

years. The recent price increases were due primarily to tncreases tn 

natural gas prices. E 1 e c t r i c i t y r a t es rose f r om 2 • 30 cents per 

kilowatt-hour in 1975 to 4.20 cents per kilowatt-hour in 1980. Rates 

are predicted to rise dramatically if all generating plants are required 

to convert from natural gas to coal by 1990, as is now the law (79). 

Recent data for crude oil and natural gas prices in Oklahoma were 

estimated from national energy price data assuming that crude oil and 

natural gas prices in Oklahoma change at the same percentage as that of 

the nation during the period 1980-82. Crude oil prices declined from 

$38.14 per barrel in 1981 to $30.09 per barrel in 1982, or 21.1 percent 

decrease. Gasoline prices fell from $1.31 per gallon in 1981 to $1.23 
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Energy Prices In Oklahoma;.-
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GASOLINE: Gasoline prices respond to increases in oil 
prices. Particularly significant are the sharp increases 
in 1974 and 1980. 

NATURAL GAS: The effect of partial price decontrol is 
evident for the years since 1975. Complete decontrol 
could cause further increases, but could also result in 
temporary surpluses, which would suppress prices. 

RESIDENTIAL ELECTRIC: Prices actually declined 
steadily for several years. The price increases were due 
primarily to increases in natural gas prices. Rates are 
predicted to rise dramatically if all generating plants 
are required to convert to other fuels by 1990, as is now 
the law. 

CRUDE OIL: The doubling of oil prices in one year (1980) 
is the most dramatic shock our economy has ever en· 
countered. Further increases will follow the decontrol 
order of President Reagan in February 1981. 
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(7 9). 

Figure 4. Trends in Energy Prices in Oklahoma 



TABLE XX 

OKLAHOMA ENERGY PRICES, 1970-1982 

Regular 
Leaded Natural Gas 4 

Year Crude Oil Gasoline at Wellhead Residential Electricity Coal 
($/bbl) (<;:/gallon) (<;:/MCF) (C,::/MCF) (C,::/Kwh.) ($/ton) 

1970 3 .19 35.07 15.6 47.5 2.28 6.27 
1971 3.40 35.07 16.3 42.7 2.26 6. 72 
1972 3.39 34. 73 16.3 44.8 2.20 7.28 
1973 3.78 37.53 18.9 50.0 2.20 7 .69 
1974 7.18 50.33 28.0 59.8 2.30 10.51 
1975 8.52 56.44 32.0 81.0 2.42 12. 96 
1976 9.19 59.46 50.2 111. 9 2. 95 17 .03 
1977 9. 98 63.74 79.0 149.4 3.27 1 7. 77 
1978 10. 90 66.70 90. 2 160.3 3.53 18. 50 
1979 15.03 72. 90 112.4 198 .o 3.74 18.69 
19805 25 .09 115 .oo 150.7 276 .o 4.20 26. 27 
19815 38.14 131. 10 185 .4 N. A. N. A. N. A. 
1982 30.09 122.90 215.0 N. A. N. A. N. A. 



Sources: 

TABLE XX (Continued) 

1 . 1 . . 1 American Petro eum Institute, Basic Petro eum Data Book, Petroleum Industry 
Statistics, Volume II, Number 3, September 1982. 

2 . f 1 . 1 . . Institute or Energy Ana ysis, Oka homa State Un1vers1ty. 

3 
Regular leaded gasoline at full service station. 

41970-74 United States Department of the Interior, Bureau of Mines~ Mineral 
Yearbook, Volume I, Metals, Minerals and Fuels. 

5 . d f . Estimate ram nattonal data. 
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per gallon in 1982, a 6.3 percent decline. Natural gas prices rose from 

$1.85 per thousand cubic feet at wellhead in 1981 to $2.15 per thousand 

cubic feet in 1982, a 16 .O percent increase. 

Oklahoma Energy Balance Account 

The energy balance account contains information on energy 

consumption by economic sector and type of energy and on production of 

energy by type. All of the energy statistics are for the benchmark year 

of 1977 and developed from secondary data. The base year 1977 is chosen 

because it is the year that the Department of Corrnnerce has conducted its 

latest Censuses and forms the base year of the input-output accounts. 

Hence most energy statistics and other related data are referred to this 

base year. 

By Major Economic Sector 

The principal data source on energy use by type is the Department 

of Energy, State Energy Data Report: Statistical Tables and Technical 

Documentation 1960 through 1978 (124). Data from the Bureau of 

Census, U.S. Department of Energy, and the U.S. Department of 

Agriculture are used for allocating total energy use by energy type to 

the input-output sectors for Oklahoma. Data on production of petroleum 

products, natural gas and bituminous coal are obtained from the 

Department of Energy, Energy Data Reports (125, 126, 127) and the 

quantity of electricity produced is obtained from The Edison Electric 

Institute (22). Physical quantities of energy are converted to British 

Thermal Units (BTUs) using the Department of Energy (128) as the source 

of the conversion factors. 
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Energy balance statements for Oklahoma in 1977 are shown in both 

physical units and BTU units, respectively, in Tables XXI and XXII. 

These data differ from Table XIX in that they show the allocation of 

energy consumption by end-use sector while data in Table XIX show only 

the aggregate consumption of energy by type. In 1977, Oklahoma produced 

2,970.530 trillion BrUs of energy and consumed 1,404.845 trillion BrUs. 

Petroleum and petroleum products and natural gas accounted for 91.3 

percent of total energy production and 91.5 percent of total energy 

consumption. Natural gas alone accounted for 61.8 percent of total 

energy produced and 54.3 percent of total energy consumed. 

About 60 percent of petroleum and petroleum products and 40 percent 

of natural gas were produced and consumed within the state. Coal 

production constituted only 4.4 percent of total energy produced and 0.9 

percent of total consumption. Only 10 percent of coal produced was 

consumed locally with the rest exported. Electricity and hydropower's 

share of total energy produced was 4.2 percent versus 7.6 percent of 

total energy consumption. About 8 8. 1 pe re e nt of electricity and 

hydropower generated was used within the state. These data on energy 

consumption indicate a strong dependence on the conventional energy 

sources of natural gas and petroleum products. 

The industrial sector consumed about 30.3 percent of total energy 

used, electricity genera ti on about 26 .3 percent and transportation about 

22.2 percent. 

percent. 

Residential and commercial sectors consumed about 21.l 

Transportation and industrial sectors dominated the consumption of 

petroleum and petroleum products at 57.l percent and 23.2 percent, 

respectively. The residential sector used 9.1 percent and the 



TABLE XXI 

OKLAHOMA ENERGY BALANCE, 1977 
(PHYSICAL UNI TS) 

Petroleum Natural Gas 
(thousand barrels) (million cu. ft.) 

Production 

Consumption by End-Use Sector5 

Residential 
Commercial 
Industrial 
Transportation 
Electric Utilities 

Total Consumption 

Balance 

156 ,382 1 

11 ,587 
8,602 

16,840 
53,129 

187 

90 ,345 

66,037 

2 
1,769,519 

86,822 
48, 25 3 

270, 721 
27,424 

333,766 

766 ,986 

1,022 ,533 

Coal Elec. & Hydropower 
(thousands. t.) (million KWH) 

2 
5 

226 
0 

438 

671 

5,307 

36,4844 

10,304 
7 ,693 
8,743 

74 
1,749 

28,563 

7,921 



Sources: 

TABLE XXI (Continued) 

1 
U.S. Department of Energy, Energy Data Report, Crude Petroleum and Natural Gas 
Liquid, 1977 Final Summary, DJE/EIA-0108(77). 

2 
U.S. Department of Energy, Energy Data Report, Natural Gas Production and 
Consumption, 1977 DOE/EIA-0131. 

3u.s. Department of Energy, Energy Data Report, Bituminous Coal and Lignite 
Production and Mine Operation, 1977, DJE/EIA-0118(77). 

4Edison Electric Institute, Statistical Yearbook of the Electric Utility Industry. 

5 f . . 1 bl d U.S. Department o Energy, State Energy Data Report: Stat1st1ca Ta es an 
Technical Documentation, 1960 through 1978, DJE/EIA-0214(78). 



. 1 
Production 

2 
Consumption by End-Use Sector 

Residential 
Connnercial 
Industrial 
Transportation 
Electric Utilities 

Total Consumption 

Balance 

TABLE XXII 

OKLAHOMA ENERGY BALANCE, 1977 
(TRILLION BTUs) 

Petroleum Natural Gas Coal 

907 .015 1,806.679 132. 35 3 

45.023 88.472 .063 
51.555 49. l 70 .117 

115.374 275.865 5.888 
283. 736 27. 945 

1.092 343.445 7.359 

496. 780 784. 897 13.427 

410.235 1,021.782 118.926 

Electricity & 
Hydro power 

124.483 

34.158 
26. 248 
29.830 
0. 251 

18.254 

109.741 

14.742 

Total 

2, 970 ,530 

168. 716 
127 .090 
426. 95 7 
311. 932 
3 70 .150 

1,404.845 

1,565.685 

Sources: 1oerived from Table XXI by using the following conversion factors to British 
Thermal Uni ts. 

Electricity energy 
Coal 
Petroleum 
Natural Gas 

= 3.412 thousand BTU/Kwh 
= 22. l 40 mi 11 ion BTU/ short ton 

5.800 million BTU/barrel 
= 1.021 thousand BTU/cu. ft. 

2u.s. Department of Energy. Energy Data Report, Statistical Tables and 
Technical Documentation 1960 through 1978, OOE/EIA-0214(78). 
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commercial sector consumed 10.4 percent of total petroleum products. 

Electric utilities used only 0.2 percent of total petroleum products 

consumed but dominated the consumption of natural gas at 43. 7 percent. 

The industrial sector consumed 35.1 percent of total natural gas. 

Residential, commercial, and transportation sectors used 11.2 percent, 

6.2 percent, and 3.5 percent, respectively, of the total natural gas. 

l\bout 54.8 percent of coal consumption in BTUs was used for 

generating electric utilities and 43.8 percent was used for industrial 

purposes. Residential and commercial sectors used only 1.3 percent of 

total coal consumed while the transportation sector did not use coal at 

all. 

Proportions of electricity consumption by end-use sector included: 

residential at 32.0 percent, industrial at 27.1 percent, commercial at 

23.9 percent, generating electricity and hydropower at 16.6 percent, and 

transportation at 0.2 percent. 

Petroleum sector energy balance in 1977 is shown in Table XXIII. 

Consumption of petroleum by end-use sector is presented i.n Table XXIV. 

Petroleum products were consumed mainly as motor gasoline, distillate 

fuel, LPG, asphalt and jet fuel. Motor gasoline constituted about 44.3 

pe re e nt of to ta 1 petroleum products consumption. Distillate fuel, LPG, 

asphalt and jet fuel constituted 14.9 percent, 12.9 percent, 6.1 

percent, and 4.8 percent of total petroleum products consumed, 

respectively. The transportation sector including household 

transporation was the major consumer of petroleum products, using 98.5 

percent of total motor gasoline consumed and 47.4 percent of total 

distillate fuel consumed. 



TABLE XXIII 

PETROLEUM SECTOR ENERGY BALANCE, OKLAHOMA, 1977 
.(TRILLION BTUs) 

Tri 11 ion fil' Us 

Production of Petroleum 

Consumption of Petroleum 

Aviation Gasoline 
Aspha 1 t 
Distillate Fuel 
Jet Fuel 
Kerosene 
LPG 
Lubricants 
Motor Gasoline 
Residual Oil 
Road Oil 
Other Petroleum Products 

Total Consumption of Petroleum 

Balance 

Source: Same as Table XXII. 

1.532 
30.505 
74. 385 
23.874 
1.368 

64.435 
8. 221 

220 .116 
4.155 
0.327 

6 7. 86 3 

907 .015 

496. 781 

410.234 

183 



TABLE XXIV 

CONSUMPTION OF PETROLEUM IlY END-USE SECTORS, OKLAHOMA, 1977 

Dhtl ll- Other 
Avi•tit>n •te Jet lero- 'Lubrl- Motor Reoldual Ro•d Pet rolem1 Tol•I 

Sec: tor Ga!iul ine hph•lt Fuel Fuel oene 'LPG cant• Gasoline Oil Oi 1 Product• P.?"tro1eulll/i 

Resident Id 0.280 0.856 ftl.888 !t5.024 

co ... ercial J0.505 IJ. 701 4.876 l.480 0.666 0.]27 51. 5 55 

Jndu•t rial 24.036 0.512 14.199 3.510 1.809 3.445 67.863 115.374 

Tran1port•ti.oo 1.532 35.320 23.874 1.472 4. 711 216.827 281. 736 

!lectrlc 
Utilltlee 1.048 0.444 1.092 

total l.532 30.505 .74.385 23.874 1.368 64.435 8.221 220.116 4.155 0.327 67.863 496. 781 

Source: Same as Table XXIIT. 
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By Input-Output Sector 

Energy data and data sources from the previous sections are not 

sufficient for allocating energy consumption at the state level among 

sectors of an input-output model. Therefore, certain procedures are 

used to further disaggregate the energy consumption data as needed for 

an input-output model. 

Various data sources and allocation rules were used to distribute 

energy consumption to the more detailed input-output sectors. Some of 

the allocation procedures are arbitrary. However, in the aggregate, 

total sector energy consumption is reasonable even though the source of 

energy may at times be inconsistent with known methods of energy use. 

The allocation rules have relied only on secondary data sources and 

not primary data or field observations. Energy and U.S. Agriculture, 

1978 ( 106) and 1978 Census of Agriculture (113) were used to 

allocate energy consumption among the agriculturl sectors. 

The 1977 Census of Manufacturers: Fuels and Electric Energy Used 

for Heat and Power (116) presents data for ten manufacturing sectors 

in Oklahoma on consumption of purchased fuels and electric energy. To 

complete the allocation of energy use to all manufacturing industries in 

the input-output model, ratios from the U.S. census data on energy 

consumption were used. 

Energy consumption by the mineral industries in Oklahoma were 

collected from the 1977 Census of Mineral Industries: Fuels and 

Electric Energy Consumed (117). Energy consumption data for the 

construction sectors were collected from the 1977 Census of 

Construction Industries (114). 
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Energy consumption in Oklahoma by other sectors of the input-output 

mode 1 were estimated from gross energy consumption as described earlier 

and allocated using ratios of sector output to total output of the major 

economic sectors. 

The estimated Oklahoma energy balance statement by input-output 

sector and by energy type in billion ITTUs for the base year 1977 is 

presented in Table XXV. This energy balance statement shows the same 

net exports of each energy type as shown in Table XXI. However, this 

energy ba 1 a nc e statement has the advantage over the more aggregated 

energy balance in that it shows how each energy type was consumed by 

input-output sector of the economy. 

In 1977, total processing sectors l.n Oklahoma consumed 945,488 

billion BTUs of energy or 67.3 percent of total energy consumed in 

Oklahoma. The final demand sectors consumed 459,357 billion ITTUs or 

32.7 percent of total energy consumed. The transportation and 

warehousing sector (I-0 Sector 63) consumed 153,986 billion Hl'Us or 11.0 

percent of total energy consumed within the state. Manufacturing 

industries consumed 115,180 billion ITTUs or 8.2 percent of total energy 

used. Energy processing sectors consumed 544,421 billion ITTUs or 38.75 

percent of total energy used. 

percent of total energy used. 

Electricity genera ti on consumed 26. 3 

Petroleum products and natural gas 

p r o d u c i n g i n d u s t r i e s c o n s um e d 1 0 • · 3 p e r c e n t o f a 1 l en e r g y used. 

Agricultural, mining and construction industries consumed 71 ,052 billion 

BTUs or 5.1 percent of total energy used. 

Transportation and warehousing dominated the consumption of 

petroleum products used at 25.3 percent of total petroleum products 

used. The household industry and manufacturing industries consumed 49.0 



TABLE XXV 

ESTIMATED OKLAHOMA ENERGY BALANCE STATEMENT BY INPUT
OUTPUT SECTOR AND ENERGY TYPE, 1977 

Input-Output Sector 

1_, Lfveetock and livestock rroducte 

2. Crop and other RBrfculturel products 

3, rore11try and fi&heiy product& 

4, Agricultural, forestry anti UehPry sprvfces 

Agrlcult11r.,, Fcre&try end rt .. hr.rif!S 

5. Iron end ferroaHoy or"e mining 

6, llonferroua ""'tol ores mining 

7. Stone end cl11y mining and quarrying 

ll, C~"raf.cnl and fertilizer minerlll nlnil'g 

Mining Fxcept Fu~la 

9. New conatruction 

10. Maintenance anJ repair conatruction 

Construction 

AGRICULTURAL, MINING AND CONSTRUCTION 

11, Ordnance and accessories 

12. Food and kindred products 

13, Tobacco manuf acturere 

14. Broad end narrow fabrics, yarn, etc, 

15. Hioc, textile goods and floor covering 

16. Apparel 

17. Misc. fabricated textile product~ 

18. tumber anJ weood product, except container 

19. Wood contGinera 

(Billion BTUs) 

l'P.trcll·um 
Product a 

3,838.126 

29,904.083 

704. 718 

J, 115.038 

37,561.965 

0.0 

158. 434 

1,445.093 

303.424 

1,906.951 

12' 795. 630 

3,558.014 

16,353.644 

55,822.560 

99.156 

836.864 

o.o 
97.628 

55.2114 

115.068 . 

40.014 

749.875 

50.501 

lll\tu rnl 
Ga11 

275.670 

6,094.349 

664.473 

2,941.562 

9,977.054 

o.o 
179.066 

2113,038 

o.o 
422 .104 

l, 708. 228 

474.998 

2,183.226 

12,582.384 

350.902 

3,379.200 

o.o 
102 .400 

659.244 

76,800 

34,816 

1,521.588 

37 ,888 

Electricity 

399.204 

559.568 

fi0.2R2 

'166.459 

1,285.513 

0.0 

60.686 

266.280 

42.165 
369.131 

776. 330 

215.870 

992. 200 

2,646.844 

78.005 

1,283.936 

o.o 
99.972 

85.300 

208.132 

25.170 

428.537 

11,611 

o.o 
o.o 
o.o 
.!!.!.Q 
o.o 

o.o 
o.o: 
o.o 
.Q.,_Q 

o.o 

0.0 

0.0 

o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

Totnl 
Energy 

4. 513.000 

36,558.000 

1,430.473 

~,.Q29 

48,824.532 

o.o 
3911. !R6 

1,954.411 

_3~,_?_1!_9_ 

2,698. !Bf> 

lS,280.188 

~882 

19,529,070 

71,051. 7Rll 

528.06] 

5,500,000 

u.o 
300.000 

R00.000 

400.000 

100.000 

2,700.000 

100.000 

I-' 
00 
-...J 



TABLE XXV (Continued) 

Petroleum Natural 
Jnpu t-Output !lee tor Products Goe 

20. Household furniture 29.358 ll. 792 

21. Other furniture and fixture 27.041 102. 400 

22. Paper and allied product except container 6,210.332 9,618.431 

23. Paperboard container and boxes 158.810 570.571 

24. l'dnting and pnl>liehing 119.828 399.052 

25. Cheniicnls and selected chemical products 8,824.390 20,065.760 

26. Plastics and synthetic 11nteriale 19.380 19.355 

27. llrugs, cleaning and toilet products 76.357 27. 742 

26. Paints and allied products 29.873 51.102 

29. Paving and floor materl.ale 685.134 2,109.691 

JO. Ruhher and 11iec, plastic products 1,124.366 2,764.800 

31. l."ather tanning and finishing 71. 773 104.130 

32. Footwear and ~th~r leather prodl1cts 21.767 54 .204 

33. r.Jass and glass products 902.912 5,615.740 

34. Stone 11nd clay products 1, 170. 399 8,601. 600 
,5, l'rimary iron and steel manufacturing 637 .137 1,595.392 

36. Primary nonferrous metal manuf. 85.878 758. 784 

37. Metal containers 14.912 636.488 

38. llf':1ting, plurubtng, structure & metal products 252.407 315.073 

39. Screw machine products 394.635 632.586 

40. Other fabricated products 412.408 568.341 

41. l·:ngtnee and turbines 64.678 305.256 

42. Farm and garden machinery 60.914 110."25 

43, Construction and mining machtnP.ry 178.554 819.200 

44. Materials handling machinery amt equipment 16.905 701.277 

Electricity 

36.1150 

11.942 

1,041,217 

81i.666 

381,120 

2,089.850 

6. 240 

9.360 

16 .4 25 

67.539 

1,510,814 

9.386 

26.468 

781.348 

1,077 .510 

899. 142 

1,069.041 

22. 327 

212.520 

272. 779 

319.251 

59. 52J 

28.661 

502.246 

216.981 

·-- --· -- -- ··---·-. 

T"tal 
Colll F.n<'l·gy 

------~---·----------------- -

0.1~ 7110. 11(10 

0.0 141, JB I 

0.0 16 ,8fo9. 9fl0 

o.o R((o.047 

o.o 900.000 

o.o 11,000.000 

o.o 111,. y 7S 

o.o I lJ.4~9 

o.o .100.000 

0.0 2,882.](,f, 

0.0 5,i,(10.000 

o.o Hl5.2A9 

o.o J02.4l9 

0.0 7,100.000 

5 ,84 ... 194 16,694,70) 

186.789 3,JJll.660 

16.017 1,949. 720 

o.o 67J, /R7 

0.0 !100.1100 

o.o 1.300.000 

o.o J. 10(1, 000 

o.o 429,457 

o.n 21!0.000 

0,0 1,500.000 

0.0 J55. 16) 

I-' 
00 
00 



TABLE XXV (Continued) 

Petroleum Natural Total 
Input-Output Sector Products. Gae Electricity CoRl t:netgy 

45. l'etal working machinery and equipment 49.749 366.593 94. 566 o.d 510. 908 

46. Special industry 118chinery end equipment 56.272 238.292 50.958 o.o J45.522 

47. General industry 11achin~ry and equipment 23,565 307.200 169.235 o.o 500.000 

48. Hise, machinery except electrkal 52. 975 172.64] 74,382 o.o J00.000 

49. Office, computing, and accounting 11achinery 16.874 156.908 70.918 o.o 21,1,. 700 

50. Service industry 11achines 43.795 363.760 71. 906 o.o 479,l;/if 

51. F.lectric industrial equipment end apparatus 3. 183 56.214 40.60] o.o 100.000 

52. Household appliances 41.421 517. 795 68.672 o.o 627 .888 

53, Electric lighting end wiring equipment 48.461 299.549 56,325 o.o 404.JJS 

54. Radio, TV end connunication equipment 86.340 436.488 U0.663 o.o 6fi3,491 

55. Electronic components and accessories 67.374 316.668 151. 995 o.o 536.037 

56. Misc. electrical machinery and supplies 136.052 265. 316 66.366 o.o 4fi7.734 

57. Hotor vehicle and equipments 322.460 2,945.582 488,052 o.o 3. 7 51\. 1194 

58. Aircraft and parts 62.179 245. 346 165. 729 0.0 473.R'.ilo 

59. Other transportation equipment 126,563 325,221 83. 344 o.o 515, 134 

60. Scientific and controlling instruments 32.396 171.172 57. 313 o.o 2611.881 

61. Optical, ophalmic and photographic equipment 38.575 322.374 76.632 o.o 437.587 

62. Miscellaneous manufacturing 55.421 85.893 ~~ Q.O ___l_D_l!_,_(•Q!! . 
MANUFACTURING 24 ,898.81J 69,273.167 14,940.235 6,068.000 115 ,lH0.215 

63. Transport at ton end warehoue Ing 125,790,000 27,945.000 251.000 0.0 151,986.000 
64. r.ommunlcation, except radio and TV 9. 206 55.219 31,0. 636 o.o '•05. (1(,J 

65. Padlo and TV broadcasting 1.578 37.522 204.412 0.0 24).512 

66. Water supply end sanitary services __ l.025 137 .O~!! 163.821 0.0 ___lQ!_,_\)_0~ 

fransportatfon, Communication anti Utilities 125,801.809 28,174.799 959,869 0.0 154,936.471 

67. Wholeeale anJ retail trade 786.147 4 ,840, Rl13 5,517 .449 o.o ll.l44.4N 



TABLE xxv (Continued) 

-·----
Petroleurw Natural Total 

Input-Output Sector Products Gas Electricity Coal F.1wrgy 

68. Finance and Insurance 25.431 352.221 170.298 o.o 547.950 

ti9. Real estate and rental 65.392 907. 347 437.907 o.o .!_.!t_J.0~646 

Finance, Insurance and Real Estate 90.823 1,259.568 608.W5 o.o 1,958.596 

70. Hotels and lodging, personal and repair 
services (except auto) 78.795 1,255.077 527.659 o.o l,R61.5Jl 

71. Rusiness services 188.955 2,659.279 1,265.376 o.o 4,l IJ,610 

72. Eating. and drinking place a 245. 281 1,276.967 1,561.140 o.o J' 083. 188 

73. Automobile repair and services 69.494 962.518 465.375 o.o 1,497.387 

74. Amusements 26.044 373.830 320.448 o.o 720.327 

H. Health, educational and social services 
and non-profit organization 101.140 12,865.304 2 I 3(.1. J58 o.o _1~_1...EZ.,Jl_<_ll 

Servlces 709.709 19,392.975 6,501.356 o.o 26' 604. 01,0 

76. Federal government enterprises 132.974 9,161.855 1,462.204 o.o 10, 757. 01] 

77. State and local government enterprises ~195 7,284,733 7,263.666 o.o _11_,_(i_?_<~ '-~ 9!!_ 

f;ovcrnment Enterprise 221.169 16,446,588 2, 725.87.Q o.o !2.,}_~_,_6_22 

TRANSPORTATION, CMRllHCATION, TRADE & SERVICES 127,609.657 70, 114. 773 16,312. 749 o.o 214 '037 .179 

78. Petroleum Production 11,980. 137 80,107 .343 4. 939.829 o.o 97,027.JO<J 

79. Nat1J,£al Gas Production 12,983.235 59,313.274 3,547.527 o.o 7.5, H411.fJJ6 

BO. Coal Mining 842.470 o.o 557 .530 o.o l ,4P0.000 

81. Electricity and Hydropower 1,092.000 343 t'•45.000 18,254 .000 7.359.000 370, 150.000 --------
Energy Processing 2611197.842 482,865.617 27,298.886 ..?....159,00<! ] 4_~, 4_~ I_ .J.'!2 
TOTAL PROCESSING SECTORS 235.228.872 634,835.941 61,995.995 JJ,427 .IJOO 945,487.808 

82. Household industry 243,635.042 126, 548. ll l 34,687. 122 o.o 404 ,Rl0.275 

81. Federal government - defense 2,621.293 1,4411.214 1,107 .665 o.o S,173.172 



Input-Output Sector 

84. Federal government - nondefenee 

SS. State and local government - education 

86. State and local government - other 

Total Final Demand Sector 

TOTAL ENERGY CONSUMPTION 

ENERGY PROllUCTICll 

EXPoilT OF ENl:RCY 

TABLE XX:V (Continued) 

Petroleum Natural 
P.roducte Gae 

6,143.986 3,385.061 

3,459.609 7 ,062. 981 

5,691.198 11.620.692 

261,551,128 150 '061. 059 

496,780.000 784,897.000 

907,015.000 1,806,678.000 

410.235,000 1,021,781,000 

Total 
Electricity Coal Energy 

2,596.234 o.o 12,125.282 
I 

3,535.945 o.o 14,058.535 

5,818.039 .Q_,_Q 23,129.929 

47,745.005 o.o ill.afil.192 

109, 741. 000 13,427.000 1,404,845.nnn 

·124,483.000 132,353.000 2,970,530.000 

14,742.000 118,926.000 . 1,565,685.000 
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percent and 5.0 percent, respectively, of total petroleum products used. 

Processing sectors used 47 .4 percent and the final demand sectors 

consumed 52.6 percent of total consumption of petroleum products. 

Electricity generation was the leading natural gas consumer at 43.7 

percent. Petroleum products and natural gas producing industries 

consumed 17.8 percent of total natural gas consumed. Manufacturing 

industries consumed 8.8 percent of total natural gas used. The 

processing sectors used 80.9 percent of total natural gas consumed while 

the remaining 19. 7 percent was used by the final demand sectors. 

Manufacturing industries consumed 13.6 percent of total electricity 

while 16.6 percent was used within the electricity generating sector 

itself. Processing sectors consumed 56.5 percent of all electricity 

consumed while the remaining 43.5 percent was used by the final demand 

sectors. The household industry consumed 31.6 percent of total 

electricity consumed. 

Energy Accounts_in the Interregional 

Input-Output Model 

Energy Direct Coefficients 

Oklahoma energy balance statement by input-output sector and energy 

type as presented in Table XXV are expressed in physical units. These 

data need to be transformed into monetary units before they are 

integrated into an interregional input-output model for the purpose of 

evaluating the impacts of energy price changes. 
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Data of producers energy prices per million BrU for both Oklahoma 

and Rest of U.S. in 1977 are presented in Table XXVI. Prices of 

petroleum products were determined as the weighted average between the 

wellhead value of crude oil and the petroleum refinery product value. 

Prices of petroleum products production for both Oklahoma and Rest of 

U.S. were obtained by dividing the sum of the dollar value of crude oil 

production and the petroleum refinery products after subtracting the 

intrasectoral transaction between crude oil and petroleum refining 

sectors by the physical quantity of crude oil production. These prices 

reflect the petroleum product prices paid by all other processing 

sectors. 

Petroleum product prices were $3.20 and $2.75 per million BrU in 

Oklahoma and Rest of U.S., respectively. Natural gas prices were about 

77.38 cents per million BTU in both regions. Coal prices were 80.13 

cents and 94.70 cents per million BrU for Oklahoma and Rest of U.S., 

res pe cti vely. Electricity prices were $8 .09 per mil lion BrU in Oklahoma 

and $10.02 per million BrU in Rest of U.S. 

Estimated dollar value of energy output for Oklahoma and Rest of 

U.S. in 1977 is presented in Table XXVII. The dollar value of petroleum 

products was estimated as the sum of the dollar value of crude oil 

production at wellhead prices plus the dollar value of petroleum 

refinery products minus the dollar value of the intrasectoral 

consumption of crude oil production in Oklahoma in 1977. The dollar 

value of crude oil production was estimated as $1,578,478 thousand while 

the dollar value of petroleum refinery products and the intrasectoral 

consumption of petroleum products were estimated as $3,202,287 and 



Energy Source 

Petroleum Products 

Natural Gas 

Coal 

TABLE XXVI 

ENERGY PRICES, 1977 
($/MILLION BTU--PRODUCER 'S PRICE) 

Oklahoma 

3 .1999 

0. 7738 

0 .8013 

Electricity and Hydropower 8.0891 
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Rest of U.S. 

2.7479 

0.7738 

0.9470 

10.0234 

Source: Black and Veatch Consulting Engineers, Energy Price Projection, 
Prepared for Economic Development Administration, U.S. Department 
of Connnerce, April 1980. 

Energy Source 

Petroleum Products 

Natural Gas 

Coal 

TABLE XXVII 

DOLLAR VALUE OF ENERGY ourPur' 1977 
($1,000) 

Oklahoma 
1 

2 '902 ,346 

1,398,008 

106 ,054 

Electricity and Hydropower 1,006,955 

Source: 
1 

Computed from Tables XXII and XXVI. 

Rest of U.S. 

45 ,469,460 

13,741,389 

14,864, 725 

22,136 ,849 

2 
Compute from U.S. Department of Energy, Monthly Energy Review 
(128) and Table XXVI. 

2 
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$1,878,419 thousand, respectively. This gives the estimate of the 

dollar value of petroleum product production at $2,902,346 thousand. 

The dollar value of output of other energy processing sectors in 

Oklahoma in 1977 are estimated as follows: $1,398,008 thousand for 

natural gas; $106,054 thousand for coal, and $1,006,955 thousand for 

electricity and hydropower. The dollar value of energy output in Rest 

of U.S. was estimated as follows: $45 ,469,460 thousand for petroleum 

products, $13,741,389 thousand for natural gas, $14,864,725 thousand for 

coal and $22,136,849 thousand for electricity and hydropower. 

Oklahoma energy direct coefficients were derived by dividing the 

costs of energy consumption by input-output sector and by energy type by 

the corresponding sector total output. These energy coefficients were 

integrated into the Oklahoma direct coefficient matrix as rows 78 

through 81. Direct coefficients of energy processing sectors for Rest 

of u. S. were derived directly from U.S. direct coefficients. The direct 

energy coefficient matrix for Oklahoma in 1977 is presented in Table 

XXVIII. Each coefficient indicates the energy cost of producing one 

dollar of output of that sector. 

In Oklahoma, transportation and warehousing (sector 63) had the 

highest direct coefficient on petroleum products. Transportation and 

warehousing spent 24.06 cents for every one dollar of output. Paper and 

al lied products, except containers ranked second in petroleum product 

cost per unit of output. Paper and allied products except containers 

(sector 22) spent 9.82 cents per one dollar of output. This was 

followed by crops and other agricultural products (sector 2); forestry 

and fishery products (sector 2); and agricultural forestry and fishery 



TABLE XXVII I 

VALUE OF OKLAHOMA ENERGY CONSUMPTION PER OOLLAR OF OUTPUT, 1977 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery 

services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mil ls 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile products 
18. Lumber and wood products, except 

containers 
19. Wood containers 
20. Household furniture 
21. Other furniture and fixtures 

Petroleum 

0.01019 
0 .08965 
0 .08877 

0 .08185 

0 .07285 
0.03207 
0 .00848 
0.02106 
0 .02692 
0.02120 
0.00162 

0 .00811 

0.00223 
0 .00134 
0.00223 

0 .00934 
0.02344 
0 .001 97 
0.00376 

Natura 1 Gas 

0.00017 
0.00442 
0 .02027 

0.03057 

0.01323 
0.00130 
0.00000 
0 .00711 
0.00195 
0.01815 
0.00158 

0.00205 

0.00643 
0 .00022 
0.00046 

0 .00458 
0.00425 
0.00055 
0.00344 

Coal 

0.00000 
0.00000 
0.00000 

0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 

0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 

Electricity 

0.00332 
0.00424 
0.01919 

0.02895 

0.07054 
0.01494 
0 .02 964 
0.00323 
0.00419 
0 .04592 
0 .00629 

0 .020 97 

0.008870 
0.00614 
0.00355 

0.01349 
0 .01362 
0.00625 
0.00420 



TABLE XX VII I (Continued) 

Input-Output Sector 

22. Paper and allied products, except 
containers 

23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and alljed products 
29. Paving and roofing materials 
30. Rubber and miscellaneous plastic products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural metal 

products 
39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and equipment 

Petroleum 

0.09823 
0 .<)1092 
0 .00111 
0 .07965 
0.01930 
0 .01850 
0.00379 
0.03580 
0.00484 
0 .03190 
0.00558 
0.01592 
0.01307 
0.01240 
0.00204 
0.00355 

0.00113 
0.03652 
0 .00513 
0 .006 28 
0.00359 
0.00079 

0.00168 
0 .01013 

Natural Gas 

0.03679 
0 .00949 
0.00089 
0.04384 
0.00466 
0.00163 
0.00158 
0 .02665 
0.00288 
0.01119 
0.00336 
0 .023 94 
0.02323 
0.00751 
0.00435 
0.03651 

0.00036 
0.01416 
0.00170 
0.0071 7 
0.00158 
0.00087 

0.00243 
0.01800 

Coal 

0.00000 
0.00000 
0.00000 
0 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01635 
o. 000 91 
0.00021 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 

Electricity 

0 .04163 
0 .01506 
0.00894 
0.04769 
0.01571 
0 .005 73 
0.00590 
0.01156 
0 .01645 
0.01055 
0.01717 
0 .03482 
0.03043 
0.04423 
0.06407 
0.01339 

0.00240 
0.06381 
0.01004 
0.01461 
0.00427 
0.00559 

0.05945 
0.04855 



46. 
47. 
48. 

49. 
so. 
51. 

52. 
53. 
54. 
55. 
56. 

5 7. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 

TABLE XXVIII (Continued) 

Input-Output Sector 

Special industry machinery and equipment 
General industrial machinery and equipment 
Miscellaneous machinery, except 

electrical 
Office, computing and accounting machines 
Service industry machines 
Electric industrial equipment and 

apparatus 
Household appliances 
Electric lighting and wiring equipment 
Radio, 1V and communication equipment 
Electronic components and accessories 
Miscellaneous electrical machinery and 

supplies 
Motor vehicles and equipment 
Aircraft and parts 
Other transportation equipment 
Scientific and controlling instruments 
Optical, ophthalmic and photo equipment 
Miscellaneous manufacturing 
Transportation and warehousing 
Communications, except radio and 1V 
Radio and 1V broadcasting 
Water supply and sanitary service 
Wholesale and retail trade 
Finance and insurance 
Real estate and rental 

Petroleum 

0.00161 
0.00029 

0.00151 
0.00025 
0.00148 

0.ooo1 7 
0.01335 
0 .0092 7 
0.00042 
0 .00441 

0.02439 
0 .00386 
0 .00080 
0 .00648 
0.00221 
0.00181 
0 .00228 
0. 24056 
0.00007 
0.00007 
0.00005 
0.00070 
0.00007 
0.00007 

Natural Gas 

0.00165 
0 .000 93 

0.00119 
0.00056 
0.03100 

0 .00072 
0.00179 
0 .01385 
0.00051 
0.00501 

0 .01150 
0.0085 2 
0.00075 
0.00403 
0.00283 
0.00366 
0.00086 
0.01293 
0.00010 
0.00038 
0.00146 
0.00105 
0.00023 
0.00024 

Coal 

0.00000 
0.00000 

0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

Electricity 

0.00368 
0 .00534 

0.00534 
0 .00265 
0.00297 

0 .00545 
0 .00637 
0.02723 
0.00173 
0.02516 

0.03008 
0.01476 
0 .005 33 
0.01079 
0.00990 
0.00910 
0 .00611 
0.00121 
0 .006 29 
0 .02195 
0 .01820 
0.01249 
0 .00118 
0.00123 



TABLE XXVIII (Continued) 

Input-Output Sector 

70. Hotels; personal and repair service 
except auto 

71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, education and social services 

and nonprofit organization 
76. Federal government enterprises 
77. State and local government enterprises 
78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 

Petroleum 

0.00048 
0.00106 
0 .00114 
0 .ooo 90 
0 .00071 

0.00016 
0.00165 
0.00147 
0 .01321 
0.02972 
0.02542 
0.00347 

Natural Gas 

0.00183 
0.00360 
0.00144 
0.03166 
0.00245 

0.00499 
0.02749 
0.02944 
0.02136 
0.03283 
0.00000 
0.26392 

Coal 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00586 

Electricity 

0 .00806 
0 .01 792 
0 .01838 
0.01531 
0 .02209 

0. 0095 7 
0 .04586 
0.05338 
0.01377 
0.02052 
0 .0425 2 
0.14664 
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services (sector 4) which spent 8.97 cents, 8.88 cents, and 8.82 cents, 

respectively as petroleum products for every one dollar of output. 

Live s tock and 1 iv e stock prod u c t s ( sector 1 ) spent 1. 0 2 cents on 

petroleum products for every one dollar of output. Among the energy 

processing sectors, petroleum products, natural gas production, coal 

mining, electricity and hydropower spent l..'32 cents, 2.97 cents, 2.54 

cents, and 0.35 cents on petroleum products for every one dollar of 

out put, respectively. 

Electricity and hydropower had the highest cost of natural gas per 

unit of output in Oklahoma in 1977. Electricity and hydropower (sector 

81) spent 26.3.9 cents on natural gas for every dollar unit of output. 

Chemicals and selected chemical products (sector 25) ranked second among 

na tura 1 gas users. Chemicals and selected chemical products spent 4.38 

cents on natural gas for every one dollar unit of output. Petroleum 

products production (sector 78) and natural gas production (sector 79) 

spent 2.14 cents and 3.28 cents on natural gas for every dollar unit of 

output, respectively. 

E lee t ri city and hydropower also had the highest direct coefficient 

on electricity and hydropower. Electricity and hydropower spent 14.66 

cents on electricity and hydropower to generate one dollar of its 

output. Nonferrous metal ores mining (sector 6) and primary nonferrous 

metal manufacturing (sector 36) ranked second and third on electricity 

costs per unit of output. Nonferrous metal ores mining spent 7.05 cents 

on electricity and hydropower per one dollar of output, while primary 

nonferrous metal manufacturing spent 6.41 cents on electricity and 

hydropower. Screw machine products and stamping (sector 39) also had 
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high electricity cost per unit of output. It spent 6.38 cents on 

electricity for every dollar of output. Other sectors with high 

electricity costs were materials handling machinery and equipment 

(sector 44) and fotate and local government enterprises (sector 77), with 

5. 95 cents and 5.34 cents, respectively. Petroleum products production 

spent 1.38 cents on electricity, whiie natural gas production and coal 

mining spent 2.05 cents and 4.25 cents on electricity and hydropower, 

respectively. 

Direct energy coefficients for Rest of U.S. 10 1977 are presented 

in Table XXIX. These direct energy coefficients were obtained directly 

from 1977 U.S. technical coefficients. Processing sectors with high 

petroleum product costs in Rest of U.S. were paving and roofing material 

(sector 29), stone and clay mining and quarrying (sector 7), and 

forestry and fishery products (sector 3), with 33.21 cents, 19.04 cents, 

and 18.74 cents, respectively. Petroleum product production (sector 78) 

and electricity and hydropower (sector 81) spent 13.00 cents and 13.46 

cents on petroleum products, respectively. 

Paving and roofing material (sector 29) had the highest ratio of 

natural gas consumption per unit of output in Rest of U.S., with 17.09 

cents per dollar of output. The next highest natural gas consumers i.n 

Rest of U.S. were electricity and hydropower (sector 81), water supply 

and sanitary services (sector 66), and natural gas production (sector 

79) which spent 16.47 cents, 15.09 cents, and 10.31 cents on natural gas 

for one dollar of output, respectively. 

Coal production (sector 80) spent 22.94 cents on coal for producing 

one dollar of coal. Other processing sectors spent insignificant amount 

on coal for their production. Electricity and hydropower (sector 81), 



TABLE XXIX 

VALUE OF REST OF U.S. ENERGY CONSUMPTION PER OOLLAR nF OUTPUT, 197 7 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery 

services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New containers 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mills 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile products 
18. Lumber and wood products, except 

containers 
19. Wood containers 
20. Household furniture 
21. Other furniture and fiKtures 

Petroleum 

0 .01015 
0.04212 
0.18750 

0 .09300 
0.03192 
0.05874 
0.19036 
0.02492 
0.03078 
0.07136 
0.00783 
0 .00556 
0 .00138 

0.00507 

0.00597 
0.00608 
0.00326 

0.02830 
0.02044 
0 .00770 
0.00805 

Natural Gas 

0.00427 
0.00217 
0.00087 

0.00034 
0.03665 
0 .03988 
0.05053 
0.02538 
0.00047 
0 .000 96 
0.00599 
0.00407 
0 .0005 2 

0.00636 

0 .006 75 
0.00374 
0.00277 

0.00439 
0.00490 
0 .003 71 
0.00462 

Coal 

0.00000 
0.00001 
0.00000 

0.00000 
0.00828 
0.00072 
0.00352 
0 .00138 
0.00000 
0.00000 
0.00155 
0.00057 
0.00016 

0.00097 

0.00012 
0 .00011 
0.00048 

0.00332 
0.00000 
0.0005 7 
0.00134 

Electricity 

0.00598 
0.00305 
0 .0087 

0.01481 
0.05142 
0.05584 
() .07050 
0.03553 
0.00006 
0.00135 
0.00841 
0 .005 70 
0 .00190 

0.00889 

0.00940 
0.00523 
0.00386 

0.00616 
0.00654 
0 .005 23 
0 .00641 

N 
0 
N 



TABLE XXIX (Continued) 

Input-Output Sector 

22. Paper and allied products, except 
containers 

23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing materials 
30. Rubber and miscellaneous plastic products 
31. Leather tanning and finishing 
32. Footwear and other leather produets 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural metal 

products 
39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and equipment 

Petroleum 

0.02279 
0.01410 
0.00432 
0.o1 764 
0.01562 
0.01488 
0.02879 
0.33206 
0.00539 
0.01238 
0 .00435 
0.00876 
0.01970 
0 .01071 
0.01005 
0.00289 

0 .005 35 
0 .005 33 
0 .00618 
0 .005 05 
0 .006 82 
0.00582 

0.00519 
0 .01586 

Natural Gas 

0.01276 
0.00410 
0 .00296 
0.01826 
0 .00934 
0.00327 
0 .00268 
0 .17092 
0.00020 
0 .0036 7 
0 .00258 
0.02109 
0.01617 
0.016 71 
0.01239 
0 .00418 

0.00334 
0.00424 
0.00510 
0.00365 
0.00328 
0.03343 

0.00443 
0.00455 

Coal 

0.00931 
0.00029 
0.00020 
0.00532 
0.00388 
0.00049 
0.00000 
0.00041 
0 .0003 9 
0 .0013 7 
0.00016 
0 .00042 
0.01102 
0.03949 
i.J. 000 74 
0.00000 

0.00102 
0 .0003 9 
0.00019 
0.00028 
0.00050 
0.00038 

0.00019 
0.00022 

Electricity 

0.01788 
0 .005 74 
0.00414 
0.02283 
0.01241 
0 .0045 7 
0.00328 
0.00869 
0 .00027 
0 .00501 
0.00354 
0.02953 
0.02262 
0.02339 
0.01735 
0.00589 

0.00466 
0.00591 
0.00712 
0.00514 
0.00463 
0.00469 

0.00616 
0.00638 

N 
0 
w 



TABLE XXIX (Continued) 

Input-Output Sector 

46. Special industry machinery and equipment 
47. General industrial machinery and equipment 
48. Miscellaneous machinery, except 

electrical 
49. Office, computing and accounting machines 
SO. Service industry machines 
Sl. Electric industrial equipment and 

apparatus 
S2. Household appliances 
S3. Electric lighting and w1r1ng equipment 
S4. Radio, 'IV and communication equipment 
SS. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
S8. Aircraft and parts 
S9. Other transportation equipment 
60. Scientific and controlling instruments 
61. Optical, ophthalmic and photo equipment 
62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
6S. Radio and 'IV broadcasting 
66. Water supply and sanitary service 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 

Petroleum 

0 .01 748 
0.03937 

0.02616 
0.00310 
0.00880 

0.01206 
0.00248 
0.00317 
0.00267 
O.OOSlS 

0.00010 
0 .00293 
0.00780 
0.0138S 
0.02242 
0.006S4 
0 .01383 
0.09109 
0.00122 
o .001~os 
0.14712 
0 .Ol 9SS 
0.00696 
0.00849 

Natural Gas 

0.00421 
0 .01601 

O.OOS69 
0.00270 
0.00318 

O.OOS48 
0.003S8 
0.00364 
0.00283 
0.00445 

0.00338 
0.00195 
0.00350 
0.00470 
0.00781 
0.00250 
0.00358 
0.00488 
0.00494 
0.00825 
0.15085 
0.00855 
0.00602 
0.00359 

Coal 

0.00011 
0.00018 

0.00121 
0.0001 7 
0.00049 

0.0005 7 
0.00037 
0.00035 
0.00003 
0.00006 

0.00022 
0 .0006 7 
0.00019 
0.00051 
0 .0001 7 
0.00169 
0.00015 
0.00003 
0.00000 
0.00000 
0.091 79 
0.00000 
0.00000 
0.00002 

Electricity 

0.00593 
0 .005 81 

0.00799 
0.00379 
0.00448 

0.00766 
0 .00505 
0.00505 
0.00395 
0.006 23 

0.02625 
U.00273 
0.00491 
0.00658 
0 .01096 
0.00347 
0.00502 
0.00626 
0.00691 
0.01154 
0.14939 
0 .01197 
0.00843 
0 .00503 

N 
0 
~ 



TABLE XXIX (Continued) 

Input-Output Sector Petroleum 

70. Hotels; personal and repair service 
except auto 0.03053 

71. Business services 0 .02295 
72. Eating and drinking places 0 .00035 
73. Automobile repair and services 0.02275 
74. Amusements 0.00638 
75. Health, education and social services 

and nonprofit organization 0.01514 
76. Federal government enterprise 0.01289 
77. State and local government enterprise 0.05151 
78. Petroleum products production 0.12996 
79. Natural gas production 0.05787 
80. Coal mining 0.02724 
81. Electricity and hydropower 0 .13463 

Natura 1 Gas Coal 

0.01341 0.00065 
0.00442 0.00000 
0.00898 0.00000 
0.00386 0.00000 
0.00662 0.00000 

0.o1254 0 .00062 
0.01396 0.04259 
0.06697 0.02342 
0.01462 0 .00087 
0.10309 0.07839 
0 .0098 9 0. 22 93 9 
0.16466 0.10127 

Electricity 

0.01877 
0.00618 
0.o125 7 
0.00540 
0 .0092 7 

0.01756 
0 .0195 7 
0.09378 
0.01445 
0.13662 
0 .01359 
0.17095 

N 
0 
\Jl 
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w a t e r s u p p 1 y a ll d s a n i t a r y s e r v l c e s ( s e c t o r 6 6 ) a n d n a t u r a 1 ga s 

production (sector 79) were the tiiree highest electricity consumers rn 

Rest of U.S. Electricity and hydropower (sector 31) spent 17.10 cents 

on electricity, while water supply and sanitary services (sector 66) and 

natural gas production (sector 79) spent 14.94 cents and 13.66 cents on 

electricity and hydropower to produce one dollar of output, 

respectively. 

Energy Trade Coefficients 

Trade coefficients for the energy processing sectors of the 

interregional input-output model were estimated directly fro111 the 

Oklahoma and Rest of U.S. energy balance statements in 1977. 

From the Oklahoma energy bal.3.nce statement (Table XXV), Okahoma 

exported the followi;-ig quantities of energy to Rest of U.S. in 1977; 

410,235 billion BT!Js of petroleum products, 1,021,782 billion BfUs of 

natural gas, 113,926 billion BTUs of coal and 14,742 billion BfUs of 

electricity and hydropower. 

Energy ba 1 a nee statements by source of energy for U.S. and Rest of 

U.S. in 1977 are presented Ln Tables XXX and XXXI. Inl977,u.s. 

produced 55,181,000 billion BTUs of energy and consumed 73,532,000 

billion BTUs. Net import of U.S. energy in 1977 was 18,351,000 billion 

BTU s. After subtracting Oklahoma i~nergy product ion and consumµtion data 

from U.S. data, the following energy balance statements ·v1ere obtained 

for Rest of U.S. in 1977; 52,210,470 billion BTUs for energy production, 

72,127,155 billion ITTUs for energy consumption, and 19,916,685 billion 

BTUs for net imports. Energy production in Rest of U.S. in 1977 was as 



1. 

2. 
3. 
4. 

TABLE XXX 

ENERGY &\LANCE STATEMENT, U. S. 197 7 
(BILLION BTUs) 

Energy Source Production Consumption 

Petroleum Products 
Production 1 7 ,454 ,000 37,122,000 
Natural Gas Production 19,565,000 19,931,300 
Coa 1 15 '82 9 ,000 13 ,964,000 
Electricity & Hydropower 2,333,000 2,518,000 

Tota 1 Energy 55,181,000 73,532,000 

207 

Net Export 

-19,668,000 
-366,000 

1,865,000 
-182,000 

-18,351,000 

Source: Department of Energy, Monthly Energy Review, July 1983. 

1. 

2. 
3. 
4. 

TABLE XXXI 

ENERGY &\LANCE STATEMENT, REST OF U.S. , 1977 
(BILLION BTUs) 

Energy Source Production Consumption 

Petroleum Products 
Production 16 ,546 '985 36,625,220 
Natural Gas Production 17,758,321 19,146,103 
Coal 15 ,6 96 ,647 13,950,573 
Electricity & Hydropower 2 ,208. 51 7 2,405,259 

Total Energy 52,210,470 72,127,155 

Source: Computed from Tables XXII and XXX. 

Net Export 

-20,078,235 
-1,387,782 

1,746,074 
-196,742 

-19 '916 ,685 
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fo 11 OW S: 16,546,985 billion BTUs for petroleum products, 17,758,321 

billion BTUs for natural gas, 15,696,647 billion BI'Us for coal and 

2,208,517 billion BTUs for electricity and hydropower. The energy 

consumption 1n Rest of U.S. was estimated as follows: 36,625,220 

billion BI'Us for petroleum products, 19,146,103 billion BI'Us for natural 

gas, 13,950,573 billion BTUs for coal and 2,405,259 billion BTUs for 

electricity and hydropower. 

Estimates of the 1977 energy trade coefficients for the 

interregional input-output model are presented in Table XXXII. In 1977, 

the share of Oklahoma's energy exports to total energy consumption of 

Rest of U.S. were as follows: 1.12 percent for petroleum products, 5.'33 

percent for natural gas, 0.85 percent for coal, and 0.61 percent for 

electricity and hydropower. However, Oklahoma's energy consumption was 

largely independent of the Rest of U.S. region rn 1977. 
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TABLE XXXII 

ENERGY TRADE COEFFICIENT MATRIX, 1977 

Energy Source/ Oklahoma- Rest of U.S. - Oklahoma- Rest of u. s. -
Region Oklahoma Oklahoma Rest of U.S. Rest of u. s. 

Petroleum Products 
Production 1.00000 0.00000 0 .01120 0. 98880 

Natural Gas 
Production 1.00000 0.00000 0 .OS 336 0. 94664 

Coal 1.00000 0.00000 0.00852 0. 99148 

Electricity and 
Hydropower 1.00000 0.00000 0 .00612 o. 99388 

Source: E~timated from Tables XXII and XXXI. 



CHAPTER VII 

REGIONAL AND INTERREGIONAL MULTIPLIERS 

When evaluating public programs and policies, it is often important 

to know what effect proposed programs and policies will have on sector 

and region, tncome and/or employment. The po 1 icy analyst may be 

interested in answers to questions such as: How much additional 

regional or sector tncome will be generated by a given policy or 

program? How many regional jobs will be created? Which industries in 

the economy will be affected most? Regional and interregional 

multiplier analysis is a tool that can help answer such questions. The 

multiplier accounts not only for the effects of the spending outlined in 

the specific program, but also for the subsequent rounds of spending 

generated by the initial expenditures. 

The Keynesian multiplier ts traditionally thought of when 

considering the notion of a multiplier, This multiplier measures the 

total effect on the economy resulting from an exogenous change in 

i nve s tme nt, consumption expenditures, government spending, or foreign 

exports. It is a very aggregate measure that gives no indication of 

which industries or regions in the economy are most or least affected by 

the exogenous change. For example, the policy under investigation may 

be an attempt to stimulate a particular sector of the economy. In this 

210 
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case, the policy analyst will be interested in how output, income, and 

employment in that particular sector will be affected by a proposed 

policy. Using an input-output model, this type of detailed multiplier 

analysis can be performed. 

This chapter presents the empirical results of the regional 

economic impact analysis using an input-output model. Economic impact 

multipliers are estimated for output, income, and employment of Oklahoma 

for the base year 1977. The chapter presents estimates of both regional 

and interregional input-output multipliers. Results for the Rest of 

u. S. region are not presented but would be very similar to that of the 

U.S. as a whole. 

Methodology and Data Sources 

The methodology for calculation of output, income and employment 

multipliers was defined in Chapter III for both regional and 

interregional input-output models. The primary data for the 

input-output multiplier analysis are: regional technical coefficients 

(A), interregional input-output coefficients (B), the pattern of 

household income and consumption by each industrial sector, and the 

pattern of regional employment by input-output sector. These data 

sources are contained in Chapters IV and V. Chapter IV provides the 

data for the regional technical coefficients (A) and the interregional 

input-output coefficients (B) which are required for the calculation of 

the direct and indirect coefficients. 

To measure the induced impact from a change in final demand through 

an input-output model it is necessary to close the household sector in 
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the processing matrix. The Leontief inverse including household 

coefficients provides the direct, indirect, and induced effects of an 

exogenous change in each of the processing sectors. While the direct 

household row coefficients represent household income generated during 

the production of a dollar's worth of output by each sector, direct 

household column coefficients represent the household consumption 

pattern of a dollar's worth of household income. The data for household 

income for Oklahoma and the Rest of U.S. 1n 1977 were presented in 

Chapter V. For the purpose of regiona 1 economic impact analysis, 

household row coefficients are defined as the ratio of total labor and 

proprietor income to total sector output. 8.owever, data for household 

expenditures are not available for Oklahoma. Hence, the Oklahoma 

household expenditure column coefficients were derived from personal 

consumption expenditure coefficients of the 1977 U.S. input-output 

table. 

The final data requirements for the regional economic impact 

analysis are the employment-output coefficients. These data are defined 

as total wage and salary and proprietor employment per dollar of output. 

Output Multipliers 

Estimates of output multipliers for both regional and interregional 

models of Oklahoma in 1977 are presented in Table X.'<XIII. Type I and 

Type I I multipliers are estimated for each of the input-output models. 

Output multipliers Type I of the regional input-output model were 

estimated by summing the column entries of the direct and indirect 



TABLE XXX II I 

OUTPUT MULTIPLIERS, OKLAHOMA, 1977 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery 

services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mills 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile 

products 
18. Lumber and wood products, except 

containers 
19. Wood containers 

Regiona 1 Mode 1 
Type I Type I I 

2.69999 
l .62519 
1.62940 

2.07511 

1.57349 
1. 50686 
1. 405 25 
1. 75904 
1. 73 943 
1.64504 
2.41139 

1.40079 

1.46980 
1.71515 

1.41711 

1.65 732 
1.45492 

4.56611 
2. 73346 
2. 95 918 

5.18357 

3 .05380 
2. 716 76 
1.8241 7 
4.71066 
4.40937 
2 .56406 
4.18641 

2. 26485 

2.79653 
3.93885 

2.93310 

3 .195 74 
4.04348 

Interregional Model 
Type I Type II 

2.91963 
1. 7331 7 
1.85955 

2.25666 

l.89055 
l.69988 
1.51998 
2 .07950 
1.85 23 7 
1. 98155 
2.77933 

2.05023 

2.186 26 
2.42430 

2.01787 

2.01121 
1.71627 

6. 20699 
3.48738 
4.15029 

6. 96 763 

4.58765 
3. 74387 
2. 32894 
6. 781'54 
5.10293 
3. 92943 
6.03883 

4.38003 

5.25907 
6. 74889 

5. 2182 7 

4. 86406 
5.84988 

N 
I-' w 



TABLE XXXIII (Continued) 

Input-Output Sector 

20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
2S. Chemicals and selected chemical 

products 
26. Plastics and synthetic materials 
27. Drugs, c 1 eaning and toi 1 et pre para tions 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic 

products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
3S. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural 

metal products 
39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 

Regional Model 
Type I· Type II 

1.63848 
1.49708 

1. 91206 
1. 7995S 
1. 72940 

1.69378 
1. 71662 
1.83618 
1.64757 
1. 2790S 

1.40613 
2.42928 
l.7023S 
1.66499 
1. 79979 
l .SS394 
l.SS7S2 
1.SS76 7 

1.39228 
1.4823 7 
1.3 7389 
l .43S9S 

3.89S80 
3.89426 

3.41147 
3. 90042 
4.07816 

3.02039 
3 .08S39 
4.37856 
3.66014 
2.17907 

2.74504 
4. 28153 
3. 926 77 
4. 36 728 
3. 9628S 
3.56699 
3 .S2924 
2.84781 

3.38167 
3.90597 
2.89056 
2.07758 

Interregional Model 
Type I Type II 

2.07174 
1.86077 

2.41999 
2.49837 
2 .08074 

1. 97248 
2.24742 
2.1Sl30 
2 .3 71 70 
1. 324S 2 

1. 94022 
2.61S22 
2.13601 
1. 88 791 
2.0626 7 
2. 22954 
2 .49631 
2.47160 

2.01618 
2 .07680 
1.80940 
2 .03585 

6.06088 
5.86629 

5.49730 
6.78283 
6.05312 

4.31736 
s .04382 
6.22410 
6. 32268 
2.65131 

4.66822 
4.86862 
6.12246 
6 .04218 
5.S6678 
6.2123S 
7 .08154 
S.87816 

5.88236 
6 .48S 70 
4.70992 
4. lOOS l 



TABLE XXXIII (Continued) 

Input-Output Sector 

42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and 

equipment 
47. General industrial machinery and 

equipment 
48. Miscellaneous machinery except 

electrical 
49. Office, computing and accounting 

machines 
50. Service industry machines 
51. Electric industrial equipment and 

apparatus 
52. Household appliances 
53. Electric lighting and w1r1ng equipment 
54. Radio, TV and communication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
58. Aircrafts and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 

Regional Model 
Type I Type II 

1.51968 
1.50039 

1. 51594 
1.44562 

1.52879 

1.41 701 

1.4246 2 

1. 9326 9 
1.46344 

1.47706 
1.51160 
1.43128 
1.46590 
1.46136 

1.48550 
1. 38284 
1. 83 797 
1. 71694 
1.37836 

3.33282 
3.63138 

2.96389 
3.54327 

2.93534 

3.61021 

3.57933 

2.89053 
3.47216 

3.50250 
3.75563 
2 .07779 
3.07886 
2.23544 

2.66484 
3.08551 
4. 95969 
I+. 71649 
3 .1121 9 

Interregional Model 
Type I Type II 

2 .14331 
l. 981 78 

1. 98733 
1. 78809 

1. 99716 

1.87041 

1.83560 

2.36374 
2.00466 

2.02416 
2.09318 
1.88606 
1. 82564 
1.83125 

1. 92450 
2. 94013 
1. 95484 
2 .547 98 
1.69953 

5.87196 
5.84711 

4.93887 
5.37503 

4.96322 

5. 79300 

5.63537 

5.00897 
5.80816 

5. 876 72 
6.28569 
3.60270 
4. 840 90 
3.77550 

4.38815 
5. 236 26 
6 .62160 
8.30068 
4. 731 72 

N 
f-"' 
\.Jl 



TABLE XXX I U (Continued) 

Input-Output Sector Regi ona 1 Mode 1 
Type I Type II 

61. Optical, ophthalmic, and photo 
equipment 

62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and 1V broadcasting 
66. Water supply and sanitary services 
67. Wholesale and reta.il trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair service 

71. 
72. 
73. 
74. 
75. 

except auto 
Business services 
Eating and drinking places 
Automobile repair and services 
Amusements 
Health, educational and social services 

1.45160 
l.56315 
1. 97740 
1.3 780 l 
l. 76466 
1.23945 
1.41 790 
l. 895 23 
1.30150 

1.63843 
2.12825 
2.53184 
1. 885 23 
1. 783 93 

and nonprofit organizations 1.54549 
76. Federal government enterprises 1.606 73 
77. State and local government enterprises 1.81663 
78. Petroleum products production 1.27170 
79. Natural gas production 1.32715 
80. .Co1;1. l .mining .,~_ .. l-45c12J!_. 
81.---~~-~ ty a~-~yd~i:>J'.~-~~!: __ ... ------------~_·§ill-

2. 5 7078 
3.52145 
4. 26154 
4. 21433 
4. 5 9431 
2 .8286 7 
4. 92770 
5. 25030 
2 .06 784 

3.91417 
4.71033 
4. 59055 
3.99875 
4. 43594 

5.20377 
4. 49344 
3.90459 
2 .47996 
4. 403 72 

.J ._:u __ 5-.L2---~ 
3~76027 

--~--

Interregional Model 
Type I Type II 

1. 76019 
2.06494 
2.03210 
1. 38685 
1. 95461 
1. 24783 
1.41963 
1.89648 
1 • 38901 

1. 77 845 
1.86592 
2.56105 
2.04661 
1. 94685 

1.66373 
1.61323 
1.85865 
1.28365 
1.33024 
l .50103 
1.83620 

3.92241 
5.72671 
5.32170 
5. 36092 
6.31246 
3 .46 721 
6. 29426 
6.58912 
2. 39730 

5. 22048 
5 .07606 
5 .6452 9 
5 .1506 9 
6.01211 

6.99128 
5.37006 
4.82757 
2. 99266 
5.59569 
4.05448 
4.50764 
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matrix 
-1 

(I-A) and Type II output multiplier were derived by summing 

the column entries of the direct, indirect and induced matrix 

-1 
(I-AH) • On the other hand, output multipliers Type I of the 

interregiona 1 input-output model were derived by summing the column 

entries of 
-1 

the interregional direct and indirect matrix (I-B) and 

Type II output multipliers were derived by summing the column entries of 

the interregional direct, indirect and induced matrix (I-BH)-1• 

Output multi plier Type I shows the total change in output from all 

sectors re·-s-t:J-J:.-ti.n_g from a dollar chang<;! in _finJt.L~emand for the product 
---~-~··-~---.. ' ..... -.. ·~·· 

of that sector. As an example, the Type I output multipliers for 
-----__ .. _..--- -~ 

Ii11estock and livestock products are 2.69999 and 2.91963 for the 

re gi o na 1 and inter reg i o na 1 input-output models, respective! y. This 

means that a one dollar change in final demand for livestock and 

li11estock products will cause a change 1n output of all sectors by $2.70 

if this impact is measured by a regional input-output model, and total 

output of all sectors will be changed by $2.92 if the impact is measured 

by the interregional input-output model. 

TyJHL IL.Q.l1t_p~t: ... 111..ultipliers include the induced effec,t ___ Jrom changes 

in tt?.J.? 1 outp.ut . rt?s.l1 ltin& from increased consumer spending. That is, 

increased final demand means increased personal consumption expenditures 

which in part are locally produced. The Type II output multipliers for 

livestock and livestock products are 4.56611 for the regional model and 

6. 206 99 for the interregional model. This means that the total output 

impact of a dollar change in final demand is $4.56 for the regional 

model and $6.21 for the interregional model. 

The interregional multipliers are generally larger than the 

regional multipliers. This is because the interregional model allows 
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the effect of interregional trade feedback to be included in its 

multipliers while the regional model does not. The interregional trade 

feedback is defined as the secondary trade effect in the output of one 

region from an increase in that same region's final demand (95). For 

example, an increase in the output of livestock and livestock products 

due to an increase in demand for beef 1n Oklahoma will lead to an 

increase in the demand for feed grains from the Rest of U.S. region, and 

the induced expansion in the export of feed grains in the Rest of U.S. 

region wi 11 have a multiplier effect on its levels of output. Increase 

in the output of feed grains in Rest of U.S. region will in turn be 

associated with an increase in the demand for petroleum products 

produced in Oklahoma. Interregional trade feedback is this secondary 

trade effect in Oklahoma from an increase 1n final demand for livestock 

and livestock products output. Since the regional model cannot measure 

the interregional trade feedback effect the multipliers are smaller than 

those of the interregional model. 

Another factor that causes the regional multiptl.ers to be smaller 

than the interregional multipliers is the structural technology 

difference. The regional model derives its technical coefficients by 

applying the location quotient technique to the national coefficients 

while the interregional model derives its technical coefficients by 

multiplying the trade coefficients to the national coefficients. The 

location quotient technique always yields smaller technical 

coefficients since it is measuring only the net effect of interregional 

trade. Hence, the direct and indirect coefficients and, in turn, the 

mu 1tip1 i er s of the ·regional model are generally lower than those of the 

interregional model. 
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The range of Type I output multipliers among input-output sectors 

of the regional model is from 1.23945 for water supply and sanitary 

services (sector 66) to 2.69999 for livestock and livestock products 

(sector 1). The rank order of highest Type I output multiliers among 

industries in the regional model is livestock and livestock product 

(2.69999); eating and drinking places (2.53184); leather tanning and 

finishing (2.42928); food and kindred products (2.41139); business 

services (2.12825); agricultural, forestry and fisheries services 

(2.07511); transportation and warehousing (1.97740); office, computing 

and accounting machine (1.93269); and paper and allied products except 

containers (1.91206). The rank order of Type I output multipliers among 

energy processing sectors of the regional model is electricity and 

hydropower (1.83613); coal mining (1.45324); natural gas production 

( 1.32715); and petroleum products production (1.27170). The Type I 

output multiplier for crops and other agricultural products is 1.62519. 

Type II output multipliers of the regional model range from 1.8241 7 

(chemical and fertilizer mineral mining) to 5.25030 (finance and 

insurance). The increase from the Type I multiplier by adding induced 

impacts differ significantly among sectors. Consequently ranking of 

Type II multipliers changed significantly from Type I multipliers. 

Ranking of the highest Type II output multipliers include finance and 

insurance (5.25030); health, educational and social services, and 

nonprofit orgnization (5.20377); agricultural, forestry and fishery 

services (5.18357); aircrafts and parts (4.95969); and wholesale and 

retail trade (4.92770). Except for chemical and fertilizer mineral 

mining (sector 8), all Type II multipliers exceed two. The rank order 

of Type II output multipliers among energy processing sectors is natural 
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gas production (4.40372); electricity and hydropower (3.76027); coal 

mining (3.21579); and petroleum products production (2.47996). Output 

multiplier Type II of livestock and livestock products and crops and 

other agricultural products are 4.56611 and 2.73346. 

Type I output multipliers of the interregional input-output model 

are larger than those of the regional model and range from 1.24783 

(water supply and sanitary service) to 2.91963 (livestock and livestock 

products). Sectors with the highest Type I output multipliers are: 

livestock and livestock products (2.91963); food and kindred products 

(2.77933); leather tanning and finishing (2.61522); eating and drinking 

places (2.56105); other transportation equipment (2.54798); paperboard 

containers and boxes (2.49837); and primary nonferrous metal 

manufacturing (2.49631). Among energy processing sectors, the rank 

order of Type I output multipliers is electricity and hydropower 

( 1. 8 3 6 20) ; coal mining (1.50103); natural gas product ion ( 1. 33024); and 

petroleum products production (1.28365). For crops and other 

agricultural products, the output multiplier Type I is 1. 73317. 

The variation in the size of Type II output multipliers among 

industrial sectors of the interregional model is larger than that of the 

re gi ona 1 mode 1. The range of Type II multi pliers in the interregional 

model 1s from 2.29730 (real estate and rental) to 8.30068 (other 

transportation equipment). The ranking of Type II multipliers also 

changed significantly from that of the regional model. Other 

transportation equipment (8.30068); primary nonferrous metal 

manufacturing (7.08154); health, educational and social services, and 

nonprofit organizations (6.99128); agricultural, forestry and fishery 

services (6.95763); new construction (6.78854); paperboard containers 
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and boxes (S. 78283); and aircraft and parts (6.62160) are among the 

highest multipliers. Type II output multipliers for livestock and 

livestock products (sector 1) and crops and other products (sector 2) 

are 6.20699 and 3.48738, respectively. The rank order of Type II output 

multipliers for the energy processing sectors differs from that of Type 

I multipliers, i.e., natural gas production (5.59569), electricity and 

hydropower (4.50764), coal mining (4.05448), and petroleum products 

production (2.99266). 

Income Multipliers 

Estimates of 1977 income multipliers for the regional and 

interregional input-output models of Oklahoma are presented in Table 

XXXIV. Type I income multipliers show the direct and indirect change in 

Oklahoma income per dollar of change 1n 1.ncome of a producing sector. 

Type II income multipliers include the induced effects of increases in 

income resulting from increased consumer spending. The Type I rncome 

multiplier for livestock and livestock products (sector 1) of the 

regional model is 3.67045 indicating that for each additional dollar of 

household income generated from livestock and livestock products output, 

a total of $3.67 in Oklahoma income 1.s generated from that sector and 

all interdependent sectors. This assumes that output from all 

interdependent sectors is over and above what was produced previously. 

The Type I I income multiplier for livestock and livestock products is 

6. 96134 and includes the induced changes in income from increased 

consumer expenditures within the state. 



TABLE XXX IV 

INCOME MULTIPLIERS, OKLAHOMA, 1977 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery 

services 
5. Iron and ferroal loy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mills 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile 

products 
18. Lumber and wood products, except 

containers 
19. Wood containers 

Regional Model 
Type I Type II 

3 .6 7045 
2 .1 7983 
2 .3 97 5 9 

1.64489 

1. 79632 
1. 97838 

a 

1.51651 
2.07091 

12.10114 
3.04209 

1. 94380 

1.67752 
1.70436 

1.44620 

1.87058 
1. 25 707 

6.96134 
4.13425 
4.54724 

3.11968 

3.40688 
3.75218 

2.87621 
3. 92 76 7 

22. 95090 
5.76959 

3 .68659 

3 .18156 
3.23247 

2.74364 

3 .54772 
2.38415 

a 

Interregional Model 
Type I Type I I 

4. 59653 
2.47543 
2. 955 72 

1.78900 

2.34162 
2 .3925 3 

a 

1. 73635 
1. 95442 

18.27559 
3. 96848 

3. 72025 

2. 76345 
2.36003 

2 .1 7751 

2.47577 
1.44203 

10.93988 
5 .85256 
7 .00084 

4.22233 

5.54726 
5.66574 

a 

4.10430 
4.62234 

43 .54759 
9.44981 

8 .86400 

6. 5 7459 
5.61054 

5 .1 7136 

5 .87542 
3.40619 

N 
N 
N 



TABLE XXX IV (Cont i nue d ) 

Input-Output Sector 

20. Household furniture 
21. Other furniture and fixtures 
22. Paper and al lied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical 

products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing material 
30 Rubber and miscellaneous plastic 

products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous meta 1 manufacturing 
37. Metal containers 
38. Heating, plumbing and structural 

metal products 
39. Screw machine products and stamping 
40. Other fabricated meta 1 products 
41. Engines and turbines 

Regional Model 
Type I Type I I 

1.49515 
1.35349 

2. 941 73 
1.59585 
1.54911 

2.34713 
2.02741 
1.57787 
1.47162 
1.63577 

1. 5 23 76 
a 

1. 4811 7 
1.46073 
1.77072 
1.54982 
1.55175 
2 .48695 

1.35272 
1. 336 76 
1.44298 

10.64353 

2.83569 
2.56701 

5.57926 
3.02667 
2.93803 

4. 45154 
3 .8451 7 
2. 9925 8 
2. 79106 
3.10239 

2. 88995 
a 

2.8091 7 
2. 77040 
3.35833 
2. 93938 
3.94302 
4.71672 

2.56556 
2.53528 
2.73673 

20 .07431 

Interregional Model 
Type I Type II 

1.88983 
1.62204 

4.29604 
2. 3185 3 
1.88181 

2.96717 
2. 94724 
1.81605 
2 .06284 
1. 73 797 

2.21562 

1. 89348 
1.62216 
2.05918 
2.19015 
2.56889 
4.65759 

1.87861 
1. 741 74 
1. 97198 

24. 15390 

a 

4.47803 
3.83582 

10.21773 
5.50970 
4.45410 

7.03110 
7.00982 
4. 2925 2 
4.89398 
4.09547 

5.25847 

4.48722 
3.83095 
4.86645 
5.19481 
6.10786 

11.10358 

4. 45431 
4.12291 
4.f:> 75 71 

57.82123 

a 

N 
N 
w 



TABLE XXX IV (Continued) 

Input-Output Sector 

42. Fann and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and 

equipment 
47. General industrial machinery and 

equipment 
48. Miscellaneous machinery except 

electrical 
49. Office, computing and accounting 

machines 
SO. Service industry machines 
51. Electric industrial equipment and 

apparatus 
S2. Household appliances 
53. Electric lighting and Wl.rtng equipment 
54. Radio, TV and communication equipment 
SS. Electronic components and accessories 
S6. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
58. Aircrafts and parts 
S9. Other transportation equipment 
60. Scientific and controlling instruments 

Regional Model 
Type I Type I I 

1.62097 
1.48164 

1.82540 
1.40439 

1. 88S 26 

1.36035 

1.34928 

6. 73064 
l.49SS3 

l .42S02 
1.40368 
7.3S79S 
1. S02S l 
2.703S5 

1.99727 
1.44739 
1.61057 
1.47015 
1.37672 

3.07431 
2.81007 

3 .46203 
2.6635S 

3.57556 

2.S8003 

2.S5902 

12. 76S26 
2.83640 

2.70268 
2.66221 

13. 9SSOO 
2 .84963 
S.127S3 

3. 78800 
2.74Sl0 
3.05460 
2.78828 
2 .61107 

Interregional Model 
Type I Type II 

2.37425 
1. 91972 

2 .65015 
1. 72140 

2.82616 

1. 740S l 

1. 70309 

13. 13330 
2.02296 

1. 93 73 7 
1.87509 

13.83241 
2.00716 
4.32449 

2.97329 
2.00086 
1. 72541 
2.01279 
1. 72539 

5.64299 
4.5S311 

6. 29888 
4 .07247 

6.72638 

4.1236S 

4.03339 

31. 396 88 
4. 79765 

4.59290 
4.44417 

33.01902 
4.75910 

10. 29242 

7 .06404 
4. 74567 
4.08270 
4. 77599 
4.0826S 



TABLE XXX IV (Continued) 

Input-Output Sector 

61. Optical, ophthalmic, and photo 
equipment 

62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair service 

except auto 
71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social services 

and nonprofit organizations 
76. Federal government enterprises 
77. State and local government enterprises 
78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 

Regional Model 
Type I Type II 

1.92434 
1.54221 
2.02873 
1.19588 
1.51884 
1.23376 
1.16406 
1.61939 
2. 861 77 

1.483 76 
1.77486 
3.18758 
2 .39823 
1 .50603 

1. 20092 
1.42563 
1. 98181 
1.35892 
1 .15694 
1.42138 
3.47068 

3.64967 
2.92494 
3 .84768 
2.26809 
2.88061 
2.33993 
2. 20774 
3.07131 
5.61727 

2.81408 
3.93516 
6 .04552 
4. 54845 
2.85632 

2. 27765 
2. 70384 
3. 75868 
2. 5 7731 
2 .19424 
2.695 77 
6.58246 

a 
Less than $100,000 income for Oklahoma in 1977. 

Interregional Model 
Type I Type II 

2.65333 
2.06515 
2.10595 
1. 21026 
1.68986 
1.24493 
1.16'86 9 
1.635 79 
2. 90830 

1.61499 
1.85 778 
3.40544 
2 .51813 
1.66595 

1. 26232 
1. 38332 
2 .02 93 7 
1.38720 
1.15974 
1.48230 
3.48131 

6.29703 
4.88663 
4. 96235 
2.84749 
3.97529 
2. 9282 9 
2.74806 
3.84899 
6.85564 

3 .BO 982 
4.38013 
8.086 71 
5.96870 
3.92221 

2. 97148 
3. 25449 
4. 7 8491 
3. 26568 
2. 7 2662 
3.49609 
3.18929 

N 
N 
lJ1 
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Type I income multipliers of the regiona 1 model range from 1 .15694 

(natural gas production) to 12.10114 (ordnance and accessores). There 

are seven producing sectors with Type I income multipliers exceeding 

3,0: ordnance and accessories (12.10114); engines and turbines 

(10.64353), electric lighting and wiring equipment (7.35795); office, 

computing and accounting machines (6.73064); livestock and livestock 

products (3.67045); electricity and hydropower (3.47068); eating and 

drinking places (3.18758); and food and kindred products (3,04209). 

Range of Type II income multipliers for the regional model is from 

2 .19424 (natural gas production) to 22.95090 (ordnance and accessories). 

The order of processing sectors with the highest Type II income 

multipliers is: ordnance and accessories (22.95090); engines and 

turbines (20.07431); electric lighting and wiring equipment (13.95500); 

office, computing and accounting machines (13.13300); livestock and 

livestock products (6.96134); electricity and hydropower (6.58246); 

eating and drinking places (6.04552); food and kindred products 

(5.76959); paper and allied products, except containers (5.57926); and 

real estate and rental (5.61727). 

The rank order for the energy processing sectors are the same for 

Type I and Type II income multipliers of the regional model, i.e., 

electricity and hydropower (3.47068 for Type I and 6.58246 for Type II), 

coal mining (1.42138 and 2.69577), petroleum products production 

(l.35892 and 2.57731), and natural gas production (1.15694 and 2.19424), 

respectively. 

The range of Type I income multipliers of the interregional model 

is from 1.15974 for natural gas production to 24.15390 for engines and 
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turbines. Type I sec.tor multipliers approximately equal to or are 

greater than five are: engines and turbines (24.15390), ordnance and 

a c c e s so r i es ( 1 8 • 2 7 5 5 9 ) , e 1 e c t r i c l i g h t in g and w i r in g e q u i pme nt 

(13.83421); office computing and accounting machine (13.13330); and 

livestock and livestock products (4.59653). 

The induced impacts on income multipliers from the interregional 

model vary among industries. The range of Type II multipliers is from 

2. 72662 (natural gas production) to 57.32123 (engines and turbines). In 

addition t.o engines and turbines, sectors with large Type II income 

mu 1 ti pliers are: ordnance and accessories (43 .54759); electric lighting 

and wiring equipment (33.01902); office, computing and accounting 

machines (31.39688); metal containers (11.10358); livestock and 

livestock products (10.93988); electronic components and accessories 

(10.29242); and paper and allied products, except containers (10.21773). 

The rank order of income multipliers for the energy processing sectors 

is electricity and hydro power (8.18929); coal mining (3.49609); 

petroleum products production (3.26568); and natural gas production 

(2.72662), respectively. 

Employment Multipliers 

Estimates of Type I and Type II employment multipliers for Oklahoma 

in 1977 from both a regional and an interregional input-output model are 

presented in Table XXXV. These employment multipliers were computed 

using the 1977 emp 1 oyment-output coefficients and the interdependence 

coefficients. The Type I multiplier shows the direct and indirect 

employment effect for a one unit change in the direct employment effect. 

As an example, the Type I employment multiplier for food and kindred 



TABLE XXXV 

EMPLOYMENT MULTIPLIERS, OKLAHOMA, 1977 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery 

services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New canst ruction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

th read mi 11 s 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile 

products 
18. Lumber and wood products, except 

containers 
19. Wood containers 

Regional Model 
Type I Type II 

2.15073 
1.29061 
1.80012 

1. 6 76 47 

1.4495 4 
2.01855 

a 

1. 75308 
2.02961 
1.54279 
4.31634 

1.75743 

1.61860 
1. 72423 

1.51558 

1. 92286 
1.61209 

3 .86460 
1. 79458 
3.16426 

3 .08250 

2 .6 7723 
4.05048 

3. 92836 
5 .46253 
2 .13353 
9.23259 

2. 91 794 

2.93402 
3 .15686 

2. 92 969 

3.81893 
4.58699 

a 

Interregional Model 
Type I Type II 

2.32107 
1. 2 94 72 
1. 91 772 

1.65950 

l.60032 
2.20027 

a 

1.89755 
2.13512 
1.65849 
4.83218 

2.40899 

2.15721 
2.12753 

2.01296 

2. 28014 
1.86814 

4.48525 
2.0 9948 
4.29051 

3.80285 

3.85910 
5.66606 

5.39835 
6.02977 
2.93141 

12.11219 

5.57754 

5.24004 
4. 945 78 

5.03121 

5 .83372 
6 .6585 6 

a 

N 
N 
Oo 



TABLE XXXV (Continued) 

Input-Output Sector 

20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical 

products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic 

products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural 

metal products 
39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 

Regional Model 
Type I Type II 

1.45540 
1. 49481 

3 .45 248 
1.75791 
1.67219 

3. 94272 
1.06847 
2.80644 
2 .08338 
1. 78457 

1. 85111 
a 

1.32768 
1.64026 
1.96909 
1.87387 
l. 76444 
2.17538 

1.58108 
1.29981 
l .4883 9 
4.6 9566 

2.73144 
3.31777 

7. 72724 
3.94305 
3.37923 

10.41811 
1.22158 
6.28023 
5. 2 92 74 
4.24332 

4.10826 

2.18423 
3. 9216 9 
4.47249 
4. 644 72 
4. 27268 
4. 39244 

3.89369 
2. 76 93 8 
3.10874 
9.19688 

a 

Interregional Model 
Type I Type II 

1.65561 
1.68605 

4. 5097 9 
2.31243 
1. 8.55 27 

4. 72198 
l .10426 
2.99169 
2. 71886 
l. 8305 3 

2 .38601 
a 

1.44591 
1. 75960 
2.16382 
2.47220 
2.43206 
3. 18426 

2.04926 
1.53944 
1.7824'~ 

7.54205 

3.92304 
4. 75939 

13.38616 
6. 81926 
4. 77729 

16.28162 
1.42075 
8.61108 
9.08568 
5.48133 

7 .03421 

2.99240 
5.31482 
6. 25434 
8 ,()1342 
8.33253 
9.11370 

6.58966 
4.23802 
4.91297 

22.24147 

a 



TABLE XXXV (Continued) 

Input-Output Sector 

42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and 

equipment 
47. General industrial machinery and 

equipment 
48. Miscellaneous machinery except 

electrical 
49. Office, computing and accounting 

machines 
SO. Service industry machines 
51. Electric industrial equipment and 

apparatus 
52. Household appliances 
53. Electric lighting and w1r1ng equipment 
54. Radio, 1V and communication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
5 7, Motor vehicles and equipment 
58. Aircrafts and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 

Regional Model 
Type I Type I I 

1. 76533 
1.85 704 

1.66333 
1. 70833 

2 .49824 

1.55847 

1.443 97 

2 .586 94 
1.68769 

1.57767 
a 

1. 86 926 
2.00211 
1. 76083 

1.84734 
1. 84250 
1.87420 
1.49459 
1. 81104 

3 .81292 
4.77312 

3.37434 
4. 4845 2 

5. 92774 

3. 77003 

3.19743 

3.90217 
3.97844 

3.32929 

2. 93499 
4.40592 
2.85729 

3.60197 
4. 75949 
4. 9480 9 
3.12917 
4.40108 

a 

Interregional Model 
Type I Type II 

2.22820 
2.28133 

2 .02185 
2.00750 

3.29064 

1. 85112 

1.66192 

3.08759 
2 .106 75 

1.90513 
a 

2 .38599 
2. 425 75 
2.13832 

2.24423 
2.46103 
1.97347 
1.80547 
2 .13 75 0 

6.48703 
7 .62565 

5.54945 
6. 7 9824 

10 .60 923 

5.84557 

4.78399 

6. 77145 
6.48920 

5. 27074 
a 

5. 25 395 
6. 96546 
4.63523 

5,95079 
8.16501 
6.30949 
4. 95966 
6.70894 

N 
w 
0 



TABLE XXXV (Continued) 

Input-Output Sector 

61. Ootical, ophthalmic, and photo 
equipment 

62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and 1V 
65. Radio and TV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair service 

except auto 
71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social services 

and nonprofit organizations 
76. Federal government enterprises 
77. State and local government enterprises 
78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 

a 
Less than 100 employed in Oklahoma, 1977. 

Regional Model 
Type I Type II 

3.01124 
1. 545 05 
2.03108 
1. 36511 
2 .32911 
1.40958 
1.095 77 
1. 722 92 
3.11529 

1.33350 
1. 24475 
1.4596 8 
1. 76043 
l .4082 7 

1.44311 
1. 72770 
1.87887 
1.56170 
1. 25 448 
2 .82045 
3.36282 

6.75337 
2.88122 
4. 301 72 
3 .843 91 
4. 88153 
4. 796 76 
2.23191 
3. 93895 
7.10346 

2.12762 
2.32413 
2 • .38757 
3.63256 
2. 18500 

3.56165 
4.96237 
4.27372 
4.58903 
4. 5 7611 
9.615 70 
9. 79893 

Interregional Model 
Type I Type II 

3.74815 
1.76595 
2 .05691 
1 .431 77 
2. 7646 7 
1.583 73 
l.18378 
1.87861 
3.26035 

1.35951 
1.38042 
1.52382 
1.82134 
1.49804 

1.47960 
1. 75085 
1. 97324 
1.65195 
1. 33 798 
2.89097 
3.47727 

11.05512 
4. 2896 9 
5.29260 
4.78632 
6.72070 
6.06284 
2 .63172 
4. 716 73 
8.18748 

2.56994 
2.35664 
2 .6 2627 
4. 30194 
2.69677 

4. 58554 
5. 85 35 6 
5 .1906 2 
5.82041 
5.83182 

12.81087 
12.19049 
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products (sector 12) for the regional model is 4.31634. This means that 

each person directly employed in the food and kindred products 

manufacturing sector is associated with 3.31634 additional persons 

employed in sectors interdependent with food and kindred products. 

Type II employment multipliers include the induced effect from 

changes in income resulting from increased consumer spending. That is, 

increased employment means increased personal consumption expenditures 

which in part are produced locally. The Type II employment multiplier 

of food and kindred products is 9.23259 which means the total 

employment impact from all interdependent sectors. 

Type I employment multipliers of the regional input-output model 

range from 1.06847 (plastics and synethetic materials) to 4.69566 

(engines and turbines). In addition to engines and turbines, food and 

kindred products (4.31634); chemical and selected chemical products 

( 3. 942 72); paper and allied products, except containers (3.45248); real 

estate and rental (3.11529); and optical, opthalmic, and photo equipment 

(3.01124) show high employment multipliers. Type I emp 1 oyment 

multipliers for the energy processing sectors are ranked from highest to 

lowest as electricity and hydropower (3.36282); coal mining (2.82045); 

petroleum products production (1.56170); and natural gas production 

( 1. 25448). 

Type II employment multi pliers of the regional model are from 

1.22158 (plastics and synthetic materials) to 10.41811 (chemicals and 

selected chemical products), Other sectors with high Type II employment 

multipliers are electricity and hydropower (9.79893); coal mining 

(9.61570); food and kindred products (9.2J259); engines and turbines 
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(9.19688); paper and allied products, except containers (7.72724); and 

real estate and rental (7.10346). Type II employment rnultipliers of 

other energy processing sectors are 4.58903 for petroleum products 

production and 4.57611 for natural gas production. 

Type I employment multipliers of the interregional model range from 

1. 10426 to 7.54205, while the range of Type II employment multipliers is 

from 1.42075 to 22.24147. Plastics and synthetic materials has the 

smallest multiplier and engines and turbines has the largest multiplier 

for both Type I and IL The following sectors show the highest Type I 

multipliers: engines and turbines (7.54205); food and kindred products 

(4.83218); chemicals and selected chemic-'11 products (4.72198); and paper 

and allied products, except containers (4.50979). All other sectors 

have Type I multipliers less than four. There are eight industrial 

sectors which have Type II employment multipliers exceeding ten: 

engines and turbines (22.24147); chemicals and selected chemical 

products (16.28162); paper and allied products, except containers 

(13.38616); coal mining (12.81087); electricity and hydropower 

(12.19049); food and kindred products (12.11219); optical, ophthalmic, 

and photographic equipment (11.05512); and special industry machinery 

and equipment (10.60923). The rank order of employment multipliers of 

the energy processing sectors is electricity and hydropower (3.47727 for 

Type I and 12.19049 for Type II); coal mining (2.89097 and 12.81087), 

petroleum products production (1.65195 and 5.82041), and natural gas 

production (1.33798 and 5.83182). 



CHAPTER VI II 

EMPIRICAL RESULTS OF THE INTERREGIONAL 

INPUT-OUTPUT PRICE MODELS 

Introduction 

This chapter presents the empirical results of the interregional 

input-output price model, The truncated interregional input-output 

price model is tested ustng an 81 industry, two regton, aggregation of 

the data, The industrial classifications are explained in Table VII of 

Chapter IV. Data for an 81 industry, two region input-output model are 

explained in Chapter IV. Data for energy processing sectors are taken 

from the energy accounts of Chapter VI. First, the price of petroleum 

products for 1977 was hypothetically increased by 20 percent throughout 

the United States to detennine what impacts this uniform price change 

would have on other sector prices. Prices of all other energy 

processing sectors are then increased by 20 percent, one at a time, 

throughout the entire nation to compare impacts on commodity prices. 

Fina 11 y, a 11 energy prices are assumed to increase simultaneously by 20 

percent. The truncated interregional input-output price model is also 

used to estimate impacts of actual real price changes in petroleum 

' products and natural gas in Oklahoma and Rest of U.S. between the period 

1977-81. 
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Effects of Energy Price Changes in Truncated 

Interregional Input-Output Model 
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Impacts of 20 Percent Increase in Energy Prices 

Estimated impacts of a 20 percent increase in various energy prices 

throughout the United States on other commodity prices in Oklahoma are 

presented in Table XXXVI. The results of a 20 percent increase in 

petroleum prices are presented in the first column of data in Table 

XXXVI. Transportation and warehousing (sector 63) was impacted most in 

Oklahoma with an increase of about 5.65 percent over the normalized 

price. Almost all industries in Oklahoma were affected by this 

petroleum product price change. Five other sectors i.n Oklahoma had 

price increases of more than two percent. They are paper and allied 

products, except container (sector 22); agricultural, forestry, and 

fishery services (sector 4); forestry and fishery products (sector 3); 

crops and other agricultural products (sector 2); and chemical and 

selected chemical products (sector 25). These price increases range 

between 2.12 percent and 2.76 percent. Nine other sectors had price 

increases of more than one percent. They were nonferrous metal ores 

mining (sector 6); chemical and fertilizer mineral mining (sector 8); 

livestock and livestock products (sector 1); leather tanning and 

finishing (sector 31); screw machine products and stamping (sector 39); 

paperboard containers and boxes (sector 23); stone and clay products 

(sector 34); plastics and synthetic materials (sector 26); and primary 

iron and steel manufacturing (sector 35). These price increases ranged 

from 1.01 to 1. 92 percent. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

15. 

16. 
1 7. 
18. 
1 9. 

TABLE xxxvr 

OKLAHOMA COMMODI'IY PRICE CHANGES FROM 20 PERCENT INCREASE 
IN ENERGY PRICES THROUGHOUT THE UNITED STATES 

(1977 DOLLARS) 

Petroleum 
Input-Output Sector Products Natura 1 Gas Coal 

(1) ( 2) (3) 

Livestock and livestock products 1 .0138 1.0043 1.0007 
Crops and other agricultural products 1 .0213 1.0034 1 .0004 
Forestry and fishery products 1.0215 1. 00 76 1.0006 
Agricultural, forestry and fishery services 1.0228 1.0111 1.0006 
Iron and ferroalloy ores mining 
Nonferrous metal ores mining 1.0192 1.0106 1.0011 
Stone and clay mining and quarrying 1.0094 1.0034 1.0008 
Chemical and fertilizer mineral mining 1.1089 1.0036 1.0005 
New construction 1 .0095 1.0048 1.0014 
Maintenance and repair construction l. 00 99 1.0031 1.0008 
Ordnance and accessories 1.0079 1.0089 l.0012 
Food and kindred products 1. 00 92 1.0044 1.ooo9 
Tobacco manufacturers 
Broad and narrow fabrics, yarn and 

th read mills 1.0065 1.0045 1.0008 
Miscellaneous textile goods and floor 

coverings 1.0055 1.0049 1 • 000 9 
Apparel 1.0050 1.0035 1.0006 
Miscellaneous fabricated textile products 1.0042 1..0026 l.0006 
Lumber and wood products, except containers 1. 00 93 1.0047 1.0008 
Wood containers 1. 00 95 1.0036 1.0008 

All 
Electricity Energy 

( 4) (5) 

1.0037 1.0186 
1.0027 1.0253 
1.0058 1.0317 
1.0086 1.0379 

1.01 72 l .03 98 
1.0047 1.0154 
1. 00 73 1.0265 
1.0036 1.0161 
1.0029 l .0142 
1.011 7 1.0241 
1 .0043 1.0149 

1.0066 1.0144 

1.0045 1.0124 
l.0028 1.0079 
1.0028 1.0079 
1.0048 1.0160 
1.0041 1.0150 

N 
w 
°' 



TABLE XXXVI (Continued) 

Input-Output Sector 

20. Household furniture 
21. Other furniture and fixture 
22. Paper and allied products, except containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemical and selected chemical products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Hea,ting, plumbing and structural metal 

products 
39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Farm and garden machinery 
43. Construction and mining machinery 

Petroleum 
Products 

(1) 

1.0060 
1. 005 2 
1.0276 
1 .0118 
1. 005 6 
1.0212 
1.0109 
1.0086 
1 .0086 
1.0010 
1.0059 
1.0128 
1 .0056 
1 .0086 
1.0118 
1.0101 
1.0079 
1.0086 

1.0052 
1.0120 
1.0049 
1 • 005 6 
1.0060 
1.0044 

Natural Gas 
( 2) 

1.0032 
1 .0033 
1.0143 
1.0080 
1.0036 
1.0151 
1.0070 
1.003 7 
1.005 7 
1.0070 
1. 0048 
1.0065 
1.0042 
1. 0095 
1.0103 
1.0088 
1.0107 
1.0133 

1.0038 
1.()103 
1.0036 
1.005 6 
1.0041 
1. 0039 

Coal 
( 3) 

1.0010 
1.0014 
1.0015 
1.0022 
1.0010 
1.0009 
1.0015 
1. 0008 
1.0016 
l. 0002 
1.0010 
1. 000 8 
l. 000 7 
1.0007 
1.0044 
1.0034 
1.0015 
1.0045 

1.0030 
1.0031 
1.0017 
1.0022 
1.0026 
1.0024 

Electricity 
( 4) 

1.0035 
1.0030 
1.0119 
1.oo73 
1.0044 
l . 0126 
1.0075 
1.0041 
1.0055 
1.0031 
1.0134 
1.0052 
l.0056 
1.0093 
1 .0095 
1 .o 130 
1.0186 
l.0078 

1.0040 
1.0161 
1.0046 
1.0060 
1. 0040 
1.0039 

All 
Energy 
(5) 

l. 0106 
1.0104 
l.0476 
1.0233 
1.0115 
1.042 9 
l.0214 
l . 0141 
1.0164 
1. 01 83 
1.0089 
1.0211 
1. 0126 
1.0232 
1.0303 
1.0281 
1.02 91 
1 .0280 

1.0124 
1.0336 
1.011 7 
1.0153 
1.0131 
1.0114 



TABLE XXX VI (Continued) 

Petroleum All 
Input-Output Sector . Products Natural Gas Coal Electricity Energy 

(1) ( 2) ( 3) ( 4) (5) 

44. Materials handling machinery and equipment 1.0047 1. 0071 1.0023 1.0149 1.0218 
45. Metal working machinery and equipment 1.0053 1.0089 1.0016 1.0119 1.0221 
46. Special industry machinery and equipment 1.0044 1.0038 1 .0020 1.0036 1.0106 
47. General industrial machinery and equipment 1.0042 1. 0035 1.0021 1.003 7 1.0103 
48. Miscellaneous machinery except electrical l.0044 1.0033 1.001 7 1.0036 l .<HOl 
49. Office, computing and accounting machines 1.0045 1. 0030 1.0010 1.0031 1.0089 
50. Service industry machines 1 . 0046 1. 00 94 1.0018 1.0035 1.0160 
51. Electric industrial equipment and apparatus 1.0045 1.0036 1.0016 1 .0040 1.0106 
52. Household appliances 1.0092 1.0040 1.0018 1.0159 1.016 9 
53. Electric lighting and wiring equipment 1.0056 1.0070 1.0012 1.0080 l .o l 75 
54. Radio, TV and communication equipment 1.0028 1.0020 1.0006 1.0021 1.0058 
55. Electronic components and accessories 1.0041 1.0047 1.0007 1.0130 1.0104 
56. Miscellaneous electrical machinery and 

supplies 1.0087 l. 006 9 1.ooo9 1.0206 1.0151 
5 7. Motor vehicles and equipment 1.0042 1.0050 1.0015 l.0052 1.0126 
58. Aircrafts and pa rt s 1.0036 1. 0026 1.0008 1.0032 1.0080 
59. Other transportation equipment 1.0081 1.0060 1.0028 1. 006 2 1 .0182 
60. Scientific and controlling instruments 1.0034 1.0030 1.0007 1.0038 1 .0086 
61. Ootical, ophthalmic, and photo equipment 1.0037 1.0036 1. 000 8 1 .0040 1.0095 
62. Miscellaneous manufacturing 1.0055 1.0035 1. 0011 1 .0040 1.0111 
63. Transportation and warehousing 1.0565 1. 005 8 1.0003 1.0024 1.0613 
64. Communications, except radio and TV 1.0012 1.0011 1.0001 1.0020 1.0035 
65. Radio and TV broadcasting 1.0022 1.0029 1.0002 1. 006 9 1 .0095 
66. Water supply and sanitary services 1.0012 1.0019 1.0001 1. 0041 1.005 7 
6 7. Wholesale and retail trade 1 .001 7 1.0018 1.0001 1.0033 1.0055 

N 
w 
00 



TABLE XXXVI (Continued) 

Petroleum 
Input-Output Sector Products Natura 1 

(1) ( 2) 

68. Finance and insurance 1.0018 1.0014 
69. Real estate and rental 1.0014 1. 000 7 
70. Hotels; personal and repair services 

except auto 1.0024 1.0023 
71. Business services 1.0037 1.0035 
72. Eating and drinking places 1.0060 1.0042 
73. Automobile repair and services 1.0035 1.0091 
74. Amusements 1.0031 1.0035 
75. Heal th, education and social services and 

nonprofit organization 1 .0023 1.0028 
76. Federa 1 government enterprises 1.0078 1.0095 
77. State and loca 1 government enterprises 1.0046 1.0108 
78. Petroleum products production 1.2000 1.0058 
79. Natural gas product ion 1 .0072 1. 2000 
80. Coal mining 1.006 9 1.0039 
81. Electricity and hydro power 1.0044 1. 06 24 

Gas Coal Electricity 
( 3) ( 4) 

1 .0002 1.0019 
1.0001 1.0008 

1.0003 1.0031 
1.0003 1.0054 
1.0006 1.0062 
1.0008 1.0050 
1.0002 1.0066 

1. 000 2 1.0032 
1.0002 1.0101 
1.0005 1.0123 
1 .0002 1 .0033 
1.0001 1.0048 
1. 2000 1.00 94 
1.0015 1. 2000 

All 
Energy 

(5) 

1.0043 
1.0025 

1.0065 
l .0105 
1.0133 
1.0153 
1.0106 

1.0069 
1.0233 
1.0229 
1.2000 
1.2000 
1.2000 
l.2000 

N 
w 
\.0 
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With a natural gas price increase of 20 percent, electricity and 

hydropower (sector 81) was ~npacted most in Oklahoma with an increase of 

6. 24 percent over normalized price. Nine other processing sectors in 

Oklahoma showed increases in commodity prices by more than one percent 

(column 2 of Table XXXVI). They were chemical and selected chemical 

products (sector 25); paper and allied product, except containers 

(sector 22); metal containers (sector 37); agricultural, forestry, and 

fishery services (sector 4); state and local government enterprises 

(sector 77); primary nonferrous metal manufacturing (sector 36); 

nonferrous metal ores mining (sector 6); stone and clay products (sector 

34); and screw machine products at1d stamping (sector 39). These price 

increases range from 1.03 to 1.51 percent. 

When the coal price was increased by 20 percent, prices of all 

other commodities increased by less than one percent (column 3 of Table 

XXXVI). When electricity and hydropower price was increased by 20 

percent, 11 processing sectors in Oklahoma showed price increases of 

slightly more than one percent, while all other sectors showed price 

increases of less than one percent (column 4 of Table XXXVI). These 

sectors were prunary nonferrous metal manufacturing (sector 36); 

nonferrous metal ores mining (sector 6); screw machine products and 

stamping (sector 39); materials handling machinery and equipment (sector 

44); primary iron and steel manufacturing (sector 35); chemical and 

selected chemical products (sector 25); state and local government 

enterprises (sector 77); paper and allied products, except containers 

(sector 22); metal working machinery and equipment (sector 45); ordnance 

and accessories (sector 11); and federal government enterprises (sector 

76). 
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When all energy prices were increased by 20 percent at the same 

ti.me, prices of transportation and warehousing (sector 63); paper and 

allied products, except containers (sector 22); chemical and selected 

chemical products (sector 25); nonferrous metal ores m1n1ng (sector 6); 

agricultural, forestry and fishery services (sector 4); screw machine 

products and stamping (sector 39); forestry and fishery products (sector 

3); and stone and clay products (sector 34) of Oklahoma increased most 

ranging from 3.03 to 6.13 percent (column 5 of Table XXXVI). All other 

sectors in Oklahoma also showed price increases. Prices of livestock 

and livestock products (sector 1) and crops and other agricultural 

products (sector 2) increased by 1.86 percent and 2.53 percent, 

respectively. Increases in prices of other commodities ranged from 0.25 

percent for real estate and rental (sector 69) to 2.91 percent for 

primary nonferrous metal manufacturing (sector 36). 

Impacts from a 20 percent increase in the various energy prices on 

Rest of U.S. commodity prices are presented in Table XXXVII. When 

petroleum product prices were increased by 20 percent, sectors that were 

most affected are paving and roofing materials (sector 29); stone and 

clay mining and quarrying (sector 7); water supply and sanitary services 

(sector 66); forestry and fishery products (sector 3); electricity and 

hydropower (sector 81); natural gas production (sector 79); 

agricultural, forestry and fishery services (sector 4); and 

transportation and warehousing (sector 63). The price increases ranged 

from 2.40 to 7 .48 percent. All other commodity prices increased by less 

than two percent. Livestock and livestock product prices increased by 

1.25 percent, while prices of crops and other agricultural products 

increased by 1.21 percent. 



TABLE XXX VII 

REST OF U.S. COMMODITY PRICE CHANGES FROM 20 PERCENT INCREASE 
IN ENERGY PRICES THROUGHOUT THE UNITED STATES 

( 1977 DOLLARS) 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

th read nt i 11 s 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile products 
18. Lumber and wood products, except containers 
19. Wood containers 

Petroleum 
Products 

(1) 

1 • 0125 
1.0121 
1.0412 
1.0252 
1.0149 
1. 0197 
1.0471 
1. 00 99 
1.0100 
1 .0193 
1.0056 
1.0095 
1 .0087 

1. 005 9 

1.0064 
1.0063 
1.0045 
1.0146 
1.0089 

Natura 1 Gas 
( 2) 

1. 0061 
1.0046 
1.0113 
1.0083 
1.0146 
1.016 7 
1.0254 
1.0096 
1.0047 
1.006,8 
1. 0045 
1.0055 
1. 0044 

1.0048 

1. 005 4 
l.0045 
1.0034 
1.005 9 
1.0042 

Coal 
(3) 

1.0012 
1.0008 
1.0016 
1 .0016 
1.0050 
1.0034 
1.0050 
1.0022 
1.0017 
1.0014 
1.0019 
1.0014 
1.0009 

1.0014 

1.0014 
1.0011 
1.000 9 
1.0020 
1.0012 

Electricity 
( 4) 

1.0044 
1.0026 
1.0036 
1.0062 
1.0137 
1.0151 
1.0187 
1.0090 
1.0031 
1.0032 
1.0040 
1.0043 
1.0025 

1.0042 

1.0047 
1.0039 
1.0029 
1.0035 
1.0029 

All 
Energy 

(5) 

1 • 01 79 
1.0151 
1.0436 
1.0307 
1.0351 
1.03 97 
1.0709 
1.0221 
1.0145 
1.0230 
1 .o 118 
1.0153 
l .o 123 

l .o 11 9 

1.o130 
1.0116 
1.0085 
1.0195 
1.0127 

N 
~ 
N 



TABLE XXXVII (Continued) 

Petroleum All 
Input-Output Sector Products Natural Gas Coal Electricity Energy 

(1) ( 2) ( 3) ( 4) (5) 

20. Household furniture 1.0072 1.0043 1.0014 1.0033 1.0120 
21. Other furniture and fixtures 1 .0061 1.0042 1.0021 1.0035 1.0119 
22. Paper and allied products, except containers 1.0128 1.0087 1.0041 1.0072 1.0244 
23. Paperboard containers and boxes 1.0115 1. 00 71 1.0026 1.0056 1.0198 
24. Printing and publishing 1.006 2 1.0041 1.0014 1.0034 1.0112 
25. Chemicals and selected chemical products 1 .0094 1.0087 1.0030 1.0075 l.0209 
26. Plastics and synthetic materials 1.0101 1.0081 1.0029 1.0068 l .0205 
27. Drugs, cleaning and toilet preparations 1 .0085 1. 0048 1 .0013 1.0036 l.013S 
28. Paints and allied products 1.0128 1.0072 1 .0020 1.005 2 1.0201 
2 9. Paving and roofing materials 1.0748 1 • OS 16 1.0048 l .0077 1 .1 OS 2 
30. Rubber and miscellaneous plastic products 1 .0054 1.0033 1.0012 1.0025 1.0092 
31. Leather tanning and finishing 1.0089 1. 005 2 1.0015 1.0040 1.ol4S 
32. Footwear and other leather products 1.oos3 l.003S 1.0010 1.0028 1 .0092 
33. Glass and glass products 1 .0085 1.0089 1.0020 1.0086 1.0201 
34. Stone and clay products l.01S4 1.0108 1.0047 1.0091 1.0296 
35. Primary iron and steel manufacturing l.OlOS 1.0100 1.0123 1.0093 1.0323 
36. Primary nonferrous metal manufacturing 1.0102 1.0100 1.0023 1.0091 1 .0226 
37. Metal containers 1.0077 1. 006 7 l.OOSO 1.0060 l.Ol 9U 
38. Heating, plumbing and structural metal 

products 1 .0061 1. 005 0 1.0036 1.0044 1.o143 
3 9. Screw machine products and stamping 1. 005 6 1.0048 1.0035 1.0044 1.0137 
40. Other fabricated meta 1 products 1.0054 l. 0045 1.0022 1.0040 1.0118 
41. Engines and turbines 1.0056 1.0046 1.0026 1.0040 1.0125 
42. Farm and garden machinery 1.006 7 1. 0049 1.0031 1.0041 l .o 140 
43. Construction and mining machinery 1.006 9 1.0108 1.0033 1. 0041 1.0189 

N 
.p... 
w 



TABLE XXXVII (Continued) 

Input-Output Sector 

44. Materials handling machinery and equipment 
45. Metal working machinery and equipment 
46. Snecial industry machinery and equipment 
47. General industrial machinery and equipment 
48. Miscellaneous machinery, except electrical 
49. Office, computing and accounting machines 
50. Service industry machines 
51. Electric industrial equipment and apparatus 
52. Household appliances 
53. Electric lighting and wiring equipment 
54. Radio, TV and communication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
58. Aircraft and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 
61. Optical, ophthalmic and photo equipment 
62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 

Petroleum 
Products 

(1) 

1.0054 
1.0067 
1 .0083 
1.0128 
1 .0097 
1.0054 
1. 006 2 
1.0074 
1.0054 
1.0044 
1.0037 
1 .0045 

1.0048 
1. 0040 
1 • 005 5 
1.0099 
1 .0082 
1.0049 
1. 0081 
1.0240 
1.0026 
1.0049 
1. 043 7 
1.0066 

Natura 1 Gas 
(2) 

1.0045 
1.0044 
1.005 3 
1 .0085 
1.005 7 
1. 003 9 
1.0044 
1. 005 4 
1.0044 
1.0038 
1.0029 
1.003 7 

1.0046 
1.0031 
1. 0038 
1.006 7 
l .005 2 
1.0034 
1. 0049 
1.0080 
1.0023 
1.0045 
1.0457 
1. 0042 

Coal 
(3) 

1.0026 
1.0020 
1.0025 
1.002 9 
1.0025 
1.0013 
1.0022 
1.0022 
1.0022 
1.0016 
1.000 9 
1.0011 

1.001 7 
1.0018 
1.0012 
1.0034 
1. 0013 
1.0014 
1.0016 
1.0012 
1.0005 
1.0009 
1.0253 
1.0008 

Electricity 
( 4) 

1.0039 
1.0035 
1.0042 
1.0043 
1.0044 
1 .0033 
1.003 7 
1.0046 
1.0039 
1.0034 
1.0026 
1.0033 

1.0078 
1.0027 
1.0032 
1. 005 4 
1.0042 
1.0028 
1.0039 
1.0036 
1.0022 
1.0042 
1.0344 
1.0035 

All 
Energy 

(5) 

1.0122 
l . 0123 
1.0151 
1.0214 
1.0166 
1.0102 
1.0122 
1.0144 
1.0118 
1.0097 
1.0073 
1.0092 

1.0132 
1.0087 
1.0100 
1.o190 
1.0138 
1 • 00 93 
1 .0136 
1.0276 
1. 005 5 
1.0104 
1.1114 
1.0110 



TABLE XXXVlI (Continued) 

Petroleum All 
Input-Output Sector Products Natural Gas Coal Electricity Energy 

(1) ( 2) ( 3) ( 4) ( 5) 

68. Finance and insurance 1.005 2 1.0040 1.0010 1.0035 1.0100 
69. Real estate and rental 1.0046 1.0024 1 .0005 1.0018 1.0068 
70. Hotels; personal and repair service 

except auto 1.0108 1.0071 1.0015 1.0058 1.o183 
71. Business services 1.0089 1.0044 1.0010 1.0031 1.0128 
72. Eating and drinking places 1.0071 1. 005 8 1 .0013 1.005 2 1.o140 
73. Automobile repair and services 1.0083 1.0043 1.0012 1.0031 1.0125 
74. Amusements l .005 8 1.0042 1. 000 8 1. 003 7 1.0105 
75. Heal th, educ a ti on and social servtces and 

nonprofit organization 1 • 00 72 1.005 7 1.0013 1.0051 1.0140 
76. Federa 1 government enterprises 1 .0083 1.006 2 1 .0096 1.005 3 1.0230 
77. State and local government enterprises 1.0227 1.0230 1.0089 1.0219 1.055 7 
78. Petroleum products production 1.2000 1. 0488 1.0049 1.0103 1.2000 
7 9. Natura 1 gas production 1.0371 1.2000 1.0164 1.0118 1.2000 
80. Coal mining 1.0105 1. 0064 1.2000 1.0039 1.2000 
81. Electricity and hydropower 1. 040 2 1 .0436 1.0226 1.2000 1.2000 



246 

When the natural gas price was i.ncreased by 20 percent, prices of 

the follo·wing sectors in Rest of U.S. were most affected: paving and 

roofing materials (sector 29); petroleum products production (sector 

78); water supply and sanitary services (sector 66); electrici.ty and 

hydropower (sector 81); and stone and clay mining and quarrying (sector 

7), with price increases ranging from 2.54 to 5.16 percent. All other 

commodity prices increased by less than two percent. 

When the coal price was increased by 20 percent, only four 

processing sectors i.n Rest of U.S. showed price increases by more than 

one percent. They are water ·supply and sanitary services (sector 66); 

electricity and hydropower (sector 81); natural gas production (sector 

79); and primary iron and steel manufacturing (sector 35); with price 

increases of 2 .. 53 percent, 2.26 percent, 1.64 percent and 1.23 percent, 

respectively. All other prices increased by less than one percent. 

When the electricity and hydropower price was increased by 20 

percent, almost al 1 processing sectors showed price increases of less 

than one percent. Exceptional sectors were water supply and sanitary 

services (sector 66) and state and local government enterprises (sector 

77) where prices increased by 3.44 percent and 2.19 percent, 

respectively. P roe es sing sectors with price increases more than one 

percent were stone and clay mining and quarrying (sector 7); nonferrous 

metal ores mining (sector 6); iron and ferroalloy ores mining (sector 

5); natural gas production (sector 79); and petroleum products 

production (sector 78). 

When all energy prices were increased by 20 percent, 

simultaneously, almost all processing sectors in Rest of U.S. showed 

price increases of more than one percent. Sectors that were most 
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affected are water supply and sanitary services (sector 66); paving and 

roofing material (sector 29); stone and clay mining and quarrying 

(sector 7); and state and local government enterprises (sector 77). 

Prices of these sectors increased by 11.14 percent, 10.52 percent, 7.09 

percent, and 5.57 percent, respectively. Industries dealing with metal 

ores mining also showed large increases in prices. Prices of nonferrous 

ores mining (sector 7), nonferrous metal ores mining (sector 6), iron 

and ferroal loy ores minLng (sector 5) and primary iron and steel 

manufacturing (sector 35) in Rest of U.S. increased by 7.09 percent, 

3.97 percent, 3.51 percent and 3.23 percent, respectively, in response 

to a 20 percent increase in all energy prices. 

Prices of forestry and fishery products (sector 3) and 

agricultural, forestry, and fishery services (sector 4) in Rest of U.S. 

increased by 4.36 percent and 3.07 percent, respectively, if all energy 

prices were increased by 20 percent. Prices of livestock and livestock 

products (sector 1) and crops and other agricultural products (sector 2) 

increased by 1. 79 percent and 1.51 percent, respectively. 

Impacts of Actual Petroleum Product Price 

Changes Between 1977-1981 

The truncated interregional input-output price model was applied 

using actual price changes that occurred in petroleum product prices in 

Oklahoma and Rest of U.S. between 1977 and 1981. Crude oil prices rn 

Oklahoma increased from $9.98 per barrel in 1977 to $38.14 per barrel rn 

1981, or a 282 percent increase (128). For the same period, crude oil 

prices in Rest of U.S. increased from $8.57 per barrel in 1977 to $31.77 

per barrel in 1981, or 270 percent increase (128). In order to obtain 
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the real impacts of petroleum product pn.ce increases on other commodity 

prices, the general price level increases on petroleum product prices 

were eliminated. The producer's pn.ce indexes of all commodities from 

the U.S. Department of Commerce (121) were used to deflate the 1981 

pet ro 1 eum product prices in both Okalhoma and the Rest of U.S. to 1977 

dollars. The producer's price indexes (1967=100) increased from 194.2 

in 1977 to 293.4 in 1981 (121). Hence, the crude oil prices i.n Oklahoma 

in constant 1977 dollars increased from $9.98 per barrel in 1977 to 

$19.52 per barrel in 1981 or 153 percent increase. For the same 

period, crude oil prices in Rest of U.S. increased from $8.57 per barrel 

in 1977 to $16.28 per barrel rn constant 1977 prices in 1981, or 145 

percent increase. 

Estimated impacts of actual price changes that occurred in 

petroleum product prices in Oklahoma and Rest of U.S. between 1977 and 

1981 on other commodity prices are presented in Table XXXVIII. In 

Oklahoma, price changes varied widely among sectors from 1.02 percent 

increase for real estate and rental (sector 69) to 43.16 percent for 

transportation and warehousing (sector 63). Nine processing sectors in 

Oklahoma showed impacts of price increases of more than ten percent. 

Price increases were highest in the following ten sectors: 43.16 

percent f.or transportation and warehousing (sector 63); 20.94 percent 

for paper and allied products, except containers (sector 22); 17.34 

percent for agricultural, forestry, and fishery services (sector 4); 

16.39 percent for forestry and fishery products (sector 3); 16.21 

percent for crops and other agricultural products (sector 2); 16.13 

pe re e nt for ch emica 1 and selected chemical products (sector 25); 14. 55 

percent for nonferrous metal ores mining (sector 6); 14.41 percent for 



TABLE XXXVIII 

REGIONAL REAL COMMODI1Y PRICE CHANGES RESULTING FROM PETROLEUM 
PRODUCTS PRICE INCREASES OF 153 PERCENT IN OKLAHOMA AND 

145 PERCENT IN REST OF U.S. BETWEEN 1977 AND 1981 
( 197 7 DOLLARS) 
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Input-Output Sector Oklahoma Rest of U.S. 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

th read mi 11 s 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile products 
18. Lumber and wood products, except containers 
19. Wood containers 
20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 

1.1036 
1.1621 
1.1639 
1. l 734 

1. 145 5 
1.0712 
1.1441 
1.0714 
1.0745 
1.0593 
1 .0680 

1.0486 

1.0408 
1.0369 
1.0312 
1.0694 
1.0713 
1.0441 
1 .0384 

1. 2094 
1 .0875 
1.041 7 
1.1613 
1.0813 
1.0645 
1.0613 
1.0763 
1.0436 
1.0960 
1.0414 
1.0645 
1.0891 
1.0755 
1.0584 
1 .0636 

1.0911 
1. 0883 
1.3000 
1. 183 7 
1. l 086 
1.1436 
1. 342 9 
1.0716 
1. 0724 
1.1405 
1.0406 
1.06 93 
1.0636 

1.0431 

1. 046 9 
1. 045 9 
1.0325 
1.1065 
1. 0647 
1. 05 23 
1.0447 

1. 0 934 
1.0841 
1.045 3 
1.0685 
1.073 7 
1. 061 7 
1. 0 931 
1.5438 
1.0393 
1.0650 
1.0388 
1.0619 
1.1119 
1.0765 
1.0744 
1.0559 



TABLE XXXVIII Continued) 

Input-Output Sector 

38. Heating, plumbing and structural metal 
products 

39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and equipment 
47. General industrial machinery and equipment 
48. Miscellaneous machinery, except electrical 
49. Office, computing and accounting machines 
50. Service industry machines 
51. Electric industrial equipment and apparatus 
52. Household appliances 
53. Electric lighting and wiring equipment 
54. Radio, TV and communication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
58. Aircraft and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 
61. Optica 1, ophthalmic, and photo equipment 
62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair services 

except auto 
71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Medical educational services and 

nonprofit organization 
76. Federal government enterprises 
77. State and local government enterprises 
78. Petroleum products production 
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Oklahoma Rest of U.S. 

1.0384 
1.0904 
1.0367 
1.0412 
1.0443 
1.0325 
1.0350 
1.0399 
1.0321 
1.0305 
1.0326 
1.0333 
1. 0341 
1.0333 
1.0690 
1.0415 
1.0205 
1.0305 

1.0652 
1.0311 
1.0265 
1. 05 99 
1.0255 
1.0278 
1.0408 
1.4316 
1.0093 
1.0163 
1.oo92 
1.0127 
1.0137 
1.0102 

1.0181 
1.0282 
1.0456 
1. 025 9 
1. 0234 

1 • 01 73 
1.0594 
1.0349 
2.5291 

1.0443 
1.040 9 
1.0392 
1.0404 
1.0488 
1.0502 
1.0396 
1.0489 
1.0602 
1.0932 
1.0707 
1.0389 
1.0449 
1.0540 
1.0391 
1.0319 
1.0268 
1.0330 

1.0346 
1.0289 
1. 03 97 
1.0718 
1.0594 
1.0358 
1.0590 
1.1 745 
1.0191 
1.0358 
1. 3182 
1.0480 
1.0380 
1.0332 

1. 0785 
1.0647 
1.0513 
1.0602 
1.0422 

1.05 22 
1.0603 
1.165 4 
2.4539 



TABLE XXXVIII (Continued) 

Input-Output Sector 

79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 
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Oklahoma Rest of U.S. 

1.0550 
1.05 26 
1.0332 

1.2700 
1. 0 731 
1. 2 923 



252 

chemical and fertilizer mineral mining (sector 8); 10.36 percent for 

livestock and livestock products (sector l); and 9.6 percent for leather 

tanning and finishing c~-ctor 31). 

Prices of other energy processing sectors in Oklahoma did not 

respond much to petroleum product price changes. Prices of natural gas 

product ion (sec tor 7 9), coal mining (sector 80), and electricity and 

hydropower (sector 81), increased 5.50 percent, 5.26 per~ent, and 3.32 

percent, respectively, as a result of changes in petroleum product 

prices. 

Impacts of petroleum product prices on the Rest of U.S. commodity 

prices varied from 1.91 percent increase 1n communication except radio 

and TV (sector 64) to 54.38 percent increase in paving and roofing 

materials (sector 29). Price increases were highest in the following 

ten sectors of Rest of U.S.: 54. 38 percent for paving and roofing 

materials (sector 29); 34. 29 percent for stone and clay mining and 

quarrying (sector 7); 31.82 percent for water supply and sanitary 

services (sector 66); 30.0 percent for forestry and fishery products 

(sector 3); 29.23 percent for electricity and hydropower (sector 81); 

27.0 percent for natural gas production (sector 79); 18.37 percent for 

agricultural, forestry, and fishery services (sector 4); 17.45 percent 

for trans porta ti on and warehousing (sector 63); 16 .54 percent for state 

and local government enterprises (sector 77); and 14.36 percent for 

nonferrous metal ores mining (sector 6). Prices of livestock and 

livestock products (sector 1) and crops and other agricultural products 

(sector 2) increased about 9.11 percent and 8.83 percent, respectively. 



Impacts of Natural Gas Price Changes 

Between 1977-1981 
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Natural gas price increased from 79 cents per thousand cubic feet 

at wellhead in Oklahoma in 1977 to 185.4 cents in 1981 or about 13S 

percent increase (128). Natural gas prices in Rest of U.S. increased 

from 79 cents in 1977 to $1.98 in 1981, or a lSl percent increase (128). 

The natural gas prices in constant 1977 dollars in Oklahoma increased 

from 79 cents per thousand cubic feet to 123 cents in 1981, or SS 

percent increase. At the same time, natural gas prices in constant 

dollars in the Rest of U.S. increased from 79.0 to 140 cents, or about 

66 percent. Estimated impacts of real natural gas price increases on 

commodity prices in Oklahoma and Rest of U.S. in 1981 based on 1977 

prices are presented in Table XXXIX. 

In Oklahoma, impacts of the natural gas price increases were to 

raise commodity prices 1n various sectors from 0.20 percent for real 

estate and rental (sector 69) to 17.28 percent in electricity and 

hydropower (sector 81). Price increases in the ten most impacted 

sectors are 17.28 percent for electricity and hydropower (sector 81); 

4.30 percent for chemical and selected chemical products (sector 2S); 

4.12 percent for paper and allied products, except containers (sector 

22); 3. 91 percent for metal containers (sector 37); 3.21 percent for 

primary nonferrous metal manufacturing (sector 36); 3.16 percent for 

agricultural, forestry, and fishery services (sector 4); 3.08 percent 

for nonferrous metal ores mining (sector 6); 3.02 percent for state and 

local government enterprises (sector 77); 3.01 percent for screw machine 

products and stamping (sector 39); and 2.9S percent for stone and clay 

products (sector 34). Prices of livstock and livestock products (sector 



TABLE XXXIX 

REGIONAL REAL COMMODIIY PRICE CHANGES RESULTING FROM NATURAL GAS 
PRICE INCREASE OF 55 PERCE NT IN OKLAHOMA AND 66 PERCE NT 

IN REST OF U.S. BETWEEN 1977 AND 1981 
( 197 7 DOLLARS ) 
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Input-Output Sector Oklahoma Rest of U.S. 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mills 
15. Miscellaneous textile goods and floor 

coverings 
16. Anoa rel 
17. Miscellaneous fabricated textile products 
18. Lumber and wood products, except contc. .. 1i.:.·.;; 

19. Wood containers 
20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical products 
26. Plastics and synthetic materials 
2 7. Drugs, cleaning and toilet pre para tions 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 

1.0134 
1.0101 
1.0217 
1.0316 

1.0308 
1.0101 
1.0105 
1.0144 
1. 00 93 
1.0256 
1.013 7 

1. 0135 

1.0150 
1.0109 
1 .0082 
1.0139 
1.0108 
1.0099 
1.0102 

1.0412 
1.0243 
1.0111 
1.0430 
1.0213 
1 .0111 
1.01 77 
1 .0195 
1.0136 
1.0193 
1.0126 
1.0271 
1.0295 
1. 026 2 
1.0321 
1.0391 

1.0200 
1.0151 
1.0369 
1.0271 
1.0478 
1.0546 
1.0830 
1.0315 
1.0154 
1.0218 
1.0146 
1.01 79 
1 .0143 

1.0157 

1.01 75 
1.0148 
1.0110 
1.0193 
1.0138 
1.0140 
1 .0138 

1.0283 
1.0230 
1 .0135 
1.0284 
1.0263 
l.0157 
1.0234 
1.1685 
1.0108 
1.01 70 
1.0114 
1.02 92 
1.0354 
1.0328 
1.0317 
1.021 7 



TABLE XXX IX (Continued) 

Input-Output Sector 

38. Heating, plumbing and structural metal 
products 

39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Fann and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and equipment 
4S. Metal working machinery and equipment 
46. Special industry machinery and equipment 
47. General industrial machinery and equipment 
48. Miscellaneous machinery except electrical 
49. Office, computing and accounting machines 
SO. Service industry machines 
Sl. Electric industrial equipment and apparatus 
52. Household appliances 
53. Electric lighting and wiring equipment 
S4. Radio, TV and communication equipment 
SS. Electronic components and accessories 
S6. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
S8. Aircrafts and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 
61. Optical, ophthalmic and photo equipment 
62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and 'IV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair services 

except auto 
71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Medical educational services and 

nonprofit organization 
76. Federal government enterprises 
77. State and local government enterprises 
78. Petroleum products production 
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Oklahoma R"st of U.S. 

1.0122 
1.0301 
1 .0112 
1.0168 
1.0130 
1 .0125 
1.0210 
1.0256 
1.0118 
1.0109 
1.0102 
1. 0093 
1.0272 
1.0111 
1.0126 
l.020S 
1. 006 3 
1.0138 

1.0203 
1.0147 
1. 0081 
1 .0186 
1.oo91 
1.0107 
1.0110 
1.0162 
1.0031 
1.0083 
1.0053 
1. 005 0 
1.0042 
1.0020 

1. 006 8 
1.0101 
1.0128 
1.0259 
1 • 00 99 

1.0080 
1.0265 
1.0302 
1.0161 

1.0162 
l.01S8 
1 .0146 
1.0149 
1.0161 
1.0354 
1.0146 
1.0142 
1 .01 74 
1.0278 
l .0185 
1.0128 
1.0143 
l . 01 76 
1.0145 
1.0122 
1.0095 
1.0121 

1.0150 
1.0101 
1.0123 
1.0219 
1.0168 
1.0111 
1.0160 
1.0262 
1.0076 
1.0146 
1.1493 
1.0139 
1.0131 
1.0080 

1.0230 
1.1044 
1 .0188 
1.0140 
1.0138 

1.0187 
1.0202 
1.0750 
1.1592 



TABLE XXX IX (Continued ) 

Input-Output Sector 

79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 
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Oklahoma Rest of U.S. 

1.5534 
1.0112 
1.1 728 

1.6590 
1.0209 
1 .1425 
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1) and crops and other agricultural products (sector 2) increased by 

1. 34 percent. and 1.01 percent. in response to the increase in natural gas 

prices between 1977 and 1981. Prices of petroleum products (sector 78) 

and coal mining (sector 80) increased 1.61 percent and 1.12 percent, 

respectively. 

Impacts of natural gas price increases on Rest of U.S. commodity 

prices ranged from 0.76 percent. for communications, except radio and TV 

(sector 64) to 16.85 percent for paving and roofing material (sector 

2 9) • Impacts of na tura 1 gas price increases were large on the foll owing 

processing sectors: 16.85 percent for paving and roofing material 

(sector 29); 15.92 percent for petroleum products production (sector 

78); 14.93 percent for water supply and sanitary services (sector 66); 

14. 25 percent for electricity and hydropower (sector 81); 8.30 percent 

for stone and clay mining and quarrying (sector 7); 7.50 percent for 

state and loca 1 government enterprises (sector 77); 5.46 percent for 

nonferrous metal ores mining (sector 6); 4.78 percent for iron and 

ferroalloy ores mining (sector S); 3.69 percent for forestry and fishery 

products (sector 3); and 3.54 percent for both stone and clay products 

(sector 36) and construction and mining machinery (sector 43). 

Impact of natural gas price increases on coal prices ln Rest of 

U.S. was 2.09 percent increase. Livestock and livestock products 

(sector 1) prices increased by 2.0 percent and crops and other 

agricultural products (sector 2) prices increased by 1.51 percent in 

response to changes tn natural gas prices from 1977 th rough 1981. 



CHAPTER IX 

EMPIRICAL RESULTS OF A MODIFIED INTERREGIONAL 

INPUT-OUTPUT PRICE MODEL 

Introduction 

Changes in commodity prices have differential impacts on 

input-output coefficients and multipliers of an interregional model. A 

modified interregional input-output price model developed to measure 

these impacts was explained in Chapter III. This chapter presents 

estimates of impacts of commodity price changes resulting from actual 

real energy price increases that occurred tn Oklahoma and the Rest of 

U.S. during 1977-81 on interregional input-output coefficients and 

mu 1 ti pliers. Effects of energy price increases on commodity prices were 

estimated by a truncated interregional input-output price model and 

presented in Tables XXXVIII and XXXIX of Chapter VIII. These price 

vectors were ' d ,-l . f "f" d used to construct P~ an P>< matrices or a modi ie 

interegional input-output price model. Then a new interregional 

input-output coefficient matrix 
-1 

[P*BP* ] and a new direct and 

indirect matrix 
-1 -1 

[I-P*BP* ] were derived. The new input-output 

coefficient matrix [P*BP*-l] includes the impacts of energy price 

increases in the technical coefficients and value added coefficients. 
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. d . . ff" . . [ * .-1 1-1 The new direct an indLrect coe ic1ents matrix I-P BP>( gives 

new out put multipliers for each processing sector as a result of energy 

price i nc re a s es • However, income and employment multipliers of the 

interregional model will not change if the income-output coefficients 

and employment-output coefficients are deflated by the new prices. 

Therefore, the present study estimates final impacts of energy price 

increases through changes in value added coefficients and value added 

and output multipliers. 

Value Added Impact in the Modified 

Interregional Input-Output Model 

Value added multipliers are used instead of income multipliers in 

measuring the final impacts of energy price increases on regional 

income. While income is measured as wage and salary payments and 

proprietors' income, value added is measured as the difference between 

the value of the industry's total output and the cost of the goods and 

services it purchases from other industries. Value added represents the 

sum of total factor payments and capital consumption allowance. It lS 

total income generated within the region but part of it may flow out of 

the region as income payments to non-residents as factor payment. 

Value added multipliers measure the total change ln value added 

throughout the economy resulting from a one dollar change ln value added 

in a given sector in response to a final demand change. The Type I 

value added multiplier is expressed as the ratio of direct and indirect 

va 1 ue added change to direct value added change. The direct value added 

change for each industrial sector is given by the value added 
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coefficient of that sector, The direct and indirect value added change 

of a sector is derived by multiplying each. column entry of that sector 

in the inverse matrix 
-1 

[I-13) of the interregional model by the 

corresponding value added coefficient and summing. Type II value 

added mutliplier is computed by dividing the direct, indirect and 

induced value added change by direct value added change. The direct, 

indirect, and induced value added change of a sector is derived by 

multiplying each column entry of that sector in the inverse matrix 

[I-BH]-l by the corresponding value added coefficient and summing. 

Estimates of value added coefficients and value added multipliers 

in Oklahoma for the base year 1977 are presented in Table XL. Value 

added coefficients in Oklahoma in 1977 ranged from 0.13892 for livestock 

and livestock products (sector 1) to 0.85927 for water supply and 

sanitary services (sector 66). Value added coefficients were high in 

the following processing sectors, i.e.; 0.85927 for water supply and 

sanitary services (sector 66); 0.83631 for petroleum products production 

(sector 78); 0.81147 for paving and roofing material (sector 29); 

0.79306 for natural gas production (sector 79); 0.78359 for 

comunications, except radio (sector 64); 0.77123 for real estate and 

rental (sector 69); 0.76560 for wholesale and retail trade (sector 69). 

The Type I value added multipliers of Oklahoma in 1977 ranged from 

1.16378 for water supply and sanitary services (sector 66) to 7.19831 

for livestock and livestock products (sector 1). Type I value added 

multipliers were high in the following sectors, i.e.; 7.19831 for 

livestock and livestock products (sector l); 3.87456 for other 

transportation equipment (sector 59); 3.70224 for food and kindred 

products (sector 12); 3.69557 for paper and allied products, except 



TABLE XL 

VALUE ADDED COEFFICIENTS AND VALUE ADDED MULTILIERS, 
OKLAHOMA, 1977 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery 

services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mills 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile products 
18. Lumber and wood products, except 

containers 

Value Added 
Coefficients 

0.13892 
0.56237 
0 .54472 

0.34464 

0 .50850 
0 .61690 
0.68924 
0 .443 78 
0.55032 
0 .49924 
0.27011 

0 .47099 

0.41848 
0.33249 
0 .49662 

0 .4823 9 

Multi pliers 
Type I Type II 

7.19831 
1. 77820 
1.83581 

2.90157 

1. 9665 7 
1.62102 
1.45087 
2.25339 
1.81713 
2.00303 
3.70224 

2 .12319 

2 .38960 
3 .00764 
2 .<H 361 

2 .072 99 

32 .6035 7 
2.20207 
2 .34396 

17. 325 20 

3 .00264 
2.05472 
1.45196 

34.04209 
3.37407 
2.06981 
6.85526 

2.65714 

3.99860 
18.18287 

3.65635 

3 .25430 



TABLE XL (Continued ) 

Input-Output Sector 

19. Wood containers 
20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural meta 1 

products 
39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 

Value Added 
Coefficients Multipliers 

0 .63360 
0.46246 
0 .56 733 

0 .27059 
0.30999 
0.46528 
0 .45148 
0.34842 
0.40845 
0 .32452 
0.81147 
0 .54086 
0 •. 31686 
0.45779 
0 .53308 
0 .44120 
0 .4093 7 
0.32357 
0. 31976 

0 .52686 
0 .4 7388 
0 .61290 
0.49726 

Type I Type I I 

1.5 782 9 
2.16236 
1. 76266 

3 .6955 7 
3. 22587 
2.14924 
2.21496 
2.87012 
2.44826 
3.08149 
1.23233 
1.84890 
3 .15598 
2.18439 
1.87589 
2 .2665 3 
2.44279 
3.09057 
3.12736 

1. 89803 
2. 11023 
1.63158 
2 .01101 

5 .123 93 
7 .09185 
5. 25681 

6 .1 7012 
33.66973 
6. 97719 
3.01992 
4. 88587 

15.20811 
29.99556 

1.44025 
2.82664 
3 .1 726 7 
7.24436 
7 .18406 
5 .52144 
7.52923 

18.85908 
4. 7776 9 

4. 6 7862 
11. 38233 
2.56994 
2 .0642 9 

N 

°' N 



TABLE XL (Continued) 

Input-Output Sector 

42. Fann and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and equipment 
47. General industrial machinery and equipment 
48. Miscellaneous machinery except electrical 
49. Office, computing and accounting machines 
50. Service industry machines 
51. Electric industrial equipment and 

apparatus 
52. Household appliances 
53. Electric lighting and w1r1ng equipment 
54. Radio, 'IV and communication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 
58. Aircrafts and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 
61. Optical, 0~1thalmic, and photo 

equipment 

Coefficients 

0.44213 
0 .5 2141 
0 .51382 
0.60226 
0 .50802 
0.58079 
0.59323 
0.32945 
0.50200 

0.50433 
0.45522 
0.55665 
0.56601 
0 .56 776 

0 .53854 
0 .51 700 
0.522.30 
0 .25809 
0 .64647 

0 .6133 7 

Value Added 
Multipliers 

Type I Type II 

2. 261 79 4. 9026 7 
1.91788 4. 64725 
1. 94620 2.89912 
1.66040 3.51807 
1. 96844 2 .86397 
1.72180 4.21023 
1.68568 3. 9491 7 
3.03537 3 .34281 
1. 99202 4.62909 

1.98282 4. 95 768 
2 .196 73 8. 7076 7 
1. 79648 1 .85895 
1. 766 74 2. 96344 
1.76130 2.00116 

1.85688 2 .42238 
1. 93423 3.75187 
1.91462 9.12323 
3 .87456 5.67163 
1.54686 2 .64.321 

1. 6303.3 2.04273 

N 

°' (.,.) 



TABLE XL (Continued) 

Input-Output Sector 

62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair service 

except auto 
71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social services 

and nonprofit organizations 
76. Federal government enterprise 
77. State and local government enterprise 
78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 

Coefficients 

0.48276 
0 .37920 
0.78359 
0.47341 
0.85927 
0.76560 
0.51314 
0. 77123 

0.57034 
0 .5 2188 
0 .34265 
0.41944 
0.48510 

0 .63950 
0.66791 
0 .5 25 70 
0 .83631 
0. 79306 
0. 71634 
0.46389 

Value Added 
Multipliers 

Type I Type II 

2.07141 
2.63714 
1.27617 
2.ll235 
1.16378 
1. 30616 
1. 94879 
1.29663 

l. 75334 
1.91614 
2.91847 
2.38415 
2.06144 

1.56372 
1.49722 
1. 90222 
1.195 73 
1. 26093 
1. 395 99 
2.15569 

4.70801 
7 .1695 9 
3.58919 

13.03149 
1. 70938 
8.08860 

13.88545 
1.38250 

4.10213 
3.89230 
4. 87490 
4.31410 
9.07684 

3.72801 
3. 99646 
3.31805 
1.54960 
4.40774 
2.21082 
2.89143 

N 
0\ 
+:-
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containers (sector 22); 3. 22587 for paperboard containers and boxes 

(sector 23); 3.15598 for leather tanning and finishing (sector 31); 

3.12736 for metal containers (sector 37); 3.09057 for primary nonferrous 

metal manufacturing (sector 36); 3.00764 for apparel (sector 16); and 

3.03537 for office, computing and accounting machines (sector 49). 

Type II value added multipliers for Oklahoma rn 1977 ranged from 

1.38250 for real estate and rental (sector 69) to 34.04209 for new 

construction (sector 9). Type II value added multipliers were high in 

the fol lowing sectors, i.e.; 34.04209 for new construction (sector 9); 

33.66973 for paperboard containers and boxes (sector 23); 32.60357 for 

livestock and livestock products (sector l); 29.99556 for paints and 

allied products (sector 28); 18.85908 for primary nonferrous metal 

manufacturing (sector 36); 18.18287 for apparel (sector 16); 17.32520 

for agricultural, forestry and fishery services (sector 4); and 15. 20811 

for drugs, cleaning and toilet preparations (sector 27). 

Effects of Energy Price Changes .on Value 

Added Interregional Multipliers 

Impacts of Petroleum Product Price 

Changes Between 1977 and 1981 

The impacts of actual real petroleum price increases of 153 percent 

in Oklahoma and 145 percent in the Rest of U.S. between 1977-1981 on 

regional commodity prices were estimated and presented in Table XXXVI of 

Chapter VIII. 
-1 

These prices were used to construct P* and P* vectors 

a n d [ P * BP * - 1 J a n d [I - P* BP* - l ] - l matrices, New value added 

coefficients were estimated from the [P*BP*-l] matrix by subtracting 
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the sum of the column entry of a given sector from one. New value 

added and output multipliers were derived through the manipulation of 

the [I-P*BP*-l]-l matrix. An inverse matrix [I - P* BP* - 1 ] - l 

allows only the computation of Type I value added multipliers. The 

computation of Type II multipliers requires the inclusion of household 

as an endogenous sector of the model. Hence, the impacts of petroleum 

product price increases on other commodity prices were estimated once 

again with households as an endogenous sector of a truncated 

interregional input-output price model. Then new price vectors, P* and 

-1 -1 -1 
P* , were derived and a new inverse matrix [I-P*BHP* ] with 

the endogenous household sector was used to compute Type II value added 

multipliers. 

E.stimated impacts of petroleum price increases between 1977-1981 on 

value added coefficients and value added multipliers are presented tn 

Table XLI. The 1981 value added coefficients of Oklahoma ranged from 

0.12528 for livestock and livestock products (sector 1) to 0.92072 for 

petroleum products production (sector 78) when impacts of petroleum 

product price increases were included in the model. The 1981 value 

added coefficients were high in the following sectors; 0.92072 for 

petroleum products production (sector 78); 0.85144 for water supply and 

sanitary services (sector 66); 0.77635 for communications, except radio 

and TV (sector 64); 0.76344 for real estate and rental (sector 69); 

0.75602 for wholesale and retail trade (sector 67); 0.75395 for paving 

and roofing material (sector 29); 0.75171 for natural gas production 

(sector 79); 0.68053 for coal mining (sector 80); 0.63045 for federal 

government enterprises (sector 76) and 0.63038 for scientific and 

controlling instruments (sector 60). 
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TABLE XLI 

IMPACTS OF PETROLEUM PRODUCT PRICE INCREASES OF 153 PERCENT IN OKLAHOMA 
AND 145 PERCENT IN REST OF U.S. BETWEEN 1977-1981 ON VALUE ADDED 

COEFFICIENTS AND VALUE ADDED MULTIPLIERS, OKLAHOMA, 1981 
(1977 DOLLARS) 

1981 Value Added 1977-81 Percent Change 
Input-Output Sector Coefficients Multi pliers Coefficients Multi pliers 

Type I Type II Type I Type 

Livestock and livestock 'products 0.12588 7. 94409 40.08061 -9.38 10.36 12.5 2 
Crops and other agricultural products 0.48394 2.06637 2.6 9878 -13. 95 16.21 22.56 
Forestry and fishery products 0.46801 2.13672 2.92769 -14. 08 16. 39 24.90 
Agricultural, forestry and fishery 

services 0.29372 3 .40464 23.50320 -14. 77 17.34 35.66 
Iron and ferroalloy ores mining 
Nonferrous metal ores mining 0 .443 90 2.25276 3.74511 -12. 70. 14. 55 24. 73 
Stone and clay mining and quarrying 0.57591 1. 7 3640 2.36379 -6.64 7 .12 15.04 
Chenical and fertilizer mineral mining 0.60243 1.65994 1.6 9855 -12.60 14.41 16.98 
New construction 0 .41421 2.41424 42. 84897 -6.66 7 .14 25.87 
Maintenance and repair construction 0.51217 l. 95246 4.05769 -6.93 7.45 20.26 
Ordnance and accessories 0.47132 2.12172 2.34816 -5.59 5.93 13.45 
Food and kindred products 0.25292 3. 95 383 8.18868 -6.36 6.80 19.45 
Tobacco manufacturers 
Broad and narrow fabrics, yarn and 

thread mills 0.44920 2. 22617 3.02714 -4.63 4.85 13.92 
Miscellaneous textile goods and floor 

coverings 0.40206 2.48721 4.64668 -3.92 4.08 16.21 
Apparel 0.32067 3.11846 22.10679 -3.55 3.68 20.91 
Miscellaneous fabricated textile 

products 0.48160 2.07642 4.23663 -3.02 3.12 15.8 7 
Lumber and wood products, except 

containers 0.45107 2. 21693 3.84129 -6.49 -6.94 18.04 

II 



19. 
20. 
21. 
22. 

23. 
24. 
25. 

26. 
2 7. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
35. 
36. 
3 7. 
38. 

39. 
40. 
41. 
42. 

Input-Output Sector 

Wood containers 
Household furniture 
Other furniture and fixtures 
Paper and allied products, except 

containers 
Paperboard containers and boxes 
Printing and publishing 
Chemicals and selected chemical 

products 
Plastics and synthetic.materials 
Drugs, cleaning and toilet preparations 
Paints and allied products 
Paving and roofing material 
Rubber and miscellaneous plastic 

products 
Leather tanning and finishing 
Footwear and other leather products 
Glass and glass products 
Stone and clay products 
Primary iron and steel manufacturing 
Primary nonferrous metal manufacturing 
Meta 1 containers 
Heating, plumbing and structural 

metal products 
Screw machine products and stamping 
Other fabricated metal products 
Engines and turbines 
Farm and garden machinery 

TABLE XLI (Continued) 

1981 Value Added 
Coefficients 

0.59143 
0.44294 
0.54634 

0.22375 
0.28505 
0.44665 

0.38877 
0.32223 
0 ;383 72 
0.30579 
o. 75395 

0.51826 
0.28911 
0 .43 960 
0.50070 
0.40510 
0.38063 
0.30570 
0.30064 

0.50739 
0.43459 
0.59121 
0.47758 
0.42337 

Multi pliers 
Type I Type II 

1.6 9081 
2.25764 
1.83036 

4.46935 
3.50810 
2.23889 

2. 5 7221 
3.10338 
2. 60607 
3.27024 
1.32635 

1.92952 
3.45888 
2.27482 
1.99691 
2.46855 
2.62722 
3.27113 
3.32622 

1.97087 
2.30103 
1.69143 
2.09391 
2.36200 

6. 33011 
8.52985 
6.30253 

8.15907 
42.22968 

8.37498 

3. 76940 
5.80862 

18. 73602 
36.49927 

1.6 2304 

3.25390 
3. 74596 
8.69435 
8.84482 
6.77273 
9.27742 

23.37023 
5.71554 

5.5 7895 
14. 3 93 98 

2.96029 
2.31425 
5.84380 

1977-81 Percent Change 
Coefficients Multipliers 

-6.66 
-4.22 
-3.70 

-17.31 
-8.05 
-4.00 

-13.89 
-7.52 
-6.05 
-5. 77 
-7.09 

-4.18 
-8.76 
-3.97 
-6.07 
-8.18 
-7.02 
-5 .52 
-5.97 

-3. 70 
-8.29 
-3.54 
-3.96 
-4.24 

Type I Type I I 

7.13 
4.41 
3.84 

20.94 
8.75 
4.1 7 

16.13 
8.13 
6.45 
6.13 
7 .63 

4.36 
9.60 
4.14 
6.45 
8.91 
7 .55 
5.84 
6.36 

3.84 
9.04 
3.6 7 
4.12 
4.43 

23.54 
20.28 
19.89 

32.24 
25.42 
20.03 

24.82 
18.89 
23.20 
21.68 
12.6 9 

15 .12 
18.07 
20.02 
23.12 
22.66 
23.22 
23.92 
19.63 

19. 24 
26.46 
15.19 
12.11 
19. 20 

N 
O'\ 
00 



TABLE XLI (Continued) 

1981 Value Added 1977-81 Percent Change 
Input-Out put Sector Coefficients Multipliers Coefficients Multi pliers 

Type I Type II Type I Type II 

43. Construction and mining machinery 0. 50500 1.98201 5.51545 -3.15 3.25 18.68 
44. Materials handling machinery and 

equipment 0 .49645 2.01430 3.33934 -3.38 3.50 15.18 
45. Metal working machinery and equipment 0.57916 1.72664 4.16319 -3.84 3.99 18.34 
46. Special industry machinery and 

equipment 0 .49233 2.03159 3.29153 -3.11 3.21 14.93 
47. General industrial machinery and 

equi prnent 0.56360 1. 77431 4.9995"2 -2.96 3.05 18. 75 
48. Miscellaneous machinery except 

elect rica 1 0.5 7452 1.74060 4. 6 7860 -3.54 3.26 18.47 
49. Office, computing and ~ccounting 

machines 0.31884 3.13639 3.80176 -3.22 3.3j 13. 73 
50. Service industry machines 0.48543 2.06003 5.48987 -3.30 3.41 18.60 
51. Electric industrial equipment and 

apparatus 0.48807 2.04888 5.88605 -3.22 3.33 18. 73 
52. Household appliances 0 .425 85 2.34823 10. 75409 -6 .45 6.90 23.50 
53. Electric lighting and w1r1ng equipment 0 .5 3448 1.87099 2.05951 -3.98 4.15 10. 79 
54. Radio, TV and communication equipment 0.55467 1.80289 3.38273 -2.00 2.05 14. 15 
55. Electronic components and accessories 0.55094 1. 81507 2. 21547 -2. 96 -3.05 10. 71 
56. Miscellaneous electrical machinery and 

supplies 0.50557 1. 97796 2.81284 -6 .12 6.5 2 16.12 
5 7. Motor vehicles and equipment 0.50139 1. 99444 4.36253 -3.02 3.11 16.28 
58. Aircrafts and parts 0. 5 0883 1. 96530 11.08179 -2.58 2.65 21.47 
59. Other transportation equipment 0.24351 4.10667 7.31000 -5.53 5.99 28.89 
60. Scientific and controlling instruments 0 .6 3038 1.58635 3.03233 -2.49 2.5 5 14. 72 
61. Optical, ophthalmic, and photo 

equipment 0.59679 1.6 7562 2.27449 -2.70 2.78 11.35 



Input-Output Sector 

62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair service 

71. 
72. 
73. 
74. 
75. 

76. 
77. 
78. 
79. 
80. 
81. 

except auto 
Business services 
Eating and drinking places 
Automobile repair and services 
Amusements 
Health, educational and social services 

and nonprofit organizations 
Federal government enterprise 
State and local government enterprise 
Petroleum products production 
Natural gas production 
Coal mining 
Electricity and hydropower 

TABLE XLI (Continued) 

1981 Value Added 
Coefficients 

0.46386 
0.26488 
o. 77635 
0.46584 
0.85144 
0.75602 
0.5 0619 
0. 76344 

0.56022 
0.50759 
0.32803 
0.40887 
0.47398 

0.62860 
0 .6 3045 
0.50799 
0.92072 
0.75171 
0 .6805 3 
0. 44898 

Multipliers 
Type I Type II 

2.15583 
3.77525 
1.28808 
2.14667 
1.1 7448 
1.32271 
1. 97554 
1.30986 

1.78501 
1. 97009 
3 .04850 
2.445 77 
2.10977 

1. 5 9085 
1.58616 
1. 9685 3 
1.08611 
1. 33030 
1.46944 
2.22727' 

5. 5 8614 
11.08545 
4. 20580 

15.56117 
1.8 7986 
9.80387 

16. 73736 
1.44 718 

4.74843 
4.50675 
5.68498 
4.96244 

10. 78895 

4. 50956 
4. 83819 
3.83001 
1.22116 
5.41060 
2.55181 
3. 29961 

1977-81 Percent Change 
Coefficients Multipliers 

-3.91 
-30.15 
-0. 92 
-1.60 
-o. 91 
-1.25 
-1.35 
-1.01 

-1. 77 
-2.74 
-4.27 
-2. 52 
-2.29 

-1.70 
-5.61 
-3.37 
10.09 
-5.21 

-14. 19 
-3.21 

Type I Type I I 

4.08 
43.16 
0.93 
1.15 
0.92 
1.27 
1.3 7 
1.02 

1.81 
2.82 
4.46 
2.58 
2.34 

1. 73 
5.94 
3.49 

-9.17 
5.50 

16.54 
3.32 

18.65 
54.62 
1 7.18 
19.41 
9.97 

21. 21 
20.55 
4.68 

15.76 
15. 7 9 
16.6 2 
15.03 
18.36 

20. 96 
21.06 
15.43 

-20.99 
22.75 
15.42 
14.12 

N 
'-...I 
0 
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The 1981 Type I value added multi_pliers of Oklahoma ranged from 

1.08611 for petroleum product production (sector 78) to 7.94409 for 

livestock and livestock products (sector 1). Type I va 1 ue added 

multipliers were high in the following sectors: 7.94409 for livestock 

and livestock products (sector 1); 4.46935 for paper and allied 

products, except containers (sector 22); 4.10667 for other 

transportation equipment (sector 59); 3.95383 for food and kindred 

products (sector 12); 3.77525 for transportation and warehousing (sector 

63); 3.50818 for paper~oard containers and boxes (sector 23); 3.45888 

for leat'1er tanning and finishing (sector 31); 3.40464 for agricultural, 

forestry and fishing services (sector 4); 3.32622 for metal containers 

(sector 37); and 3.27113 for primary nonferrous metal manufacturing 

(sector 36). 

The 1981 Type II value added multipliers ranged from 1.22116 for 

petroleum products production (sector 78) to 32.84897 for new 

construction (sector 9). Type II value added multipliers were high in 

the following s~ctors: 42.84897 for new construction (sector 9); 

42.22968 for paperboard containers and boxes (sector 23); 40.08061 for 

livestock and livestock products (sector l); 36.49927 for paints and 

allied products (sector 28); 23.50320 for agricultural, forestry, and 

fishery pl"oducts (sector 4); 23.37023 for pri_mary nonferrous metal 

manufacturing (sector 36); 22.10679 for apparel (sector 16); and 

18.73602 for drugs, cleaning and toilet preparations (sector 27). 

Increases of petroleum product prices between 1977-1981 reduced 

value added coefficients of all processing sectors of Oklahoma except 

petroleum products production (sector 78) from their 1977 level. 

Decreases ranged from 0.91 percent in water supply and san~tary services 
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(sector 66) to 30.15 percent i;-i transportation and warehousing (sector 

6 3 ) • The 1981 value added coefficient of petroleum products production 

(sector 78) increased about 10.09 percent above its 1977 level. The 

1981 value added coefficients showed the greatest reduction in the 

following sectors: 30.15 percent in transportation and warehousing 

(sector 63); 17.31 percent in paper and allied products, except 

containers (sector 22); 14. 77 percent in agricultural, forestry and 

fishery services (sector 4); 14.19 percent 10 coal mining (sector 80); 

14.08 percent in forestry and fishery products (sector 3); 13.95 percent 

in crops and other agricultural products (sector 2); 13.89 percent Ln 

chemicals and selected chemical products (sector 25); 12.70 percent u1 

nonferrous metal ores mining (sector 6); 12.60 percent in chemical and 

fertilizer mineral mining (sector 8); and 9.38 percent in livestock and 

livestock products (sector 1). 

The petroleum product price increases raised the 1981 Type I value 

added multipliers of all processing sectors in Oklahoma except petroleum 

products production (sector 78) above their 1977 level. The increases 

ranged from 0.92 percent in water supply and sanitary services (sector 

66) to 43.16 percent in transportation and warehousing (sector 63). The 

Type I value added multiplier of petroleum products production (sector 

78) decreased about 9.17 percent. Type I value added multipliers 

showing the greatest increase included the following sectors: 43.16 

percent in transportation and warehousing (sector 63); 20.94 percent in 

paper and allied products, except containers (sector 22); 17.34 percent 

in agricultural, forestry and fishery services (sector 4); 16 .54 percent 

in coal mining (sector 80); 16.39 percent in forestry and fishery 

product (sector 3); 16.21 percent in crops and other agricultural 
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product (sector 2); 16.13 percent tn chemical and selected chemical 

products (sector 25); 14.55 percent in nonferrous metal ores mining 

(sector 6) 14.41 percent tn chemical ;ind fertilizer mineral m1n1ng 

(sector 8); and 10.36 percent tn livestock and livestock products 

(sector 1). 

The petroleum product price increases raises the Type II value 

added multipliers of all processing sectors except petroleum products 

production (sector 78). The increases ranged from 4.68 percent in real 

estate and rental (sector 69) to 54.62 percent in transportation and 

warehousing (sector 63). Type II value added multiplier of petroleum 

products production (sector 78) decreased about 20.99 percent. Type II 

value added multipliers showing the greatest increase included the 

following sectors: 54.62 percent in transportation and warehousing 

(sector 63); 35.66 percent in agricultural, forestry, and fishery 

services (sector 4); 32.24 percent in paper and allied products, except 

containers (sector 22); 28.89 percent tn other transportation equipment 

(sector 59); 26.46 percent in screw machine products and stamping 

(sector 39); 25 .87 percent in new construction (sector 9); and 25.42 

percent in paperboard containers and boxes (sector 23). 

Estimated impacts of petroleum product price increases between 

1977-1981 on Type I and Type II output multipliers of Oklahoma are 

presented in Table XLII. The 1981 Type I output multipliers ranged from 

1.27249 for water supply and sanitary services (sector 66) to 3.01490 

for livestock and livestock products (sector 1). In addition to 

livestock and livestock products, Type I output multipliers were highest 

in the following sectors: 2.89558 for food and kindred products (sector 

12); 2.69301 for leather tanning and finishing (sector 31); 2.66399 for 



TABLE XLII 

IMPACTS OF PETROLEUM PRODOCT PRICE IOCREASES OF 153 PERCENf IN OKLAHOMA AND 
145 PERCENT IN REST OF U.S. BETWEEN 1977-1981 ON OUTPUT 

MULTIPLIERS, OKLAHOMA, 1981 
( 1977 DOLLARS) 

Input-Output Sector 1981 Output Multipliers 1977-81 Percent Change 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery 

services 
5. Iron and ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mills 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile 

products 

Type I Type II 

3.01490 
1. 8.2083 
1. 93 972 

2 .31204 

1. 97884 
1. 77198 
1.61572 
2 .16831 
1. 93641 
2.05298 
2 .89558 

2.13473 

2.27512 
2 .50954 

2 .09300 

6.33884 
3.59738 
4. 25844 

6.97913 

4.69053 
3.86777 
2.40714 
6 .89073 
5.24335 
4.03878 
6 .1 7511 

4.51136 

5.38919 
6.87498 

5.36261 

Type I Type I I 

3.26 
5.06 
4.31 

2.45 

4.6 7 
4.24 
6.30 
4.27 
4. 53 
3.60 
4.18 

4.12 

4.06 
3 .52 

3.72 

2.12 
3.15 
2.60 

16. 95 

2.24 
3.31 
3.36 
1.51 
2.75 
2.78 
2. 26 

3.00 

2.47 
1.87 

2. 77 



TABLE XLII (Continued) 

Input-Output Sector 

18. Lumber and wood products, except 
containers 

19. Wood containers 
20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical 

products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic 

products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural 

metal products 

1981 Output Multipliers 
Type I Type II 

2.12242 
1. 81486 
2 .16914 
1. 94488 

2.46898 
2.61924 
2 .17371 

2.05422 
2 .34497 
2.22891 
2 .47950 
1.40654 

2.02884 
2 .69301 
2.21955 
1. 97654 
2 .1 7708 
2.33708 
2.61470 
2 .58666 

2.11326 

4.99701 
5.97873 
6 .19719 
5.99961 

5.55589 
6.86644 
6 .• 18482 

4.38866 
5 .16430 
6. 34909 
6.43610 
2. 73445 

4.80187 
4.99230 
6.23825 
6.13591 
5.64912 
6 .30404 
7 .13892 
5. 94143 

6.02078 

1977-81 Percent Change 
Type I Type II 

5. 52 
5.74 
4. 70 
4. 52 

2.02 
4.84 
4.47 

4.14 
4.34 
3.61 
4.55 
6.19 

4. 5 7 
2.97 
3. 91 
4.69 
5 .54 
4.82 
4.74 
4.65 

4.82 

2. 73 
2.20 
2.25 
2.27 

1.07 
1.23 
2. 18 

1.65 
2.39 
2.01 
l. 79 
3 .14 

2.86 
2.55 
1.89 
1. 55 
1.48 
1.48 
0.81 
1.08 

2.35 
N 
-...J 
Ui 



TABLE XLII (Continued) 

Input-Output Sector 

39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and 

equipment 
47. General industrial machinery and 

equipment 
48. Miscellaneous machinery except 

electrical 
49. Office, computing and accounting 

machines 
50. Service industry machines 
51. Electric industrial equipment and 

apparatus 
52. Household appliances 
53. Electric lighting and wiring equipment 
54. Radio, TV and communication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 

1981 Output Multipliers 
Type I Type I I 

2.16119 
1.89139 
2.12327 
2. 23842 
2.06908 

2 .07313 
1.86128 

2 .08276 

1.95518 

1. 91836 

2 .443 95 
2 .09047 

2 .11192 
2.17674 
1.96351 
1.885 37 
1.89889 

2.00316 
2.01289 

6.54887 
4. 85120 
4. 23169 
6.00924 
5. 98319 

5.06550 
5. 47433 

5.10778 

5.93201 

5.77618 

5.15576 
5. 89214 

6.01528 
6. 41244 
3.71628 
4. 98623 
3.89813 

4.51003 
5.36430 

1977-81 Percent Change 
Type I Type II 

4.06 
4.53 
4.29 
4.44 
4.41 

4.32 
4.09 

4.29 

4.53 

4.51 

3 .39 
4.28 

4.33 
3.99 
4.10 
3.27 
3.69 

4.09 
3.75 

0.97 
3.00 
3. 20 
2.34 
2.32 

2.56 
1.85 

2. 91 

2.40 

2.50 

2.93 
1.45 

2.36 
2.02 
3.15 
3.00 
3.25 

2.78 
2.45 



TABLE XLII (Continued) 

Input-Output Sector 

58. Aircrafts and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 
61. Optical, ophthalmic, and· photo 

equipment 
62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and 1V 
65. Radio and 1V broadcasting 
66. Water supply and sanitary services 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair service 

except auto 
71. Business services 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social services 

and nonprofit organizations 
76. Federal government enterprises 
77. State and loca 1 government enterprises 
78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 

1981 Output Mulitpliers 
Type I Type I I 

2 .02501 
2 .65118 
1. 76425 

1.83051 
2 .15690 
2 .09981 
1.41475 
1. 99715 
1. 27249 
1.45222 
1. 93 765 
1.41744 

1.82810 
1. 92592 
2.66399 
2.10915 
2.00015 

1. 71187 
1. 71197 
1. 92800 
1.13802 
1.38470 
1. 56085 
1. 88813 

6.75059 
8.34206 
4. 87143 

4.05126 
5.86626 
s .43062 
5.50483 
6.43560 
3.58740 
6.42082 
6.72065 
2.36845 

5.35874 
5.20658 
5.78253 
5.24117 
6.135 22 

7 .09213 
5.45075 
4. 91345 
3.08746 
4.18756 
4.18212 
4. 32056 

1977-81 Percent Change 
Type I Type II 

3.59 
4.05 
3.81 

3.99 
4.45 
3.33 
2.02 
2 .18 
1. 98 
2.30 
2.17 
2.05 

2.79 
3.22 
4.02 
3.06 
2.74 

2.89 
6.12 
3.73 

-11.34 
4.09 
3.99 
2.83 

1. 95 
0.50 
2.95 

3.29 
2.44 
2.05 
2.68 
1. 95 
3.47 
2.01 
2.00 
3.10 

2.65 
2.57 
2.43 
1. 76 

19.11 

1.44 
1.50 
1. 78 
3.17 

-25 .16 
3 .15 

-4.15 
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eating and drinking places (sector 72); 2.65118 for other 

transportation equipment (sector 59); 2.61924 for paperboard containers 

and boxes (::.ector 23); 2.61470 for primary nonferrous metal 

manufacturing (sector 36); 2.58666 for metal containers (sector 37); and 

2. 50954 for apparel (sector 16). The 1981 Type II output multipliers 

ranged from 2.36845 for real estate and rental (sector 69) to 8.34206 

for other transportation equipment (sector 59). T y pe II out put 

multipliers were highest in the following sectors: 7.13892 in primary 

nonferrous metal manufacturing (sector 36); 7.09213 in health, 

educational and social services and nonprofit organizations (sector 75); 

6.97913 in agricultural, forestry and fishery services (sector 4); 

6.89073 in new construction (sector 9); 6.87498 in apparel (sector 16); 

6.86644 for paperboard containers and boxes (sector 23); 6.75059 for 

aircrafts and parts (sector 58); 6.72065 for finance and tnsurance 

(sector 68) and 6.54887 for screw machine products and stamping (sector 

3 9). 

Petroleum product price increases raised the 1981 Type I output 

multipliers of all processing sectors except petroleum product 

production (sector 78), The increases ranged from 1.98 percent in water 

supply and sanitary services (sector 66) to 6.30 percent in chemical and 

fertilizer mineral mining (sector 8). The 1981 Type I output multiplier 

of petroleum products production (sector 78) decreased 11.34 percent 

below the 1977 level. The 1981 Type I output multipliers increased most 

in the following sectors: 6. 3 0 pe re ent in chemica 1 and fert i 1 izer 

mineral mining (sector 8); 6.19 percent in paving and roofing material 

(sector 29); 6.12 percent Ln federal government enterprises (sector 76); 

5.74 percent in wood containers (sector 19); 5.54 percent rn stone and 
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clay products (sector 34); 5.52 percent in lumber and wood products 

except containers (sector 18) 

agricultural products (sector 2). 

and 5.06 percent i.n crops and other 

Type II output multipliers increased most rn amusements (sector 74) 

and agricultural, forestry and fishery serv1ces (sector 4) with 

increases of 19.11 percent and 16.95 percent, respectively. Type II 

output multipliers of all other sectors except natural gas production 

(sector 79) and electricity and hydropower (sector 81) increased from 

0 • 5 p e r c en t i n o the r t r a n s port a t ion e q u i pme nt (sector 5 9) to 3. 4 7 

percent in water supply and sanitary services (sector 66). The 1981 

Type II output multipliers of natural gas production (sector 79) and 

electricity and hydropower (sector 81) decreased 25.16 percent and 4.15 

percent, respectively, as a result of petroleum price increases. 

Impacts of Natural Gas Price Increases 

Between 1977 and 1981 

Estimated i. m pacts of natural gas pr1ce increases of 66 percent 1.0 

Oklahoma and 55 percent tn the Rest of U.S. between 1977 and 1981 on 

value added coefficients and multipliers are presented in Table XLIII. 

Value added coefficients for Oklahoma in 1981 ranged from 0.13709 for 

livestock and livestock products (sector 1) to 0.85474 for water supply 

and sanitary services (sector 66). Value added coefficients were 

highest in the following sectors: 0.85474 for water supply and sanitary 

serv1ces (sector 66); 0.85170 for natural gas production (sector 79); 

0.82306 for petroleum products production (sector 78); 0.79598 for 

paving and roofing materials (sector 29); 0.78115 for communication, 
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6. 
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8. 
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13. 
14. 
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1 7. 
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TABLE XLIII 

IMPACTS OF NATURAL GAS PRICE INCREASES OF 66 PERCENT IN OKLAHOMA AND 
55 PERCENT IN REST OF U.S. BETWEEN 1977-1981 ON VALUE ADDED 

COEFFICIENTS AND VALUE ADDED MULTIPLIERS, OKLAHOMA, 1981 
(1977 DOLLARS) 

1981 Value Added 1977-81 Percent Change 
Coefficients Multi pliers Coefficients Multipliers 

Type I Type II Type I Type 

Livestock and livestock products 0.13709 7. 2 9461 33.98539 -1.31 1.33 4.24 
Crops and other agricultural products 0.55678 1. 79605 2.25730 -0.99 1.00 2. 51 
Forestry snd fishery products 0.53313 1.87572 2.43972 -2.13 2.1 7 4.09 
Agricultural, forestry and fishery 

services 0 .33409 2. 99325 18.56140 -3.06 3.16 7 .14 
Iron and ferroalloy ores mining 
Nonferrous metal ores mining 0.49332 2.02710 3.16159 -2.89- 3.08 5. 29 
Stone and clay mining and quarrying 0 .61072 1.63740 2 .11183 -1.00 1.01 2. 78 
Chemical and fertilizer mineral mining 0 .68211 1.46605 1.476 74 -1.03 1.05 l. 71 
New construction 0,43747 2.385 75 35.93858 -1.42 1.44 5.5 7 
Maintenance and repair construction 0.54524 1.83406 3.50169 -o. 92 0.92 3.78 
Ordnance and accessories 0.48678 2.05430 2.15586 -2.50 2.56 4.16 
Food and kindred products 0.26645 3.75299 7 .14565 -1.36 1.3 7 4.24 
Tobacco manufacturers 
Broad and narrow fabrics, yarn and 

thread mil ls 0.46469 2.15196 2.74698 -1.34 1.36 3.38 
Miscellaneous textile goods and floor 

coverings 0.41229 2.42547 4.16602 -1.48 1.50 4.19 
Apparel 0.32891 3.04034 19.18374 -l.08 1.09 4.92 
Mi see 11 sneous fabricated textile 

products 0.49257 2.03015 3. 79008 -0.82 0.82 3.66 
Lumber and wood products, except 

containers 0.47577 2.10187 3.38039 -1.3 7 1.3 9 3 .87 

II 

N 
OJ 
0 



19. 
20. 
21. 
22. 

23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 

39. 
40. 
41. 
42. 

Wood containers 
Household furniture 
Other furniture and fixtures 
Paper and allied products, except 

containers 
Paperboard containers and boxes 
Printing and publishing 
Chemicals and selected chemical 

products 
Plastics and synthetic materials 
Drugs, cleaning and toilet preparations 
Paints and allied products 
Paving and roofing material 
Rubber and miscellaneous plastic 

products 
Leather tanning and finishing 
Footwear and other leather products 
Glass and glass products 
Stone and clay products 
Primary iron and steel manufacturing 
Primary nonferrous metal manufacturing 
Metal containers 
Heating, plumbing and structural 

me ta l products 
Screw machine products and stamping 
Other fabricated metal products 
Engines and turbines 
Farm and garden machinery 

TABLE XLIII (Continued) 

1981 Value Added 
Coefficients Multi pliers 

0 .6 2683 
0.45794 
0.56161 

0.25990 
0.30263 
0.46018 

0.43286 
0 .34116 
0 .403 97 
0.31888 
0. 7 95 98 

0.53362 
0.31088 
0.45212 
0. 51900 
0.42855 
0.39890 
0.31351 
0.30771 

0.52051 
0.46005 
0.60611 
0.48903 
0.43647 

Type I Type I I 

1.59534 
2.183 71 
1. 78061 

3.84759 
3. 3043 9 
2.17306 

2.31022 
2.93116 
2.47544 
3.13595 
l.25631 

1.8 7401 
3.21672 
2.21181 
l. 926 77 
2.33343 
2.50688 
3.18973 
3.2497Z 

l.92119 
2.17367 
1.64986 
2.04487 
2.29112 

5. 36487 
7.41175 
5. 49551 

6.5 7874 
35. 735 72 

7.29810 

3.20469 
5.10668 

15.92026 
31. 55902 

1.48337 

2.93205 
3.29493 
7.58840 
7.63377 
5 .84644 
7. 983 71 

20.20686 
5.10023 

4.89480 
12.15158 

2.66396 
2.13579 
5.12735 

1977-81 Percent Change 
Coefficients Multipliers 

-1.07 
-0.98 
-1.01 

-3.95 
-2.3 7 
-l.10 

-4.12 
-2.08 
-1.10 
-l. 74 
-l. 91 

-1.34 
-l.89 
-l.24 
-2.64 
-2.87 
-2.56 
-3.11 
-3. 77 

-l. 21 
-2.92 
-l.11 
-1.66 
-1.28 

Type I Type I I 

1.08 
0,98 
1.02 

4.11 
2.43 
l.11 

. 4. 30 
2 .13 
l. l l 
l. 77 
l.95 

l.36 
l. 92 
l.26 
2. 71 
2.95 
2.6 2 
3.21 
3.91 

l. 22 
3.01 
1.12 
1.68 
l. 30 

4. 70 
4. 51 
4. 54 

6.6 2 
6.14 
4. 60 

6.12 
4. 5 2 
4.68 
5.21 
2.99 

3.73 
3.85 
4. 75 
6.26 
5.89 
6.04 
7.15 
6.75 

4.62 
6.76 
3 .66 
3.46 
4. 58 



43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and 

equipment 
47. General industrial machinery and 

equipment 
48. Miscellaneous machinery except 

elect rica 1 
49. Office, computing and accounting 

machines 
so. Service industry machines 
51. Electric industrial equipment and 

apparatus 
52. Household appliances 
53. Electric lighting and wiring equipment 
54. Radio, TV and communication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
5 7. Motor vehicles and equipment 
58. Aircrafts and parts 
59. Other transportation equipment 
60. Scientific and controlling instruments 
61. Optical, ophthalmic, and photo 

equipment 

TABLE XLIII (Continued) 

1981 Value Added 
Coefficients Multipliers 

Type I Type II 

0.51499 1. 941 78 4.86325 

0 .50326 1.98705 3.03326 
0.58726 1. 70284 3.71503 

0,50209 1.99169 2. 9726 2 

0.5 7542 1. 74059 4.40166 

0.58726 l,70282 4.12151 

0.32640 3.06376 3.45286 
0. 48871 2.04619 4.90515 

0 .4987 9 2.00483 5.18096 
0.44958 2.22432 9.13820 
0.54548 1.83325 1. 92354 
0.56247 1.77789 3.06134 
0.56004 1. 78558 2.06217 

0.52783 1.8945 5 2.52218 
0.50951 1. 96 26 9 3.91480 
0.51808 1. 93020 9.5 74·49 
0.25337 3. 946 72 6.06447 
0.64063 1.56095 2. 73760 

0 .60685 1.64785 2.10305 

1977-81 
Coefficients 

-1. 23 

-2.06 
-2.49 

1.1 7 

-1.08 

1.01 

-0.93 
-2.65 

-1.10 
-1.24 
-2.10 
-0.63 
-1.36 

-1. 99 
-1.45 
-0.81 
-1. 8.2 
-0.90 

-1.06 

Percent Change 
Multipliers 

Type I Type II 

1. 24 4.65 

2.10 4.63 
2.56 5.60 

1.18 3. 79 

1.09 4. 55. 

1.02 4.36 

0.94 3.29 
2. 7 2 5.96 

1.11 4.50 
1. 26 4.94 
2.05 3.47 
0.63 3.30 
1.38 3.05 

2.03 4. r2 
1.4 7 4.34 
0.81 4.95 
1.86 6.93 
0.91 3.5 7 

1.07 2.95 

N 
co 
N 



62. 
63. 
64. 
65. 
66. 
67. 
6B. 
69. 
70. 

71. 
72. 
73. 
74. 
75. 

76. 
77. 
7B. 
79. 
BO. 
Bl. 

TABLE XLIII (Continued) 

l9Bl Value Added 
Coefficients Multi pliers 

Miscellaneous manufacturing 
Transportation and warehousing 
Communications, except radio and TV 
Radio and TV broadcasting 
Water supply and sanitary services 
Wholesale and retail trade 
Finance and insurance 
Real estate and rental 
Hotels; personal and repair service 

except auto 
Business services 
Eating and drinking places 
Automobile repair and services 
Amusements 
Health, educational and social services 

0.47751 
0.37315 
0.7Bll5 
0 .4695 2 
O.B5474 
0.761BO 
0.51100 
o. 76966 

0.56647 
0.5166B 
0.33B34 
0. 40BB6 
0.4B035 

and nonprofit organizations 0.63439 
Federal goverilllent enterprise 0.65070 
State and local gover~nent.enterprise 0.51029 
Petroleum products production O.B2306 
Natural gas production O.B5170 
Coal mining 0.70B41 
Electricity and hydropower 0.39556 

Type I Type II 

2.0941B 
2.6 7991 
l.2B016 
2. l 29B4 
1.16994 
l.31267 
l.95695 
l. 2 992B 

1. 76532 
1.93544 
2.95565 
2.445B2 
2.0BlBO 

l. 5 7631 
l. 5 36Bl 
l.9596B 
l. 2149B 
l.17413 
l.41162 
2. 5 2B07 

4.91157 
7.4B790 
3.72622 

13.63596 
l. 75146 
B.47553 

14.51774 
l.39631 

4. 25423 
4.04014 
5.06B76 
4. 5 3B63 
9.4BB06 

3.91B06 
4.22Bl9 
3.49922 
l. 5 9225 
2.15559 
2.2B423 
3 .425 30 

1977-Bl Percent Change 
Coefficients Multipliers 

-1.09 
-1.60 
-o. 31 
-0.B2 
-0.52 
-0.50 
-0.42 
-0.20 

-0.6B 
-1.00 
-l.26 
-2.5 2 
-0.9B 

-0.BO 
-2.5B 
-2. 93 
-l .5B 

7. 39 
-1. l l 

-14. 73 

Type I Type I I 

l.10 
l.62 
0.31 
O.B2 
o. 5 2 
0.50 
0.42 
0.20 

0.6B 
l.00 
l.27 
2. 59 
0.99 

O.Bl 
2.64 
3.02 
l.6 l 

-6.BB 
-1. l 2 
17. 27 

4. 32 
4.44 
3.B2 
4.64 
2.46 
4. 7B 
4. 55 
l.00 

3. 7l 
3.BO 
3.9B 
5.20 
4. 5 3 

5. l 0 
5.BO 
5.46 
3.02 

-5 l. l 0 
3.32 

l B.46 

N 
co 
w 
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except radio and TV (sector 64); 0.76966 for real estate and rental 

(sector 69); 0. 76180 for wholesale and retail trade (sector 67); and 

0.70841 for coal mining (sector 80). 

When the impacts of natural gas price increases on commodity prices 

were included in the modified interregional input-output price model, 

the value added coefficients of all processing sectors in Oklahoma in 

1981 except natural gas production (sector 79) decreased. The decrease 

ranged from 0.2 percent i.n real estate and rental (sector 69) to 14.73 

percent in electricity and hydropower (sector 81). The value added 

coefficient of natural gas production (sector 79) increased 7.39 percent 

Value added coefficients decreased most in the following sectors: 14.73 

percent in electricity and hydropower (sector 81); 4.12 percent rn 

chemicals and selected chemical products (sector 25); 3.95 percent in 

paper and allied products, except containers (sector 22); 3.77 percent 

in metal containers (sector 37); and 3.06 percent in agricultural, 

forestry and fishery services (sector 4). 

Type I value added multipliers of Oklahoma in 1981 including the 

impact of natural gas price increases ranged from l".16994 for water 

supply and sanitary services (sector 66) to 7.294661 for livestock and 

livestock products (sector 1 ), Type I value added multipliers were 

highest in the following sectors: 7.29461 for livestock and livestock 

products (sector 1); 3. 946 72 for other transportation equipment (sector 

59); 3.84759 for paper and allied products, except containers (sector 

22); 3. 7 5299 for food and kindred products (sector 12); 3.30439 for 

paperboard containers and boxes (sector 23); 3.24977 for metal 

containers (sector 37); 3.21672 for leather tanning and finishing 
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(sector 31 ); 3.18973 for primary nonferrous metal manufacturi.ng (sector 

36), and 3.13595 fur paints and allied products (sector 23). 

The 1981 Type I I va 1 ue added multipliers ranged from 1.39631 for 

real estate and rental (sector 69) to 35.93858 for ne1v construction 

(sector 9). Type II value added multipliers were highest in the 

followi:ig sectors: 35.93858 for new construction (sector 9); 35.73572 

for pap.;:!rboard containers <lll<l boxes (sector 23); 33.98539 for livestock 

a n d 1 i v e s tL> c k p r o d u c t s ( s e c t o r 1 ) ; 3 1 • 5 5 90 2 for pa i n t s and a ll i e d 

p r o d u c t s ( s e c t o r 2 8 ) ; · 2 0 • 2 0 6 3 6 for p r i ma r y no n f e r r o us ;n e ta 1 

manufacturing (sector 36); 19.18371+ for apparel (sector 16); 18.56140 

for agricultural, forestry, and fishery services (sector 4); and 

15.92026 for drugs, cleaning and toilet preparation (sector 27). 

Increases u1 natural gas prices raised the 1981 Type I value added 

multipliers of all processing sectors except natural gas production 

(sector 79) from 0.2 percent in real estate and rental (sector 69) to 

17.27 percent tn electricity and hydropower (sector 81). The Type I 

value added multiplier of natural gas production (sector 79) decreased 

6.88 percent below the 1977 level. The 1981 value added multipliers 

increased most in the following sectors: 17.27 percent i.n electricity 

and hydro power (sector 31); 4. 30 percent Ln chemic<il and selected 

cheinic~l products (sector 25); 4.11 percent t:i papP.r and allied 

prod u c t s , ex c e pt co n ta in e rs ( sec t or 2 2 ) ; 3 • 91 p e r c P n t L n me ta l 

containers (sector 37); 3.21 percent Ln primary nonferrous metal 

:nanufacturing (sector 36); and 3.16 percent tn agricultural, forestry 

and fishery services (sector 4). 

Natural gas price increases raised Type II valc.1e added inultipliers 

of all processing sectors except nataral gas production (sector 79) from 
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1.0 percent in real estate and rental (sector 69) to 18.46 percent in 

electricity and hydropower (sector 81). The T·•pe II value added 

multiplier of natural gas production (sector 79) decreased 51.10 percent 

below the 1977 level. The 1981 Type II value added multipliers 

increased most in the following sectors: 18.46 percent in electricity 

and hydropower (sector 81 ); 7.15 percent in primary nonferrous metal 

manufacturing (sector 36); 7.14 percent in agricultural, forestry, and 

fishery services (sector 4); 6.93 percent in other transportation 

equipment (sector 59); 6.76 percent Ln screw machine products and 

stamping (sector 39); 6. 75 percent in metal containers (sector 37); 6.62 

percent in paper and allied products, except container (sector 22); 6.26 

percent in glass and glass products (sector 33); 6.14 percent in 

paperboard containers and boxes (sector 23); and 6.12 percent in 

chemicals and selected chemical products (sector 25). 

Estimated impacts of natural gas price increases between 1977 and 

1981 on Type I and Type II output multipliers of Oklahoma are presented 

in Table XLIV. The 1981 Type I output multipliers ranged from 1.23395 

for natural gas production (sector 79) to 2.95076 for livestock and 

livestock products (sector 1). In addition to livestock and livestock 

products, Type I output multipliers iNere highest in the following 

sectors: 2.81172 for food and kindred products; 2.64333 for leather 

tanning and finishing (sector 31); 2.59030 for eating drinking places 

(sector 72); 2.54700 for primary nonferrous metal manufacturing (sector 

36); 2.53724 for paperboard containers and boxes (sector 23); and 

2. 50474 for metal containers (sector 37). Type II output multipliers 

ranged from 2.03068 for petroleum products production (sector 78) to 

8. 35045 for other transportation equipment (sector 59). Type II output 



TABLE XLIV 

IMPACTS OF NATURAL GAS PRICE INCREASES OF 66 PERCEITT' IN OKLAHOMA AND 
55 PERCE ITT' IN REST OF U.S. BETWEEN 1977-1981 ON 

OUTPUT MULTI PLIERS, OKLAHOMA, 1981 

Input-Output Sector 

1. Livestock and livestock products 
2. Crops and other agricultural products 
3. Forestry and fishery products 
4. Agricultural, forestry and fishery 

servi.ces 
5. Iron and ferroa 11 oy ores mining 
6. Nonferrous metal ores mining 
7. Stone and clay mining and quarrying 
8. Chemical and fertilizer mineral mining 
9. New construction 

10. Maintenance and repair construction 
11. Ordnance and accessories 
12. Food and kindred products 
13. Tobacco manufacturers 
14. Broad and narrow fabrics, yarn and 

thread mills 
15. Miscellaneous textile goods and floor 

coverings 
16. Apparel 
17. Miscellaneous fabricated textile 

products 

(1977 DOLLARS) 

1981 Output Multipliers 
Type I Type I I 

2. 95076 
1. 75305 

. 1.88594 

2.28116 

1. 93530 
1. 72362 
1. 54349 
2 .10792 
1.87619 
2 .01438 
2.81172 

2 .08024 

2.21559 
2 .45272 

2.04179 

6 .47504 
3.69983 
4.35071 

6.75897 

4.80199 
4.10911 
2 .5483 9 
6. 983 74 
5.45168 
4. 343 72 
6.43982 

4.82456 

5.72010 
7.12137 

5.68849 

1977-81 Percent Change 
Type I Type II 

1.07 
1.15 
1.42 

1.09 

2.3 7 
1.40 
1.55 
1.37 
1.29 
1.66 
1.17 

1.46 

1.34 
1.17 

1.19 

4.32 
6.0 9 
4.83 

13.26 

4.6 7 
9.76 
9.42 
2.88 
6.83 

10 .54 
6.64 

10 .15 

8. 77 
5.52 

9.01 
N 
00 
'-J 



TABLE XLIV (Continued) 

Input-Output Sector 

18. Lumber and wood products, except 
containers 

19. Wood containers 
20. Household furniture 
21. Other furniture and fixtures 
22. Paper and allied products, except 

containers 
23. Paperboard containers and boxes 
24. Printing and publishing 
25. Chemicals and selected chemical 

products 
26. Plastics and synthetic materials 
27. Drugs, cleaning and toilet preparations 
28. Paints and allied products 
29. Paving and roofing material 
30. Rubber and miscellaneous plastic 

products 
31. Leather tanning and finishing 
32. Footwear and other leather products 
33. Glass and glass products 
34. Stone and clay products 
35. Primary iron and steel manufacturing 
36. Primary nonferrous metal manufacturing 
37. Metal containers 
38. Heating, plumbing and structural 

meta 1 products 

1981 Output Multipliers 
Type I Type II 

2 .0405 8 
1. 74130 
2 .0995 3 
1.88603 

2.45003 
2 .53724 
2 .10868 

2.00953 
2. 28586 
2.17728 
2 .40933 
1.34699 

l.97ll0 
2.64333 
2.16358 
1. 92006 
2 .09665 
2. 27182 
2.54700 
2.50474 

2.05027 

5.27463 
6.13961 
6.45501 
6. 26834 

5.50709 
7 .01221 
6 .45009 

4.51466 
5.40885 
6.50885 
6 .6565 7 
2. 95 302 

5.12275 
5.23279 
6.50149 
6.35646 
5.87217 
6.51632 
7.38615 
6.30226 

6.31796 

1977-81 Percent Change 
Type I Type II 

18. 90 
1.46 
1.34 
1.36 

1.24 
1.56 
1.34 

l.88 
1. 71 
l. 21 
l.59 
1.70 

1. 59 
1.07 
1.29 
1.70 
1.65 
1. 90 
2.03 
1.34 

1.69 

8.44 
4. 95 
6.50 
6.85 

0.18 
J. 38 
6.56 

4. 5 7 
7.24 
4.57 
5.28 

11.38 

9.74 
7.49 
6.19 
5.20 
5.49 
4.89 
4.30 
7.21 

7.41 

N 
OJ 
OJ 



TABLE XLIV (Continued) 

Input-Output Sector 

39. Screw machine products and stamping 
40. Other fabricated metal products 
41. Engines and turbines 
42. Farm and garden machinery 
43. Construction and mining machinery 
44. Materials handling machinery and 

equipment 
45. Metal working machinery and equipment 
46. Special industry machinery and 

equipment 
47. General industrial machinery and 

equipment 
48. Miscellaneous machinery except 

electrica 1 
49. Office, computing and accounting 

machines 
SO. Service industry machines 
51. Electric industrial equipment and 

apparatus 
52. Household appliances 
53. Electric lighting and w1r1ng equipment 
54. Radio, 'IV and communication equipment 
55. Electronic components and accessories 
56. Miscellaneous electrical machinery and 

supplies 
57. Motor vehicles and equipment 

l 98 l Out put Multipliers 
Type I Type II 

2 .11959 
1.83874 
2 .06950 
2 .1 7618 
2.01408 

2.02745 
1.82478 

2.02832 

1. 90054 

1.86380 

2 .38946 
2 .03446 

2.05459 
2 .1245 3 
1. 91836 
1.84524 
1.85886 

1. 95813 
1. 96830 

6.66108 
5 .18276 
4.58222 
6.30205 
6. 2 9551 

5.42791 
5 .80154 

5. 46398 

6. 24184 

6 .08223 

5.51498 
6. 25432 

6 .32031 
6 .56423 
4.03716 
5.33373 
4.22832 

4. 79548 
5. 70187 

1977-81 Percent Change 
Type I Type II 

2.06 
1.62 
1.65 
1.53 
1.63 

2.02 
2.05 

1.56 

1.61 

1.54 

1.09 
1.49 

1.50 
1.50 
1. 71 
1.07 
1.51 

1. 75 
1.45 

2.70 
10 .04 
11. 75 

7.32 
7 .6 7 

9. 90 
7. 94 

10.09 

7.75 

7.93 

10.10 
7 .68 

7.55 
4.43 

12.06 
10.18 
11.99 

9.28 
8.89 
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TABLE XLIV (Continued) 

Input-Output Sector 

58. Aircrafts and parts 
59. Other transportation equipment 
'60. Scientific and controlling instruments 
61. Optical, ophthalmic, and photo 

equipment 
62. Miscellaneous manufacturing 
63. Transportation and warehousing 
64. Communications, except radio and TV 
65. Radio and TV broadcasting 
66. Water supply and sanitary servi.ces 
67. Wholesale and retail trade 
68. Finance and insurance 
69. Real estate and rental 
70. Hotels; personal and repair service 

except auto 
71. Business servi.ces 
72. Eating and drinking places 
73. Automobile repair and services 
74. Amusements 
75. Health, educational and social services 

and nonprofit organizations 
76. Federal government enterprises 
77. State and local govermnent enterprises 
78. Petroleum products production 
79. Natural gas production 
80. Coal mining 
81. Electricity and hydropower 

1981 Out put Multipliers 
Type I Type II 

1.97807 
2 .58477 
1. 72221 

1. 785 32 
2 .09462 
2 .05076 
1.39595 
1. 97208 
1. 25 944 
1.43134 
1.90876 
1. 395 72 

1. 795 03 
1 .88508 
2 .59030 
2 .06 798 
1. 96600 

1.6 7965 
1.64196 
1.88852 
1.30341 
1. 23395 
1.52564. 
1. 89803 

6. 99253 
8.35045 
5.21170 

4. 38961 
6.16041 
4. 85 302 
5.81552 
6.70549 
3.90589 
6.65634 
6. 96432 
2 .5 7514 

5 .68539 
5 .5 2625 
6 .1092 9 
5 .62491 
6.41443 

7.27248 
5. 72318 
5. 27640 
2.03068 
5.88478 
4.44462 
4. 95 230 

1977-81 Percent Change 
Type I Type I I 

1.19 
1.44 
1.33 

1.43 
1.44 
0.92 
0.66 
0.89 
0. 93 
0.82 
0.65 
0.48 

0. 93 
1.03 
1.14 
1.04 
0.98 

o. 96 
1. 78 
1.61 
1.54 

-7.24 
1.64 
3.37 

5.60 
0.60 

10 .14 

11. 91 
7 .5 7 

-8.81 
8.48 
6.23 

12.65 
5.75 
5 .69 

12 .09 

8. 91 
8.87 
8.22 
9. 21 
6 .69 

4.02 
6.58 
9.30 

-32 .14 
5.17 
9. 62 
9.86 N 

\0 
0 
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multipliers were highest rn the following sectors: 8.35045 for other 

transportation equipment (sector 59); 7.38615 for primary nonferrous 

metal manufacturing (sector 36); 7.27248 for health, educational, and 

social services and nonprofit organizations (sector 75); 7.12137 for 

apparel (sector 16); 7.01221 for paperboard containers and boxes (sector 

23); 6.99253 for aircrafts and parts (sector 58); 6.98374 for new 

construction (sector 9); and 6.96432 for finance and insurance (sector 

68). 

Increases in natural gas prices between 1977-1981 raised Type I 

output multipliers of all processing sectors except natural gas 

production (sector 79). The increases ranged from 0.48 percent in real 

estate and rental (sector 69) to 18.9 percent in lumber and wood 

products, except containers (sector 18). Type I output multiplier of 

natural gas production (sector 79) decreased 7.24 percent below the 1977 

level. Type I output multipliers in Oklahoma increased most in the 

following sectors: 18. 9 percent in lumber and wood products, except 

containers (sector 18); 3.37 percent in electricity and hydropower 

(sector 81); 2.37 percent in nonferrous metal ores mining (sector 6); 

2.06 percent in screw machine products and stamping (sector 39); 2.05 

percent in metal working machinery and equipment (sector 45); 2.03 

percent in primary nonferrous metal manufacturing (sector 36); and 2.02 

percent in material handling machinery and equipment (sector 44). 

Type II output multipliers of all processing sectors except 

transportation and warehousing (sector 63) and petroleum products 

production (sector 78) increased. The increases ranged from 0.18 

percent in paper and allied products, except containers (sector 22) to 
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13.26 percent in agricultural, forestry and fishery services (sector 4). 

Type II output multipliers of transportation and warehousing (sector 63) 

and petroleum products production (sector 78) declined 8.81 percent and 

32.14 percent, respectively. Type II output multipliers increased most 

in the following sectors: 13.26 percent in agricultural, forestry and 

fishery services (sector 4); 12.09 percent in real estate and rental 

(sector 69); 12.06 percent in electric lighting and wiring equipment 

(sector 53); 11. 99 percent in electronic components and accessories 

(sector 55); 11.91 percent in optical, opht'rnlmic, and photo equipment 

(sector 61); 11. 75 percent in engines and turbines (sector 41); and 

11.38 percent in paving and roofing materials (sector 29). 

Effects of Energy Price Changes on Sector 

Output, Income and Employment 

One of the applications of the interregional input-output price 

model is to use the interregional multipliers to estimate total impacts 

of changes in output, income and employment. Assuming no changes in 

productivity of the processing sectors between 1977 and 1981, total 

impacts on the economy of Oklahoma in 1981 from changes in output, value 

added, and employment of any processing sector can be estimated by 

mu 1 ti plying the amount of change by the corresponding 1981 interregional 

multi plier. 

The estimated impacts of changes in output, value added and 

employment that occurred in petroleum products production (sector 78) 

from 1977 to 1981 can be used as an illustration. The following 

parameter data is used: 0.92072 for value added coefficient; 1.08611 
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for Type I value added multiplier and l.22116 for Type II value added 

multiplier; 1.13802 for Type I output multiplier and 3.08746 for Type II 

output multiplier. Assuming that the dollar value of the output of 

petroleum products increased at the same rate as petroleum prices in 

Oklahoma bet·,.,een 1977-1981, the dollar value of output of petroleum 

products production increased from $2,902,346 thousand in 1977 to 

$7,342,935 thousand in 1981. With the value added coefficient of 

0. 92072, value added in petroleum products production in 1981 was 

estimated as $6,760,787,000 in 1977 dollars. When this amount of value 

added was multiplied by the Type I value added multiplier of 1.08611, 

the value added of all processing sectors in Oklahoma generated directly 

and indirectly was $7,342,958,000 in 1977 dollars. Using the Type II 

value added multiplier of 1.22116, the direct, indirect, and induced 

value added change of all processing sectors was estimated at 

$8,256,002,700 in 1977 dollars. The dollar value of output of all 

processing sectors in Oklahoma associated directly and indirectly with 

the output of petroleum products 'production was estimated by multiplying 

the Type I output multiplier of 1.13802 of petroleum products production 

by the dollar value of its increased output. Therefore, the direct and 

indirect output effects on all processing sectors in Oklahoma from 

changes in output of petroleum products production in 1981 was estimated 

at $8,356,407,000 in 1977 dollars. Using the Type II output multiplier 

of 3.08746, the direct, indirect, and induced output effects on all 

processing sectors was estimated at $22,671,018,000 in 1977 dollars. 

Effects of changes in employment in petroleum products production 

·on total employment of Oklahoma can be estimated by multiplying the 
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employment multiplier by the change in employr;ient of the petroleum 

products production sector. Employment in oil and gas extraction and 

refinery industry in Oklahoma increased from 54,100 persons in 1977 to 

78,290 persons i.n 1981. Assuming that employment in petroleum products 

production increased at the same rate as employment in oil and gas 

extraction and refinery industry, employment in petroleura products 

product ion would increase from 26 ,546 persons in 1977 to 38,416 persons 

in 1981. With Type I employment multiplier of 1.65195, total direct and 

indirect employment effects on all processing sectors in Oklahoma from 

employment in petroleum products production in 1981 would be 63,461 

persons. When employment of petroleum products production is multiplied 

by its Type II employment multi plier of 5 .82041, total direct, indirect, 

and induced employment effects of employment in petroleum products 

production on total employment in Oklahoma in 1981 would be 223,597 

persons. 



• 

CHA PT ER X 

SUMM.AR'{, IMPLICATIONS AND LIMITAHONS 

S umrilary 

The objective of this thesis was to develop and apply the 

methodology of an interregional input-output price model in analyzing 

impacts of energy price changes on the regional economy of Oklahoma. A. 

two-region input-output model was developed to show the structural 

relationships between Oklahomc\I and the Rest of United States. The 

regional technology coefficient matrices were derived from the benchmark 

national input-output table for the base year 1977. 

A human resource account was constructed to show the allocation of 

household income and employment in Oklahoma and Rest of U.S. in 1977 by 

economic sector. The data from the human resource account were 

integrated with the interregional input-output model for purposes of 

measuring interregional output, income and employment multipliers. 

Interregional input-output multipliers were calculated as Type I 

multipliers when the household sector is exogenous of the interindustry 

mode 1 and as Type II multi pliers when the household sector is treated as 

an endogenous sector of the model. 

An energy balance sheet was constructed. for the base period 1977 to 

show production and consumption of energy by energy source and by 

295 
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econor:nc sector. The d;:ita of an energy accl)unt were i,1tegrated with the 

interregional input-output price model to evaluate the impacts of energy 

price increases on regional commodity prices. .\n interregional 

input-output price model was first applied to estimate impacts of a 

hypothetical 20 percent increase in each energy price and a 20 percent 

i nc re a s e o f a l 1 en e r g y pr i c e s • The model was also used to estimate 

impacts of the actual percentage increases of petroleum product prices 

and natural gas prtces i:1 Oklahoma and Rest of U.S. during the period 

bet"7een 1977 and 1981. Finally a modified interregional input-output 

price model was developed to measure the final impacts of energy price 

changes on value added coefficients and value added and output 

multipliers of Oklahoma. 

Implication 

When petroleum product prices were hypothetically increased by 20 

percent throughout the United States, transportation and warehousing 

(sector 63) of Oklahoma was most affected. The cost (price) of 

transportation and warehousing increased about 5.65 percent. l\lmost all 

other industries in Oklahoma were affected by this petroleum product 

prtce change. Commodity prices for five sectors in O~lahoma i:1creased 

by more than two percent. They were paper and allied products, except 

containers (sect<Jr 22); agricultural, forestry, and fishery services 

(sector 4) forestry and fishery products (sector 3); crops and other 

agricultural products (sector 2); and chemicals and selected chemical 

products (sector 25). Prices of nine processing sectors increased from 

1.01 percent to 1.92 percent, while prtces of all other sectors 

i.ncreased by less than one ~r:::ent. 
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When natural gas prices were hypothetically increased by 20 percent 

throughout the United States, electricity and hydropower (sector 81) was 

impacted most in Oklahoma with a price increase of 6.24 percent over the 

normalized price. Prices of nine processing sectors increased from 1.03 

percent to 1.51 percent, w-hile prices of all other sectors increased by 

less than one percent. 

When coal prices were hypothetically increased by 20 percent, 

prices of all other commodities increased by less than one percent. 

When e 1 ec t rici ty and hydropower prices were hypothetically increased by 

20 percent, 11 processing sectors of Oklahoma showed price increases 

slightly more than one percent while all other sectors showed price 

increases of less than one percent. 

When all energy prices were hypothetically increased by 20 percent 

at the same time, all processing sectors of Oklahoma showed higher 

increases in varying proportions in commodity prices. Prices of 

transportation and warehousing (sector 63), paper and allied products, 

except containers (sector 22); chemical and selected chemical products 

(sector 25); nonferrous metal ores mining (sector 6); agricultural, 

forestry, and fishery services (sector 4); screw machine products and 

stamping (sector 39); and stone and clay products (sector 34) were 

impacted most. Prices of these sectors increased from 3.03 percent to 

6.13 percent over normalized prices. 

The truncated interregional input-output price model was applied 

to estimate impacts of actual price increases that occurred in petroleum 

product prices in Oklahoma and the Rest of U.S. between 1977 and 1981. 

As petroleum product prices increased by 153 percent 1n Oklahoma and 145 

percent in Rest of U.S. between 1977 and 1981, other commodity prices in 
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Oklahoma increased widely, ranging from 1.02 percent increase in real 

e s t a t e a n d r e n t a 1 ( sector 6 6 ) to 4 3 • 16 per:: en t L nc re a s e in 

transportation and warehousing (sector 63). Nine processing sectors of 

Oklahoma showed price increases of more than ten percent as the result 

of petroleum product price increases bet'#een 1977 and 1981. Sectors 

with the highest price increases were transportation and warehousing 

(sector 63); nonferrous metal ores mining (sector 6); paper and allied 

products, except containers (sector 22); agricultural, forestry and 

fishery services (sector 4); forestry and fishery products (sector 3); 

crops and other agricultural products (sector 2); chemical and selected 

chemical products (sector 25); nonferrous metal ores mining (sector 6); 

chemical and fertilizer mineral mining (sector 8); livestock and 

livestock products (sector l); and leather tanning and finishing (sector 

3 1 ) • These price increases ranged from 9.6 percent to 43.16 percent 

over normalized prices, 

Prices of other energy processing sectors in Oklahoma showed little 

res pons e to increases in petroleum product price increases. Prices of 

natural gas production (sector 79), coal mining (sector 80), and 

electricity and hydropower (sector 81) increased by 5.50 percent, 5.26 

pet'cent, and 3.32 percent, respectively, as a result of the petroleum 

product price increases between 1977 and 1981. 

The impacts of the natural gas price :increase of 66 percent 1n 

Oklahoma and 45 percent in Rest of u.s. between 1977 and 1981 were to 

raise commodity prices in Oklahoma from 0.20 percent for real estate and 

rental (sector 69) to 17.28 percent for electricity and hydropower 

(sector 81 ). Sectors that were most affected by natural gas price 

increases are those industries having high natural gas usage ratios such 
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as electricity and hydropower (sector 81); paper ,3nd a.llied products, 

except containers (sector 22); chemicals and selected chemical products 

{sector 25); metal containers (sector 37); primary nonferrous metal 

manufacturing (sector 36); agricultural, forestry and fishery services 

(sector 4); and nonferrous metal ores mining (sector 6). 

The economic impact analysis considered three interregional 

input-output multipliers; output, income, and employment. Output 

multipliers measure the total change in output from all sectors 

resulting from a dollar change in final demand for the output of a 

particular sector. Type I output multipliers consider only the direct 

and indirect impacts of a dollar change in final demand, while Type II 

multipliers include the induced impacts of consumption spending. Type I 

output multipliers of Oklahoma ranged from 1.24783 (water supply and 

sanitary services) to 2.91963 (livestock and livestock products). 

Sectors with the highest Type I output multipliers are livestock and 

livestock products (2.91963); food and kindred products (2.77933); 

leather tanning and finishing (2.61522); eating and drinking places 

(2.56105); other transportation equipment (2.54798); paperboard 

containers and boxes (2.49837); and primary nonferrous metal 

manufacturing (2.49631). Type II output multipliers of Oklahoma ranged 

from 2.29730 (real estate and rental) to 8.30068 (other transportation 

equipment). Sectors with the highest Type II output multipliers are 

other transportation equipment (8.30068); primary nonferrous metal 

manufacturing (7.08154); health, educational and social services, and 

non-profit organizations (6.99128); new construction (6.78854); 

paperboard containers and boxes (6. 78283 ); and aircraft and parts 

(6.62160). 
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Income multipliers measure the total change in income of Oklahoma 

resulting from a dollar change in income of a producing sector. Type I 

income multipliers show the direct and indirect change in Oklahoma 

income per dollar of change in income of a produci.ng sector. Type II 

income multipliers include the induced effects of increases in income 

resulting from incresed consumer spending. Type I income multipliers of 

Oklahoma ranged from 1.15974 (natural gas production) to 24.15390 

(engines and turbines). Sectors with the highest Type I income 

multipliers are engines and turbines (24.15390); ordnance and 

a c c e s s o r i e s ( 1 8 • 2 7 5 5 9 ) ; e 1 e c t r i c l i g h t i n g a n d w i r i n g e q u i pme nt 

(13.83421); electric lighting and wiring equipment (13.83421); office, 

computing and accounting machines (13.13330); and livestock and 

livestock products (4.59653). Type II income multipliers ranged from 

2.72662 (natural gas production) to 57.82123 (engines and turbines). 

Type II income multipliers were highest Ln engines and turbines 

(57.82123); ordnance and accessories (43.54759); electric lighting and 

wiri!_!g equipment (31.96451); office, computing and accounting machines 

( 33. 01902); metal containers (11.10358); livestock and livestock products 

(10.93988); electronic components and accessories (10.29242); and paper 

and allied products, except containers (10.21773). 

Emp 1 oyme nt mu 1 ti pliers measure the total change in employment due 

to a one unit change in employment of a particular sector. Type I 

employment multipliers show the direct and indirect change in employment 

of Oklahoma from a one unit change in employment of a particular sector. 

Type II employment multipliers include the induced employment effect 

from changes in income resulting from increased consumer spending. Type 

I employment multipliers in Oklahoma ranged from 1.10426 (plastics and 
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synthetic materials) to 7.54205 (engines and turbines). Sectors with 

the highest Type I employment ;nultipliers are engines and turbines 

( 7. 54205); food and kindred products (4.83218); chemicAls and selected 

chemicals products (4.72198); and paper and allied products, except 

containers (4.50979), Employment multipliers Type II for Oklahoma 

ranged from 1.42075 (plastics and synthetic materials) to 22.24147 

(engines and turbines). Type II employr:ient multipliers were highest for 

engines and turbines (22.24147); chemicals and selected chemical 

products (16.18162); paper and allied products, except containers 

(13.38616); coal mining (12.81087); electricity and hydropower 

(12.19049); food and kindred products (12.11219); optical, opthalmic, 

and photographic equipment (11.05512), and special industry machinery 

and equipment (10.60923). 

IncC"eases of petroleum product prices between 1977 and 1981 reduced 

value added coefficients of all processing sectors of Oklahoma except 

petroleum products production (sector 78) below the 1977 level. 

Decreases ranged from 0.91 percent in water supply and sanitary services 

(sector 36) to 30.15 percent in transportation and warehousing (sector 

6 3). The value added coefficient of petroleum products production 

increased 10.09 percent. The petroleum product price increases raised 

both Type I and Type II value added multipliers of all processing 

sectors except petroleum products production. The increases in Type I 

value added multipliers ranged from 0.92 percent in water supply and 

sanitary services (sector 66) to 43.16 percent in transportation and 

warehousing (sector 63). Type I value added multipliers of petroleum 

products production decreased 9.17 percent. Increases in Type II value 

added multipliers ranged from 4.68 percent in real estate and rental 
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(sector 69) to 54.62 percent in transportation and warehousing (sector 

6 3). Type II value added multipliers of petroleum products production 

decreased 20.99 percent. 

Increases in Type I output multi.pliers ranged from 1.98 percent in 

water supply and sanitary servi.ces (sector 66) to 6.30 percent in 

chemical and fertilizer mineral mining (sector 80). Type I output 

multipliers of petroleum products production decreased 11.34 percent. 

Increases in Type II output multi.pliers ranged from 0.5 percent in other 

transportation equipment (sector 59) to 19.11 percent in amusements 

(sector 74). Type II output multiliers of natural gas production 

(sector 79) and electricity and hydropower (sector 81) decreased 25.16 

percent and 4.15 percent, respectively. 

The increase in natural gas prices between 1977 and 1981 decreased 

the value added coefficients of all processing sectors in Oklahoma 

except natural gas production (sector 79). The decrease ranged from 0.2 

percent in real estate and rental (sector 69) to 14.73 percent in 

electricity and hydropower (sector 81). Value added coefficient of 

natural gas production (sector 81) increased 7 .39 percent. Type I value 

added multipliers increased; ranging from 0.2 percent in real estate and 

rental (sector 69) to 17.27 percent in electricity and hydropower 

(sector 81 ). Type I value added multiplier of natural gas production 

(sector 79) decreased 6.88 percent. Type II value added multipliers 

increased ranging from 1.0 percent in real estate and rental (sector 69) 

to 18.46 percent i.n electricity and hydropower (sector 81). Type II 

va 1 ue added mu 1 ti plier of natural gas product ion (sector 79) decreased 

51.10 percent. 
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Increases in natural gas pn.ces raised Type I output multipliers of 

all processing sectors except natllral gas production (sector 79); 

ranging from 0.48 percent in real estate and rental (sector 69) to 18.9 

percent in lumber and wood products, except containers (sector 18). 

Type I output multiplier of natural gas production decreased 7.24 

percent. Increases in Type II output multipliers ranged from 0.18 

percent in paper and allied products, except containers (sector 22) to 

13.26 percent in agricultural, forestry and fishery services (sector 4). 

Type II out.put multipliers of transportation and warehousing (sector 63) 

and petroleum products production (sector 78) declined 8.81 percent and 

32.14 percent, respectively. 

Limitations 

Limitations for the study area artse from (l) data limitation and 

(2) model assumptions. The study used secondary data based on national 

coefficients. Data limitations occur since a vast amount of data 

are required and time and funds prohibit the collection of primary data. 

With primary data, the model could have been developed in greater 

detail, permitting a more comprehensive analysis. 

The interregional input-output model has important data 

limitations. Since the national input-output tables have not yet been 

published for the base year 1977, they had to be estimated from the 

previous input-output tables using an extrapolation technique. The 

interregional input-output coefficients were estimated using 1963 trade 

coefficients. With more recent trade data, the interregional 



304 

input-out put model would better depict interregional linkages between 

Oklahoma and the Rest of U.S. 

The human resource account has data limitations of household income 

disaggregation by economic sector. Without appropriate dat.3. of unearned 

income, the allocation of household 1ncome by economic sector was forced 

to cover only wage and salary and other labor income and proprietor's 

income. Unearned i.ncome such as dividends, rent, interest, and transfer 

payments has significance in computing household income and consumption 

spending. Hence, it has significance in calculating income multipliers 

and Type II output and employment multipliers when the household sector 

is an endogenous sector of the model. 

The energy account has data limitati.ons by sector disaggregation 

and energy source both for pro·cessing and final demand sectors. Various 

data sources and allocation rules were used to distribute energy 

consumption to the detailed input-output sectors of Oklahoma. Some of 

the allocation procedures were arbitrary. The allocation rules have 

relied only on secondary data sources and not primary data or field 

observations. With better quality of energy dat.3., the ability of an 

interregional input-output price model to predict the impacts of energy 

price changes will be increased significantly. 

Model assumptions are also limitations to the study. The 

interregional input-output price model was based on three basic 

assumptions, i.e. ( 1) fixed technical coefficients, (2) fixed trade 

relationships, and (3) constant industrial shares for each industry in a 

region. These assumptions restrict the use of the truncated 

interregional input-output price model to short-run price forecasts 1n 

which technical and trade relationships do not adjust to the shifts in 
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relative prices of inputs. In the long run, the technical and trade 

relationships will change, and price forecasts will become increasingly 

inaccurate. A modified interregional input-output price model is an 

attempt to use the estimated prices to update the technical coefficients 

to account for changes in technica 1 relationships over time due to price 

changes. However, the modified interregional input-output pn.ce model 

does not account for changes in technical relationships over time due to 

changes in technology. To account for changes in te.chnology over time, 

the model should include the effects of capital formation on current and 

future production. The ca pi ta 1 account has to be developed and 

integrated with the static interregional input-output model so that it 

can account for the expansion of capital stock to meet new levels of 

final demands resulting from changes in commodity prices. 

Additional Research 

Further research is needed to alleviate the above mentioned data 

and mode 1 limitations. With better data, a more comprehensive analys{s 

of an interregional input-output model can be made. Further studies 

in this area should address the impacts of energy price changes on 

output, income, employment and government revenues. A modification 

of an interregional input-output model can be made to include the 

impacts of energy price changes on input-output coefficients by 

pre-multiplying the initial input-output coefficient matrix by the 

matrix of new commodity prices and post-multiplying by the inverse 

matrix of new commodity prices. Then an econometric model can be 

developed to estimate the impacts of commodity price changes on final 
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demand components of the interregional input-output model. Once the new 

final demand components are estimated, changes in outputs of processing 

sectors can be estimated using the new input-output coefficient 

matrices. Then impacts of new commodity prices on income, employment 

and government revenues are determined using the appropriate 

coefficients of the interregional input-output model. 

A.no ther important area of research will be the long-run forecast of 

final impacts of energy price changes on consumption, investment, 

em p 1 oyment, and government revenues and expenditures. With the complete 

data on capital formation, a simulation model can be built around a 

dynamic interregional input-output price model. With a set of properly 

defined equations, the impacts of energy price changes on regional 

economic variables such as consumption expenditure, investment, 

employment, income and government revenues and expenditurl7s can be 

forecasted for future time periods. 
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Classification Industries 

The individual regional input-output model consists of 31 procesing 

(or purchasing) sectors, s1x dummy and special industries, and nine 

final demand sectors. Processing sectors of the regional model consists 

of four sectors of agricultural activities, four sectors of mining 

except fuels, two sectors of construction, 52 sectors of manufacturing, 

13 sectors of service-type activities, two government sectors and four 

energy producing sectors. Industrial aggregation and classification by 

Standard Industrial Classi fica ti on (SIC) codes of both Oklahoma and Rest 

of U.S. are as presented in Table VII of Chapter IV. All data are in 

1977 prices. 

Sector total output of procesing sectors of both Oklahoma and Rest 

of U.S. are presented in Table VII of Chapter IV. The method and data 

sources used for construction of sector total output of Rest of U.S. 

model followed the Bureau of Economic Analysis, Definitions and 

Convention of 1972 Input-Output Study (90). The readers are referred 

to this publication for more details. The method and data sources used 

for construction of total output of energy processing sectors of 

Oklahoma are described in the energy account of Chapter VI. Methods and 

sources used for construction of total output of non-energy processing 

sectors of Oklahoma in 1977 are as described below. 

Definition of Industries and Sources of Data 

Agricultural, Forestry and Fishery Sector 

The output of the agricultural industries is the value of all farm 

production, It is defined on a commodity basis. The output total for a 
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given industry covers all farm production of the products primary to 

that industry, whether they are produced for sale or for their own use 

and whether or not they are produced on farms whose major products were 

primary to that industry. 

Detailed information for the value of the agricultural commodities 

.tn 197 7 are obtained mainly from the Oklahoma Agricultural Statistics, 

1980 {78). The dat.;i are supplemented by the Economic Indicators of the 

Farm Sector (107), 1977 Fisheries of the United States (122) and 1974 

Census of Agriculture {112) and 1378 Census of Agriculture (113). 

Livestock and Livestock Products 

The output of this industry includes the output of primary products 

and secondary products and receipts. The major secondary receipts are 

the farm rental received and secondary dairy products. The list of 

items included and estimated values are presented in Table XLV. Farm 

renta 1 received are allocated to livestock and livestock products and to 

other agricultural products (mainly crops) by assuming each sector's 

share in proportion to their to ta 1 out put. 

Other Agricultural Products 

The output of this industry includes farm production for open 

market sale. It includes a portion of farm rental received and 

government payments. The estimated values of the components included in 

this industry are presented in Table XLVI. 



TABLE XLV 

ESTIMATED OUTPUT !:"OR LIVESTOCK AND LIVESTOCK 
PRODUCTS OKLAHOMA, 1977 

Components 

Cattle and calves 
Hogs and pigs 
Sheep and lambs 
Wool 
Farm Dairy Products 
Chickens 
Turkeys 
Eggs 
Honey and Beeswax 
Farm Renta 1 Received 

TOTAL 

Forestry and Fishery Products 

Values ($1,000) 

960 ,500 
18, 480 

2 ,5 20 
.33 7 

111,936 
5 , 115 
6 ,692 

25, 162 
1 ,464 

72, 908 

1 ,205 ,114 
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The output of this industry includes raw furs, standing timber, 

Christmas trees, tree seeds and seedlings, gums, barks and miscellaneous 

forest products and products of fisheries. The estimated values of the 

items produced in Oklahoma includes the following: 

Components 

Forest 
Greenhouse and nursery 
Fishery products 

TOTAL 

Value ($1,000) 

1 , 153 
23,748 

503 

25 ,404 



TABLE XLl/I 

ESTIMATED OtrrPUT FOR OTHER AGRICULTURAL PRODOCTS 
OKLAHOMA, 197 7 

Components 

Wheat 
Oats 
Barley 
Rye 
Corn for grain 
Sorghum for grain 
Sorghum for silage 
Cotton lint and cotton seed 
Soybeans for beans 
Peanuts for nuts 
Al fa 1 fa seed 
All hay 
Al 1 other hay 
Vegetables (watermelon, 

spinach, snap beans) 
Peaches 
Pecans 
Government Payments 
Farm Rental Received 

TOTAL 

Values ($1,000) 

407,160 
8 ,073 
6,468 
1 ,583 

16,749 
3 9' 934 
24,833 

107,919 
41 '83 7 
5 7 ,266 

3,629 
195 ,360 

2,200 

3 ,062 
1 ,093 
6 ,6 75 

84'100 
54 ,492 

1,067 ,433 
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Agricultural, Forestry and Fishery Services 

Output 1s defined on an activity basis and includes (1) cotton 

ginning, fruit picking, crop dusting, custom work and other agricultural 

services, (2) poultry hatching, (3) animal breeding, (4) forestry 

sevices and operation of fish hatcheries. The estimated values of the 

activities that took place in Oklahoma are: 

Components 

Cotton ginning 
Machine hire and custom 

work 
Chicks hatched 

Broiler type 
Egg type 
Turkey poults hatching 

TOTAL 

Value ($1, 000) 

14 ,2 92 

97,832 

8,202 
520 
937 

l'll,783 

In 1977 there were 436 ,000 bales of cotton at $32. 78 cost per bale. The 

custom work in general is assumed equal to the values of machine hire 

and custom work. The value is estimated on the basis of the values of 

1974 (112) and 1978 Census of A-iculture (113). The values of the 

chicks hatched estimated on the basis of number of chicks hatched and 

the cost per 100 hatched. There were 29,294,000 broiler type at $28.00 

per 100 and 1,666,000 egg type at the cost of $31.20 per 100. Oklahoma 

turkey poults hatched in 1977 were 1,300,000. To estimate the value the 

price at national average of 0.721 per bird hatched is used. Other 

agricultural, forestry and fishery services are not available for 

consi dera ti on. 
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Mining Except Fuels Sector 

Non-energy mining industries are defined on an establishment basis 

which include extraction of solid minerals occurring naturally. That 

is, each industry includes the value of shipments and receipts from all 

economic activities, both primary and secondary performed by the 

establishments. The output of the non-energy mining sector specified by 

the list of industries mentioned below are based on the values of 

receipts plus the value of minerals used in the non-energy mining 

sector. The state values of production for the four industries 

comprising the mining sector are as follows: 

I/O 

5. 
6. 
7. 
8. 

Industry Title 

Iron and ferroalloy ores mining 
Nonferrous metal ores mining 
Stone and clay mining and quarrying 
Chemical and fertilizer mineral mining 

TOTAL 

Value ($1,000) 

0 
6, 95 9 

144,174 
11,507 

162 ,640 

Estimates concerning the value of production for the non-energy mim.ng 

industries are based largely on the data from 1977 Census of Mineral 

Industries (117) supplemented by the U.S. Bureau of Mines, Minerals 

Yearbook 1981 (129). The census source provides data on total receipts 

for each three or four SIC digit mining industry; these are subsequently 

aggregated to the desired classification defined for the state 

input-output study. 



326 

Construction Secto~ 

Output of new construction and maintenance and repair construction, 

reflect the value created by erecting and maintaining structures and 

other facilities. Output of new construction is defined on an activity 

basis and measures the value put-in-place of private and public original 

erect ions, additions and alternations which increase or alter the stock 

of facilities (90). 

New construction includes building and non-building facilities. It 

also includes the value of materials used in residential construction 

performed by households on a do-it-yourself basis. Equipment that is an 

integral part of the facility and essentials for its general use is 

inc 1 uded in the value of construction. Construction covers the value of 

work of construction contractors, operative builders and establishments 

performing oil and gas field services that are performed in the mining 

industries. 

Maintenance and repair construction includes the value created by 

any economic sector in maintaining or restoring the existing stock of 

facilities (90). The cost of which are charged to current expense. It 

also includes an estimated value of materials used in residential 

maintenance performed by households on do-it-yourself basis (90). Total 

value of output includes the maintenance by government agencies or 

non-construction firms with their own employees. The output values for 

construction industries in Oklahoma are as follows: 

I/O 

9. 
10. 

Industry Title 

New construction 
Maintenance and repair construct ion 

TOTAL 

Value ($1,000) 

1 ,944,003 
422. 951 

2,366,954 
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The values of output for the construction industries appear in the 1977 

Census of Construction Industries (114) and U.S. Bureau of Mines, 1978 

Minerals Yearbook (129). 

Manufacturing Sector 

Output of each industry in the manufacturing sector consisting of 

52 sectors i.s defined as the value of production of the industries i.n 

that sector. Manufacturing outputs are based on establishment tn that 

sector and therefore include receipts from primary and secondary 

activities performed by the various establishments (90). 

Because the value of shipments constitutes the major portion of the 

value of production, as defined for an input-output industry, is 

generally considered a relatively good proxy of the pattern of state 

outputs. Minor items included in the definition of output, but excluded 

from the value of shipments, consist of work-in process and finished 

goods inventory changes. Therefore, shipments data are then grouped by 

input-output industry definition and aggregated in 52 industries. Each 

industry's output is estimated by adding the value of shipments and the 

value of inventory change is allocated to the various industries tn 

proportion to the distribution of value of shipment of each industry to 

the total state value of shipments. Output estimates of the industries 

in the manufacturing sector are presented in Table XLVII. The values of 

shipments and inventory changes for the manufacturing sector are 

obtained from the 1977 Census of Manufacturing (116). 



11. 
12. 
13. 
14. 

TABLE XLVII 

ESTIMATED OUTPUT FOR MANUFACTURING SECTORS OKLAHOMA, 1977 
($1,000) 

Input/Ouput Industries 

Ordnance and accessories 
Food and kindred products 
Tobacco manufacturers 
Broad and narrow fabrics, yarn and 

thread mil ls 

Value of 
Shipments 

14,756 
1 ,627 ,200 

0 

38,000 

Inventory 
Change 

207 
22,820 

0 

533 
15. Miscellaneous textile goods and 

16. 
1 7. 

18. 

19. 
20. 
21. 
22. 

23. 
24. 
25. 

26. 
27. 

floor coverings 
Apparel 
Miscellaneous fabricated textile 

products 
Lumber and wood products except 

containers 
Wood containers 
Household furniture 
Other furniture and fixtures 
Paper and allied products except 

containers 
Paperboard containers and boxes 
Printing and publishing 
Chemical and selected chemical 

products 
Plastics and synthetic materials 
Drugs, cleaning and toilet preparations 

78,200 
271 ,200 

56,600 

253,300 
6 ,800 

47,000 
22,700 

199, 500 
45, 900 

340 ,000 

349,600 
3 ,200 

13 ,000 

1 ,097 
3,083 

794 

3,552 
95 

659 
318 

2,798 
644 

4, 768 

4, 903 
14 

204 

Out put 
Value 

14, 963 
1,650,120 

0 

38,.533 

79 ,2 97 
274,283 

5 7 ,3 94 

256 ,85 2 
6 ,895 

47,659 
23,018 

202 ,298 
46 ,544 

344' 768 

354 ,503 
3,214 

13,204 
w 
N 
00 



TABLE XLVII (Continued) 

Value of Inventory Out put 
Input/Ouput Industries Shipments Change Value 

28. Paints and allied products 24' 900 349 25 '249 
29. Paving and roofing materials 60 ,400 847 61,247 
30. Rubber and miscellaneous plastic 

products 732,700 10,275 742,975 
31. Leather tanning and finishing 7,100 100 7,200 
32. Footwear and other leather products 12 ,300 1 72 12 ,4 72 
33. Glass _and glass products 179,000 2,510 181,510 
34. Stone and clay products 282 ,500 3 ,962 286 ,462 
35. Primary iron and steel m~nufacturers 162,200 2,275 164,475 
36. Primary nonferrous metal manufacturers 133,100 1,86 7 134,967 
3 7. Metal containers 13,303 187 13 ,490 
38. Heating, plumbing and structural 

metal products 707,300 9,919 717,219 
39. Screw machine products and stampings 34' l 00 478 34 '5 78 
40. Other fabricated meta 1 products 253,741 3 ,56 7 25 7 ,308 
41. Engines and turbines 32,500 456 32 '95 6 
42. Farm,.and garden machinery 53 ,500 750 54,250 
43. Construction and mining machinery 726 ,142 10 ,042 726'142 
44. Materials handling machine and 

equipment 31,800 446 32 ,246 
45. Metal working machine and equipment 15,500 25 7 15,757 
46. Special industry machine and equipment 110 ,300 1 ,547 111 ,84 7 
47. General industrial machine and 

equipment 253 ,000 3 ,548 256 ,548 
48. Miscellaneous machinery except 

electrical 111 ,064 l ,558 112,622 
w 
N 

'° 



49. 

so. 
51. 

52. 
53. 

54. 

55. 
56. 

5 7. 
58. 
59. 
60. 
61. 

62. 

TABLE XLVII (Continued) 

Input/Ouput Industries 

Office, computing and accounting 
machines 

Service industry machines 
Electrical, industrial equipment and 

apparatus 
Household appliances 
Electrical lighting ~nd wiring 

equipment 
Radio, 1V .and communication 

equipment 
Electronic components and accessories 
Miscellaneous electrical machinery 

and supplies 
Motor vehicles and equipments 
Aircraft and parts 
Other transportation equipment 
Scientific and controlling ·instruments 
Optical, ophthalmic, and photo 

equipment 
Miscellaneous manufacturing 

TOTAL 

Value of 
Shipments 

213,736 
93,600 

59 ,400 
5 ,598 

16,500 

647 ,000 
48,200 

1 7 ,602 
26 3 ,800 
248,200 

61 ,600 
46,200 

6 7 ,200 
76,600 

9,158, 700 

Inventory 
Change 

2,997 
1,313 

833 
18 

231 

9 ,073 
676 

247 
3 ,6 99 
3,480 

864 
648 

942 
1 ,0 71+ 

127,756 

Out put 
Value 

216, 733 
94. 913 

60,233 
j , (, 76 

16,731 

656 ,073 
6 8' 8 76 

17,849 
26 7 ,499 
251 ,680 

62 ,464 
46,848 

68' 142 
77 ,6 74 

9,286,456 
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General Service Sector 

The general services are divided into four major sectors namely (1) 

transportation, communication and non-energy utilities, (2) wholesale 

and retail trade, (3) finance, insurance and real estate, and (4) 

services. These broad sectors are given jointly because same techniques 

are used to estimate each sector's output. No source indicates the 

output directly for the state. Therefore, it needs to be estimated from 

the national data. For the estimates, it is assumed that the ratio of 

output between Oklahoma and the United States is the same as the ratio 

of employment between Oklahoma and the United States. In other words it 

is assumed that the labor productivity of Oklahoma is equal to that of 

the nation. By this method, output ts estimated for each sector as 

shown below. 

Transportation, Communication and Utilities Sector 

The output of this sector is defined on a modified activity basis. 

It is the value of receipts received by all private establishments. 

I/O 

63. 
64. 
65. 
66. 

Industries 

Transportation and warehousing 
Communications except radio and TV 
Radio and TV broadcasting 
Water supply and sanitary services 

TOTAL 

Value ($1,000) 

1,672,775 
43 7 ,883 

75,317 
72,826 

2,258,801 
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Wholesale and Retail Trade Sector 

The output of wholesale and retail trade is defined on a gross 

margins basis. It reflects a modified activity definition. Its major 

receipts are gross margins (operating expenses plus profits) from the 

reselling activities of wholesale and retail trade establishments. It 

is the value of services performed in handling goods. The output 

estimate is obtained from 1977 Census of Wholesale Trade (120) and 1977 

Census of Retail Trade (118). 

I/O Industry Value ($1,000) 

6 7. Wholesale and retail trade 3 ,5 73 ,348 

Finance, Insurance and Real Estate Sector 

The output LS defined as the value of receipts received for 

services in this sector. The output estimates for the industries 

included in this broad sector are as follows: 

I/O 

68. 
69. 

Industries 

Finance and insurance 
Real estate and rental 

TOTAL 

Value ($1,000) 

1,164,370 
2 ,888 ,65 7 

4,053,027 
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Service Sector 

The output is defined on an activity basis as the amount paid to 

the industries of this broad sector for their service activities. The 

values of output of the industries are given below: 

I/O 

70. 

71. 
72. 
73. 
74. 
75. 

Industries 

Hotels and lodging, personal and repair 
services (except auto) 

Business services 
Eating and drinking places 
Automobile repair and services 
Amusements 
Health, education and social services and 

non-profit organi .z:a ti ons 

TOTAL 

Value ($1,000) 

529,759 
5 71 ,254 
687 ,210 
245,887 
11 7 ,356 

1 ,995 ,097 

4,146,563 

Tne output for the industries in the general services are estimated 

by using the information in the 1977 Census of Service Sector (117) and 

1977 Census of Retail Trade (118). 

I/O 

76. 

Industry 

Federa 1 government enterprises 

T h i s i n d u s t r y i n c l u d e s a 1 1 t h e a c t i v i t i e s o f t h o s e f e de r a 1 

government agencies, with separate accounting records, that cover over 

ha 1 f of their current operating cost by the sale of goods and services 

to the general public. State outputs of federal governmnent enterprises 

includes three major components: (1) po st off ice services, (2) the 

receipts of post exchanges, and (3) the value of services provided by 

other government enterprises (90). No source indicates the state output 

directly. It is, therefore, estimated from national data. To construct 

state estimates of output of federal goverment enterprises, it is 

assumed that the ratio of output between Oklahoma and the United States 

is the same to the ratio of total government personnel consisting both 
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the active duty military personnel and civilians between Oklahoma and 

the United States. By this method, output is estimated at $257,913,000. 

The main source of national output is the Bureau of Economic Analysis 

Summary Input-Output Tables (llO). Government personnel statistics are 

obtained from Selected Manpower Statistics (123) and 1979 Statistical 

Abstract of the United States (121). 

I/O Industry 

77. State and local government enterprises 

Output LS defined as revenue received. This industry holds the 

activities of the state and local government agencies, with separate 

accounting records, that cover over half of their current operating 

costs by the sale of goods and services to the general public. State 

and local government enterprises includes: (1) gas and electric 

utilities, (2) water supply facilities, (3) transit facilities (4) 

liquor stores, (5) water transportation and terminals, (6) air 

transportation facilities, (7) highway toll facilities and such 

activities as (8) sewers and sewage disposal, (9) low-cost housing and 

urban renewal, and (10) some miscellaneous activities such as offstreet 

parking and city markets (90). State output for the state and local 

government enterprises is estimated on the basis of ratio of Oklahoma 

revenue to U.S. revenue for the items mentioned above multiplied by the 

industry output for the United States. The output of the Oklahoma state 

and local government enterprises is estimated at $191,494,000. Industry 

output for the United States is obtained by using the information in the 

Bureau of Economic Analysis Summary Input-Output Tables (104). The U.S. 

and Oklahoma revenues for the included activities are obtained from the 

1977 Census of Governments (109). 



- - -- - ---------------

APPENDIX B 

INPUT-OUTPUT COEFFICIENT MATRICES FOR 

OKLAHOMA AND REST OF U.S. , 1977 
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TABLE XLVIII 

OKLAHOMA DIRECT COEFFICIENT MATRIX, 1977 

AOK1 3 4 5 6 7 8 9 

1 0.21294 0.01531 0.00000 0.06256 0 00000 0.00000 0.00000 0 .00000 0.00000 
2 0.34997 0.03114 0.00000 0.02153 0 00000 0.00000 0.00000 0 00000 0.00124 
3 0.00000 0.00000 0.00346 0.00221 0.00000 0.00000 0.00000 0.00000 0.00000 
4 0.02939 0.02437 0.02644 0.03238 0.00000 0.00000 0.00000 0.00000 0.00057 
5 0.00000 0.00000 0.00000 0.00000 0.00000 Q.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.02149 0.00000 0.00000 0.00000 
7 0.00002 0.00172 0.00000 0.00037 0.00000 0.00028 0.02037 0.00831 0.00726 
8 0.00000 0.00104 0.00000 0.00000 0.00000 0.00000 0.00000 0.01893 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00476 0.00560 0.00000 Q.01509 0.00000 Q.00621 0.00613 0.00554 0.00019 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 
12 o. 12951 0.00001 0.02381 0.00801 0.00000 0.00000 0.00000 0.00039 0.00016 
13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
14 0.00000 0.00002 0.00000 0.00000 0.00000 0.00004 0.00000 0.00006 0.00000 
15 0.00021 0.00095 0.02234 0.00865 0.00000 0.00000 0.00000 0.00000 0.00274 
16 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00038 0.00000 0.00004 
17 0.00000 0.00017 0.00513 0.00171 0.00000 0.00000 0.00000 0.00000 0.00001 
18 0.00010 0.00005 0.00000 0.00000 0.00000 0.00287 0.00000 0.00031 0.04166 
19 0.00001 0.00144 0 00000 0.00257 0.00000 0.00000 0.00000 0.00000 0.00000 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00019 
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00060 
22 0.00103 0.00024 0.00000 0.00078 0.00000 0.00000 Q.00257 0.00098 0.00137 
23 0.00001 0.00002 0.00000 0.01244 0.00000 0.00000 0.00000 0.00000 0.00001 
24 0.00013 0.00008 0.00143 0.00196 0.00000 0.00000 0.00031 0.00000 0.00010 
25 0.00165 0.05581 0.01140 0.02822 0 00000 0.02524 0.01038 0.00929 0.00209 
26 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
27 0.00007 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
28 0.00000 0.00000 0.00190 0.00000 0.00000 0.00000 0.00000 0.00000 0.00163 
29 0.00038 0.00156 0.00230 0.00184 0.00000 0.00085 0.00263 0.00092 0.00114 
30 0.00224 0.00405 0.00172 0.00110 0.00000 0.01553 0.00942 0.00185 0.00834 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
32 0.00006 0.00000 0.00000 0.00011 0.00000 0.00000 0.00000 0.00000 0.00000 
33 0.00006 0.00000 0.00000 0.00037 0.00000 0.00028 0.00022 0.00000 0.00087 
34 0.00000 0.00017 0.00000 0.00368 0.00000 0.00734 0.00066 0.00046 0.07015 
35 0.00005 0.00003 0.00000 0.00000 0.00000 0.00683 0.00713 0.00372 0.00749 
36 0.00000 0.00000 0.00000 0.00000 0 00000 0.00049 0.00129 0.00016 0.00639 
37 0.00000 0.00000 0.00330 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
38 0.00011 0.00008 0.00000 0.00000 0.00000 0.00000 0.00219 0.00185 0. 10102 
39 0.00005 0.00000 0.00000 0.00000 0.00000 0.00035 0.00031 0.00057 0.00007 
40 0.00087 0.00091 0.01918 0.00829 0.00000 0.00636 0.00683 0.00080 0.02314 
41 0.00000 0.00000. 0.00365 0.00210 0.00000 0.00117 0.00445 0.00147 0.00000 
42 0.00167 0.00232 0.00000 0.00234 0.00000 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00000 0.02315 0.04578 0.01477 0.00358 
44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00126 0.00588 0.00148 0.00274 
45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 
46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
47 0.00013 0.00027 0.01035 0.00000 0.00000 0.00085 0.00591 0.00231 0.00325 
4R 0 00019 0 00014 0 00000 0.00000 0.00000 0.00395 0.00088 0.00000 0.00008 

49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 Q.00000 0.00448 
51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00045 0.00061 0.00037 0.00238 
52 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00006 
53 0.00001 0.00000 0.00023 0.00000 0.00000 0.00006 0.00004 0.00000 0.00251 
54 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00058 
55 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
56 0.00004 0.00009 0.00000 0.00041 0.00000 0.00011 0.00004 0.00000 0.00006 
57 0.00008 0.00006 0.00000 0.00085 0.00000 0.00013 0.00106 0.00021 0.00005 
58 0.00000 0.00000 0.00000 0.00147 0.00000 0.00000 0.00000 0.00000 0.00000 
59 0.00000 0.00000 0.01095 0.00030 0.00000 0.00034 0.00000 0.00019 0.00000 
60 0.00000 0.00000 0.00114 0.00000 0.00000 0.00008 0.00000 0.00000 0.00075 
61 0.00001 0.00000 0.00000 0.00021 Q.00000 0.00000 0.00000 0.00000 0.00003 
62 0.00002 0.00001 0.00094 0.00045 0.00000 0.00046 0.00027 0.00057 0.00030 
63 0.01393 0.00876 0.01811 0.03551 0.00000 0.01045 0.01051 0.00831 0.02056 
64 0.00258 0.00178 0.00201 0.00644 0.00000 0.00056 0.00110 0.00046 0.00215 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00055 0.00028 0.00000 0.00074 0.00000 0.00198 0.00241 0.00323 0.00006 
67 0.02475 0.02076 0.02616 0.02999 0.00000 0.01186 0.02212 0 00600 0.05027 
68 0.01294 0.00814 0.01064 0.01270 0.00000 0.01129 0.01161 0.00831 0.00434 
69 0.02325 0.09833 0.00862 0.03238 0.00000 0.01807 0.03724 0.02307 0.00474 
70 0.00002 0.00001 0.00316 0.00626 0.00000 0.00141 Q.00197 0.00046 0.00018 
7 1 0.00414 0.00935 0.02472 0.07636 0.00000 0.01666 0.03395 0.01800 0.05083 
72 0.00038 0.00024 0.00201 0.00754 0.00000 0.00131 0.00101 0.00092 0.00312 
73 0.00268 0.00203 0.01092 0.01914 0.00000 0.00226 0.00964 0.00277 0.00329 
74 0.00001 0.00000 0.00000 0.00011 0.00000 0.00000 0.00000 0.00000 0.00004 
75 0.00077 0.00003 0.00009 0.00063 0.00000 0.00021 0.00020 0.00007 0.00006 
76 0.00013 0.00008 0.00029 0.00147 0.00000 0.00056 0.00044 0.00138 0.00020 
77 0.00000 0.00000 0.00027 0.00035 0.00000 0.00053 0.00103 0.00043 0.00005 
78 0.01019 0.08965 0.08877 0.08185 0.00000 0.07285 0.03207 0.08438 0.02106 
79 0.00017 0.00442 0.02027 0.03057 0.00000 0.01323 0.00130 0.00000 0.00711 
BO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
81 0.00332 0.00424 0.01919 0.02895 0.00000 0.07054 0.01494 0.02964 0.00323 
TI 0.83558 0.39576 0.38490 0. 59299 0.00000 0.35995 0.31728 0.26294 0.47062 
VA 0. 16442 0.60424 0.61510 0.40701 1.00000 0.64005 0.68272 0.73706 0.52938 

1 00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1.00000 1 .00000 
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TABLE XLVIII (Continued) 

AOK2 10 11 12 13 14 15 16 17 18 

1 0 .00000 0 00000 o. 18225 o. 00000 0.00232 0 00542 0 00000 0.00000 0.00000 
2 0 .00038 0 . 00010 o . 10576 0 .00000 0.06228 0 00343 0 00083 0.00000 0.00000 
3 0 .00000 0.00000 0.00412 0.00000 0.00000 0 00000 0 00244 0.00000 0.05837 
4 0 .00020 0.00000 0.00000 0.00000 0.00000 0 00000 0 00019 0.00000 0.00051 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
7 0.01888 0.00000 0.00006 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
8 0.00000 0.00000 0.00005 0.00000 0.00002 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00010 0.00464 0.00175 0.00000 0.00222 0.00133 0.00090 0.00072 0.00274 
11 0.00000 0.00420 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00050 0.00099 o. 19057 0.00000 0.00270 0.00113 0.00053 0.00217 0.00013 
13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
14 0.00000 0.00000 0.00000 0.00000 0.02534 0.02319 0.03239 0.02887 0.00000 
15 0.00198 0.00009 0.00008 0.00000 0.00428 0.05980 0.00335 0.07411 0.00042 
16 0.00013 0 00101 0.00012 0.00000 0.00033 0.00744 0.21022 0.00422 0.00025 
17 0.00054 0.00055 0.00019 0.00000 0.00002 0.00253 0.00849 0.01397 0.00013 
18 0.03038 0.00137 0.00010 0.00000 0.00191 0.00075 0.00063 0.00155 0.16086 
19 0.00000 0.00185 0.00026 0.00000 0.00000 0.00000 0.00000 0.00000 0.00003 
20 0.00016 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 
21 0.00047 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
22 0.00290 0.00036 0.00572 0.00000 0.00068 0.00254 0.00239 0.00573 0.00068 
23 0.00000 0.00104 0.00710 0.00000 0.00196 0.00293 0.00428 0.00341 0.00095 
24 0.00037 0.00041 0 00365 0.00000 0.00016 0.00024 0.00097 0.00129 0.00011 
25 0.00442 0.00372 0.00306 0.00000 0.01981 0.02070 0.00461 0.00100 0.00641 
26 0.00000 0 00003 0.00000 0.00000 0.00144 0.00162 0.00031 0.00006 0.00003 
27 0.00000 0.00002 0.00011 0.00000 0.00011 0.00004 0.00008 0.00000 0.00000 
28 0.02155 0.00023 0.00000 0.00000 0.00012 0.00043 0.00000 0.00000 0.00141 
29 0.00442 0.00029 0.00021 0.00000 0.00019 0.00022 0.00025 0.00012 0.00105 
30 0.01964 0.00435 0.00941 0.00000 0.00404 0.02556 0.00476 0.02210 0.00534 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00222 0.00189 0.00000 
32 0.00001 0.00002 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00002 
33 0.00234 0.00019 0.01258 0.00000 0.00232 0.00288 0.00000 0.00000 0.00130 
34 0.06635 0.00145 0.00057 0.00000 0.00069 0.00077 0.00056 0.00048 0.00744 
35 0.00483 0.01625 0.00014 0.00000 0.00008 0.00015 0.00011 0.00010 0.00109 
36 0.00221 0.01398 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00015 
37 0.00000 0.00000 0.00484 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
38 0.06389 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00136 
39 0.00022 0.00138 0.00033 0.00000 0.00000 0.00000 0.00000 0.00000 0.00057 
40 0.01861 0.00837 0.00135 0.00000 0.00062 0.00000 0.00080 0.00000 0.02604 
41 0.00000 0.00031 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
43 0.00594 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00018 
44 0.00807 0.00000 0.00000 0.00000 0.00066 0.00028 0.00014 0.00000 0.00074 
45 0.00001 0.00033 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00002 
46 0.00000 0.00000 0.00063 0.00000 0.00661 0.00553 0.00151 0.00012 0.00246 
47 0.00278 0.00532 0.00055 0.00000 0.00025 0.00221 0.00046 0.00000 0.00151 
48 0.00044 0.00396 0.00031 0.00000 0.00110 0.00089 0.00059 0.00036 0.00128 
49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
50 0.01816 0.00000 0.00012 0.00000 0.00005 0.00000 0.00000 0.00000 0.00010 
5 1 0.00298 0.00061 0.00000 0.00000 0.00000 0 00000 0.00000 0.00()()() n nnn1.i 

52 0 00048 0.00000 0.00000 0.00000 0.00000 0.00000 0.00004 0.00005 0.00000 
53 0 00658 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0.00007 
54 0 00258 0.01798 0.00001 0.00000 0.00003 0.00000 0.00003 0.00000 0.00003 
55 o. 00000 0.00495 0.00000 0.00000 0.00008 0.00000 0.00000 0.00000 0.00000 
56 0 .00014 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00004 
57 0 .00017 0.00040 0.00002 0.00000 0.00001 0.00000 0.00001 0.00000 0.00029 
58 0.00000 0.06409 0.00001 0.00000 0.00003 0.00000 0.00000 0.00000 0.00000 
59 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00004 
60 0.00163 0.00137 0.00002 0.00000 0.00012 0.00000 0.00000 0.00000 0.00009 
61 0.00003 0.00005 0.00001 0.00000 0.00023 0.00038 0.00005 0.00007 0.00003 
62 0.00172 0.00016 0.00002 0.00000 0.00003 0.00009 0.00581 0.00148 0.00018 
63 0.04232 0.01189 0.02332 0.00000 0.01313 0.02158 0.01631 0.01739 0.02419 
64 0.00752 0.00667 0.00147 0.00000 0.00210 0.00354 0.00528 0.00374 0.00146 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00020 0.00077 0.00052 0.00000 0.00081 0.00077 0.00053 0.00036 0.00056 
67 o. 10218 0.01131 0.03114 0.00000 0.02550 0.03021 0.03941 0.02814 0.02570 
68 0.01308 0.00445 0.00369 0.00000 0.00254 0.00266 0.00775 0.00483 0.00537 
69 0.01645 0.00812 0.00448 0.00000 0.00551 0.01283 0.01415 0.01497 0.00568 
70 0.00064 0.00406 0.00222 0.00000 0.00154 0.00476 0.00497 0.00495 0.00164 
7' 0.03129 0.04292 0.02698 0.00000 0.01285 0.02003 0.02805 0.01461 0.01222 
72 o. 01089 0.02223 0.00139 0.00000 0.00250 0.00177 0 00432 0.00217 0. 00189 
73 0.00831 0.00261 0.00258 0.00000 0.00081 0.00122 0.00148 0.00109 0.00680 
74 0.00013 0.00028 0.00005 0.00000 0.00002 0.00000 0.00011 0.00014 0.00006 
75 0.00020 0.00029 0.00013 0.00000 0.00020 0.00008 0.00036 0.00049 0.00015 
76 0.00076 0 .00280 0.00068 0.00000 0.00075 0.00089 0.00300 0.00121 0.00041 
77 0.00017 0.00000 0.00012 0.00000 0.00003 0.00000 0.00006 0.00000 0.00029 
78 0.02692 0.02120 0.00162 0.00000 0.00811 0.00223 0.00134 0.00223 0.00934 
79 0.00195 0.01815 0.00158 0.00000 0.00205 0.00643 0.00022 0.00046 0.00458 
80 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
81 0.00419 0.04592 0.00629 0.00000 0.02097 0.00870 0.00614 0.00355 0.01349 
TI 0.58499 0.37009 0.64434 0.00000 0.24227 o. 29018 0. 42345 0.26420 0.39843 
VA 0.41501 0.62991 0.35566 1 .00000 0.75773 0.70982 0.57655 0.73580 0.60157 

1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1.00000 1 .00000 1 .00000 
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TABLE XLVIII (Continued) 

AOK3 19 20 2 1 22 23 24 25 26 27 

1 0 00000 0.00000 0.00000 0 .00000 0.00000 0.00000 0.00000 0.00000 0.00032 
2 0.00000 0.00000 0.00000 0 00102 0.00000 0.00006 0.00101 0.00000 0.00168 
3 o·.00000 0.00000 0 00000 0.00012 0.00000 0.00000 0.00012 0.00000 0.00012 
4 0.00000 0.00048 0.00000 0.00013 0.00007 0.00014 0.00013 0.00010 0.00023 
5 0.00000 0.00000 o'.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00000 0 .. 00000 0.00004 0.00000 0.00000 0.00097 0.00003 0.00000 
7 0.00000 0.00000 0»00000 0.00328 0.00000 0.00000 0.00328 0.00000 0.00052 
8 0.00000 0.00000 0.00000 0.00031 0.00000 0.00000 0.00971 0.00008 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00082 0.00181 0.00179 0.00766 0.00493 0.00306 0.00451 0.00662 0.00515 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00000 0.00439 o.0002s 0.01146 0 00013 0.00044 0.00593 0.00270 0.01520 
13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
14 0.00000 0.00601 0.00044 0.00079 0.00000 0.00004 0.00000 0.00019 0.00000 
15 0.00000 0.01608 0.01185 0.00373 0.00000 0 .00076· 0.00000 0.00000 0.00003 
16 0.00000 0.00216 0.00247 0.00022 0.00026 0.00033 0.00004 0.00013 0.00006 
17 0.00000 0.00102 0.00266 0.00000 0.00000 0.00003 0.00014 0.00000 0.00018 
18 0. 14453 0.09461 0.03742 0.04759 0.00005 0.00000 0.00072 0.00020 0.00011 
19 0.00285 0.00011 0.00009 0.00003 0.00000 0.00000 0.00000 0.00000 0.00000 
20 0.00000 0.00155 0.00014 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00263 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
22 0.00000 0.00091 0.00024 o. 11533 0.24599 0.08612 0.00290 0.01552 0.00495 
23 0.00000 0.00596 0.00315 0.00547 0.00611 0.00078 0.00099 0.00320 0.00862 
24. 0.00000 0.00061 0.00074 0.00056 o. 00027 0.09257 0.00027 0.00028 0.00283 
25 0.00000 0.00113 0.00159 0.02567 0.01449 0.01165 o. 11395 0.23336 0.05906 
26 0.00000 0.00000 0.00001 0.00029 0.00022 0.00000 0.00012 0.00073 0.00002 
27 0.00000 0.00000 0.00000 0.00004 0.00000 0.00000 0.00002 0.00015 0.00201 
28 0.00000 0.00388 0.00249 0.00014 0.00000 0.00013 0.00038 0.00046 0.00044 
29 0.00000 0.00029 0.00030 0.00085 0 00052 0.00016 0.00058 0.00054 o.oooss 
30 0.00000 0.05393 0.04456 0.01811 0.00134 0.00598 0.00428 0.01379 0.04772 
31 0.00000 0.00062 0.00023 0.00000 0.00000 0.00003 0.00000 0.00000 0.00000 
32 0.00000 0.00000 0.00000 0.00001 0.00000 0.00001 0.00002 0.00000 0.00001 
33 0.00000 0.00466 0.00477 0.00003 0.00000 0.00002 0.00019 0.00035 0.00149 
34 0.00000 0.00628 0.00373 0.00236 0.00060 0.00090 0.00131 0.00030 0.00068 
35 0.00682 0.00527 0.02201 0.00011 0.00130 0.00010 0.00090 0.00007 0.00001 
36 0.00000 0.00230 0.00237 0.00031 0.00052 0.00073 0.00292 0.00041 0.00020 
37 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00087 0.00019 0.00373 
38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
39 0.00014 0.00109 0.00243 0.00000 0.00000 0.00000 0.00001 0.00000 0.00073 
40 0.00071 0.04854 0 02944 0.00486 0.00110 0.00106 0.00107 0.00077 0.00477 
41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
44 0.00000 0.00000 0.00000 0.00005 0.00000 0.00006 0.00000 0.00000 0.00000 
45 0.00000 0.00000 0.00004 0.00000 0.00009 0.00001 0.00000 0.00001 0.00001 
46 0.00082 0.00124 0.00000 0.00387 0.00470 0.00286 0.00697 0.00633 0.00000 
47 0.00000 0.00010 0.00164 0.00095 0.00030 0.00006 0.00423 0.00193 0.00091 
48 0.00082 0.00095 0.00075 0.00090 0.00119 0.00032 0.00044 0.00084 0.00036 
49 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 
so 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00023 0.00000 0.00000 
51 0.00000 0.00000 0.00065 0.00000 0.00000 0.00000 0.00010 0.00000 0.00000 
52 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
53 0.00000 0.00010 0.00003 0.00002 0.00000 0.00000 0.00001 0.00001 0.00001 
54 0.00000 0.00000 0.00000 0.00003 0.00000 0.00006 0.00003 0.00000 0.00006 
55 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
56 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
57 0.00000 0.00002 0.00000 0.00000 0.00002 0.00001 0.00000 0.00000 0.00001 
58 0.00000 0.00000 0.00000 0.00003 0.00000 0.00000 0.00000 0.00000 0.00000 
59 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
60 0.00000 0.00011 0.00000 0.00023 0.00000 0.00001 0.00015 0.00017 0.00034 
61 0.00000 0.00022 0.00000 0.00003 0.00004 0.00230 0.00004 0.00003 0.00006 
62 0.00000 0.00070 0.00049 0.00006 0.00028 0.00062 0.00002 0.00002 0.00020 
63 0.02128 0.02387 0.02399 0.03665 0.04447 0.02831 0.02599 0.02012 0.02266 
64 0.00164 0.00314 0.00224 0.00177 0.00388 0.00983 0.00186 0.00287 0.00411 
65 0.00000 0.00000 0.00000 0.00000. 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00000 0.00048 0.00060 0.00164 0.00052 0.00038 0.00209 0.00114 0.00042 
67 0.02455 0.03795 0.03726 0.02845 0.01948 0.01857 0.01154 0.01626 0.02195 
68 0.00736 0.00656 0.00730 0.00346 0.00313 0.00728 0.00358 0.00504 0.00563 
69 0.00409 0.01122 0.01446 0.01298 0.01291 0.03988 0.01270 0.01092 0.03004 
70 0.00818 0.00181 0.00358 0.00376 0.00567 0.00842 0.00188 0.00267 0.01007 
7 1 0.00655 0.02530 0.01699 0.01982 0.01970 0.04760 0.02202 0.02580 0. 15407 
72 0.00164 0,00385 0.00448 0.00279 0.00298 0.00973 0.00399 0.00371 0.01547 
73 0.00164 0.00266 0.00522 0.00118 0.00216 0.00338 0.00091 0.00119 0.00142 
74 0.00000 0.00005 0.00009 0.00003· 0.00004 0.00019 0.00006 0.00003 0.00026 
75 0.00012 0.00030 0.00036 0.00010 0.00014 0.00053 0.00009 0.00015 0.00055 
76 0.00082 0.00095 0.00104 0.00069 0.00082 0.01127 0.00055 0.00035 0.00152 
77 0.00000 0.00009 0.00000 0.00104 0.00007 0.00009 0.00085 0.00051 0.00012 
78 0.02344 0.00197 0.00376 0.09823 0.01092 0.00111 0.07965 0.01930 0.01850 
79 0.00425 0.00055 0.00344 0.03679 0.00949 0.00089 0.04384 0.00466 0.00163 
BO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
81 0.01362 0.00625 0.00420 0.04163 0 01506 0.00894 0.04769 0.01571 0.00573 
TI 0.27669 0.39413 o. 31041 0.54770 0.43596 o. 40781 0.42885 0.41994 0.45753 
VA 0.72331 0.60587 0.68959 0.45230 0.56404 0.59219 o. 57115 0.58006 0.54247 
T 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1.00000 1 .00000 
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TABLE XLVIII (Continued) 

AOK4 28 29 30 31 32 33 34 35 36 

1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 
2 0.00567 0.00000 0.00002 0.00000 0.00000 0.00000 0 00000 0.00002 0.00000 
3 0.00224 0.00000 0.00000 0.00000 0.00000 0.00000 0 00006 0.00000 0.00000 
4 0.00000 0.00000 0.00020 0.00000 0.00000 0.00076 0.00023 0.00011 0.00040 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00048 0.00000 0.00001 0.00000 0.00000 0.00000 0.00058 0.00018 0.01566 
7 0.00179 0.00109 0.00050 0.00000 0.00000 0.00844 0.05346 0.00254 0.00010 
8 0.00000 0.00000 0.00082 0.00149 0.00000 0.00024 0.00245 0.00095 0.00001 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00209 0.00897 0.00364 0.00272 0.00129 0.00660 0.00608 0.01097 0.00295 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.02051 0.00070 0.00021 0.45484 0.00234 0.00009 0.00065 0.00015 0.00015 
13 0.00000 0.00000 0.00000 o.ooboo 0.00000 0.00000 0.00000 0.00000 0.00000 
14 0.00000 0.00000 0.00157 0.00000 0.00419 0.00000 0.00036 0.00000 0.00008 
15 0.00000 0.00000 0.01701 0.00000 0.03932 0.00000 0.00024 0 00000 0.00025 
16 0.00000 0.00000 0.00035 0.00000 0.00197 0.00038 0.00007 0.00021 0.00007 
17 0.00000 0.00000 0.00007 0.00000 0.00127 0.00023 0.00000 0.00005 0.00011 
18 0.00000 0.00000 0.00198 0.00000 0.00731 0.00783 0.00479 0.00269 0.00244 
19 0.00000 0.00000 0.00000 0.00000 0.00000 0.00126 0.00011 0.00018 0.00038 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00013 0.00000 
22 0.00103 0 00087 0.00452 0.00036 0.00593 0.00213 0.00865 0.00030 0.00050 
23 0.00192 0.00068 0.00415 0.00024 0.00530 0 01684 0.00148 0.00032 0.00051 
24 0.00477 0.00000 0.00032 0.00000 0.00057 0.00123 0.00024 0 00056 0.00023 
25 0.15990 0.01336 0.03302 0.06575 0.00677 0.02248 0.01988 0.01574 0.01137 
26 0.00201 0.00000 0.00256 0.00000 0.00002 0.00000 0.00009 0.00000 0.00015 
27 0.00007 0.00006 0.00001 0.00159 0.00009 0.00000 0.00002 0.00000 0.00000 
28 0.00347 0.00000 0.00036 0.00000 0.00031 0.00088 0.00063 0.00018 0.00046 
29 0.00104 0.00326 0.00020 0.00068 0.00016 0.00032 0.00072 0.00040 0.00037 
30 0.00224 0.00082 0.03479 0.00000 0.07799 0.03981 0.00509 0.00097 0.00621 
31 0.00000 0.00000 0.00001 0.03133 0.06075 0.00000 0.00000 0.00000 0.00000 
32 0.00000 0.00000 0.00001 0.00000 0.00324 0.00000 0.00000 0.00001 0.00000 
33 0.00060 0.00000 0.00270 0.00000 0.00000 0.05938 0.00076 0.00006 0.00027 
34 0.00433 0.00163 0.00185 0.00477 0.00032 0.01590 0. 11018 0.00732 0.00233 
35 0.00036 0.00007 0.00184 0.00000 0.00022 0.00090 0.00189 0.05922 0 -00216 
36 0.00505 0.00047 0.00025 0.00000 0.00134 0.00078 0.00091 0.00978 o. 12910 
37 0.00751 0.00077 0.00000 0.00000 0.00000 0.00000 0.00002 0.00006 0.00000 
38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00008 0.00127 0.00000 
39 0.00003 0.00000 0.00095 0.00000 0.00113 0.00044 0.00005 0.00106 0.00025 
40 0.00259 0.00071 0.00679 0.00000 0.01257 0.00047 0.00883 0.00879 0.00497 
41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00007 0.00004 0.00000 
42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00202 0.00000 0.00000 
44 0.00000 o.obooo 0.00005 0.00000 0.00072 0.00000 0.00010 0.00051 0.00030 
45 0.00000 0.00000 0.00013 0.00000 0.00000 0.00011 0.00001 0.00029 0.00029 
46 0.00000 0.00000 0.00297 0.00000 0.00580 0.00887 0.00030 0.00122 0.00000 
47 0.00000 0.00082 0.00065 0.00000 0.00000 0.00087 0.00091 0.01886 0.00596 
48 0.00015 0.00000 0.00190 0.00068 0.00129 0.00325 0.00152 0.00490 0.00243 
49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00071 0.00000 
50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00004 0.00000 
51 0.00000 0 00000 0.00000 0.00000 0.00000 0.00030 0.00036 0.00306 0.00118 

52 0.00000 0 00000 0.00000 0.00000 0.00005 0.00001 0.00000 0.00000 0.00000 
53 0.00000 0.00000 0.00014 0.00000 0.00000 0.00011 0.00027 0.00048 0.00012 
54 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00004 0.00002 0.00002 
55 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
56 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000 
57 0.00000 0.00000 0.00014 0.00000 0.00000 0.00000 0.00004 0.00000 0.00000 
58 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000 
59 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00023 0.00000 
60 0.00008 0.00008 0.00025 0.00000 0.00000 0.00052 0.00010 0.00039 0.00005 
61 0.00008 0.00000 0.00006 0.00000 0.00009 0.00006 0.00009 0 00007 0.00003 
62 0.00049 0.00000 0.00031 0.00028 0.00442 0.00035 0.00051 0.00017 0.00009 
63 0.02820 0.03451 0.02486 0.02861 0.01708 0.03732 0.07399 0.04818 0.01885 
64 0.00462 0.00109 0.00300 0.00136 0.00403 0.00281 0.00308 0.00198 0.00159 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00030 0.00082 0.00002 0.00068 0.00032 0.00270 0.00205 0.00214 0.00159 
67 0.02104 0.00380 0.01560 0.04360 0.03110 0.02315 0.01680 0.02656 0.02433 
68 0.00388 0.00299 0.00414 0.00613 0.00596 0.00552 0.00658 0.00454 0.00452 
69 0.02506 0 .00516 0.00854 0.00817 0.01482 0.01385 0.01281 0.00178 0.00427 
70 0.00731 0.00027 0.00444 0.00068 0.00209 0.00162 0.00179 0.00237 0.00114 
71 0.02730 0.01141 0.02366 0.08038 0.03400 0.02509 0.02106 0.01670 0.01477 
72 0.00673 0.00109 0.00369 0.00272 0.00483 0.00400 0.00449 0.00268 0.00156 
73 0.00179 0.00027 0.00132 0.00681 0.00145 0.00422 0.00426 0.00100 0.00109 
74 0.00009 0.00000 0.00003 0.00000 0.00009 0.00012 0.00004 0.00005 0.00001 
75 0.00016 0.00004 0.00028 0.00010 0.00029 0.00023 0.00016 0.00016 0.00011 
76 0.00134 0.00027 0.00065 0.00136 0.00403 0.00097 0.00087 0.00068 0.00040 
77 0.00000 0.00026 0.00005 0.00000 0.00000 0.00010 0.00018 0.00117 0.00026 
78 0.00379 0.03580 0.00484 0.03190 0.00558 0.01592 0.01307 0.01240 0.00204 
79 0.00158 0.02665 0.00288 0.01119 0.00336 0.02394 0.02323 0.00751 0.00435 
80 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.01635 0.00091 0.00021 
81 0.00590 0.01156 0.01645 0.01055 0.01717 0. 03482 0.03043 0.04423 0.06407 
Tl 0.36959 o. 17035 0.24180 0.79897 0.39297 0.39822 0.46618 0.33029 o. 33711 
VA 0.63041 0.82965 0.75820 0.20103 0.60703 0.60178 0.53382 0.66971 0.66289 

1.00000 1 .00000 1 .00000 1.00000 1 .00000 1 00000 1 .00000 1 .00000 1 .00000 
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TABLE XLVIII (Continued) 

AOK5 37 38 39 40 41 42 43 44 45 

1 0. 00000 0.00000 o. 00000 0.00000 0. 00000 0 00000 0.00000 o. 00000 0 00000 
2 0.00000 0.00000 0 00000 0.00000 o. 00000 o. 00000 0.00005 0.00000 0 .00000 
3 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0. 00000 
4 0.00043 0.00053 0.00030 0.00023 0.00009 0 00017 0.00005 0.00000 0 .00000 
5 0.00000 0.00000 0.00000 0.00000 0.00000 o. 00000 0.00000 0.00000 0 .00000 
6 0.00000 0.00031 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0. 00000 
7 0.00000 0.00003 0.00000 0.00023 0.00000 0.00000 0.00000 0.00000 0.00000 
8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00161 0.00155 0.00256 0.00261 0.00140 0.00177 0.00383 0.00154 0.00294 
11 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00000 0.00020 0 00017 0.00017 0.00016 0.00151 0.00018 0.00016 0.00038 
13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
15 0 00000 0.00000 0.00000 0.00041 0.00000 0.00000 0.00000 0.00000 0.00000 
16 0.00009 0 00023 0.00026 0.00026 0.00016 0 00022 0.00014 0.00000 0.00032 
17 0.00023 0.00012 0.00060 0.00009 0 00000 0.00000 0.00000 0.00000 0.00000 
18 0.00094 0.00143 0.00130 0.00429 0.00000 0.00171 0.00146 0.00104 0.00070 
19 0.00000 0 00013 0.00063 0.00011 0.00000 0.00039 0.00019 0.00022 0.00026 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0.00014 0.00000 
22 0 00097 0.00085 0.00181 0.00016 0 00025 0.00013 0.00014 0.00021 0.00023 
23 0.00223 0.00136 0.00159 0.00281 0.00090 0.00084 0.00000 0.00014 0 00026 
24 0.02652 0.00019 0.00021 0.00023 0.00020 0.00036 0.00031 0.00027 0 .00037 
25 0.00171 0.00112 0 00333 0 01034 0.00055 0.00010 0.00054 0.00011 0.00161 
26 0.00003 0.00000 0.00002 o. 00002 0.00000 0.00000 0.00000 0.00000 0.00000 
27 0.00004 0.00003 0.00003 0 00002 0 00000 0.00000 0.00000 0.00000 0.00000 
28 0.00653 0.00250 0.00059 0. 00282 0.00015 0.00118 0.00061 0.00015 0.00023 
29 0.00011 0. 00020 0.00020 0.00023 0 00019 0.00025 0.00022 0.00019 0.00059 
30 0.00075 0 .00377 0.00597 0.01948 0.00328 0.03047 0.01483 0.01694 0.00316 
31 0.00000 0 .00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
32 0 00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
33 0.00000 0 .00390 0.00054 0.00082 0.00000 0.00000 0.00000 0.00000 0.00007 
34 0.00118 0 00264 0.00207 0.00458 0.00786 0.00269 0.00717 0.00154 0.00764 
35 0.09358 0.05860 0.06116 0.02978 0.03403 0.04164 0.03985 0.03779 0.02593 
36 0.02869 0.01905 0.01265 0.01969 0.01719 0.00273 0.00208 0.00651 0.00910 
37 0.00018 0.00000 0.00019 0.00004 0.00000 0.00000 0.00000 0.00000 0.00000 
38 0.00000 0.01418 0.00000 0.00023 0.01862 0.00000 0.00518 0 .00674 0.00580 
39 0 00008 0.00270 0.00383 0.00223 0.00332 0.00399 0.00165 0 .00139 0.00106 
40 0 00808 0 02205 0.00829 0.02294 0.00859 0.00956 0.00841 0 .00967 0.00452 
41 0.00000 0.00001 0.00000 0.00050 0.02949 0.02059 0.01000 0 .00410 0.00000 
42 0.00000 0.00000 0.00009 0.00006 0.00022 0.01695 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.06341 0.00000 0.00000 
44 0.00000 0.00000 0.00025 0.00000 0.00000 0.00000 0.00000 0.02117 0.00000 
45 0.00021 0.00022 0.00046 0.00026 0.00038 0.00034 0.00043 0.00027 0 00231 
46 0.00000 0.00000 0.00015 0.00033 0.00000 0.00000 0.00000 0 00000 0.00000 
47 0.00150 0.00539 0.00069 0.00177 0 01918 0.06398 0.04987 0.05294 0.02496 
48 0.00225 0.00535 0.01297 0.00657 0.03490 0.01532 0.01585 0.00905 0.02276 
49 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 
50 0.00000 0.00011 0.00000 0.00008 0.00000 0.00000 0.00000 0.00000 0.00000 
51 0.00000 0.00271 0.00033 0 00104 0 00248 0 00247 0.00382 0.01082 0 00907 
52 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
53 0.00000 0.00005 0.00009 0.00001 0.00000 0.00020 0.00000 0.00000 0 00018 
54 0.00000 0.00003 0.00000 0.00003 0.00000 0.00000 0.00005 0.00000 0.00007 
55 0.00000 0.00000 0.00000 0.00005 0.00000 0.00000 0.00000 0.00000 0.00000 
56 0.00000 0.00003 0.00003 0.00000 0.00163 0.00111 0.00018 0.00027 0.00000 
57 0.00000 0.00007 0.00032 0.00001 0.00080 0.00342 0.00182 0.00000 0.00000 
58 0.00000 0.00000 0.00025 0.00000 0.00000 0.00000 0.00011 0.00000 0.00000 
59 0.00000 0.00003 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
60 0.00003 0.00067 0.00008 0.00013 0.00005 0.00010 0.00008 0.00016 0.00050 
61 0.00006 0.00011 0.00006 0.00004 0.00005 0.00005 0.00003 0.00011 0.00008 
62 0.00000 0.00020 0.00004 0.00021 0.00004 0.00031 0.00020 0.00008 0.00012 
63 0.03806 0.01953 0.01331 0.01625 0.01011 0.01953 0.00944 0.01386 0.00653 
64 0.00139 0.00307 0.00187 0.00252 0.00197 0.00320 0.00458 0.00308 0.00448 
65 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00054 0.00043 0.00054 0.00065 0.00047 0.00042 0.00043 0.00058 0.00059 
67 0.02037 0.02059 0.01593 0.01598 0 02676 0.03098 0.02534 0.02079 0.01784 
68 0.00450 0.00380 0.00434 0.00546 0 00346 0.00572 0.00518 0.00366 0.00485 
69 0.00890 0.01183 0.00661 0.00909 0.00281 0.00244 0.00609 0.01251 0.00756 
70 0.00289 0.00377 0 00163 0.00226 0 00131 0 .00219 0.00129 0.00115 0.00139 
71 0 02648 0.01583 0.01317 0.01880 0.01226 0.02475 0.02076 0.00808 0.01894 
72 0.00247 0.00459 0 00192 0.00304 0. 00303 0.00448 0.00367 0.00558 0.00727 
73 0.00118 0.00202 0 .00084 0.00173 o. 00346 0.00118 0.00210 0.00462 0.00103 
74 0.00000 0.00004 0 .00003 0.00004 0 .00000 0.00005 0.00022 0.00011 0.00017 
75 0.00014 0.00019 0. 00025 0.00019 0 00011 0.00014 0.00013 0.00017 0.00021 
76 0.00021 0.00069 o. 00049 0.00075 0 00066 0.00126 0.00081 0.00115 0.00154 
77 0.00000 0.00003 o. 00005 0.00006 0. 00009 0.00008 0.00000 0. 00000 0.00000 
78 0.00355 0.00113 0 03652 0.00513 0. 00628 0.00359 0.00079 0 .00168 0.01013 
79 0 03651 0.00036 0 01416 0.00170 o. 00717 0.00158 0.00087 o. 00243 o. 01800 
BO 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 o. 00000 0.00000 
81 0.01339 0.00240 0 .06381 0.01004 0.01461 0.00427 0.00559 0 05945 0.04855 
TI 0.33861 0.24361 0.29958 0. 22960 0.28072 0.33041 0. 32003 0. 32262 0.27430 
VA 0.66139 0.75639 o. 70042 0.77040 0.71928 0.66959 0. 67997 0. 67738 0.72570 

1 .00000 1 00000 1 00000 1 00000 f .00000 1. 00000 1 .00000 1 .00000 1 00000 
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TABLE XLVIII (Continued) 

AOK6 46 47 48 49 50 5 1 52 53 54 

I 0.00000 0 .00000 0.00000 0 .00000 0 0000(! () .00000 0 00000 0.00000 0 .00000 
2 0.00000 0 .00000 0.00000 0.00007 0 .00000 0 00006 0 .00000 0.00000 0.00010 
3 0.00000 0.00000 0.00000 0.00006 0 00000 0 .00000 o. 00000 0.00000 0.00000 
4 0.00000 0.00006 0.00012 0.00007 0 .00008 0 00013 0. 00000 0.00012 0.00007 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
8 0.00000 0.00000 0.00000 0.00000 0.00039 0.00000 0.00000 0.00000 0.00000 
9 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00237 0 .00219 0.00170 0.00194 0.00103 0.00255 0.00193 0.00141 0.00192 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00037 0.00030 0.00021 0.00102 0.00014 0.00049 0.00031 0.00040 0.00056 
13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00043 0.00029 0.00000 
15 0.00000 0.00257 0.00142 0.00000 0.00000 0. 00012 0.00125 0.00000 0.00000 
16 0.00019 0.00021 0.00085 0.00013 0.00014 0.00033 0.00008 0.00021 0.00029 
17 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00025 0.00000 
18 0 .00358 0.00177 0 00049 0.00020 0.00113 0.00164 0.00249 0.00151 0.00058 
19 0 .00019 0.00031 0 00007 0.00000 0.00055 0.00044 0.00064 0.00000 0.00038 
20 0 .00000 0.00000 0 .00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00562 
21 0 .00000 0 00000 0. 00000 0.00000 0.00000 0.00007 0.00000 0 00000 0 00000 
22 0.00023 0.00098 0.00026 0.00183 0.00055 0.00242 0.00064 0.00019 0 00114 
23 0.00039 0.00098 0.00264 0.00142 0 00286 0.00164 0.00565 0.00509 0.00095 
24 0.00038 0.00025 0.00043 0.00207 0 00017 0.00054 0.00046 0.00025 0.00334 
25 0.01559 0.00007 0 00265 0.00133 0 00281 0.00484 0.00490 0.00696 0.00055 
26 0.00000 0.00001 0.00000 0.00002 0 00003 0.00011 0.00019 0.00020 0.00008 
27 0.00000 0.00000 0.00001 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 
28 0 00029 0.00005 0.00024 0.00055 0 00077 0.00119 0.00331 0.00096 0.00018 
29 0.00065 0.00059 0.00097 0.00015 0 00032 0.00045 0.00009 0.00012 0.00010 
30 0.01198 0 00718 0.00533 0.02254 o. 01394 0.01264 0.03812 0.02199 0.00753 
31 0 00000 0. 00000 0.00000 0.00000 0 .00000 0.00000 0.00000 0.00000 0.00000 
32 0.00002 0 .00000 0.00000 0.00002 o. 00000 0.00001 0.00000 0.00000 0.00001 
33 0.00108 0 . 00000 0.00000 0.00015 0 . 00055 0.00051 0.00331 0.02022 0.00175 
34 0 .00281 o. 00498 0.00666 0.00082 0 00333 0.00983 0.00882 0.00317 0.00069 
35 0.02909 0. 03599 0.02792 0.00494 0 .02551 0.02070 0.02463 0.01471 0.00264 
36 0.01260 0 .00973 0.01610 0.00701 0.01655 0.02600 0.01630 0.01928 0.00898 
37 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
38 0 .01241 o. 00658 0.00000 0.00530 0.00460 0.00670 0.00000 0.00000 0 .00102 
39 0.00108 0 .00175 0.00232 0.00345 0.00314 0.00280 0.00428 0.00409 0.00260 
40 0.01431 0 . 00817 0.01553 0.01235 0.01950 0.00780 0.02396 0.00907 0.00873 
41 0.00435 0 .00194 0.00062 0.00000 0.00113 0.00112 0.00000 0.00000 0 00000 
42 0.00000 0 .00000 0.00000 0.00000 0.00000 0.00000 0.00013 0.00000 0.00000 
43 0.00000 0 .00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
44 0.00035 0 .00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
45 0.00066 0 00051 0.00089 0.00020 0.00012 0.00031 0.00020 0.00023 0.00017 
46 0.04889 0 00000 0.00000 0.00000 0 00000 0.00000 0.00037 0.00000 0.00043 
47 0 04 781 0 06359 0.01114 0 00396 0.01830 0.00523 0.00744 0.00012 0.00040 
48 0.01824 0 01453 0.06263 0.00455 0.00333 0.00638 0.00321 0 00235 0.00274 
49 0.00032 0 00000 0.00000 0.20342 0.00000 0.00223 0.00000 0.00000 0.00116 
50 0.00025 0 .00000 0.00000 0.00000 0.02609 0.00000 0.00626 0.00000 0 00005 
S1 0 00996 0 01106 0.00249 0 .01082 0.03087 0.02853 0.01590 0 .00773 0 .00230 
52 0.00000 0 .00000 0.00000 0.00000 0 .00000 0.00000 0 .00047 0 00000 0.00001 
53 0.00000 o. 00000 0.00000 0. 00071 0 .00075 0.00225 o. 00225 0.00584 0.00189 
54 0.00011 0 .00006 0.00000 0.00142 0 .00000 0.00006 o. 00009 0.00012 0.06011 
55 0.00041 0 00040 0.00000 0.02934 0 .00000 0.00603 0 00000 0.00072 0.03980 
56 0.00000 0 .00001 0.00073 0.00000 0 .00005 0.00000 0. 00046 0.00334 0.00012 
57 0.00007 0 00000 0.00036 0.00002 o. 00000 0.00000 0 00000 0.00000 0.00001 
58 0.00000 0 00000 0.00000 0.00007 0 00000 0.00000 0 00000 0.00000 0.00003 
59 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 
60 0.00015 0.00042 0.00017 0.00057 0.00301 0.00038 0 .00737 0.00007 0.00030 
61 0.00012 0.00007 0.00001 0.00008 0.00004 0.00007 0 .00005 0.00007 0.00009 
62 0.00004 0.00005 0.00020 0.00086 0.00078 0.00042 0 00113 0.00005 0.00012 
63 0.00162 0.01026 0.01720 0.02023 0.01149 0.01749 0 .01323 0.01293 0.01008 
64 0.00637 0.00421 0.00472 0.00754 0.00333 0.00670 0 .00220 0.00364 0.00568 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0.00000 0.00000 
66 0.00054 0.00053 0.00073 0.00045 0.00040 0.00070 0 00046 0.00047 0.00036 
67 0.02234 0.02361 0.01538 0.03180 0.02519 0.02074 0 02756 0.02069 0.01851 
GB 0.00594 0.00469 0.00581 0.01112 0.00349 0.00530 0 00367 0.00364 0.00515 
69 0.02418 0.00854 0.01866 0.05696 0.00768 0.01519 0 .01387 0.01082 0. 01477 
70 0.00205 0.00113 0.00279 0.00881 0.00246 0.01749 0 00239 0.00364 0.01252 
71 0.01813 0.01797 0.01769 0.03434 0.02044 0.02897 0 03463 0.01893 0.03618 
72 0.00723 0.00599 0.00659 0.02418 0.00333 0.00887 0 .00349 0.00459 0.01219 
73 0.00162 0.00196 0.00182 0.00291 0.00277 0.00191 0 .00055 0.00306 0.00261 
74 0.00006 0.00020 0.00007 0.00051 0.00005 0.00001 0.00011 0.00007 0.00028 
75 0.00021 0.00019 0.00023 0.00031 0.00011 0.00025 0.00019 0.00025 0.00029 
76 0.00162 0.00119 0.00097 0.00149 0.00063 0.00115 0.00156 0.00071 0.00198 
77 0.00000 0.00000 0.00000 0.00007 0.00000 0.00000 0.00000 0.00000 0.00003 
78 0.00161 0.00029 0.00151 0.00025 0.00148 0.00017 0.02335 0.00927 0.00042 
79 0.00165 0.00093 0.00119 0.00056 0.03100 0.00072 0.00179 0.01385 0.00051 
80 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
81 0.00368 0.00534 0.00534 0.00265 0.00297 0.00545 0.00637 0.02723 0.00173 
TI 0. 34019 0.26439 0.26592 0.52764 0.29938 0.28813 o. 32254 0.26492 0.28283 
VA 0.65981 0.73561 0.73408 0.47236 0.70062 0.71187 0. 67746 0.73508 0.71717 
T 1.00000 1. 00000 1.00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 
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TABLE XLVIII (Continued) 

AOK7 55 56 57 58 59 60 61 62 63 

1 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0.00007 
2 0.00006 0.00000 0.00001 0.00015 0.00006 0.00012 0.00000 0 .00205 0.00018 
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00008 0.00003 
4 0.00013 0.00000 0.00003 0.00015 0.00013 0.00006 0.00008 0.00005 0.00000 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0 .. 00011 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 
7 0.00000 0.00000 0.00000 0.00000 0.00006 0.00006 0.00000 0.00097 0.00000 
B 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00223 0.00163 0.00119 0.00365 0.00176 0.00159 0.00493 0 .00261 0.02912 
11 0.00000 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0 00049 0.00019 0.00007 0.00131 0.00032 0.00211 0.00028 0.00219 0.00264 
13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
14 0.00000 0.00000 0.00003 0.00011 0.00005 0.00071 0.00000 0.00140 0.00001 
15 0.00000 0.00020 0.00160 0.00028 0.00910 0.00345 0.00022 0.00347 0.00052 
16 0.00033 0.00048 0.00012 0.00030 0.00082 0.00046 0.00014 0.00045 0.00039 
17 0.00000 0.00000 0.00628 0.00000 0.00135 0.00000 0.00000 0.00128 0.00040 
18 0.00000 0.00103 0.00080 0.00021 0.03587 0.00254 0.00022 0.02177 0.00009 
19 0.00000 0.00000 0.00011 0.00022 0.00000 0.00000 0.00000 0.00033 0.00000 
20 0.00030 0.00000 0.00000 0.00000 0.00329 0.00000 0.00000 0.00000 0.00000 
2 I 0.00000 0.00000 0.00072 0.00046 0 00116 0.00000 0.00000 0.00000 0.00000 
22 0.00139 0.00029 0.00030 0 00043 0 00074 0.00341 0.01310 0.00797 0.00075 
23 0.00150 0.00164 0.00036 0.00026 0.00005 0.00179 0.00237 0.00764 0.00019 
24 0 00036 0.00077 0.00017 0.00189 0.00045 0.00075 0.00034 0.00062 0.00145 
25 0.01138 0.01497 0 00103 0.00066 0.00089 0.00070 0.03627 0.00488 0.00091 
26 0 00012 0.00015 0.00002 0.00006 0.00010 0.00013 0.00005 0.00052 0.00000 
27 0.00000 0.00000 0.00000 0.00000 0.00001 0.00003 0.00000 0.00002 0.00001 
28 0.00002 0.00008 0.00095 0.00076 0.00384 0.00032 0.00000 0.00199 0.00012 
29 0.00019 0.00011 0.00011 0.00035 0.00038 0.00029 0.00024 0.00051 0.00370 
30 0.02278 0.02408 0.02167 0.00227 0.01492 0.01780 0.02149 0.04159 0.00699 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00054 0.00000 
32 0.00000 0.00000 0.00000 0.00002 0.00000 0.00005 0.00000 0.00033 0.00000 
33 0.01425 0.00022 0.00710 0.00012 0.00548 0.00370 0.00364 0.00056 0.00020 
34 0.00560 0.00316 0.00295 0.00096 0.00617 0 00194 0.00032 0.00615 0.00029 
35 0 00329 0.00612 0.01802 0.00843 0.03822 0.00487 0.00563 0.00868 0.00108 
36 0.01481 0.04051 0.00403 0.01532 0.01259 0.01343 0.01401 0.02325 0.00015 
37 0.00000 ·o. 00000 0.00000 0.00000 0.00000 0.00017 0.00000 0.00000 0.00000 
38 0.00000 0.00000 0.00012 0.00000 0.04848 0.00288 0.00008 0.00000 0.00000 
39 0.00322 0.00082 0.01013 0.00162 0.00159 0.00300 0.00109 0.00132 0.00007 
40 0.01318 0.01388 0. 01805 0.01126 0.02073 0. 01206 0.00532 0.01154 0.00222 
41 0.00000 0.00000 0.00246 0.00026 0.01430 0.00000 0.00000 0.00002 0.00061 
42 0.00000 0.00000 0.00002 0.00000 0.00027 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 o.·00000 0.00000 o. 00510 0.00000 0.00000 0.00000 0.00000 
44 0.00000 0.00000 0.00003 0.00000 0.00145 0.00000 0.00000 0.00013 0.00003 
45 0.00149 0.00026 0 00011 0.00046 0.00019 0 00017 0 00000 0 00002 0.00001 
46 0.00000 0.00000 0.00000 0.00000 0.00145 0.00000 0.00000 0 .00010 0.00000 
47 0.00025 0.01166 0.00326 0.00800 0.03261 0.00129 0.00323 0.00128 0.00257 
48 0 00312 0 00163 0.00868 0.02423 0.00554 0.00564 0.00162 0.00184 0.00057 
49 0.00032 0.00000 0.00001 0 .00227 0.00013 0.00029 0.00000 0.00000 0.00002 
50 0.00000 0.00000 0.00194 0.00000 0.00912 0 00000 0.00000 0.00016 0.00004 
s 1 0 00116 0.00203 0.00032 0.00059 0. 00618 0.00565 0 00102 0.00126 0.00038 
52 0.00000 0.00000 0.00000 0.00000 0.00059 0.00000 0.00000 0 .00000 0.00000 
53 0.00022 0.00110 0.00068 0.00001 0.00082 0.00077 0.00028 0.00021 0.00005 
54 0.00006 0.00000 0.00256 0.04411 0.00749 0.00006 0.00008 0.00056 0.00024 
55 0.03367 0.00244 0.00018 0.00701 0.00012 0 .00405 0.00567 0.00094 0.00016 
56 0.00010 0.00611 0.00222 0.00064 0.00026 0 .00045 0.00002 0.00006 0.00022 
57 0.00000 0.00003 0.03042 0.00000 0.00354 0 00004 0.00002 0.00001 0.00081 
SB 0.00000 0.00000 0.00002 0. 18621 0.00000 0. 00000 0.00000 0.00000 0.00622 
59 0.00000 0.00000 0.00009 0.00000 0.02375 o. 00000 0.00000 0.00017 0.00394 
60 0.00034 0.00012 0.00035 o. 00251 0.00146 0 00991 0.00037 0.00025 0.00015 
61 0.00007 0.00006 0.00005 0.00142 0.00014 o. 00050 0.01458 0.00009 0.00005 
62 0.00005 0.00004 0.00006 0.00016 0.00067 0 .00106 0.00132 0.01270 0 00016 
63 0.01292 0.01318 0.01232 0.01677 0.01882 0 .01375 0.01261 0. 02233 o. 12723 
64 0.00477 0.00283 0.00093 0.00561 0.00334 0.00517 0.00444 0.00502 0.01337 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00057 0.00044 0.00025 0.00054 0.00044 0.00035 0.00032 0.00046 0.00057 
67 0.01686 0.01482 0.03033 0.01573 0.04029 0.01792 0.02101 0.03032 0.02086 
68 0.00700 0.00839 0.00229 0.00527 0.00598 0.00476 0.01002 0.01014 0.02239 
69 0.01177 0.01525 0.00120 0.00708 0.00724 0.00975 0.00800 0.01675 0.01951 
70 0.00891 0 00599 0.00110 0.01131 0.00246 0.00482 0.00493 0.00528 0 00173 
71 0.02736 0.02647 0.01311 0.03900 0.02279 0.03260 0.04040 0.04712 o. 04146 
72 0.01038 0.00441 0.00136 0.02980 0.00623 0.00781 0.00582 0.00670 0 .00864 
73 0.00280 0.00501 0.00603 0.00200 o. 00101 0.00300 0.00202 0.00215 0.02332 
74 0.00011 0.00006 0.00003 0.00037 0.00007 0.00024 0.00018 0.00006 0.00023 
75 0.00033 0.00031 0.00007 0 00032 0.00022 0.00029 0.00078 0.00066 0.00024 
76 0.00115 0.00054 0.00063 0.00215 0.00113 0.00147 0.00089 0.00200 0.00136 
77 0.00006 0.00000 0.00002 0.00004 0.00000 0.00011 0.00008 0.00063 0.00170 
78 0.00441 0.02439 0.00386 0.00080 0.00648 0.00221 0.00181 0.00228 0.24056 
79 0.00501 0.01150 0.00852 0.00075 0.00403 0.00283 0.00366 0.00086 0.01293 
80 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
81 0.02516 0.03008 0.01476 0.00533 0.01079 0.00990 0.00910 0.00611 0.00121 
TI 0. 27605 0.29959 0.24624 0.47202 0.45511 0.22529 o. 26410 0.33343 0. 60512 
VA 0.72395 0. 70041 0.75376 0.52798 0.54489 0.77471 o. 73590 0.66657 0.39488 
T 1 .00000 1 .00000 1 .00000 1 .00000 1 00000 1 .00000 1 .00000 I .00000 1 .00000 
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TABLE XLVIII (Continued) 

AOK8 64 65 66 67 68 69 70 71 72 

1 0 .00000 0. 00000 0.00000 o. 00000 0 .00000 0.00000 0 00000 0.00000 0.00807 
2 0 00002 0 .00000 0.00021 0.00008 0.00012 0.00131 0 00095 0.00020 0.01921 
3 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00633 
4 0.00426 0.00016 0.00166 0.00057 0.00004 0.00494 0.00084 0.00011 0.00000 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.03402 0.00426 0.03170 0.00406 0.00473 0.07876 0.01375 0.01039 0.00483 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00007 0.00000 
12 0.00027 0.00013 0.00018 0.00059 0.00091 0.00009 0.00222 0.00108 0.42342 
13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00034 0.00000 0.00000 
15 0.00000 0.00000 0.00000 0.00006 0.00000 0.00000 0.00045 0 .00027 0.00000 
16 0.00038 0.00000 0.00018 0.00012 0.00000 0.00001 0.00898 0.00062 0.00000 
17 0.00000 0.00600 0.00000 0.00025 0.00035 0.00000 0 .00392 0.00009 0.00036 
18 0 00000 0.00000 0.00000 0.00013 0.00000 0.00000 0.00087 0.00062 0.00000 
19 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
22 0.00075 0 00034 0.00033 0.00287 0.00362 0.00015 0.00439 0 .00434 0.00329 
23 0.00000 0.00000 0 00000 0.00072 0.00000 0.00000 0.00103 0.00049 0. 00322 
24 0.00336 0.00079 0.00088 0.00144 0.01452 0 00030 0.00264 0.01329 0.00096 
25 0.00004 0.00000 0.00184 0.00006 0.00006 0.00045 0.00427 0.00619 0.00041 
26 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
27 0.00000 0 00000 0.00000 0.00002 0.00000 0.00000 0.00049 0.00019 0.00015 
28 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00018 0.00026 0.00000 
29 0.00005 0.00016 0.00228 0.00072 0.00026 0.00031 0.00113 0.00121 0 00002 
30 0.00036 0.00063 0.00062 0.00250 0.00068 0.00187 0.01183 0.01150 0.00480 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
32 0.00000 0.00000 0.00000 0.00001 0.00002 0.00000 0.00061 0.00005 0.00000 
33 0.00002 0.00000 0.00000 0.00030 0.00004 0.00000 0.00054 0.00114 0.00124 
34 0.00000 0.00000 0.00000 0.00005 0.00002 0.00000 0.00332 0.00132 0.00132 
35 0.00001 0.00000 0.00006 0.00001 0.00000 0.00000 0.00008 0.00022 0.00000 
36 0.00030 0.00000 0.00007 0.00000 0.00000 0.00000 0.00009 0.00000 0.00014 
37 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00005 0.00000 
38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00000 0.00000 0.00000 
39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00034 0.00071 0.00024 
40 0.00000 0.00000 0.00018 0.00027 0.00002 0.00000 0.00547 0.00572 0.00008 
41 0.00000 0.00000 0.00079 0.00000 0.00000 0.00000 0.00068 0.00116 0.00000 
42 0.00000 0.00000 0.00000 0.00002 0.00000 0.00007 0.00000 0.00238 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
44 0 00000 0.00000 0.00000 0.00003 0.00000 0.00000 0.00000 0.00000 0.00000 
45 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0 00002 0.00000 
46 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0.00050 0.00057 
47 0.00000 0.00000 0.00062 0.00001 0.00002 0.00002 0.00041 0.00222 0.00000 
48 0.00000 0.00000 0.00000 0.00028 0.00000 0 .00001 0.00174 0.00444 0.00011 
49 0.00016 0.00000 0.00021 0.00008 0.00050 0 .00000 0.00412 0 00450 0 00000 
50 0.00000 0.00000 0.00000 0.00021 0.00000 0 .00000 0 00144 0.00043 0.00000 
51 0 00000 0.00000 0.00016 0.00000 0.00000 0 .00000 0.00064 0.00263 0.00000 
52 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00025 0.00002 0.00000 
53 0 00014 0.00003 o.0002s 0.00002 0.00003 0.00001 0.00007 0.00001 0.00003 
S4 0.02612 0.00221 0.00000 0 00002 0.00012 0.00001 o.oooos 0.0001S 0.00000 
SS 0.00046 0.00233 0.00000 0.00001 0.00005 0.00000 0.00277 0.00156 0.00000 
56 0.00003 0.00000 0.00000 0.00003 0.00002 0.00001 0.00005 0.00006 0.00000 
57 0.00001 0.00000 0.00005 0.00006 0.00003 0.00001 0.00009 0.00009 0.00000 
58 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
59 0.00019 0.00026 0.00000 0.00002 0.00008 0.00001 0.00049 0.00111 0.00000 
60 0.00000 0.00000 0.00000 0.00001 0.00001 0.00000 0.00069 0 00005 0.00000 
61 0.00012 0.00090 0.00012 0.00007 0.00021 0.00003 0.00286 0.00483 0.00000 
52 0.00018 0.00006 0.00008 0.00013 0.00033 0.00004 0.00493 0.00217 0.00047 
63 0.00399 0 01121 0.00808 0.01288 0.00535 0.00182 0.00839 0 .04341 0.01946 
64 0 01921 0.03331 0.00373 0.01567 0.03068 0.00223 0.01610 0.04477 0.00426 
65 0.00000 0.00090 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 
66 0.00063 0.00110 0.01368 0 00110 0.00077 0.00046 0.00172 0.00081 0.00145 
67 0.00227 0.00284 0.00601 0.01184 0.00501 0.00294 0.02108 0.01892 0.06551 
68 0.01105 0.01373 0.00746 0.01296 o. 19747 0.02128 0.01667 0. 02367 0.01249 
69 0.02983 0.08082 0.00953 0.04543 0.04591 0.08246 0.08442 0. 10695 0.06011 
70 0.00668 0.01152 0.00456 0.00484 0.00521 0.00156 0.03797 0.02440 0.01607 
71 0.04413 0.08208 0 01368 0.06157 0. 10525 0.01920 0.06226 0.17596 0.03788 
72 0.00589 0.00521 0.00207 0.01363 0.02477 0.00256 0.00746 0.02624 0.00000 
73 0.00471 0.00189 0.00249 0.01492 0.00564 0.00256 0.01527 0.02897 0.00064 
74 0.00036 0. 15281 0.00012 0.00011 0.00030 0.00004 0.00008 0.00403 0.00638 
75 0 00025 0.00038 0.00006 0.00035 0. 00127 0.00005 0.00034 0.00092 0.00069 
76 0.00539 0.00126 0 .00228 0.00434 0.02111 0.00312 0.00237 0.01694 0.00152 
77 0.00079 0.00178 0.00019 0.00093 0.00050 0.00051 0.00162 0.00081 0.00107 
78 0.00007 0.00007 0.00005 0.00070 0.00007 0.00007 0.00048 0.00106 0.00114 
79 0.00010 0.00038 0.00146 0.00105 0.00023 0.00024 0.00183 0.00360 0.00144 
80 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o. 00000 0.00000 0.00000 
81 0.00629 0.02195 0.01820 0.01249 0.00118 0.00123 0. 00806 0.01792 0.01838 
Tl 0 21289 0.43550 o. 13612 0.23066 0.47751 0. 23084 o. 37613 0.62784 0. 72776 
VA 0 78711 0.56450 0.86388 0.76934 0. 52249 0.76916 o. 6238.7 0 37216 0.27224 
T 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .ob6oo r-:o·oooo 1 .00000 
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TABLE XLVIII (Continued) 

ADK9 73 74 75 76 77 78 79 80 81 

0.00000 0.00369 0 .00131 0.00000 0.00000 0 .00000 0 .00000 0.00000 o. 00000 
0.00005 0.04758 0 .00079 0.01003 0.00048 o. 00001 0 00013 0.00000 0 00018 
0.00000 0.00000 0.00006 0.00000 0.00000 0.00000 0 .00000 0.00000 o. 00000 

4 0.00000 0.00724 0.00112 0.00000 0.00119 0.00000 0. 00103 0.00000 0.00166 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0. 00000 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o. 00000 0.00000 0.00000 
7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00076 0 .00002 0.00000 0.00000 
8 0.00000 0.00000 0.00000 0.00044 0.00021 0.00000 0 00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.01108 0.01594 0.01884 0.01545 0.20421 0.01243 0.02765 0.00573 0.03165 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00024 0.00262 0.01780 0.00156 0.00024 0.00050 0.00013 0.00000 0.00018 
13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
14 0.00000 0.00000 0.00001 0.00003 0.00000 0.00000 0.00000 0.00017 0.00000 
15 0.00000 0.00064 0.00002 0.00020 0.00009 0.00000 0.00000 0.00000 0.00000 
16 0.00247 0.00017 0.00179 0.00000 0.00175 0.00001 0.00013 0.00026 0.00017 
17 0.00000 0.00041 0.00150 0.00125 0.00010 0.00000 0.00000 0.00000 0.00000 
18 0.00000 0.00000 0.00014 0.00000 0.00000 0.00003 0.00000 0.03556 0.00000 
19 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
22 0.00180 0.00061 0.00171 0.00152 0.00099 0.00609 0.00021 0.00110 0.00033 
23 0.00000 0.00000 0.00034 0.00016 0.00000 0.00047 0.00000 0.00000 0.00000 
24 0.00023 0.00326 0.00798 0.00463 0.00302 0.00003 0.00057 0.00004 0.00089 
25 0.00016 0.00171 0.00523 0.00091 0.02051 0.00989 0.00202 0.00594 0.00184 
26 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 
27 0.00000 0.00001 0.00075 0.00020 0.00012 0.00004 0.00000 0.00000 0.00000 
28 0.00353 0.00000 0.00005 0.00003 0.00002 0.00002 0.00001 0.00000 0.00000 
29 0.00134 0.00024 0.00056 0.00059 0.00191 0.00229 0.00148 0.00012 0.00228 
30 0.02869 0.00085 0.00795 0.00329 0.00100 0.00059 0.00042 0.00614 0.00062 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
32 0.00001 o. 00041 0.00002 0.00005 0.00000 0.00000 0.00000 0.00000 0.00000 
33 0.00797 0 00005 0.00115 0.00022 0.00033 0.00001 0.00003 0.00000 0.00000 
34 0.01710 0.00000 0.00022 0.00007 0.00067 0.00115 0.00005 0.00372 0.00000 
35 0.00000 0.00000 0.00004 0.00002 0.00014 0.00032 0.00037 0.00235 0.00005 
36 0.00000 0.00000 0.00000 0.00010 0.00000 0.00032 0.00005 0.00067 0.00007 
37 0.00000 0.00000 0.00000 0.00000 0.00000 0.00529 0.00000 0.00000 0.00000 
38 0.00000 0.00000 0.00000 0.00007 0.00005 0.00015 0.00018 0.00000 0.00000 
39 0.00451 0.00000 0.00008 0.00022 0.00007 0.00000 0.00000 0.00160 0.00000 
40 0.01369 0.00008 0.00051 0.00025 0.00099 0 00101 0.00077 0.00246 0.00019 
41 0.00143 0.00000 0.00000 0.00014 0.00067 0.00012 0.00065 0.00045 0.00079 
42 0.00000 0.00000 0.00000 0.00000 0.00016 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00007 0.00176 0.00107 0.00547 0.04393 0:00000 
44 0.00000 0.00000 0.00000 0.00005 0.00000 0.00009 0.00000 0.00137 0.00000 
45 0.00001 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00001 0.00000 
46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
47 0.00088 0.00024 0.00006 0.00015 0.00029 0.00116 0.00112 0.00100 0.00062 
48 0.01580 0.00000 0.00000 0.00000 0.00019 0.00062 0.00067 0.00053 0.00000 
49 0.00000 0.00000 0.00015 0 .00044 0.00000 0.00000 0.00013 0.00000 0.00021 
50 0.03411 0.00033 0.00008 0.00011 0.00007 0.00000 0.00000 0.00000 0.00000 
5 1 0.00035 0.00000 0.00000 0.00000 0.00074 0.00033 0.00051 0 00016 0.0001~ 

52 0.00000 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00000 0 .00000 
53 0.00152 0.00004 0.00014 0.00003 0.00023 0.00001 0.00017 0.00029 0 .00025 
54 0.00760 0.00014 0.00011 0.00015 0.00005 0.00003 0.00002 0.00000 0 .00000 
55 0.00000 0.00000 0.00008 0.00002 0.00003 0.00000 0.00000 0.00000 0 .00000 
56 0.00083 0.00001 0.00001 0.00003 0.00021 0.00000 0.00000 0.00001 0 .00000 
57 0 .08344 0.00002 0.00001 0.00027 0.00059 0.00000 0.00003 0.00003 0 .00005 
58 0 00000 0.00000 0.00000 0.00000 0.00000 0.00002 0.00003 0.00000 0 .00000 
59 o. 00034 0.00031 0.00011 0.00024 0.00097 0.00000 0.00000 0.00000 0 00000 
60 o. 00000 0.00000 0.00272 0.00002 0.00009 0.00007 0.00000 0.00002 0 .00000 
61 o. 00003 0.00298 0.00185 0.00029 0.00008 0.00004 0.00008 0.00000 0. 00012 
62 o. 00008 0.00072 0.00108 0.00024 0.00014 0.00003 0.00007 0.00015 0.00009 
63 0 .02248 0.00705 0.01077 o. 14025 0.01631 0 02444 0.00592 0.00650 0.00806 
64 0. 01224 0.00728 0.01074 0.00403 0.00801 0 00106 0.00272 0.00071 0.00373 
65 0 .00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 
66 o. 00079 0.00085 0.00161 0.00220 0.00859 0 00268 0.01120 0.01925 0.01364 
67 o. 09001 0.01253 0.01303 0.00381 0.00944 0 .00311 0.00437 0.01695 0.00599 
68 0 .01877 0.01476 0.01269 0.01596 0.00825 0 .00272 0.00552 0.00407 0.00745 
69 0 .07555 0.08055 0.07193 0.03287 0.01774 0 .02282 0.02987 0.03070 0.00952 
70 0. 00297 0.01050 0.01284 0.00673 0.00167 0 .00030 0.00300 0.00053 0.00455 
71 0. 04459 0.06579 0.04985 0.04019 0.03673 0 .01057 o. 01195 0 .01907 0. 01366 
72 o. 00519 0.02247 0.01519 0.00508 0.00751 0 .00139 0 00210 0 00089 0 .00207 
73 0.00547 0.00487 0.00417 0.00739 0.00248 0 .00037 0 00118 0 .00260 0 00248 
74 0.00005 0.09339 0.00113 0.00063 0.00005 0 .00036 0.00009 0 00000 0 00012 
75 0.00018 0.00048 0.00295 0.00008 0.00014 0 00003 0.00005 0 .00012 0 .00006 
76 0.00079 0.00194 0.00808 0.00249 0.00134 0 .00026 0.00150 0 .00035 0 00228 
77 0.00153 0.00058 0.00073 0.00076 0.00018 0 .00023 0.00019 0 00017 0.00020 
78 0.00090 0.00071 0.00016 0.00165 0.00147 o. 01321 0.02972 0 02542 0.00347 
79 0.03166 0.00245 0.00499 0.02749 0.02944 0.02136 0.03283 0 .00000 0.26392 
80 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0.00586 
81 0.01531 0.02209 0.00957 0.04586 0.05338 0.01377 0.02052 0. 04252 o. 14664 
TI 0.56777 0.43859 0.30680 0.38103 0.44710 0. 16369 0.20693 o. 28366 0.53610 
VA 0.43223 0. 56141' ·0~_69320 0.61897 0. 55290 0.83631 0.79307 o. 71634 0.46390 
T 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 
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TABLE XLIX 

REST OF U.S. DIRECT COEFFICIENT MATRIX, 1977 

ARUS1 3 4 5 6 8 9 

1 0.21251 0.01528 0.00000 0.06243 0.00000 0.00000 0.00000 0.00000 0.00000 
2 0.34332 0.03055 0.00000 0.02112 0.00000 0.00000 0.00000 0.00000 0.00122 
3 0.00000 0.00000 0.00461 0.00294 0.00000 0.00000 0.00000 0.00000 0.00000 
4 0.02939 0.02437 0.02644 0.03238 0.00000 0.00000 0.00000 0.00000 0.00057 
5 0.00000 0.00000 0.00000 0.00000 0.02365 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00414 o. 10605 0.00000 0.00000 0.00000 
7 0.00004 0.00306 0.00000 0.00066 0.00532 0.00050 0.03624 0.01478 0.01292 
8 0.00000 0.00187 0.00000 0.00000 0.00000 0.00000 0.00000 0.03407 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00476 0.00560 0.00000 0.01509 0.02719 0.00621 0.00613 0.00554 0.00019 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00007 
12 o. 15230 0.00001 0.02800 0.00942 0.00000 0.00000 0.00000 0.00046 0.00019 
13 0.00001 0.00000 0.00000 0.00034 0.00000 0.00000 0.00000 0.00000 0.00004 
14 0.00000 0.00016 0.00000 0.00000 0.00000 0.00032 0.00000 0.00048 0.00000 
15 0.00023 0.00105 0.02471 0.00957 0.00000 0.00000 0.00000 0.00000 0.00303 
16 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00044 0.00000 0.00005 
17 0.00000 0.00024 0.00718 0.00239 0.00000 0.00000 0.00000 0.00000 0.00001 
18 0.00015 0.00001 0.00000 0.00000 0.00236 0.00424 0.00000 0.00046 0.06157 
19 0.00002 0.00248 0.00000 0.00442 0.00000 0.00000 0.00000 0.00000 0.00000 
20 0.00000 0.00000 0.00000 0.00000 OcOOOOO 0.00000 0.00000 0.00000 0.00041 
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00170 
22 0.00193 0.00045 0.00000 o. 00146 0.00000 0.00000 0.00482 0.00184 0.00257 
23 0.00003 0.00006 0.00000 0.03484 0.00000 0.00000 0.00000 0.00000 0.00003 
24 0.00018 0.00011 0.00201 0.00276 0.00000 0.00000 0.00044 0.00000 0.00014 
25 0.00279 0.09421 0.01924 0.04764 0.02659 0.04261 0.01752 0.01568 0.00353 
26 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
27 0.00160 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
28 0.00000 0.00000 0.00490 0.00000 0.00000 0.00000 0.00000 0.00000 0.00420 
29 0.00038 0.00154 0.00227 0.00182 0.00118 0.00084 0.00260 0.00091 0.00113 
30 0.00219 0.00396 0.00168 0.00108 0.01300 0.01519 0.00921 0.00181 0.00816 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
32 0.00029 0.00000 0.00000 0.00053 0.00000 0.00000 0.00000 0.00000 0.00000 
33 0.00006 0.00000 0.00000 0.00037 0.00059 0.00028 0.00022 0.00000 0.00087 
34 0.00000 0.00017 0.00000 0.00367 0.00236 0.00733 0.00066 0.00046 0.07001 
35 o. 00019 0.00011 0.00000 0.00000 0.04965 0.02539 0.02651 0.01383 0.02785 
36 0.00000 0.00000 0.00000 0.00000 0.00472 0.00142 0.00374 0.00046 0.01851 
37 0.00000 0.00000 0.02215 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
38 0.00011 0.00008 0.00000 0.00000 0.00000 0.00000 0.00217 0.00183 0.09991 
39 0.00028 0.00000 0.00000 0.00000 0.00118 0.00199 0.00177 0.00325 0.00040 
40 0.00100 0.00105 0.02213 0.00957 0.01418 0.00734 0.00788 0.00092 0.02670 
41 0.00000 0.00000 0.01152 0.00663 0.00532 0.00369 0.01404 0.00464 0.00000 
42 0.00355 0.00493 0.00000 0.00497 0.00000 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.02483 0.02303 0.04555 0.01470 0.00356 
44 0.00000 0.00000 0.00000 0.00000 0.00236 0.00197 0.00920 0.00232 0.00429 
45 0.00000 0.00000 0.00000 0.00000 0.00059 0.00006 0.00000 0.00000 0.00000 
46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
47 0.00013 0.00027 0.01019 0.00000 0.00472 0.00084 0.00582 0.00228 0.00320 
48 0.00019 0.00014 0.00000 0.00000 0.00000 0.00389 0.00087 0.00000 0.00008 
49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00578 
51 0.00000 0.00000 0.00000 0.00000 0.00236 0.00114 0.00154 0.00093 0.00601 

52 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00112 
53 0.00005 0.00000 0.00113 0.00000 0.00059 0.00030 0.00020 0.00000 0.01238 
54 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00058 
55 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
56 0.00020 0.00045 0.00000 0.00205 0.00000 0.00055 0.00020 0.00000 0.00030 
57 0.00035 0.00026 0.00000 0.00370 0.01655 0.00057 0.00461 0.00091 0.00022 
58 0.00000 0.00000 0.00000 0.00147 0.00000 0.-00000 0.00000 0.00000 0.00000 
59 0.00000 0.00000 0.02702 0.00074 0.00177 0.00084 0.00000 0.00047 0.00000 
60 0.00000 0.00000 0 00402 0.00000 0.00000 0.00028 0.00000 0.00000 0.00265 
61 0.00002 0.00000 0.00000 0.00037 0.00000 0.00000 0.00000 0.00000 0.00005 
62 0.00005 0.00002 0.00229 0.00110 0.00118 0.00112 0.00066 0.00139 0.00073 
63 0.01365 0.00858 0.01775 0.03480 0.02069 0.01024 0.01030 0.00814 0.02015 
64 0.00252 0.00174 0.00197 0.00630 0.00059 0.00055 0.00108 0.00045 0.00210 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00055 0.00028 0.00000 0.00074 0.00472 0.00197 0.00240 0.00321 0.00006 
67 0.02463 0.02066 0.02603 0.02984 0.01832 0.01180 0.02201 0.00597 0.05002 
68 0.01275 0.00802 0.01048 0.01251 0.00472 0.01112 0.01144 0.00819 0.00427 
69 0.02267 0.09587 0.00840 0.03157 0.23229 0.01762 0.03631 0.02249 0.00462 
70 0.00002 0.00001 0.00303 0.00601 0.00059 0.00135 0.00189 0.00044 0.00017 
71 0.00404 0.00912 0.02410 0.07445 0.03428 0.01624 0.03310 0.01755 0.04956 
72 0.00037 0.00023 0.00196 0.00735 0.00118 0.00128 0.00098 0.00090 0.00304 
73 0.00261 0.00198 0.01065 0.01866 0.00236 0.00220 0.00940 0.00270 0.00321 
74 0.00002 0.00000 0.00000 0.00019 0.00000 0.00000 0.00000 0.00000 0.00007 
75 o .. 00517 0.00020 0.00060 0.00423 0.00118 0.00141 0.00134 0.00047 0.00040 
76 0.00013 0.00008 0.00028 0.00143 0.00118 0.00055 0.00043 0.00135 0.00019 
77 0.00000 0.00000 0.00029 0.00037 0.00414 0.00056 0.00109 0.00046 0.00005 
78 0.01015 0.04212 0.18750 0.09300 0.03192 0.05874 0. 19036 0.02492 0.03078 
79 0.00427 0.00217 0.00087 0.00034 0.03665 0.03988 0.05053 0.02538 0.00047 
80 0.00000 0.00001 0.00000 0.00000 0.00828 0.00072 0.00352 0.00138 0.00000 
81 0.00598 0.00305 0.00087 0.01481 0.05142 0.05584 0.07050 0.03553 0.00006 
TI 0.86780 0.38667 0.51629 0.62214 0.69090 0.49006 0.64970 0.28395 0.55613 
VA o. 13220 0.61333 0.48371 0.37786 0.30910 0.50994 0.35030 0.71605 0.44387 
T 1 .00000 1.00000 1.00000 1 .00000 1.00000 1 .00000 1 .00000 1 .00000 1 .00000 
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TABLE XLIX (Continued) 

ARUS2 10 11 12 13 14 15 16 17 18 

1 0.00000 0.00000 0.18189 0.00000 0.00232 0.00541 0.00000 0.00000 0.00000 
2 0.00022 0.00010 0. 10375 0.23168 0.06110 0.00336 0.00074 0.00000 0.00000 
3 0.00000 0.00000 0.00548 0.00000 0.00000 0.00000 0.00296 0.00000 0.07769 
4 0.00012 0.00000 0.00000 0;00000 0.00000 0.00000 o. 00017 0.00000 0.00051 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
7 0.02009 0.00000 0.00011 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
8 0.00000 0.00000 0.00009 0.00000 0.00004 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00042 0.00464 0.00175 0.00088 0.00222 0.00133 0.00082 0.00072 0.00274 
11 0.00000 0.02814 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00035 0.00116 0.22411 0.00208 0.00318 0.00133 0.00057 0.00255 0.00015 
13 0.00005 0.00019 0.00002 0.27759 0.00003 0.00000 0.00005 0.00000 0.00002 
14 0.00000 0.00000 0.00000 0.00000 0.20272 0.18552 o. 23606 o. 23096 0.00000 
15 0.00131 0.00010 0.00009 0.00000 0.00473 0.06614 0.00338 0.08197 0.00046 
16 0.00009 0.00116 o. 00014 0.00000 0.00038 0.00855 0. 22005 0.00485 0.00029 
17 0.00045 0.00077 0.00027 0.00000 0.00003 0.00354 0.01083 0.01956 0.00018 
18 0.02685 0.00202 0.00015 0.00026 0.00282 0.00111 0.00085 0.00229 0.23775 
19 0.00000 0.00318 0.00045 0.00060 0.00000 0.00000 0.00000 0.00000 0.00005 
20 0.00020 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00002 
21 0.00080 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
22 0.00325 0.00068 0.01073 0.01455 0.00128 0.00477 0.00408 0.01075 0.00128 
23 0.00000 0.00291 0.01989 0.01083 0.00549 0.00821 0.01092 0.00955 0.00266 
24 0.00031 0.00058 0.00514 0.00970 0.00023 0.00034 0.00124 0.00182 0.00015 
25 0.00446 0.00628 0.00517 0.00000 0.03344 0.03494 0.00709 0.00169 0.01082 
26 0.00000 0.00184 0.00000 0.00130 0.08833 0.09937 0.01732 0.00368 0.00184 
27 0.00000 0.00046 0.00251 0.00000 0.00251 0.00091 0.00166 0.00000 0.00000 
28 0.03321 0.00059 0.00000 0.00008 0.00031 .0.00111 0.00000 0.00000 0.00363 
29 0 .00261 0.00029 0.00021 0.01732 0.00019 0.00022 0.00023 0.00012 0.00104 
30 0.01149 0.00425 0.00920 0.00000 0.00395 0.02500 0.00424 0.02161 0.00522 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00400 0.00374 0.00000 
32 0.00003 0.00010 0.00000 0.00000 0.00000 0.00000 0.00004 0.00000 0.00010 
33 0.00140 0.00019 0.01255 0.00000 0.00232 0.00287 0.00000 0.00000 0.00130 
34 0.03960 0.00145 0.00057 0.00052 0.00069 0.00077 0.00051 0.00048 0.00743 
35 0.01074 0.06042 0.00052 0.00035 0.00030 0.00056 0.00037 0.00037 0.00405 
36 0.00383 0.04049 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00043 
37 0.00000 0.00000 0.03248 0.00008 0.00000 0.00000 0.00000 0.00000 0.00000 
38 0.03779 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00135 
39 0.00075 0.00786 0.00188 0.00000 0.00000 0.00000 0.00000 0.00000 0.00325 
40 0.01284 0.00966 0.00156 0.00398 0.00072 0.00000 0.00084 0.00000 0.03005 
41 0.00000 0.00098 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
43 0.00353 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00018 
44 0.00755 0.00000 0.00000 0.00000 0.00103 0.00044 0.00020 0.00000 0.00116 
45 0.00004 0.00203 0.00000 0.00008 0.00000 0.00000 0.00000 0.00000 0.00012 
46 0.00000 0.00000 0.00062 0.00000 0.00651 0.00545 0.00135 0.00012 0.00242 
47 0.00164 0.00524 0.00054 0.00069 0.00025 0.00218 0.00041 0.00000 0.00149 
48 0.00026 0.00390 0.00031 0.00052 0.00108 0.00088 0.00053 0.00035 0.00126 
49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
50 0.01401 0.00000 0.00015 0.00000 0.00006 0.00000 0.00000 0.00000 0.00013 
51 0.00450 0.00154 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00035 

52 0.00534 0.00000 0.00000 0.00000 0.00000 0.00000 0.00068 0.00093 0.00000 
53 0.01941 0.00000 0.00000 0.00000 0.00005 0.00000 0.00000 0.00000 0.00035 
54 0.00154 0.01789 0.00001 0.00000 0.00003 0.00000 0.00003 0.00000 0.00003 
55 0.00000 0.01545 0.00000 0.00000 0.00025 0.00000 0.00000 0.00000 0.00000 
56 0.00042 0.00000 0.00000 0.00000 0.00000 0.00000 0.00005 0.00000 0.00020 
57 0.00044 0.00174 0.00009 0.00000 0.00004 0.00000 0.00004 0.00000 0.00126 
58 0.00000 0.06428 0.00001 0.00000 0.00003 0.00000 0.00000 0.00000 0.00000 
59 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 
60 0.00344 0.00483 0.00007 0.00000 0.00042 0.00000 0.00000 0.00000 0.00032 
61 0.00003 0.00009 0.00002 0.00000 0.00041 0.00067 0.00008 0.00012 0.00005 
62 0.00251 0.00039 0.00005 0.00000 0.00007 0.00022 0.01291 0.00361 0.00044 
63 0.02480 0.01165 0.02285 0.02130 0.01287 0.02115 0.01456 0.01704 0.02371 
64 0.00440 0.00652 0.00144 0.00078 0.00205 0.00346 0.00470 0.00366 0.00143 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00012 0.00077 0.00052 0.00017 0.00081 0.00077 0.00048 0.00036 0.00056 
67 0.06080 0.01125 0.03098 0.00442 0.02537 0.03006 0.03572 0.02800 0.02557 
68 0.00770 0.00438 0.00363 0.00442 0.00250 0.00262 0.00695 0.00476 0.00529 
69 0.00959 0.00792 0.00437 0.00346 0.00537 0.01251 0.01257 0.01460 0.00554 
70 0.00037 0.00390 0.00213 0.00459 0.00148 0.00457 0.00435 0.00475 0.00157 
71 0.01824 0.04185 0.02631 0.06764 0.01253 0.01953 0.02491 0.01424 0.01191 
72 0.00635 0.02167 0.00136 0.00130 0.00244 0.00173 0.00384 0.00212 0.00184 
73 0.00485 0.00254 0.00252 0.00095 0.00079 0.00119 0.00131 0.00106 0.00663 
74 0.00014 0.00049 0.00009 0.00017 0.00003 0.00000 0.00018 0.00024 0.00010 
75 0.00080 0.00195 0.00087 0.00043 0.00134 0.00054 0.00220 0.00329 0.00101 
76 0.00044 0.00273 0.00066 0.00233 0.00073 0.00087 0.00266 0.00118 0.00040 
77 0.00011 0.00000 0.00013 0.00234 0.00003 0.00000 0.00006 0.00000 0.00031 
78 0.07136 0.00783 0.00556 0.00138 0.00507 0.00597 0.00608 0.00326 0.02830 
79 0.00096 0.00599 0.00407 0.00052 0.00636 0.00675 0.00374 0.00277 0.00439 
80 0.00000 0.00155 0.00057 0.00016 0.00097 0.00012 0.00011 0.00048 0.00332 
81 0.00135 0.00841 0.00570 0.00190 0.00889 0.00940 0.00523 0.00386 0.00616 
TI 0.49029 0. 43927 0. 73630 0.69135 0.51917 0.58640 0.67497 0.50751 0. 53237 
VA 0.50971 0.56073 0. 26370 0.30865 0.48083 0.41360 0.32503 0.49249 0.46763 
r 1 .00000 1 .00000 1.00000 1 .00000 1 .00000 1 .00000 1.00000 1 .00000 1 .00000 
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TABLE XLIX (Continued) 

ARUS3 19 20 21 22 23 24 25 26 27 

1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 .00000 0.00032 
2 0.00000 0.00000 0.00000 0.00100 0.00000 0.00006 0.00099 0.00000 0.00165 
3 0.00000 0.00000 0.00000 0.00016 0.00000 0.00000 0.00016 0.00000 0.00016 
4 0.00000 0.00048 0.00000 0.00013 0.00007 0.00014 0.00013 0.00010 0.00023 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00040 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00020 0.00000 0.00000 0.00479 0.00015 0.00000 
7 0.00000 0.00000 0.00000 0.00584 0.00000 0.00000 0.00584 0.00000 0.00093 
8 0.00000 0.00000 0.00000 0.00056 0.00000 0.00000 0.01748 0.00014 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00082 0.00181 0.00179 0.00766 0.00493 0.00306 0.00451 0.00662 0.00515 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00000 0.00516 0.00029 0.01348 0.00015 0.00052 0.00697 0.00318 0.01788 
13 0.00000 0.00009 0.00015 0.00005 0.00007 0.00012 0.00005 0.00005 0.00016 
14 0.00000 0 04808 0.00352 0.00632 0.00000 0.00032 0.00000 0 00152 0.00000 
15 0.00000 0.01778 0.01311 0.00413 0.00000 0.00084 0.00000 0.00000 0.00003 
16 0.00000 0.00248 0.00284 0.00025 0.00030 0.00038 0.00005 0.00015 0.00007 
17 0.00000 0.00143 0.00372 0.00000 0.00000 0.00004 0.00020 0.00000 0.00025 
18 0.21362 0. 13983 0.05531 0.07034 0.00007 0.00000 0.00106 0.00030 0.00016 
19 0.00490 0.00019 0.00015 0.00005 0.00000 0.00000 0.00000 0.00000 0.00000 
20 0.00000 0.00332 0.00030 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00745 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
22 0.00000 0.00171 0.00045 0.21636 0.46148 0. 16156 0.00544 0.02912 0.00929 
23 0.00000 0.01669 0.00882 0.01532 0.01711 0.00218 0.00277 0.00896 0.02414 
24 0.00000 0.00086 0.00104 0.00079 0.00038 o. 13025 0.00038 0.00039 0.00398 
25 0.00000 0.00191 0.00268 0.04333 0.02446 0.01967 o. 19235 0.39391 0.09969 
26 0.00000 0.00000 0.00061 0.01779 0.01349 0.00000 0.00736 0.04478 0.00123 
27 0.00000 0.00000 0.00000 0.00091 0.00000 0.00000 0.00046 0.00342 0.04581 
28 0.00000 0.01000 0.00642 0.00036 0.00000 0.00034 0.00098 0.00119 0.00113 
29 0.00000 0.00029 0.00030 0.00084 0.00051 0.00016 0.00057 0.00053 0.00054 
30 0.00000 0.05274 0.04358 0.01771 0.00131 0.00585 0.00419 0.01349 0.04667 
31 0.00000 0.00123 0.00045 0.00000 0.00000 0.00006 0.00000 0.00000 0.00000 
32 0.00000 0.00000 0.00000 0.00005 0.00000 0.00005 0.00010 0.00000 0.00005 
33 0.00000 0.00465 0.00476 0.00003 0.00000 0.00002 0.00019 0.00035 0.00149 
34 0.00000 0.00627 0.00372 0.00236 0.00060 0.00090 0.00131 0.00030 0.00068 
35 0.02536 0.01959 0.08183 0.00041 0.00483 0.00037 0.00335 0.00026 0.00004 
36· 0.00000 0.00666 0.00686 0.00090 0.00151 0.00211 0.00846 0.00119 0.00058 
37 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00584 0.00128 0.02503 
38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
39 0.00080 0.00621 0.01384 0.00000 0.00000 0.00000 0.00006 0.00000 0.00416 
40 0.00082 0.05602 0.03397 0.00561 0.00127 0.00122 0.00123 0.00089 0.00550 
41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
44 0.00000 0.00000 0.00000 0.00008 0.00000 0.00009 0.00000 0.00000 0.00000 
45 0.00000 0.00000 0.00025 0.00000 0.00055 0.00006 0.00000 0.00006 0.00006 
46 0.00081 0.00122 0.00000 0.00381 0.00463 0.00282 0.00687 0.00624 0.00000 
47 0.00000 0.00010 0.00162 0.00094 0.00030 0.00006 0.00417 0.00190 0.00090 
48 0.00081 0.00094 0.00074 0.00089 0.00117 0.00032 0.00043 0.00083 0.00035 
49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00030 0.00000 0.00000 
51 0.00000 0.00000 0.00164 0.00000 0.00000 0.00000 0.00025 0.00000 0.00000 
52 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
53 0.00000 0.00049 0.00015 0.00010 0.00000 0.00000 0.00005 0.00005 0.00005 
54 0.00000 0.00000 0.00000 0.00003 0.00000 0.00006 0.00003 0.00000 0.00006 
55 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
56 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
57 0.00000 0.00009 0.00000 0.00000 0.00009 0.00004 0.00000 0.00000 0.00004 
58 0.00000 0.00000 0.00000 0.00003 0.00000 0.00000 0.00000 0.00000 0.00000 
59 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
60 0.00000 0.00039 0.00000 0.00081 0.00000 0.00004 0.00053 0.00060 0.00120 
61 0.00000 0.00039 0.00000 0.00005 0.00007 0.00405 0.00007 0.00005 0.00011 
62 0.00000 0.00171 0.00120 0.00015 0.00068 0.00151 0.00005 0.00005 0.00049 
63 0.02085 0.02339 0.02351 0.03592 0.04358 0.02774 0.02547 0.01972 0.02221 
64 0.00160 0 00307 0.00219 0.00173 0.00379 0.00961 0.00182 0.00281 0.00402 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00000 0.00048 0.00060 0.00163 0.00052 0.00038 0.00208 0.00113 0.00042 
67 0.02443 0.03776 0.03707 0.02831 0.01938 0.01848 0.01148 0.01618 0.02184 
68 0.00725 0.00646 0.00719 0.00341 0.00308 0.00717 0.00353 0.00496 0.00555 
59 0.00399 0.01094 0.01410 0.01266 0.01259 0.03888 0.01238 0.01065 0.02929 
70 0.00785 0.00174 0.00344 0.00361 0.00544 0.00808 0.00180 0.00256 0.00967 
71 0.00639 0 02467 0.01657 0.01932 0.01921 0.04641 0.02147 0.02515 0. 15022 
72 0.00160 0.00375 0.00437 0.00272 0.00291 0.00949 0.00389 0.00362 0.01508 
73 0.00160 0.00259 0.00509 0.00115 0.00211 0.00330 0.00089 0.00116 0.00138 
74 0.00000 0.00009 0.00016 0.00005 0.00007 0.00033 0.00010 0.00005 0.00045 
75 0.00081 0.00201 0.00242 0.00067 0.00094 0.00356 0.00060 0.00101 0.00369 
76 0.00080 0.00093 0.00101 0.00067 0.00080 0.01099 0.00054 0.00034 0.00148 
77 0.00000 0.00010 0.00000 0.00110 0.00007 0.00010 0.00090 0.00054 0.00013 
78 0.02044 0.00770 0.00805 0.02279 0.01410 0.00432 0.01764 0.01562 0.01488 
79 0.00490 0.00371 0.00462 0.01276 0.00410 0.00296 0.01826 0.00934 0.00327 
80 0.00000 0.00057 0.00134 0.00931 0.00029 0.00020 0.00532 0.00388 0.00049 
8 1 0.00654 0.00523 0.00641 0.01788 0.00574 0.00414 0.02283 0.01241 0.00457 
TI 0.35697 0. 54598 0.44169 0.61550 0.67877 0.53540 0.44139 0.65316 0.58890 
VA 0.64303 0. 45402 0.55831 0.38450 0.32123 0.46460 0.55861 0.34684 0.41110 
T 1 .00000 1 .00000 1 .00000 1 .00000 1 .00000 1 00000 1 .00000 1 00000 1 .00000 
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TABLE XLIX (Continued) 

ARUS4 28 29 30 31 32 33 34 35 36 

1 0.00000 0 .00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
2 0.00556 0.00000 0.00002 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000 
3 0.00298 0.00000 0.00000 0.00000 0.00000 0.00000 0.00008 0.00000 0.00000 
4 0.00000 0.00000 0.00020 0.00000 0.00000 0.00076 0.00023 0.00011 0.00040 
5 0.00044 0.00000 0.00000 0.00000 0.00000 0.00000 0.00142 0.04787 0.00047 
6 0.00237 0.00000 0.00005 0.00000 0.00000 0.00000 0.00286 0.00089 0.07728 
7 0.00318 0.00194 0.00089 0.00000 0.00000 0.01501 0.09511 0.00452 0.00018 
8 0.00000 0.00000 0.00148 0.00180 0.00000 0.00043 0.00441 0.00171 0.00002 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00209 0.00897 0.00364 0.00183 0.00129 0.00660 0.00608 0.01097 0.00295 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.02412 0.00082 0.00025 0.35998 0.00275 0.00011 0.00076 0.00018 0.00018 
13 0.00015 0.00000 0.00005 0.00000 0.00016 0.00011 0.00008 0.00003 0.00002 
14 0.00000 0.00000 0.01256 0.00000 0.03352 0.00000 0.00288 0.00000 0.00064 
15 0.00000 0.00000 0.01881 0.00000 0.04349 0.00000 0.00027 0.00000 0.00028 
16 0.00000 0.00000 0.00040 0.00000 0.00226 0.00044 0.00008 0.00024 0.00008 
17 0.00000 0.00000 0.00010 0.00000 0.00178 0.00032 0.00000 0.00007 0.00015 
18 0.00000 0.00000 0.00293 0.00000 0.01080 0.01157 0.00708 0.00398 0.00361 
19 0.00000 0.00000 0.00000 0.00000 0.00000 0.00217 0.00019 0.00031 0.00065 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00037 0.00000 
22 0.00193 0.00163 0.00848 0.00045 0.01112 0.00400 0.01623 0.00056 0.00094 
23 0.00538 0.00190 0.01162 0.00045 0.01485 0.04717 0.00415 0.00090 0.00143 
24 0.00671 0.00000 0.00045 0.00000 0.00080 0.00173 0.00034 0.00079 0.00032 
25 0.26991 0.02255 0.05574 0.07469 0.01143 0.03795 0.03356 0.02657 0.01919 
26 0. 12329 0.00000 0. 15703 0.00000 0.00123 0.00000 0.00552 0.00000 0.00920 
27 0 .00160 0.00137 0.00023 0.02439 0.00205 0.00000 0.00046 0.00000 0.00000 
28 0.00894 0.00000 0.00093 0.00000 0.00080 0.00227 0.00162 0.00046 0.00119 
29 0.00103 0.00322 0.00020 0.00045 0.00016 0.00032 0.00071 0.00040 0.00037 
30 0.00219 0.00080 0.03402 0.00000 0.07627 0.03893 0.00498 0.00095 0.00607 
31 0.00000 0.00000 0.00002 0.04171 o. 12016 0.00000 0.00000 0.00000 0.00000 
32 0.00000 0.00000 0.00005 0.00000 0.01565 0.00000 0.00000 0.00005 0.00000 
33 0.00060 0.00000 0.00269 0.00000 0.00000 0.05926 0.00076 0.00006 0.00027 
34 0.00432 0.00163 0.00185 0.00320 0.00032 0.01587 o. 10996 0.00731 0.00233 
35 0.00134 0 00026 0.00684 0.00000 0.00082 0.00335 0.00703 o. 22018 0.00803 
36 0.01462 0. 00136 0.00072 0.00000 0.00388 0.00226 0.00264 0.02832 0.37387 
37 0.05040 0.00517 0.00000 0.00000 0.00000 0.00000 0.00013 0.00040 0.00000 
38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00008 0.00126 ·0.00000 
39 0.00017 0.00000 0.00541 0.00000 0.00643 0.00251 0.00028 0.00604 0.00142 
40 0.00299 0.00082 0.00784 0.00000 0.01451 0.00054 0.01019 0.01014 0.00574 
41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00022 0.00013 0.00000 
42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00201 0.00000 0.00000 
44 0.00000 0.00000 0.00008 0.00000 0.00113 0.00000 0.00016 0.00080 0.00047 
45 0.00000 0.00000 0.00080 0.00000 0.00000 0.00068 0.00006 0.00178 0.00178 
46 0.00000 0.00000 0.00293 0.00000 0.00571 0.00874 0.00030 0.00120 0.00000 
47 0.00000 0.00081 0.00064 0.00000 0.00000 0.00086 0.00090 0.01858 0.00587 
48 0.00015 0.00000 0.00187 0.00045 0.00127 0.00320 0.00150 0.00483 0.00239 
49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o.oaooo 0.00070 0.00000 
50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00005 0.00000 
51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00076 0.00091 0.00773 0.00298 
52 0.00000 0.00000 0.00000 0.00000 0.00093 0.00019 0.00000 0.00000 0.00000 
53 0 00000 0.00000 0.00069 0.00000 0.00000 0.00054 0.00133 0.00237 0.00059 
54 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00004 0.00002 0.00002 
55 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
56 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0 00000 
57 0.00000 0.00000 0.00061 0.00000 0.00000 0.00000 0.00017 0.00000 0.00000 
58 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000 
59 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00057 0.00000 
60 0.00028 0.00028 0.00088 0.00000 0.00000 0.00183 0.00035 0.00138 0.00018 
61 0.00014 0.00000 0.00011 0.00000 0.00016 0.00011 0.00016 0.00012 0.00005 
62 0.00120 0.00000 0.00076 0.00046 0.01078 0.00085 0.00124 0.00041 0.00022 
63 0.02764 0.03382 0.02436 0.01887 0.01674 0.03657 0.07251 0.04722 0.01847 
64 0.00452 0.00107 0.00293 0.00090 0.00394 0.00275 0.00301 0.00194 0.00156 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00030 0.00082 0.00002 0.00046 0.00032 0.00269 0.00204 0.00213 0.00158 
67 0.02093 0.00378 0.01552 0.02920 0.03094 0.02303 0.01672 0.02643 0.02421 
68 0.00382 0.00295 0.00408 0.00406 0.00587 0.00544 0.00648 0.00447 0.00445 
69 0.02443 0.00503 0.00833 0.00536 0.01445 0.01350 0.01249 0.00174 0.00416 
70 0 00702 0.00026 0.00426 0.00044 0.00201 0.00156 0.00172 0.00228 0.00109 
71 0 .02662 0.01112 0.02307 0.05274 0.03315 0.02446 0.02053 0.01628 0.01440 
72 0 00656 0.00106 0.00360 0.00178 0.00471 0.00390 0.00438 0.00261 0.00152 
73 0 00175 0.00026 0.00129 0.00447 0.00141 0.00411 0.00415 0.00097 0.00106 
74 0.00016 0.00000 0.00005 0.00000 0.00016 0.00021 0.00007 0.00009 0.00002 
75 0.00107 0.00027 0.00188 0.00045 0.00195 0.00154 0.00107 0.00107 0.00074 
76 0.00131 0.00026 0.00063 o. 00089 0.00393 0.00095 0.00085 0.00066 0.00039 
77 0.00000 0.00028 0.00005 0.00000 0.00000 0.00011 o. 00019 0.00124 0.00028 
78 0.02879 0. 33206 0.00539 0.01238 0.00435 0.00876 0.01970 0.01071 0.01005 
79 0.00268 o. 17092 0.00020 0.00367 0.00258 0.02109 0.01617 0.01671 0.01239 
80 0.00000 0.00041 0.00039 0.00137 0.00016 0.00042 0.01102 0.03949 0.00074 
81 0.00328 0.00869 0.00027 0.00501 0.00354 0.02953 0.02262 0.02339 0.01735 
TI 0.69896 0.62660 0.44122 0.65193 0.52673 0.45204 0.54523 0.61585 0.64629 
VA 0 30104 0.37340 0.55878 0 34807 0.47327 0.54796 0.45477 0.38415 0.35371 

1 00000 1 .00000 1.00000 1 .00000 1 00000 1 .00000 1 .00000 1 .00000 1 00000 
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TABLE XLIX (Continued) 

ARUS5 37 38 39 40 41 42 43 44 45 

1 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00005 0.00000 0.00000 
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
4 0.00043 0,00053 0.00030 0.00023 0.00009 0.00017 0.00005 0.00000 0.00000 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00153 0.00000 0.00000 0 .. 00000 0.00000 0.00000 0.00000 0.00000 
7 0.00000 0.00005 0.00000 0.00041 0.00000 0.00000 0.00000 0.00000 0.00000 
8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00161 0.00155 0.00256 0.00261 0.00140 0.00177 0.00383 0.00154 0.00294 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00000 0.00024 0.00020 0.00020 0.00019 0.00178 0.00021 0.00019 0.00045 
13 0.00000 0.00006 0.00000 0.00003 0.00000 0.00008 0.00005 0.00000 0.00007 
14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
15 0.00000 0.00000 0.00000 0.00045 0.00000 0.00000 0.00000 0.00000 0.00000 
16 0.00010 0.00026 0.00030 0.00030 0.00018 0.00025 0.00016 0.00000 0.00037 
17 0 00032 0.00017 0.00084 0.00013 0.00000 0.00000 0.00000 0.00000 0.00000 
18 0.00139 0.00211 0.00192 0.00634 0.00000 0.00253 0.00216 0.00154 0.00103 
19 0.00000 0.00022 0.00108 0.00019 0.00000 0.00067 0.00033 0.00038 0.00045 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00040 0.00000 
22 0.00182 0.00159 0.00340 0.00030 0.00047 0.00024 0.00026 0.00039 0.00043 
23 0.00625 0.00381 0.00445 0.00787 0.00252 0.00235 0.00000 0.00039 0.00073 
24 0.03731 0.00027 0.00030 0.00032 0.00028 0 00051 0.00044 0.00038 0.00052 
25 0.00289 0.00189 0.00562 0.01745 0.00093 0.00017 0.00091 0.00019 0.00272 
26 0.00184 0.00000 0.00123 0.00123 0.00000 0.00000 0.00000 0.00000 0.00000 
27 0.00091 0.00068 0.00068 0.00046 0.00000 0.00000 0.00000 0.00000 0.00000 
28 0.01683 0.00644 0.00152 0.00727 0.00039 0.00304 0.00157 0.00039 0.00059 
29 0.00011 0.00020 0.00020 0.00023 0.00019 0.00025 0.00022 o. 00019 0.00058 
30 0.00073 0.00369 0.00584 0.01905 0.00321 0.02980 0.01450 0.01657 0.00309 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
32 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
33 0.00000 0.00389 0.00054 0.00082 0.00000 0.00000 0.00000 0.00000 0.00007 
34 0.00118 0.00263 0.00207 0.00457 0.00784 0.00268 o. 00716 0.00154 0.00762 
35 0.34793 0. 21787 0.22739 0. 11072 0.12652 o. 15482 o. 14816 o. 14050 0.09641 
36 0.08309 0.05517 0.03663 0.05702 0.04978 0.00791 0.00602 0.01885 0.02635 
37 0.00121 0.00000 0.00128 0.00027 0.00000 0.00000 0.00000 0.00000 0.00000 
38 0.00000 0.01402 0.00000 0.00023 0.01842 0.00000 0.00512 0.00667 0.00574 
39 0.00046 0.01537 0.02181 0.01270 0.01890 0.02272 0.00940 0.00791 0.00604 
40 0.00932 0.02545 0.00957 0.02647 0.00991 0.01103 0.00971 0.01116 0.00522 
41 0.00000 0.00003 0.00000 0.00158 0.09304 0.06496 0.03155 0 .01294 0.00000 
42 0.00000 0.00000 0.00019 0.00013 0.00047 0.03604 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.06309 0.00000 0.00000 
44 0.00000 0.00000 0.00039 0.00000 0.00000 0.00000 0.00000 0.03313 0.00000 
45 0.00129 0.00135 0.00283 0.00160 0.00234 0.00209 0.00265 0.00166 0.01421 
46 0.00000 0.00000 0.00015 0.00033 0.00000 0.00000 0.00000 0.00000 0.00000 
47 0.00148 0.00531 0.00068 0.00174 0.01889 0.06302 0.04912 0.05215 0.02459 
48 0.00222 0.00527 0.01210· 0 .00647 0.03438 0.01509 0.01561 0.00891 0.02242 
49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
50 0.00000 0.00099 0.00000 0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 
51 0 00000 0.00684 0.00083 0.00263 0.00626 0.00624 0.00965 0.02732 0.02290 

52 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
53 0.00000 0.00025 0.00044 0.00005 0.00000 0.00099 0.00000 0.00000 0.00089 
54 0.00000 0.00003 0.00000 0.00003 0.00000 0.00000 0.00005 0.00000 0.00007 
55 0.00000 0.00000 0.00000 0.00016 0.00000 0.00000 0.00000 0.00000 0.00000 
56 0.00000 0.00015 0.00015 0.00000 0.00814 0.00554 0.00090 0.00135 0.00000 
57 0.00000 0.00030 0.00139 0.00004 0.00348 0.01489 0.00792 0.00000 0.00000 
58 0.00000 0.00000 0.00025 0.00000 0.00000 0.00000 0.00011 0.00000 0.00000 
59 0.00000 0.00007 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
60 0.00011 0.00236 0.00028 0.00046 0.00018 0 00035 0.00028 0.00056 0.00176 
61 0.00011 o. 00019 0.00011 0.00007 0.00009 0.00009 0.00005 0.00019 0.00014 
62 0.00000 0.00049 0.00010 0.00051 0.00010 0.00076 0.00049 0.00020 0.00029 
63 0.03730 0.01914 0.01304 0.01592 0.00991 0.01914 0.00925 0.01358 0.00640 
64 0 00136 0.00300 0.00183 0.00246 0.00193 0.00313 0.00448 0.00301 0.00438 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00054 0.00043 0.00054 0.00065 0.00047 0.00042 0.00043 0.00058 0.00059 
67 0 02027 0.02049 0.01585 0.01590 0.02663 0.03083 0.02521 0.02069 0.01775 
68 0.00443 0.00374 0.00427 0.00538 0.00341 0.00563 0.00510 0.00361 0.00478 
69 0.00868 0.01153 0.00644 0.00886 0.00274 0.00238 0.00594 0.01220 0.00737 
70 0.00277 0.00362 0.00156 0.00217 0.00126 0.00210 0.00124 0.00110 0.00133 
71 0.02582 0.01543 0.01284 0.01833 0.01195 0.02413 0.02024 0.00788 0.01847 
72 0.00241 0.00448 0.00187 0.00296 0.00295 0.00437 0.00358 0.00544 0.00709 
73 0.00115 0.00197 0.00082 0.00169 0.00337 0.00115 0.00205 0.00450 0.00100 
74 0.00000 0.00007 0.00005 0.00007 0.00000 0.00009 0.00038 0.00019 0.00030 
75 0.00094 0.00128 0.00168 0.00128 0.00074 0.00094 0.00087 0.00114 0.00141 
76 0.00020 0.00067 0.00048 0.00073 0.00064 0.00123 0.00079 0.00112 0.00150 
77 0.00000 0.00003 0.00005 0.00006 0.00010 0.00008 0.00000 0.00000 0.00000 
78 0.00289 0.00535 0.00533 0.00618 0.00505 0.00682 0.00582 0.00519 0.01586 
79 0.00418 0.00334 0.00424 0.00510 0.00365 0.00328 0.03343 0.00443 0.00455 
80 0.00000 0.00102 0.00039 0.00019 0.00028 0.00050 0.00038 0.00019 0.00022 
81 0.00589 0.00466 0.00591 0.00712 0.00514 0.00463 0.00469 0.00616 0.00638 
TI 0.63975 0.48362 0.42750 0.38882 0. 48880 0.56366 0.51566 0.43859 0.34807 
VA o. 36025 0.51638 0.57250 0.61118 o. 51120 0.43634 0.48434 0.56141 0.65193 
T 1 .00000 1.00000 1 .00000 1 .00000 1.00000 1 .00000 1 .00000 1 .00000 1 .00000 
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TABLE XLIX (Continued) 

ARUS6 46 47 48 49 50 51 52 53 54 

1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
2 0.00000 0.00000 0.00000 0.00007 0.00000 0.00006 0.00000 0.00000 0.00010 
3 0.00000 0.00000 0.00000 0.00008 0.00000 0.00000 0.00000 0.00000 0.00000 
4 0.00000 0.00006 0.00012 0.00007 0.00008 0.00013 0.00000 0.00012 0.00007 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
8 0.00000 0.00000 0.00000 0.00000 0.00070 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00237 0.00219 0.00170 0.00194 0.00103 0.00255 0.00193 0.00141 0.00192 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00044 0.00035 0.00025 0.00120 0.00016 0.00058 0.00036 0.00047 0.00066 
13 0.00010 0 00006 0.00012 0.00017 0.00008 0.00013 0.00009 0.00012 0.00009 
14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00344 0.00232 0.00000 
15 0.00000 0 00284 0.00157 0.00000 0.00000 0.00013 0.00138 0.00000 0.00000 
16 0.00022 0.00024 0.00098 0.00015 0.00016 0.00038 0.00009 0.00024 0.00033 
17 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00035 0.00000 
18 0.00529 0.00262 0.00072 0.00030 0.00167 0.00242 0.00368 0.00223 0.00086 
19 0.00033 0.00053 0.00012 0.00000 0.00095 0.00076 0.00110 0.00000 0.00065 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.01203 
21 0.00000 0.00000 0 00000 0.00000 0.00000 0.00020 0.00000 0.00000 0.00000 
22 0.00043 0.00184 0.00049 0.00343 0.00103 0.00454 0.00120 0.00036 0.00214 
23 0.00109 0.00274 0.00739 0.00398 0.00801 0.00459 0.01583 0.01426 0.00266 
24 0.00053 0.00035 0.00061 0.00291 0.00024 0.00076 0.00065 0.00035 0.00470 
25 0.02632 0.00012 0.00447 0.00225 0.00474 0.00817 0.00827 0.01175 0.00093 
26 0.00000 0.00061 0.00000 0.00123 0.00184 0.00675 0.01165 0.01227 0.00491 
27 0.00000 0.00000 0.00023 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
28 0.00075 0.00013 0.00062 0.00142 0.00198 0.00307 0.00853 0.00247 0.00046 
29 0.00064 0.00058 0.00096 0.00015 0.00032 0.00045 0.00009 0.00012 0.00010 
30 0.01172 0.00702 0.00521 0.02204 0.01363 0.01236 0.03728 0.02151 0.00736 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
32 0.00010 0.00000 0.00000 0.00010 0.00000 0.00005 0.00000 0.00000 0.00005 
33 0.00108 0.00000 0.00000 0.00015 0.00055 0.00051 0.00330 0.02018 0.00175 
34 0.00280 0.00497 0.00665 0.00082 0.00332 0.00981 0.00880 0.00316 0.00069 
35 o. 10816 o. 13381 o. 10381 0.01837 0.09485 0.07696 0.09157 0.05469 0.00982 
36 0.03649 0.02818 0.04663 0.02030 0.04793 0.07530 0.04720 0.05583 0.02601 
37 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
38 0.01227 0.00651 0.00000 0.00524 0.00455 0.00663 0.00000 0.00000 0.00101 
39 0.00615 0.00996 0.01321 0.01964 0.01788 0.01594 0.02437 0.02329 0.01480 
40 0.01651 0.00943 0.01792 0.01425 0.02250 0.00900 0.02765 0.01047 0.01007 
41 0.01372 0.00612 0.00196 0.00000 0.00357 0.00353 0.00000 0.00000 0.00000 
42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00028 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
44 0.00055 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
45 0.00406 0.00314 0.00548 0.00123 0.00074 0.00191 0.00123 0.00141 0.00105 
46 0.04816 0.00000 0.00000 0.00000 0.00000 0.00000 0.00036 0.00000 0.00042 
47 0.04709 0.06264 0.01097 0.00390 0.01803 0.00515 0.00733 0.00012 0.00039 
48 0.01797 0.01431 0.06169 0.00448 0.00328 0.00628 0.00316 0.00231 0.00270 
49 0.00032 0.00000 0.00000 0.20037 0.00000 0.00220 0.00000 0.00000 0.00114 
50 0.00032 0.00000 0.00000 0.00000 0.03366 0.00000 0.00808 0.00000 0.00006 
51 0.02515 0.02793 0.00629 0.02732 0.07795 0.07204 0.04015 0.01952 0.00581 

52 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00875 0.00000 0.00019 
53 0.00000 0.00000 0.00000 0.00350 0.00370 0.01110 0.01110 0.02881 0.00933 
54 0.00011 0.00006 0.00000 0.00141 0.00000 0.00006 0.00009 0.00012 0.05981 
55 0.00128 0.00125 0.00000 0.09157 0.00000 0.01882 0.00000 0.00225 0.12422 
56 0.00000 0.00005 0.00364 0.00000 0.00025 0.00000 0.00230 0.01667 0.00060 
57 0.00030 0.00000 0.00157 0.00009 0.00000 0.00000 0.00000 0.00000 0.00004 
58 0.00000 0.00000 0.00000 0.00007 0.00000 0.00000 0.00000 0.00000 0.00003 
59 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
60 0.00053 0.00148 0.00060 0.00201 0.01062 0.00134 0.02599 0.00025 0.00106 
61 0.00021 0.00012 0.00012 0.00014 0.00007 0.00012 0.00009 0.00012 0.00016 
62 0. 00010 0.00012 0 00049 0.00210 0.00190 0.00102 0.00276 0.00012 0.00029 
63 0.00159 0.01005 0.01686 0.01983 0.01126 0.01714 0.01297 0.01267 0.00988 
64 0.00623 0.00412 0.00462 0.00737 0.00326 0.00655 0.00215 0.00356 0.00556 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00054 0.00053 0.00073 0.00045 0.00040 0.00070 0.00046 0.00047 0.00036 
67 0.02223 0.02349 0.01530 0.03164 0.02506 0.02064 0.02742 0.02059 o. 01842 
68 0.00585 0.00462 0.00572 0.01095 0.00344 0.00522 0.00361 0.00359 0 .00507 
69 0.02358 0.00833 0.01819 0.05554 0.00749 0.01481 0.01352 0.01055 0 01440 
70 0.00197 0.00108 0.00268 0.00846 0.00236 0.01679 0.00229 0.00349 0 .01202 
71 0.01768 0.01752 0.01725 0.03348 0.01993 0.02825 0.03376 0.01846 0 03528 
72 0.00705 0.00584 0.00643 0.02358 0.00325 0.00865 0.00340 0.00448 0.01189 
73 0.00158 0.00191 0.00177 0.00284 0.00270 0.00186 0.00054 0.00298 0.00254 
74 0.00010 0.00035 0.00012 0.00089 0.00009 0.00002 0.00019 0.00012 0.00049 
75 0.00141 0.00128 0.00154 0.00208 0.00074 0.00168 0.00128 0.00168 0.00195 
76 0.00158 0.00116 0.00095 0.00145 0.00061 0.00112 0.00152 0.00069 0.00193 
77 0.00000 0.00000 0.00000 0.00007 0.00000 0.00000 0.00000 0.00000 0.00003 
78 0.01748 0.03937 0.02616 0.00310 0.00880 0.01206 0.00248 0.00317 0.00267 
79 0.00421 0.01601 0.00569 0.00270 0.00318 0.00548 0.00358 0.00364 0.00283 
80 0.00011 0.00018 0.00121 0.00017 0.00049 0.00057 0.00037 0.00035 0.00003 
81 0.00593 0.00581 0.00799 0.00379 0.00448 0.00766 0.00505 0.00505 0.00395 
TI 0.51276 0.47402 0.43978 0.66683 0.47950 0.51499 0.52475 0.40521 0.44075 
VA 0.48724 0.52598 0.56022 0.33317 0.52050 0.48501 0.47525 0.59479 0.55925 
T 1 .00000 1 .00000 1 .00000 1 .00000 1.00000 1 00000 1 .00000 1 .00000 1 .00000 
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TABLE XLIX (Continued) 

ARUS7 SS S6 S7 S8 59 60 61 62 63 

1 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0.00007 
2 0.00006 0.00000 0.00001 0.00012 0.00006 0.00012 0.00000 0.00201 0.00018 
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00011 0.00004 
4 0.00013 0.00000 0.00003 0.00013 0.00013 0.00006 0.00008 0.00005 0.00000 
s 0.00000 0.00043 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 O.OOOS4 0.00000 0.00000 0.00000 0.00005 0.00000 0.00000 0.00000 
7 0.00000 0.00000 0.00000 0.00000 0.00011 0.00011 0.00000 0.00173 0.00000 
8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00223 0 .00163 0.00119 0.00305 0.00176 0.00159 0.00493 0.00261 0.02912 
11 0.00000 0.00000 0.00000 0.00011 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00058 0.00022 Q.00008 0.00129 0.00038 0.00248 0.00033 0.002S8 0.00310 
13 0.00013 0.00011 0.00002 0.00026 0.00008 0.00017 0.00008 0.00010 0.00006 
14 0.00000 0.00000 0.00024 0.00073 0.00040 0.00568 0.00000 0.01120 0.00008 
15 0.00000 0.00022 0.00177 0.00026 0.01006 0.00382 0.00024 0.00384 O.OOOS8 
16 0.00038 o.oooss 0.00014 0.00029 0.00094 O.OOOS3 0.00016 0.00052 0.00045 
17 0.00000 0.00000 0.00879 0.00000 0.00189 0.00000 0.00000 0.00179 O.OOOS6 
18 0.00000 0.001S2 0.00118 0.00026 0.05302 0.00375 0.00033 0.03218 0.00013 
19 0.00000 0.00000 0.00019 0.00032 0.00000 0.00000 0.00000 O.OOOS7 0.00000 
20 0.0006,4 0.00000 0.00000 0.00000 0.00704 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00204 0 .00109 0.00329 0.00000 0.00000 0.00000 0.00000 
22 0.00261 0.000S4 O.OOOS6 0.00067 0.00139 0.00640 0.02458 0.01495 0.00141 
23 0.00420 0.00459 0.00101 0.00061 0.00014 O.OOS01 0.00664 0.02140 O.OOOS3 
24 0.00051 0.00108 0.00024 0.00222 0.00063 0.00106 0.00048 0.00087 0.00204 
2S 0.01921 0.02527 0.00174 0.00093 0.00150 0.00118 0.06122 0.00824 0.00154 
26 0.00736 0.00920 0.00123 0.00307 0.00613 0.00797 0.00307 0.03190 0.00000 
27 0.00000 0.00000 0.00000 0.00000 0.00023 0.00068 0.00000 0.00046 0.00023 
28 0.00005 0.00021 0.00245 0.00164 0.00990 0.00082 0.00000 o.oos 13 0.00031 
29 0.00019 0.00011 0.00011 0.00029 0.00038 0.00029 0.00024 0.00050 0.00366 
30 b.02228 0.0235S 0.02119 0.00185 0.014S9 0.01741 0.02102 0.04068 0.00684 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00107 0.00000 
32 0.00000 0.00000 0.00000 0.00008 0.00000 0.00024 0.00000 0.00159 0.00000 
33 0.01422 0.00022 0.00709 0.00010 0.00S47 0.00369 0.00363 0.00056 0.00020 
34 O.OOS59 0.00315 0.00294 0.00080 0.00616 0.00194 0.00032 0.00614 0.00029 
3S 0.01223 0.02275 0.06700 0.02617 o. 14210 0.01811 0.02093 0.03227 0.00402 
36 0.04289 o. 11732 0.01167 0.03705 0.03646 0.03889 0.04057 0.06733 0.00043 
37 0.00000 0.00000 0.00000 0.00000 0.00000 0.00114 0.00000 0.00000 0.00000 
38 0.00000 0.00000 0.00012 0.00000 0.04795 0.00285 0.00008 0.00000 0.00000 
39 0.01833 0.00467 0.05768 0.00770 0.00905 0.01708 0.00621 0.007S2 0.00040 
40 o.01s21 0.01602 0.02083 0.01085 0.02392 0.01392 0.00614 0.01332 0.00256 
41 0.00000 0.00000 0.00776 0.00068 0.04S12 0.00000 0.00000 0.00006 0.00192 
42 0.00000 0.00000 0.00004 0.00000 O.OOOS7 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00507 0.00000 0.00000 0.00000 0.00000 
44 0.00000 0.00000 o.oooos 0.00000 0.00227 0.00000 0.00000 0.00020 o.oooos 
4S 0.00917 0.00160 0.00068 0.00236 0.00117 0.00105 0.00000 0.00012 0.00006 
46 0.00000 0.00000 0.00000 0.00000 0.00143 0.00000 0.00000 0.00010 0.00000 
47 0.0002S 0.01149 0.00321 0.006S8 0.03212 0.00127 0.00318 0.00126 0.002S3 
48 0.00307 0.00161 0.008SS 0.01993 O.OOS46 0.00SS6 0.00160 0.00181 O.OOOS6 
49 0.00032 0.00000 0.00001 0.00187 0.00013 0.00029 0.00000 0.00000 0.00002 
so 0.00000 0.00000 0.00250 0.00000 0.01176 0.00000 0.00000 0.00021 o.oooos 
51 0.00293 0.00513 0.00081 0.00124 0.01S60 0.01427 0.002S8 0.00318 0.00096 

52 0.00000 0.00000 0.00000 0.00000 0.01098 0.00000 0.00000 0.00000 0.00000 
S3 0.00109 O.OOS43 0.00336 0.00004 0.0040S 0.00380 0.00138 0.00104 0.00025 
54 0.00006 0.00000 0.00255 0.03665 0.00745 0.00006 0.00008 0.00056 0.00024 
55 o. 10SOB 0.00762 0.00056 0.01827 0.00037 0.01264 0.01770 0.00293 0.00050 
56 0.00050 0.03050 0.01108 0.00267 0.00130 0.00225 0.00010 0.00030 0.00110 
57 0.00000 0.00013 o. 13242 0.00000 0.01541 0.00017 0.00009 0.00004 0.00353 
58 0.00000 0.00000 0.00002 o. 15595 0.00000 0.00000 0.00000 0.00000 0.00624 
59 0.00000 0.00000 0.00022 0.00000 0.05861 0.00000 0.00000 0.00042 0.00972 
60 0.00120 0.00042 0.00123 0.00739 0.00515 0.03495 0.00130 0.00088 0.00053 
61 0.00012 0.00011 0.00009 0.00209 0.00025 0.00088 0.02570 0.00016 0.00009 
62 0.00012 0.00010 0.00015 0.00033 0.00163 0.00259 0.00322 0.03099 0.00039 
63 0.01266 0.01292 0.01207 0.01372 0.01844 0.01347 0.01236 0.02188 0.12469 
64 0.00467 0.00277 0.00091 0.00458 0.00327 0.00506 0.00434 0.00491 0.01308 
65 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00057 0.00044 0.00025 0.00045 0.00044 ·0.00035 0.00032 0.00046 0.00057 
67 0.01678 0.01475 0.03018 0.01307 0.04009 0.01783 0.02090 0.03017 0.02076 
68 0.00689 0.00826 0.00226 0.00433 0.00589 0.00469 0.00987 0.00999 0.02205 
69 0.01148 0.01487 0.00117 0.00576 0.00706 0.00951 0.00780 0.01633 0.01902 
70 0.00855 0.00575 0.00106 0.00907 0.00236 0.00463 0.00473 0.00507 0.00166 
7 1 0.02668 0.02581 0.01278 0.03175 0.02222 0.03178 0.03939 0.04594 0.04042 
72 0.01012 0.00430 0.00133 0.02426 0.00607 0.00761 0.00567 0.00653 0.00842 
73 0 00273 0.00488 0.00588 0.00163 0.00098 0.00292 0.00197 0.00210 0.02274 
74 0.00019 0.00010 0.00005 0.00054 0.00012 0.00042 0.00031 0.00010 0.00040 
75 0.00221 0.00208 0.00047 0.00179 0.00148 0.00195 0.00524 0.00443 0.00161 
76 0.00112 0.00053 0.00061 0.00175 0.00110 0.00143 0.00087 0.00195 0.00133 
77 0.00006 0.00000 0.00002 0.00004 0.00000 0.00012 0.00008 0.00067 0.00181 
78 0.00515 0.00010 0.00293 0.00780 0.01385 0.02242 0.00654 0.01383 0.09109 
79 0.00445 0.00338 0.00195 0.00350 0.00470 0.00781 0.00250 0.00358 0.00488 
80 0.00006 0.00022 0.00067 0.00019 0.00051 0.00017 0.00169 0.00015 0.00003 
81 0.00623 0.02625 0.00273 0.00491 0.00658 0.01096 0.00347 0.00502 0.00626 
Tl 0.41353 0. 42544 0.46414 0.48713 0.74624 0.37993 0.38626 0.53057 0. 46836 
VA 0.58647 0.57456 0.53586 0.51287 0.25376 0.62007 0.61374 0. 46943 0.53164 
T 1 00000 1 .00000 1 .00000 1 .00000 1. 00000 1 .00000 1 .00000 1 .00000 1 .00000 
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TABLE XLIX (Continued) 

ARUS8 64 65 66 67 68 69 70 71 72 

1 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0.00639 
2 0.00002 0.00000 0.00021 0.00008 0.00012 0.00129 0.00093 0.00014 0.01494 
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00668 
4 0.00426 0.00015 0.00166 0.00057 0.00004 0.00494 0.00084 0.00008 0.00000 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.03402 0.00405 0.03170 0.00406 0.00473 0.07876 0.01375 0.00729 0.00383 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00033 0.00000 
12 0.00032 0.00015 0.00021 0.00069 0.00107 0.00011 0.00261 0.00089 0.39487 
13 0.00004 0.00000 0.00000 0.00008 0.00021 0.00002 0.00068 0.00018 0.00000 
14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 .0.00272 0.00000 0.00000 
15 0.00000 0.00000 0.00000 0.00007 0.00000 0.00000 0.00050 0.00021 0.00000 
16 0.00044 0.00000 0.00021 0.00014 0.00000 0.00001 0.01032 0.00050 0.00000 
17 0.00000 0.00000 0.00000 0.00035 0.00049 0.00000 0.00549 0.00009 0.00040 
18 0.00000 0.00000 0.00000 0.00019 0.00000 0.00000 0.00129 0.00064 0.00000 
19 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
22 0.00141 0.00061 0.00062 0.00538 0.00679 0.00028 0.00824 0.00572 0.00489 
23 0.00000 0.00000 0.00000 0.00202 0.00000 0.00000 0.00289 0.00096 0.00715 
24 0.00473 0.00106 0.00124 0.00203 0.02043 0.00042 0.00371 0.01313 0.00107 
25 0.00007 0.00000 0.00311 0.00010 0.00010 0.00076 0.00721 0.00734 0.00055 
26 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
27 0.00000 0.00000 0.00000 0.00046 0.00000 0.00000 0.01117 0.00304 0.00271 
28 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00046 0.00047 0.00000 
29 0.00005 0.00015 0.00225 0.00071 0.00026 0.00031 0.00112 0.00084 0.00002 
30 0.00035 0.00059 0.00061 0.00244 0.00067 0.00183 0.01157 0.00790 0.00372 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
32 0.00000 0.00000 0.00000 0.00005 0.00010 0.00000 0.00295 0.00017 0.00000 
33 0.00002 0.00000 0.00000 0.00030 0.00004 0.00000 0.00054 0.00080 0.00098 
34 0.00000 0.00000 0.00000 0.00005 0.00002 0.00000 0.00331 0.00092 0.00104 
35 0.00004 0.00000 0.00022 0.00004 0.00000 0.00000 0.00030 0.00057 0.00000 
36 0.00087 0.00000 0.00020 0.00000 0.00000 0.00000 0.00026 0.00000 0.00032 
37 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00024 0.00000 
38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00000 0.00000 0.00000 
39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00194 0.00284 0.00108 
40 0.00000 0.00000 0.00021 0.00031 0.00002 0.00000 0.00631 0.00463 0.00007 
41 0.00000 0.00000 0.00249 0.00000 0.00000 0.00000 0.00215 0.00257 0.00000 
42 0.00000 0.00000 0.00000 0.00004 0.00000 0.00015 0.00000 0.00355 0.00000 
43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
44 0.00000 0.00000 0.00000 0.00005 0.00000 0.00000 0.00000 0.00000 0.00000 
45 0.00000 0.00000 0.00000 0.00006 0.00000 0.00000 0.00000 0.00009 0.00000 
46 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0.00035 0.00045 
47 0.00000 0.00000 0.00061 0.00001 0.00002 0.00002 0.00040 0.00154 0.00000 
48 0.00000 0.00000 0.00000 0.00028 0.00000 0.00001 0.00171 0.00307 0.00009 
49 0.00016 0.00000 0.00021 0.00008 0.00049 0.00000 0.00406 0.00311 0.00000 
50 0.00000 0.00000 0.00000 0.00027 0.00000 0.00000 0.00186 0.00039 0.00000 
51 0.00000 0.00000 0.00040 0.00000 0.00000 0.00000 0.00162 0.00466 0.00000 
52 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00465 0.00026 0.00000 
53 0 00069 0.00014 0.00123 0.00010 0.00015 0.00005 0.00035 0.00003 0.00012 
54 0 .02599 0.00209 0.00000 0.00002 0.00012 0.00001 0.00005 0.00010 0.00000 
55 0 .00144 0.00691 0.00000 0.00003 0.00016 0.00000 0.00865 0.00342 0.00000 
56 0. 00015 0.00000 0.00000 0.00015 0.00010 0.00005 0.00025 0.00021 0:00000 
57 0 00004 0.00000 0.00022 0.00026 0.00013 0.00004 0.00039 0.00028 0.00000 
58 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
59 0.00047 0.00061 0.00000 0.00005 0.00020 0.00002 0.00121 0.00192 0.00000 
60 0.00000 0.00000 0.00000 0.00004 0.00004 0.00000 0.00243 0.00012 0.00000 
61 0.00021 0.00151 0.00021 0.00012 0.00037 0.00005 0.00504 0.00598 0.00000 
62 0.00044 0.00014 0.00020 0.00032 0.00081 0.00010 0.01203 0.00372 0 .00091 
63 0.00391 0.01044 0.00792 0.01262 0.00524 0.00178 0.00822 0.02986 0.01512 
64 0.01879 0.03095 0.00365 0.01533 0.03001 0.00218 0.01575 0.03074 0.00330 
65 0.00000 0.00084 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
66 0.00063 0.00104 0.01361 0.00109 0.00077 0.00046 0.00171 0.00057 0.00114 
67 0.00226 0.00268 0.00598 0.01178 0.00498 0.00293 0.02097 0.01322 0.05169 
68 0 01088 0.01285 0.00735 0.01277 o. 19451 0.02096 0.01642 0.01637 0.00976 
69 0 02908 0.07486 0.00929 0.04429 0.04476 0.08040 0.08231 0.07320 0.04648 
70 0.00641 o. 01051 0.00438 0.00465 0.00500 0.00150 0.03645 0.01644 0.01223 
7 1 0.04303 0.07603 0.01334 0.06003 0. 10262 0.01872 0.06070 0. 12044 0.02929 
72 0.00574 0.00483 0.00202 0.01329 0.02415 0.00250 0.00727 0.01796 0.00000 
73 0.00459 0.00175 0.00243 0.01455 0.00550 0.00250 0.01489 0.01983 0.00049 
74 0.00063 0. 25390 0.00021 0.00019 0.00052 0.00007 0.00014 0.00495 0.00885 
75 0.00168 0.00242 0.00040 0.00235 0.00852 0.00034 0.00228 0.00433 0.00367 
76 0 00526 0.00117 0.00222 0.00423 0.02058 0.00304 0.00231 0.01159 0.00118 
77 0.00084 0.00180 0.00020 0.00099 0.00053 0.00054 0.00172 0.00060 0.00090 
78 0.00122 0.00405 o. 14712 0.01955 0.00696 0.00849 0.03053 0.02295 0.00035 
79 0.00494 0.00825 0. 15085 0.00855 0.00602 0.00359 0.01341 0.00442 0.00898 
80 0.00000 0.00000 0.09179 0.00000 0.00000 0.00002 0.00065 0.00000 0.00000 
81 0.00691 0.01154 0. 14939 0.01197 0.00843 0.00503 0.01877 0.00618 0.01257 
TI 0.22301 0.52803 0.66016 0.26023 0.50677 0.24436 0.48245 0.48893 0.65829 
VA 0.77699 0.47197 0.33984 0.73977 0.49323 0.75564 0.51755 0.51107 0.34171 
T 1 00000 1 .00000 1.00000 1 .00000 1 .00000 1.00000 1 .00000 1. 00000 1 .00000 
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TABLE XLIX (Continued) 

ARUS9 73 74 75 76 77 78 79 80 81 

1 0.00000 0 00368 0 00131 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 
2 0.00003 0 04668 0 00077 0.00802 0.00047 0.00001 0.00013 0.00000 0.00017 
3 0.00000 0.00000 0 00008 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
4 0.00000 0.00724 0.00112 0.00000 0.00119 0.00000 0.00103 0.00000 0.00166 
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00023 0.00000 
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00001 0.00000 0.00000 
7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00076 0.00001 0.00000 0.00000 
8 0.00000 0.00000 0.00000 0.00065 0.00038 0.00000 0.00000 0.00000 0.00000 
9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
10 0.00695 0.01594 0.01884 0.01259 0.20421 0.01243 0.02765 0.00572 0.03165 
11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
12 0.00018 0.00308 0.02093 0.00150 0.00028 0.00058 0.00015 0.00000 0.00021 
13 0.00003 0.00024 0.00012 0.00006 0.00009 0.00001 0.00000 0.00000 0.00000 
14 0.00000 0.00000 0.00008 0.00020 0.00000 0.00000 0.00000 0.00136 0.00000 
15 0.00000 0.00071 0.00002 0.00018 0.00010 0.00000 0.00000 0.00000 0.00000 
16 0.00178 0.00020 0.00206 0.00000 0.00201 0.00001 0.00015 0.00029 0.00019 
17 0.00000 0.00057 0.00210 0.00143 0.00014 0.00000 0.00000 0.00000 0.00000 
18 0.00000 0.00000 0.00021 0.00000 0.00000 0.00004 0.00000 0.00525 0.00000 
19 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
21 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
22 0.00212 0.00114 0.00321 0.00232 0.00186 0.00114 0.00040 0.00206 0.00062 
23 0.00000 0.00000 0.00095 0.00037 0.00000 0.00130 0.00000 0.00000 0.00000 
24 0.00020 0.00459 0.01123 0.00531 0.00425 0.00005 0.00080 0.00006 0.00125 
25 0.00017 0.00289 0.00883 0.00125 0.03462 0.01669 0.00341 0.01004 0.00310 
26 0.00000 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 
27 0.00000 0.00023 0.01709 0.00372 0.00274 0.00093 0.00000 0.00000 0.00000 
28 0.00570 0.00000 0 .00013 0.00006 0.00005 0.00006 0.00003 0.00000 0.00000 
29 0.00083 0.00024 0.00055 0.00048 0.00189 0.00228 0.00148 0.00012 0.00228 
30 0.01759 0.00083 0.00778 0.00262 0.00098 0.00058 0.00041 0.00614 0.00062 
31 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
32 0.00003 0.00198 0.00010 0.00020 0.00000 0.00002 0.00000 0.00000 0.00000 
33 0.00499 0.00005 0.00115 0.00018 0.00033 0.00006 0.00003 0.00000 0.00000 
34 0.01070 0.00000 0.00022 0.00006 0.00067 0.00115 0.00005 0.00372 0.00000 
35 0.00000 0.00000 0.00015 0.00006 0.00052 0.00117 0.00136 0.00874 0.00019 
36 0.00000 0.00000 0.00000 0.00024 0.00000 0.00093 0.00013 0.00195 0.00019 
37 0.00000 0.00000 0.00000 0.00000 0.00000 0.00355 0.00000 0.00000 0.00000 
38 0.00000 0.00000 0.00000 0.00006 0.00005 0.00014 0.00018 0.00000 0.00000 
39 0.01610 0.00000 0.00046 0.00102 0.00040 0.00000 0.00000 0.00909 0.00000 
40 0.00991 0.00009. 0.00059 0.00024 0.00114 0.00116 0.00088 0.00283 0.00021 
41 0.00283 0.00000 0.00000 0.00036 0.00211 0.00039 0.00205 0.00142 0.00247 
42 0.00000 0.00000 0.00000 0.00000 0.00034 0.00000 0.00000 0.00000 0.00000 
43 0.00000 0.00000 0.00000 0.00006 0.00175 0.00106 0.00055 0.04393 0.00000 
44 0.00000 0.00000 0.00000 0.00006 0.00000 0.00001 0.00000 0.00213 0.00000 
45 0.00004 0.00000 0.00000 0.00000 0.00006 0.00000 0.00003 0.00017 0.00000 
46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
47 0.00054 0.00024 0.00006 0.00012 0.00029 0.00115 0.00111 0.00100 0.00062 
48 0.00976 0.00000 0.00000 0.00000 0.00019 0.00062 0.00066 0.00053 0.00000 
49 0.00000 0.00000 0.00015 0.00035 0.00000 0.00000 0.00013 0.00000 0.00021 
50 0.02759 0.00043 0.l'I0010 0.00012 0.00009 0.00000 0.00000 0.00000 C.00000 
51 0.00055 0.00000 0.00000 0.00000 0.00187 0.00082 0.00128 0.00041 0.00041 

52 0.00000 0.00000 0.00000 0.00030 0.00000 0.00000 0.00000 0.00000 0.00000 

53 0.00470 0.00020 0.00069 0.00012 0.00113 0.00006 0.00085 0.00142 0.00125 

54 0.00474 0.00014 0.00011 0.00012 0.00005 0.00003 0.00001 0.00000 0.00000 

55 0.00000 0.00000 0.00025 0.00005 0.00009 0.00000 0.00000 0.00000 0.00000 

56 0.00260 0.00005 0.00005 0.00012 0.00105 0.00002 0.00000 0.00006 0.00000 

57 0.22774 0.00009 0.00004 0.00096 0.00257 0.00001 0.00015 0.00011 0.00021 

58 0.00000 0.00000 0.00000 0.00000 0.00000 0.00002 0.00003 0.00000 0.00000 

59 0.00053 0.00077 0.00027 0.00048 0.00239 0.00000 0.00000 0.00000 0.00000 

60 0.00000 0.00000 0.00959 0.00006 0.00032 0.00024 0.00000 0.00006 0.00000 
61 0.00003 0.00525 0.00326 0.00042 0.00014 0.00001 0.00013 0.00000 0.00021 

62 0.00012 o. 00176 0.00264 0.00048 0.00034 0.00006 0.00016 0.00035 0.00021 

63 0.01381 0.00691 0.01055 o. 11202 0.01598 0.02443 0.00591 0.00649 0.00806 
64 0.00751 0.00712 0.01050 0.00321 0.00783 0.00106 0.00271 0.00708 0.00373 
65 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

66 0.00049 0.00085 0.00160 0.00178 0.00855 0.00268 0.01120 0.01925 0.01364 

67 0.05615 0.01247 0.01296 0.00309 0.00939 0.00311 0.00436 0.01695 0.00599 
68 0.01159 0.01454 0.01250 0.01281 0.00813 0.00272 0.00551 0.00407 0.00745 
59 0.04619 0.07854 0.07013 0.02612 0.01730 0.02281 0.02987 0.03070 0.00952 
70 0.00179 0.01008 0.01233 0.00527 0.00160 0.00029 0.00300 0.00053 0.00454 
71 0.02726 0.06415 0.04860 0.03194 0.03581 0.01057 0.01195 0.01907 0.01366 
72 0.00317 0.02191 0.01481 0.00404 0.00732 0.00139 0.00210 0.00088 0.00207 
73 0.00334 0.00475 0.00407 0.00587 0.00242 0.00036 0.00178 0.00259 0.00247 
74 0.00005 o. 16334 0.00198 0.00090 0.00009 0.00006 0.00015 0.00000 0.00021 
75 0.00076 0.00322 0.01980 0.00044 0.00094 0.00022 0.00033 0.00082 0.00040 
76 0.00048 0.00189 0.00788 0. 00198 0.00131 0.00025 0.00150 0.00035 0.00228 
77 0.00102 0.00062 0.00078 0.00066 0.00019 0.00025 0.00020 0.00017 0.00021 
78 0.02275 0.00638 0.01514 0.01289 0.05151 0.32841 o. 13283 0.02609 o. 13155 

79 0.00386 0.00662 0.01254 0.01396 0.06697 o. 15468 o. 18849 0.00767 o. 14527 
80 0.00000 0.00000 0.00062 0.04259 0.02342 0.00056 0.05759 o. 18174 0.08004 
81 0.00540 0.00927 0.01756 0.01957 0.09378 0.02299 0.03639 0.00697 o. 14601 

Tl 0.56471 0.51192 0.39163 0.34608 0.62569 0.62642 0.54130 0.44061 0.62503 
VA 0.43529 0.48808 0.60837 0.65392 0.37431 0.37358 0.45870 0.55939 0.37497 

1.00000 1 .00000 1 .00000 1 .00000 1 .00000 I .00000 1.00000 1.00000 1.00000 



n,,, 
VITA 

Vorawoot Hirunruk 

Candi.date for the Degree of 

Doctor of Philosophy 

Thesis: THE ECONOMIC tMPACTS OF ENERGY PRICE CHANGES ON THE ECONOMY OF 
OKLAHOMA: AN AP PL ICA TI 0 N OF AN INTERREGIONAL INPUT-OUTPUT 
PRICE.MODEL 

Major Field: Agricultural Economics 

Biographical: 

Personal Data: Born in Thonburi, Thailand, March 29, 1947, the son 
of Mr. and Mrs. W. Hirunruk. 

Education: Graduated from Suan Ku Larb School, Bangkok, Thailand, 
in 1965, received Bachelor of Economics (Second Class Honor) 
from Thammasat University, Bangkok, Thailand in 1969; received 
Diploma in Economic Planning from Institute of Social Studies, 
The Hague, The Netherlands in 1971; received Master of 
Economics (English Language Program) from Thammasat 
University, Bangkok, Thailand in 1973; received Post-Graduate 
Diploma in Development Administration from University of 
M a n c h e s t e r , Ma n ch es t er , Eng 1 and in 1 9 7 5 ; comp l et e d 
requirements for Doctor of Philosophy degree at Oklahoma State 
University in July, 1983. 

Professional Experience: Lecturer in the Faculty of Economics, 
Thammasa t University, Bangkok, Thailand, 1969-1975; Assistant 
Professor on the Faculty of Economics, Thammasat University, 
Bangkok, Thai 1 and, l 97 6 -1979; Graduate Research Assistant, 
Department of Agricultural Economics, Oklahoma State 
University, 1981-1983. 


