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ABSTRACT

This d isse rta tio n  analyzes and discusses the priinary production 

and land resources in  the State of Oklahona, and then investigates the 

energy requirements of various land-use systems in  three d is tin c tly  dif­

ferent counties.

The annual net primary production (NPP) of a l l  land-use types 

was to ta lled  fo r each county. These data were then coupled with conputer 

mapping techniques to portray primary production patterns or "profiles" 

across the s ta te . Oklahoma exhibits a strong declining east to  west 

gradient. This pattern  contrasts sharply with that for ag ricu ltu ra l 

NPP, where highest agricu ltu ra l production is  in  the central, north- 

cen tral, and panhandle portions of the s ta te .

With the exception of the large section of moderate productivity 

rates ch arac te ris tic  o f the north-northeast section of the s ta te , the 

primary production shows a clear decreasing gradient from east to west. 

This apparent exception represents natural productivity of the area as 

much of the land is  in pasture, ungrazed rangeland, or wild hay. Most 

of the vegetation i s  naturally  occurring and for the most part unsubsi­

dized. In the region immediately west, however, agricultural enterprises 

comprise the majority of the land use and the to ta l  primary production 

re fle c ts  the re su lts  of fo ss il fuel-based subsidization.

XV



Lowest to ta l  primary production occurs in the hot, dry south­

western and cold, dry northwestern and panhandle sections of the s ta te .

In  these regions agricu ltu ra l production conprises one-fourth to almost 

two-thirds of the counties' to ta l primary production.

The Oklahona primary productivity p ro file  most closely corre­

sponds to  a single major environmental variable -  precip ita tion .

Oklahoma can be thought of both as a s ta te  with a vegetational tran sitio n  

from deciduous fo rest in the east to short-grass p ra irie  in  the west, 

and an acccnpanying decreasing gradient of primary production. The 

counties characterized by high productivities in  the southeast and east 

(10.2 mt/ha/yr) are three times that of the low values in  the northwest 

and southwest (3.2-3.4 mt/ha/yr). Examination of annual net primary 

production ra tes  obscures nany of the external costs involved in  main­

tain ing the iranaged primary production leve ls. In a number of instances 

there were low positive or negative correlations between productivity 

and apparently favorable environmental factors. Various subsidizations 

are the primary reason that negative correlations were obtained for 

ag ricu ltu ra l primary production even though positive correlations were 

obtained for to ta l primary production. Specifically, th is  i s  indicative 

of man's overcoming the natural lim itations of h is environment with 

fo ss il fuel-based or supported subsidies in the form of fe r ti l iz a tio n , 

irr ig a tio n , disease and insect protection, and cultivation. The extent 

and amount of these fuel-based subsidies were examined for ag ricu ltu ra l, 

pasture, range, fo res t, and right-of-way systems in  Texas, Cleveland 

and McCurtain Counties.
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Through application of energy flow analysis methodology, the 

cost and benefits associated with d ifferen t land uses can be quantified 

with the common denominator of kcal fue l equivalents. This approach 

has been u tilized  to  quantify the energetics of maintaining various 

land-use types in  d ifferen t physiographic regions. Macroscale energy 

models were constructed and the inputs and outputs of these land-use 

systems (agriculture, grazing land and intensive forestry) quantified 

in  terms of fuel equivalents. The re su lts  show th a t the energy costs 

of maintaining some of these systems in  certain  areas may be economi­

cally  beneficial in  the short run, but energetically prohibitive in  

the long run. This re su lts  from large energy subsidies which are 

required to overcome the natural lim iting factors. Energy efficiency 

of natural systems is  significantly  greater than tha t of the managed 

systems, although the harvestable productivity is  lower. A comparison 

of the output fran the agricu ltural systems to the fuel-based inputs 

( a l l  in terms of kcal fuel equivalents) resulted in  ra tio s  of 0.238, 

0 . 3^4 and 0.289 for Texas, Cleveland and McCurtain Counties, respec­

tiv e ly . The beef output from the range systems, lAen corpared to  the 

energy required to  maintain the range and the beef displayed a ra t io  of 

approximately 0.13 for a l l  three counties. However, pasture systems 

varied from 0.01 to O.O8 for the counties.

Output from mixed forests and pine plantations in  McCurtain 

County was also compared to  fuel-based input. The output/input ra tio s  

were 1.29 and 0.99 for the two types o f fo res t, respectively.

Land-use models of Cleveland County were constructed and simu­

la ted  to show predicted land transfers within the county. Output from

xvii



the model showed serious reductions in  agricu ltu ra l and grazing land 

with significant increases in urban land.
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THE ENERGETICS OF LAND USE IN 

THREE OKLAHOMA COUNTIES

CHAPTER I 

INTRODUCTION

The landscape around us is  conprised of a patchwork of eco­

systems, both of natural and man-^mde origin, and requiring d ifferen t 

levels of management and subsidization. Nfen has been involved in  the 

management of some of these ecosystems for at least 8000 years (TIE 

1972). However, even before man's intervention, the naturally- 

occurring ecosystems had evolved a structure and function to  insure 

th e ir  overall homeostasis and self-continuation. In the l a s t  decade, 

the importance of understanding the conplexity of ecosystems, how 

ecosystems respond to  both natural and a r t i f ic ia l  perturbations, and 

to  what extent the productivity of these systems was modified, has been 

enphasized by the wide-scale ecosystem analysis effo rt sponsored by 

the International Biological Program. I t  was the further objective 

of the IBP that through the u tiliz a tio n  of basic ecosystem properties, 

such as primary production, man would be able to set lim its on him­

se lf  and establish  long-term plans fo r maximizing the use and conser­

vation of h is land resources.



IVhen man's intervention was minimi or localized, the degra- 

dative environmental effec ts  of his land use were corrected by the free 

work done by nature or, as stated  by Woodwell (1974a), "the public ser­

vice functions of nature". This work included the recleansing of water 

supplies, d issipation  of environmental pollu tants, and the regeneration 

of so il in  slash and bum or sh ifting  agriculture. But in  recent times 

man's degree of land use has spread and increased in in tensity . As a 

re su lt, less desirable and marginal lands are being se ttled  and u t i ­

lized, resu lting  in  a higher cost of subsidization in  the form of 

fo ss il fuel-based energy, and often acconçanied by severe modifications 

of the natural ecosystems (Pimentel, et al. 1975, 1976). The need for 

a  p rio ri evaluations of future land-use planning commitments is  appar­

ent as man's intervention into ecosystem processes increases, as well 

as h is dependency on intensely managed and subsidized systems (e.g. 

c i t ie s  and industria lized  agricu ltu re). The benefits  obtained from 

the managed ecosystems are a function of the in teractions between the 

manipulated or exploited populations and th e ir  physical and biological 

environments.

Much of the land-use planning in  effect today has been done 

in  a piecemeal fashion and, as discussed by Cooper and Vlasen (1974), 

i s  subject to  o sc illa tin g  economic, political^ and social pressures. 

Consequently, preenptive demands on the environment have often resulted 

in  the stressing  of ecosystems beyond their assim ilative capacity 

(Garvey 1972). As a consequence of th is  environmental depreciation, 

in  conjunction with the increased environmental awareness over the 

la s t  decade and with strong assistance from the National Environmental



Policy Act, a new environmental awareness has entered in to  the planning 

scene (McAllister 197^). Furthermore, there has been an increased 

awareness o f the need for comprehensive and long-range land-use plan­

ning and the analyses of the cost and benefits of specific  land uses.

In te rest in  land use and land controls has been stimulated 

a t the local, s ta te , and Federal levels (Listokin 1974, Healy 1976). 

There has also been an ever-increasing e ffo rt to  in i t ia te  land-use 

planning a t the Federal level or a t leas t to insure that individual 

s ta tes  inact a comprehensive land-use plan (Reilly 1974). In fact, 

the Federal government currently has a number of tools a t i t s  disposal 

for in s titu tin g  comprehensive planning including the National Environ­

mental Policy Act and the requirement by the U.S. Environmental 

Protection Agency fo r basin-wide 208 studies fo r water resource devel­

opment. Surfacing from the increased concerns on land use is  the 

realiza tion  th a t sound planning must consider not only the individual 

planning un it but a lso  the u n it 's  in terrelationsh ip  with the systems 

tha t surround i t .

A major problem in  the planning process is  that o f the con­

struction  and Implementation of an objective value system which elimi­

nates individual b iases. For no matter how comprehensive or how 

long-term the land-use plan, i t  is  d iff ic u lt i f  not impossible at 

times to  sa tis fy  the diverse prerequisites maintained by the ecologist 

and the economist, the developer and the farmer or the public o ffic ia l 

and the private c itizen . In other words, the worth of a  t r a c t  of land 

can be expected to  be valued as diversely as are the group of individ­

uals evaluating i t .



Therefore, in  the assessment of the basic value of land for 

land-use policy and decisions, i t  would be desirable to evaluate the 

land in  terms of i t s  natural worth ra ther than in  terms of i t s  do llar 

value which nay change continually. To do th is  a  value system must 

be enployed which i s  both objective and uses a cornnon unit applicable 

to a l l  land-use types. In  th is  d isse rta tio n  the energy unit is  

enployed to  value a l l  land-use categories. I t s  use re s ts  on a value 

theory of energy.

Purpose

This d isserta tion  is  an a ttenp t to  analyze land use on a 

macroscale, u tiliz in g  the methodology of energy-flow analysis. Energy 

systems models are employed as tools in  the analysis of the energetics 

of three d is tin c tly  d ifferen t counties in  the s ta te  of Oklahoma. The 

primary goals of th is  study were fourfold: 1) To coip ile  annual net 

primary production data fo r a l l  major land-use types (natural plant 

communities, agricu ltu ra l crops, c i t ie s ,  right-of-ways, reservoirs, 

e tc .) ;  to  portray the prinary patterns or "profiles" across the s ta te ; 

and to  co rrelate  these patterns with ex isting  environmental parameters.

2) To determine the natural and subsidized (by nan) energies required 

to maintain the principal land-use types found within each of the 

three sanple counties. 3) To perform an energy cost-benefit analysis

of the individual land-use types and develop an energy input-output

model fo r each county. 4) To combine knowledge of existing land-use

trends with the re su lts  of the energy cost-benefit analysis in  order

to evolve recanmendations for sound land management. The ccmpletion



of the primary goals of the d isserta tion  provides a data base with 

which most land-use types in Oklahoma can be evaluated. I t  also  pre­

sents an insight in to  certain  properties of ecosystems in  d iffe ren t 

parts o f Oklahoma which make some more costly or more beneficial to  

maintain.

Ecological Analysis and Land-Use Planning 

H ills (1961) was one of the f i r s t  individuals to  develop an 

ecological approach to  land use and land-use c lassifica tio n . H ills  

lis ted  a  number of ecological components ( i .e .  vegetation and physio­

graphy) which combined to  form an ecological unit' which he f e l t  were 

essential to  land-use planning. In la te r  years H ills ’ techniques were 

significantly  expanded and have found widespread application in  Canada 

as a  biophysical basis fo r  land-use planning (Jurdant, e t a l .  1974).

A number of additional methodologies originated in  the la s t  decade 

(e.g. McHarg 1969), and have been summarized by S te in itz , e t a l .

(1969). Basically, these techniques involved the evaluation of a 

number o f a ttrib u tes  of the area with an ecological viewpoint ( i .e .  

vegetation associations, so il capability , w ild life  h ab ita t, geology, 

archaeologic in te re s ts , e tc .)  and ccmbining the factors to  obtain a 

su itab ility  p ro file  or regional overlay for a comprehensive land-use 

plan. The method of combination was normally through the u til iz a tio n  

of a matrix by which the effects of various land-use types on a variety 

of conponents could be evaluated. An excellent example of the matrix 

approach is  given by Sorensen (1971) with his cause-condition-effect 

matrix technique. In  th is  method no attempt i s  made to  formulate a



regional plan, but ra ther to  resolve resource-use conflicts and prevent 

resource degradation. Attempts have also been made to  provide eco­

logical input into the evaluation of regional land use based on 

primary productivity (Steam s, e t  a l .  1971; Cottam, e t a l .  1973; Art 

and Marks 1973; Reader 1973; Sharpe and Lieth 1974; and Sharpe 1975).

The ro le  th a t primary production plays in  ecological, environmental, 

and planning considerations is  described in  Lieth (1973), Box (1975), 

and Klopatek and Risser ( 1977).

Thus as indicated above, and as discussed in McAllister (1974), 

since the development of an ecological approach to land-use planning by 

H ills  (1961), there has been a continual upsurge of incorporating envi­

ronmental factors into land-use planning. The reasons for th is  devel­

opment are as diverse as are the land-use problems facing society today 

(U.S. ERA 1974), but in  the United States i t  can be a ttribu ted  to  three 

major factors; 1) an increase in  environmental amreness th a t has 

spawned public support and in terac tion ; 2) the in s titu tio n  of the 

National Environmental Policy Act (NEPA) which has forced environmental 

and ecological considerations over a broad spectrum of projects; and

3) the r is e  of systems analysis in  ecology whereby decisions and 

inpacts can be evaluated in  terms of th e ir  functional in te rre la tio n ­

ships within the ecosystem. The f i r s t  two factors should be fam iliar 

to  a l l .  The th ird  topic -  th a t o f systems ecology and land-use plan­

ning -  as discussed by Shugart, Klopatek and Emanuel (1978) is  only 

of recent lineage and appears to  be an area of considerable promise.

As systems ecology and ecosystems analysis have developed 

over the past few years there has been a concomitant increased in te re s t
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in  p rac tica l applications. In an applied sense, we can say that 

systems ecology in  relationship to land-use planning has not reached 

m aturity. However, systems ecology has as i ts  strength th a t in  order 

to  deal with one element of a system (e .g . land-use type), i t s  func­

tio n a l lin ear and non-linear in terrelationship  with the re s t of the 

system (e.g . the surrounding region) must be considered. Planning 

questions often require an extrapolation and refinement from trad i­

tio n a l ecological dogma. By viewing an en tire  system, insight is  

gained into the inportance of individual parts, thus decreasing the 

likelihood of excessive time spent on individual components which 

perhaps play only a  minor ro le in  the system. F inally , systems 

ecology forms the basis for mathematical simulation models which can 

be validated and exercised to obtain predictions of future events. 

These models, through the universality  of mathematics, can travel 

across d isciplinary  boundaries more read ily  than other types of infor­

mation.

Watt (1968) and Van Dyne (I969) have both published books 

dealing with systems analysis and natural resource management and 

include discussions on systems models and planning. Ecosystem 

approaches on an applied level are s t i l l  in  the weaning s ta te , but 

are  being employed on an increasing basis (Cooper and Vlasen 1974).

The use of ecological systems models fo r planning schemes are found 

in  Hett (1971), Odum (1972a), Antonini, e t a l . (1974), and Shugart, 

e t a l . (1977). Isard  (1972) has coiribined an economic and ecosystems 

analysis approach fo r regional development while McCarthy, e t a l .  

(1974) have in s titu ted  a comprehensive model for a iBOO km area in
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east Tennessee. The consideration of the environmental impact of 

d ifferen t land-use types is  v i ta l  to sound planning. Exaiiples of 

systems models for inroact analysis as related to land use can be seen 

in  a r tic le s  by Odum (1972a), Hall (1975), and G illiland and Risser

(1977). Perhaps the most intensive and extensive e ffo rt to  u ti l iz e  

a system approach to land-use planning is  the South Florida study 

(Odum and Brow: 1975; Brovjder, e t a l. 1976) # iich  w ill be discussed 

in  more d e ta il in  following sections.

Energy Flow Analysis and Land-Use Planning 

Background. As mentioned previously, one of the problans 

confronted In conprehenslve regional, inpact or cost-benefit analyses 

is  that of in s titu tin g  an objective value systan. In  ecological in­

vestigations the evaluations have enployed energy values (most often 

the calorie) as the coirmon denominator. Since the work by Lindanann 

(1942) on the trophic-dynamic aspects of ecology, ecologists have 

focused a considerable amount of attention on the flow of energy in  

ecological communities (Paine 1971). This degree o f inportance Is  

well-deserved, fo r energy Is  the primary, most universal measure of 

a l l  kinds of work by human beings and nature (Odum and Odum 1976).

To know the sources of energy and the pattern of I t s  flow In  a  can- 

raunity or ecosystem Is to  know In a large part how that community 

or ecosysten functions. The amount of structure a community can build 

and support, the Information I t  can a tta in , the in teractions th a t 

develop between i t s  conponents, and the overall s ta b il i ty  o f the system 

are a l l  d ictated to  a great degree by the amount and periodic ity  of the



flow of available energy. IrJhittaker (1975) s ta te s  that the most funda­

mental dimension of an ecosystem is  i t s  productivity, or the ra te  of 

creation of organic m aterial (chemical energy) by photosynthesis (from 

lig h t energy) prim arily, per unit of area and time.

The energetics of a variety  of ecological communities have 

been examined including freshwater (Bray 1962) and saltwater marshes 

(Teal 1962), successional old f ie ld s  (Golley i 960), forests (Woodwell 

1970, Jordan 1971), and the well-known Silver Springs ecosystem in 

Florida (Odum 1957). The use of energetics has resulted in  a knowledge 

of both the structure and function of the ecosystems and also  a greater 

understanding of the strateg ies involved within the systems for th e ir  

continued existence. The tra n sitio n  from the study of natural in tac t 

communities to  the analyses of the energy flow in  ecosystems on a 

macroscale with the inclusion of man as an in teg ra l part of the com­

munity has been a d if f ic u lt  step to  make (Barret, e t a l .  1976). The 

U.S. IBP also realized the importance of incorporating man as an in te­

gral p art of the ecosystem and concluded th a t a  prime method of in te­

grating the study of human communities with the study of ecosystems 

was through the implementation of energy flow studies (Jamison and 

Eriediman 1974).

Basic principles of energy flow and particu larly  the laws of 

thermodynamics have been u tiliz ed  in  the physical and to a lesser 

degree the biological sciences (Gallucci 1974). With the occurrence 

of the recent energy shortage, or actually  the curtailment of supplies, 

the linkages that have always existed between energy, ecology, the 

economy and society (Odum 1973) were made more evident. In essence.
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many individuals, previously Just concerned with singular parts  of the 

system, were able to  see the interconnectiveness between the parts and 

the whole system. This does not mean that the interconnectiveness 

was not v isib le  to individuals before; on the contrary, there have been 

many discussions of basic economic-energetic linkages (Georgescu- 

Roegen 1971, 1977; Garvey 1972; Shatz 1974; and Odum 1974a). In fac t, 

the suggestion has even been made by some to  use the calorie  as the 

basic unit of value and not the do llar (Hannon 1973, Odum 1975b).

Although the to ta l  national system was affected by the cur­

tailment of energy supplies, certa in  conponents were more affected 

than others. This was especially  true of the highly energy-subsidized 

systems such as c itie s  and industrialized agriculture. As energy 

supplies decreased, conpetition between the c ity  and the ag ricu ltu ra l 

system ( i.e .  energy for home heating versus energy for the manufacture 

of fe r t i l iz e r )  increased. The competition was (and is )  fu rther aggra­

vated by the existence of land-use competition [295,000 hectares of 

agricu ltural land consumed by urban sprawl each year (ERA 1974) ] .  More 

energy i s  consumed by the urban system as i t  grows in size , but urban 

growth means that more energy is  needed by the ag ricu ltu ra l sector in  

order to simplement the natural energies available to i t  as prime ag ri­

cultural land diminishes and agricu ltu ra l commodities are in  greater 

demand (Pimentel, e t  a l. 1976). I t  is  understandable why the energy- 

land use-food production cycle has received considerable a tten tion  

(Borghstrom 1973; Pimentel, et a l .  1973, 1975; H irst 1974; and Heichel 

1976). However, although the use of energetics as a too l fo r evaluating 

productivity, efficiency and functional relationships i s  expanding, i t
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s t i l l  i s  being acconplished in  a disjunct fashion. A unifying concept 

of energetics with ecosystems theory is  needed to  enhance i t s  u t i l i ty  

as a viable technique. Agroecosystems (Harper 1975) and urban eco­

systems (Rolling and Orians 1971) have been characterized as having 

properties sim ilar to  natural ecosystems. I f  a l l  ecosystens possess 

sim ilar inherent properties, as has been suggested (IVfergaleff 1968,

Odum 1969), then the quantification of th e ir  energetics (and material 

cycling) can re su lt in  the formation of an analy tical tool to  evaluate 

not only the individual systems but the connection and dependency be­

tween systems. Odum and Peterson (1972), Bayley and Odum (1973), Odum 

and Brown (1975), and Zuccheto (1975) have shown how the coupling of 

energetics in  an ecosystem framework can be used for regional analysis 

and planning. The compilation of the en tire  energy budget o f the s ta te  

of Oregon (State of Oregon 197^) is  indicative of the app licab ility  of 

th is  concept. In fac t, Lavine and Meyburg (1976) have shown tha t the 

energy-flow analysis methodology appears to  be b e tte r  suited for envi­

ronmental planning purposes than 17 other methodologies with which i t  

was coipared.

Conceptual Basis of Energy-Flow Analysis 

The basis for the application o f energetics to planning 

analysis is  that energy is  assumed to  be the one necessary resource 

fo r a l l  a c tiv itie s  of managed (by man) and natural systems. Further­

more, energy-flow analysis can be conducted in  an accurate and con­

s is te n t manner because of the existence of the f i r s t  two laws of 

thermodynamics and the extension of the maximum power principle derived 

by Lotka (1924).
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The f i r s t  law of thermodynamics, the law of energy conserva­

tion , s ta te s  that energy may be transformed fran one type to another 

( i .e .  light-chem ical-heat), but never created or destroyed. Thus, 

the energy th a t flows into a system (J) must be accounted for by e ither

the change in  energy storage within the system (Q) or the energy

flowing out of the system (¥). In s in p lif ied  equation form, th is  is  

J  = dQ + W.

The second law of thermodynamics, the energy degradation law, 

may be stated in various ways: No spontaneous transfer of energy is  

100% effic ien t due to  some energy always being dispersed as unavailable 

heat energy ( i .e .  no process of energy transformation occurs without a 

degradation from a concentrated form to a  dispersed form; the energy 

is  thus degraded in  quality  and loses i t s  ab ility  to  do work). Thus, 

i t  can be said that a l l  systems, when l e f t  alone or iso lated , proceed 

toward a higher s ta te  o f entropy(s) or greater disorder due to  the 

transfer of energy to  a less available and more dispersed s ta te . Since

an energy flow occurs in  a l l  rea l world systems, there is  an existence

of a movement toward disorder or greater entropy. I t  may be miscon­

strued th a t on an evolutionary scale, the tendency of biological 

systems toward increasing s tructu ra l complexity with a p a ra lle l in ­

crease in  order is  contradictory. However, the structural conplexity 

increases the energy efficiency of the system such that entropy produc­

tion  is  not eliminated or sign ifican tly  reduced, but rather the change 

in  entropy on a life tim e scale approximates a steady-state re la tio n  of 

dS = 0 (Gallucci 197^). Therefore, a  system in  steady s ta te  depends 

on maintaining energy inflow equal to  th a t lo s t as dispersed heat.
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Carrying th is  further iirplies th a t no matter what the system, i t s  

efficiency ( i .e .  the amount of po ten tia l energy harnessed as useful 

work) w ill never be 100%. Examples of th is  are commonplace ranging 

fran food intake by animals to the conversion of the po ten tia l energy 

in coal to heat energy in  an e lec tric  oven. The th ird  principle 

which acts as a basis fo r energy-flow analysis i s  referred to  as the 

maximum power princip le. I t  has also been termed Lotka's Maximum 

Power Principle (a fte r  Lotka 1924, Odum 1975b) or the optimum u t i l i ­

zation principle (Wesley 1974). This theory s ta tes  that systems 

(natural and/or man-made) that survive are those which maximize th e ir  

energy inflow for useful work in  the conpetition with other systems.

In other words, the systems that survive are those th a t develop more 

power inflow and use i t  best to  meet the needs of survival (Odum and 

Odum 1976). Thus, th is  theory embraces the concept that energy i s  the 

most flex ib le  and general resource and hence the most c r i t ic a l  that 

can be used in  conpetitive processes.

I t  is  perhaps inpossible to  prove the maximum power principle, 

or for that matter the f i r s t  or second laws. However, the evidence 

surrounds us. Climax ecosystems ( i .e .  forests) are good exanples 

where successional systems have replaced one another over time u n til  

the terminal and most stab le  system predominates. The mature forest 

ecosystems, fo r exanple, have evolved mechanisms for recycling essen­

t i a l  minerals, have evolved a d iversity  of species to r e s is t  perturba­

tions, physiological mechanisms to cope with moisture regimes, and 

structu ral adaptations to  maximize energy capture (Whittaker and 

Woodwell 1972). Systems managed by man such as c i t ie s  also develop
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means by which to  maximize the energy u tiliz a tio n  while striv ing  to  

insure the continuous energy inflow in to  the system. This is  done by 

maintaining a d iversity  of occupational niches, a broad tax base, 

in d u stria l development and a division of labor.

I f  the systems that survive are those which maximize the in­

coming energy flow for useful work, and i f  useful work can be measured, 

i t  can be the c rite rio n  for determining what combination of man- 

dominated and natural systems a region can support. The useful work, 

of course, stems fran  the available p o ten tia l energy in  a region caning 

from fo s s il  fuel-based energies and m aterials and natural energies of 

sun, wind, p rec ip ita tion , etc. In  combining the energies, a balance 

needs to be maintained between the free work done by the environment 

and tha t based upon fo s s il  fuels. Odum and Odum (1972) have shown t t e t  

for south Florida, a combination of 50% developed land (urban, agri­

culture, e tc .)  and 50% natural land yielded the maximum value of the 

environment (in  terms of useful work). E. P. Odum and his students 

(1970) showed that in  order to maximize the natural energies in  the 

s ta te  of Georgia (while maintaining the current standard of living) 

i t  would require 10 percent of the land in  urban-industrial systems,

30 percent in  food and 20 percent in  fiber-producing lands and 40 per­

cent remaining as natural environment. I t  i s  not meant to imply in  

the above that each s ta te  or reg ion 's goal should be a self-contained 

system based on the energy and m aterials within i t s  borders. Rather 

i t  i s  meant th a t for planning purposes, the region must be evaluated 

in terms of available natural energy. Fossil fuel-based energies, 

coupled with natural energies can then be u tiliz ed  to not only maintain
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a level of development within the system but also toward the production 

of m aterials, foodstuffs and services which can be exchanged for other 

energies and materials (with money as a mediator) necessary for the 

functioning of the system.

In regional analysis, a l l  long-range planning should include 

a strategy for the climax or steady-state fu ture. Given a region, the 

occurring natural energies, and a reasonable guaranteed level of fo ss il 

fuel-based energies, a level of development can be determined for the 

region which w ill best maximize the available energies and properties 

of the environment. Of course, th is  does not mean that the amount of 

specific types of developments w ill be determined. These decisions 

w ill s t i l l  be le f t  up to the local planners. What i t  does mean is  

th a t fo r a given region, a level of development can be approximated 

beyond which further development can lead to  severe oscilla tions or a 

decline in  the level of structure the system can support because of 

the in a b ility  to guarantee stable energy inflows.



CHAPTER I I  

STUDY AREA 

Oklahoma

Oklahoma is  considered part of the Great Plains (although the 

s ta te  does have four mountain ranges). The eastern edge of Oklahoma 

lie s  within the Deciduous Forest Biome while the western ha lf of the 

s ta te  including the Panhandle l ie s  within the Grassland Biome. The 

central portion of the s ta te  contains many of the f lo r is t ic  elements 

associated with the tra n s itio n  zone from deciduous forest to  short- 

grass p ra irie s  (Kuchler 1964). Within the d ifferen t physiographic 

provinces in  Oklahoma, a d iversified  collection of over 300 species of 

woody plants occur, ranging from bald cypress to  sagebrush, beech to  

mesquite and loblolly  to  ponderosa pine. Approximately twenty-three 

percent of the s ta te ’s land area is  covered by fo res t. Figure 1 depicts 

the po ten tia l natural vegetation in  Oklahoma. Future discussion in  

th is  report w ill show that in  many areas of the s ta te , the natural 

vegetation occupies a small percentage of the land. Previous papers 

dealing with Oklahoma’s vegetation include those by Bruner (1931), Duck 

and Fletcher (1945), Hefley (1937), Rice and Penfound (1959), Harlan 

( i 960), Buck (1964), Milby and Penfound (1965), Risser and Rice 

(1970a,b), and Johnson ani R isser (1975).
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OKLAHOMA VEGETATION

The o rig in a l map o f Duck and F le tch e r (194-3) has been rep rin te d  by 
the  Oklahoma B iological Survey w ith  the perm ission of the Department of 
W ild life  Conservation.

The s ta te  slopes southeastward from an e lev a tio n  of 1518 m a t  Black 
Mesa in  the Panhandle to  99 m on the Red River in the sou theastern  corner. 
Topography i s  generally  f l a t  to  ro l l in g ,  exceptions being the W ichita Moun­
ta in s  in  the southwest, the Arbuckle Mountains in the south c e n tra l se c tio n , 
and the Ouachita, Boston, and Ozark Mountains along the  e a s te rn  border. Mean 
annual tem peratures vary from 15°C a t  Woodward in 1die Northwest to  18°C a t 
Idabel in  the Southeast. The average f ro s t - f r e e  period  i s  about 200 days 
a t  Woodward and about 24-0 days in  the Southeast. Average annual p re c ip i­
ta t io n  v a rie s  from 38 cm in  the Panhandle and 65 cm in  the  Northwest to  
115 cm in  the Southeast, w ith w ell over 130 cm lo c a lly  in  the mountains 
along the eas te rn  border. The w estern se c tio n  has g re a te r  extremes of 
tem perature and more v a r ia b le  p re c ip i ta t io n  than the c e n tra l and eastern  
se c tio n s . Wind v e lo c it ie s  and evaporation  ra te s  are much h i ^ e r  in  western 
sec tio n s  than in  easte rn  sec tio n s .

The Pinon-Juniper rep re sen ts  an e a s te rn  extension o f the Rocky Mountain 
f lo r a  and is  found only in  th e  Black Mesa region o f the Panhandle. The 
sh o rt-g rass  p la in s  occur in  areas o f  r e la t iv e ly  low r a in f a l l  and are composed 
of blue grama, buffa lo  g rass and o ther x e r ic  species. Along the major r iv e rs  
o f the northern  h a lf  o f the s ta te ,  there  are numerous sandy areas and 
s ta b i l iz e d  dunes which support sand sage, oaks and various shrubs. The 
w estern edge of the s ta t e  i s  ch a rac te rized  by a sandy region which is  covered 
w ith  sand sage and is lan d s  o f a taxonom ically complex group o f oaks, c a lled  
oak shinnery. Most o f th e  c e n tra l p a r t  o f  the s ta te  i s  e i th e r  covered w ith 
b lack jack  p o s t oak fo re s t  or was once ta l l - g r a s s  p r a i r ie .  Since the p r a ir ie  
s o i ls  are very r ic h  and s u ita b le  fo r  farm ing, v ir tu a l ly  a l l  the p r a ir ie  has 
been converted e ith e r  to  grazing or crops. The oak fo re s ts  cover areas of 
abandoned farmland or rep re sen t areas topographically  unsu ited  fo r  farming. 
The Ozark region i s  m ostly deciduous fo re s t  dominated by a v a r ie ty  of oaks 
and h ick o rie s . The Southeast corner o f th e  s ta te  is  dominated by sh o rtle a f  
pine or a number o f deciduous tre e  sp ec ies . Bottomland fo re s ts  are charac­
te r iz e d  by such species as w illow , cottonwood, elm, ash, hackberry, and 
sycamore.

In  general, the g rasses and tre e s  become t a l l e r  and la rg e r  from west 
to  e a s t  and th ere  are a g re a te r  number o f species in  the eas te rn  p a r t  of 
the  s ta te .  Although th e  s ta te  i s  dominated by t a l l  g rass and b lackjack- 
p o s t oak fo re s t ,  there  are re p re se n ta tiv e  vegetation  types o f the Rocky 
Mountains, high p la in s  p r a i r i e s ,  t a l l - g r a s s  p r a i r ie s ,  Ozark hardwoods and 
co as ta l p la in  fo re s ts .

Oklahoma B io log ical Survey

Paul G. R isse r, D irector
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The reason for the vegetational d iversity  is  the climatic 

gradient across the s ta te . Trewartha (1968) places the main body of 

Oklahcma in the subtropical humid type, the Panhandle in  the steppe 

or semi-arid type, the northern border of the s ta te  as the southern 

boundary of the tenperature continental type. Oklahom exhibits a 

strong declining east-to-west gradient in  annual p recip ita tion  (Pig. 2) 

and an increasing north-south gradient in  annual average tenperature 

(Fig. 3).

Conparative Overview of the Three Counties

To evaluate the energetics of land use in  Oklahoma, three 

d is tin c tly  d iffe ren t counties were selected. Texas, Cleveland, and 

McCurtain counties were chosen based on differences observed in  the 

Oklahoma Productivity P rofile  (Klopatek and Risser 1977). These three 

counties d iffe r  substantially  not only in  geographic locations but in 

physiographic provinces, climate, vegetation, economic bases, popula­

tion charac te ris tics  and land-use commitments. Figure 4 depicts the 

location of each county in  re la tio n  to  each other and to  the s ta te  of 

Oklahoma.

A deta iled  description of each county follows but a few 

general points need to  be discussed f i r s t .  One of the most important 

differences with respect to  the three counties is  th e ir  variation  in 

climate. The clim atic gradients have resulted in  not only a d istin c t 

difference in  the vegetational associations in  the counties (Fig. 1), 

but have also resu lted  in  the determination of specific land-use types 

due to  moisture av a ilab ility , so il formation, and primary production
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F igure 4. L ocation o f  C leveland, McCurtain and Texas Counties in  Oklahoma.
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cap ab ilitie s . The climogram shown in Fig. 5 clearly  displays the dif­

ferences in  moisture regimes existing between the counties, and in  

particu la r the moisture s tre ss  in  Texas County and the moisture avail­

a b ili ty  in  McCurtain County.

Another primary consideration in  the choice of these three 

counties is  th e ir  present land-use conmitments and long-range plans. 

McCurtain, the th ird  largest county in the s ta te , was the number two 

pulpwood (roundwood) producing county in  the entire southern United 

S tates in  1974 (Bertleson 1975); over 74 percent of i t s  land area is  

in  commercial fo rests. On the other hand, the econony of Texas County, 

the second largest county in  the sta te , is  based almost en tire ly  on 

ag ricu ltu re . Producing three-fourths of the s ta te 's  com and con­

tain ing the highest concentration of ca ttle  (primarily in  feedlot 

operations), Texas County's economy has been bu ilt on high-subsidy 

agricu ltu re . Cleveland County, although less than a th ird  the size 

of Texas or McCurtain counties, offers a greater mixture of land-use 

types. In p articu la r, whereas Texas and McCurtain counties are ru ra l, 

Cleveland County offers the opportunity to  evaluate more urbanized 

area.

The li te ra tu re  pertaining to these counties varies from scarce 

to  abundant with the greatest proportion dealing with central Oklahoma. 

Principal papers discussing the  natural systems in and around Cleveland 

County include work on grassland structure and function (Rice 1952, 

Penfound and Rice 1957, Perino and Risser 1972), succession (Rice 1964, 

Pice and Pancholy 1972), bottomland forests (Rice 1965), post oak- 

blackjack oak fo rest structure (Johnson and Risser 1975), dynamics
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(Johnson and Risser 197^), and environmental relationships (Johnson 

and Risser 1972, 1973). Information on the natural systems in  south­

east Oklahoma are almost purely descriptive (L ittle  and 0]mstead 1931) 

or re la te  to  fo rest resources (Stemitzke and Sickel 1968). Ecosystem 

investigations in Texas County appear to be non-existent. However, 

sim ilar systems to those occurring in  the county have been investigated 

in  neighboring regions of Kansas, Texas, and Colorado (Albertson 1937, 

French 1971).

Soils of the regions are described by Gray and Galloway (1969). 

Hydrology and geology of the counties are found in  Wood and Burton 

(1968), Wood and Hart (1967), and Davis (I960). A variety of other 

sources of information was used in  the canpilation of the following 

county descriptions. These sources range from clim atic data to  envi­

ronmental inpact statements; some of the key l i te ra tu re  sources include 

information on economic projections (Doeksen and Shreiner 1971), agri­

cu ltu ra l production and budgets (Schwartz 1975, Williams 1975, Fawcett 

1975), the urban-rural ecosystem (Barton 1972), and gross energy budgets 

(Drysdale and Calef 1976).

Texas County

Texas County, enconpassing 517,604 hectares, is  located in the 

Oklahoma Panhandle and is  bordered on the north by Kansas and south by 

Texas (Fig. 4). The past h istory  of the area i s  not exceptionally 

varied with one of i t s  major d istinctions being part o f No lyfen’s Land 

from the mid-to la te  l800’s. Settlement in  the area did not begin 

u n til  the l890’s, and the area was the heart of the Dust Bowl during 

the m id-th irties.
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Physical Features. Texas County is  located in  the high plains 

section of the Great Plains province. The elevation ranges from I I 60 m 

in  th e  west to  790 m in  the east. About two-thirds of the county con­

s is ts  of upland plains th a t are nearly level to gently undulating. The 

remaining area consists of eroded, rough breaks and narrow flood plains 

along streams. The Beaver River is  the principle stream in  the county, 

entering on the southwest and exiting on the eastern border. I t  has a 

number of small tr ib u ta r ie s , and occasionally, i t s  western channel dries 

up.

The so ils  of the county can be divided into eight major groups 

(USDA 1961) of vÆiich only the principle ones w ill be mentioned here. 

Foremost i s  the Richfield-Ulysses so il association viiich occupies about 

half of the land area in  the county in the level p lains. The so ils  are 

deep clayey with surface texture ranging from clay loam to  loam. Most 

of the association i s  cultivated (mainly wheat) and much of i t  is  

irr ig a ted . Approximately 28 percent of the land, primarily in  the 

northeastern section of the county, is  made up of so ils of the Richfield- 

Dalhart association consisting of deep loams and sandy loams. Most of 

the association supports crops including wheat, sorghum, and com.

The th ird  major association, c lassified  as caliche breaks, occupies over 

one-fourth of the county and is  used for range as the so ils  are  often 

calcareous clay, rough outcroppings of bedrock, and shallow loamy 

although some so ils  are deep and loamy. The remainder of the major 

associations within the county range fran deep sandy h i l l  and so ils  to 

deep broken land so ils .



26

Climate. Texas County possesses a semi-arid climate averaging 

only about 46 cm precip ita tion  per year, experiencing a low of 23 cm in 

1952 and a high o f 69 cm in 1942. More than half of the precipitation 

comes in  la te  spring and summer. The average annual po ten tia l évapo­

transpiration  calculated according to Thomthwaite (1954) is  76.4 cm 

with pan evaporation measured a t Goodwell, Oklahoma, averaging 175 cm 

from April to  October. The area often experiences extreme fluctuations 

between daily  hign and low temperatures. Average monthly tenperatures 

range from 1.8°C in  January to 26.2°C in  July. The average duration of 

the growing season is  between I 85 and I 80 days. Average wind velocity 

is  approximately 4 nps (meter per second) vath an afternoon high of 

7.2 nps and a morning low of 2.7 nps (Texas County Conservation D istric t 

1973, U.S. Corps o f Engineers 1973).

Hydrology. Although some of the streams can be re lied  upon as 

sources fo r livestock watering, none are dependable enough for human 

drinking water supplies or irrig a tio n . The primary source of water for 

domestic and livestock  use and Irrig a tio n  comes fran subsurface deposits 

in the Oogallala Foimation which extends well beyond the lim its of the 

county. Although the aquifer is  a source of more than adequate water 

for use within the county, withdrawals have exceeded natural recharge 

every year since 1954 (Bekure 1971). The U.S. Army Corps of Engineers 

is  currently constructing a 2l60 ha impoundment within the county for 

purposes of water supply and flood control. This w ill be the only 

surface water area of appreciable size although two small nan-made lakes 

are present in  the county.



27

Vegetation. The primary naturally  occurring vegetation in  

the county i s  short grass p ra ir ie  on the upland plains (Duck and Fletcher 

19^5). Major species include bluegram (Bouteloua g ra c ilis ) , hairy 

grama (B. h irsu ta ) , black grama (B. eriopoda), and sideoats grama (B. 

curtipendula), as well as buffalograss (Buchloe dactyloides) and l i t t l e  

bluestan (Andropogon scoparius) .

The vegetation o f the eroded break areas include blue and 

sideoats grama in  greater density than the upland p ra irie  (U.S. Corps 

of Engineers 1973), and hairy grama, l i t t l e  bluesten, buffalograss, 

witchgrass (Panicum cap illa re ) , vine mesquite (P. obtusum), sand drop- 

seed (Sporobolus cryptandrus) and sand bluestem (Andropogon h a l l i i ) .

Also occurring in  the break areas and in  overgrazed upland areas are 

sagebrush (Artemisia f i l l i f o l i a ) , saltbush (Atriplex argentea) , small 

soapweed (Yucca glauca), and prickly pear (Opuntia sp .) . Dominants 

occurring in the stream floodplain include cotton wood (Populus del­

to ïdes) , sandbar willow (Salix in te r io r ) , peach lea f willow (S. army- 

gdaloides), tamarisk (Tamarix g a llica ), mulberry (Morus rubra) and 

sagebrush.

Socio-economic C haracteristics. Population of Texas County 

according to the 1970 Census was 16,352 representing a  15.5% increase 

from i 960 and a density o f 3 people/km (less than h a lf  of the people 

c lassified  as residing in  an urban a re a ) . The najor population center 

of the county is  Guymon with a population o f 7,764. Other towns of 

considerable size are Hooker ( I615), Goodwell (1947), and Texhoma 

(992). However, much of the land area annexed by these towns is  highly
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ru ra l, thus a  sign ifican t percent of the population lives in  areas by 

no means considered urban.

The economic base for the county is  almost en tire ly  based on 

agricultural commodities. In 1970, to ta l r e ta i l  sales for the county 

were approximately 36 m illion dollars, of vAich a considerable portion 

was spent fo r ag ricu ltu ra l support equiment. Total ag ricu ltu ra l sales 

were over $93 m illion, with over $16 m illion from crop sales and $77 

million from livestock sa les. Only 4.5% of the county’s 6000 man labor 

force is  l is te d  as unemployed.

As mentioned, the primary economic ac tiv ity  in  the county is  

agriculture with cropland exceeding 314,000 ha of which more than 

101,000 irrig a ted  by over 1100 irrig a tio n  wells. Nearly 213,000 ha 

are c lassified  as rangeland although most has suffered from past over- 

grazing and supports l i t t l e  current grazing ac tiv ity . Beef production 

is  primarily acconplished through feedlot operation which has an 

annual capacity of nearly 300,000 head. The major crops produced in  

the area are wheat, sorghum and com with some other small grains 

and hay crops. Sorghum and com are grown on irrig a ted  land with wheat 

grom on both irrig a ted  and dry land. Average farm size in  the county 

is  525 ha with a value of $130,000.

Texas County is  located on top of the Hugoton gas f ie ld , one 

of the largest known natural gas fie ld s  in the world. Natural gas 

along with crude o il from a number of f ie ld s  in  the county are the 

prime mineral resources with sand, gravel and helium also contributing. 

In 1975} over 250 m illion MCF of gas were exported from the county 

along with 7.7 m illion barrels  of o il.
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Cleveland County 

In contrast to  the other two counties in  the study, Cleveland 

County has re la tiv e ly  l i t t l e  land area, only 144,842 ha, and ranks 

70th (of 77) in  the state  in  size although i t  ranks 4th in population. 

Located in  the center of Oklahoma, the county was formally opened to 

settlement in  the I 889 land rush, and by 1900 was almost conpletely 

se ttled  in  homestead un its of 65 ha ( I 60 acres). Today the northern 

half of the county is part of the najor standard metropolitan sta­

t i s t ic a l  area (SMSA) in  the state (with Oklahoma County).

Physical Features. Cleveland County i s  triangular in  shape 

having i t s  northern border running due east-west and i t s  eastern 

border north-south. The th ird  side i s  bounded by the South Canadian 

River which flows fran the northwest to  the southeast comer of the 

county. The en tire ty  of Cleveland County l ie s  within the central 

Redbed Plains physiographic province. Elevation ranges from 290 m 

above sea level in the southeast to  415 m in the northwest. The te r­

ra in  i s  undu].ating to gently ro lling  with the occurrence of nearly 

level bench te rraces  adjacent to the South Canadian River which occa­

sionally are broken up by sandstone escarpments. The county is  under­

la in  by the Permian redbeds consisting of shale and sandstone formations.

S o ils . Soils of the county can be categorized under three 

general topographic areas: 1) the sandstone, forested h i l ls ;  2) the

upland p ra ir ie s ; and 3) the alluvium -filled valleys of major streams. 

Soils of the fo rest uplands, primarily of the Damell-Stephenville 

association, are  shallow to  deep light-colored sandy soils with reddish- 

brown sandy clay to clay loam subsoils. They have developed under
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blaclgack-post oak or oak-hickory forests and are low in productivity. 

Renfrow-Zaners-Vemon and Bethany-Tubler-Kirkland are the major asso­

ciations occurring in the upland p ra iries . Most of the so ils  have 

dark medium to  heavy-textured acid to  neutral surface layers and f r i ­

able s i l t  loam to  heavy clay subsoils. These so ils  developed under 

a cover of t a l l  grass species and much of i t  i s  now cultivated or used 

for tame pasture. Soils of the lowlands are principally  of the Vanoss- 

Minco-Yahola association. Ranging from s i l t  loams to  sandy alluvium, 

many of the so ils  are f e r t i le  and cultivated or used for pasture.

Damage from flooding, however, i s  a common occurrence.

Climate. The climate of Cleveland County is  controlled by 

the in terac tion  of tro p ica l and polar a ir  masses and is  characterized 

by wide ranges in  tenperature and wide deviations from average pre­

c ip ita tio n . Monthly average tenperatures vary from 3-8°C in  January 

to  27.8°C in  July and August. Most precipitation f a l ls  in  the spring, 

averaging 15.2 cm in  May and 87.6 cm per year. Relative humidity 

averages around 60 percent and the average daily wind speed is  approxi­

mately 5.8 nps.

Hydrology. Cleveland County is  drained by the South Canadian 

and L it t le  Rivers and th e ir  tr ib u ta r ie s . The southwest comer of the 

county is  drained by the Canadian River and the south-central and south­

eastern parts o f the county are drained by tr ib u ta r ie s  of L it t le  River. 

Lake Thunderbird reservo ir, with a surface area of 2470 ha, i s  situated 

on the upper reaches o f L it t le  River; the reservoir supplies water to 

Norman and Midwest and Del C ities (Oklahoma County) fo r municipal and 

in d u stria l uses. Lake Stanley Draper on the northern edge of the
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county has a surface area of 1130 ha and serves as a -water supply for 

Oklahoma City. The major source o f water fo r the reservoir i s  puiroed 

in  from Lake Atoka in  the southeast section of the s ta te . The county 

also possesses a large supply of groundwater located in  the Garber- 

Wellington aquifer which underlies the county.

Vegetation. The county has three major types of vegetation: 

Cross Timbers on the h i l ls  and uplands in  the eastern half of the 

county; t a l l  grass p ra irie  in  the western half; and bottomland fo rests  

along the floodplains. The Cross Timbers vegetation i s  dominated by 

two species, blackjack and post oak (Quercus marilandica and Q. s te l -  

la ta ,  respectively). These two species often occur in  dense proportions 

or often occur in  a savannah formation. Black hickory (Carya texana) 

i s  also common in  the area and a t times lends i t s e l f  to  an oak-hickory 

fo re s t. Daninants o f the t a l l  grass p ra ir ie  include big bluestem 

(Andropogon gerard i), l i t t l e  bluestem (A. scoparius), p ra irie  switch- 

grass (Panicum virgatum) , and Indian grass (Sorghastrum nutans) . Un- 

fort'unately, most of the true p ra ir ie  in  the county has disappeared 

due to  over-grazing and cu ltivation  of crops. The mature floodplain 

fo res ts  are dominated by American elm (Ulmus americana) , green ash 

(Praxinus pennsylvanica) , and hackberry (C eltis occidentalis ).

Socio-economic C haracteristics. The population of Cleveland 

County in  1970 was 81,839, which represented a 71.9 percent increase 

from i 960 and placed i t  among the top ten  fastest-growing counties in 

the United States. The population in 1975 exceeded 104,000. The 1970 

population represented a density o f 60 people/km . However, the 

m ajority of the population i s  concentrated in  the northern one-third
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of the county in  the c it ie s  of Norman (52,285), Moore (l8 ,76 l), and 

an extension of Oklahoma City (>5000). Other towns in  the county in­

clude Lexington (1516) and Noble (2241).

The economy of Norman is  dominated by the s ta te  in stitu tio n s 

located there, the largest being the University of Oklahoma (employment 

5000 and enrollment approximately 20,000). Other s ta te  in stitu tio n s  

include Central State Hospital and the Oklahoma Cerebral Palsy Center. 

Approximately 38.3% of the work force commutes outside the county’s 

boundaries to work, primarily in  the Oklahoma City region.

County income from agricu ltu ra l products has shown a continual 

decline in  recent years and was only about $5 m illion in  1970 as com­

pared to  $10 m illion in  I960. The majority of the ag ricu ltu ra l income 

is  from beef production.

Deposits of natural gas and o il are located in the county and 

exports in  1975 amounted to  2.3 m illion barre ls  of o i l  and 3.5 mcf of 

gas.

McCurtain County 

McCurtain County, located in  extreme southeastern Oklahoma 

(Fig. 4), has an area of 485,000 ha. On the south i t  is  bordered by 

the s ta te  of Texas and on the east by Arkansas. This area was one of 

the f i r s t  se ttled  in  Oklahona with settlements dating back to  the la te r  

1700's .  Most early settlements were by Indian tr ib e s , f i r s t  Shawnee 

then Choctaw, with much of the southern Coastal Plain area being in 

p lantation. The majority of permanent settlements occurred in  the 

aftermath of the c iv i l  war. The majority of the land, however, has 

always been timbered.
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Physical Features. McCurtain County transverses two major 

physiographic provinces; the southern h a lf  is  in the inner Gulf Coastal 

Plain and the northern ha lf i s  in the Ouachita Mountains. Topography 

varies frcm nearly level to very steep with elevation above sea level 

ranging frcm 76 m in the extreme southeast to  460 m in  the northwest. 

Approximately 21 percent of the county consists of nearly level and 

gently sloping so ils  on floodplains and terraces. The remainder con­

s is ts  of gently sloping to  very steep te rra in  enconpassing a large per­

centage of moderately steep slopes. Rock outcroppings of shale and 

limestone are common.

S o ils . Six of the ten so il orders w ithin the country are 

present in McCurtain County: A lfisols, Entisols, Inceptisols, Molli- 

solSj U ltiso ls , and V ertisols, with the najo rity  o f so ils  U ltiso ls . The 

principle so ils  in  the county are categorized as being in  one of ten 

so il associations which in  turn f a l l  under one of four landscapes (USDA 

1974). Over f i f t y  percent of the so ils  are deep to  shallow over sand­

stone and shale and occur in  the Ouachita Mountains. These so ils , p r i­

marily loamy and well-drained, often contain a considerable amount of 

stones and rock fragnents and support the growth of fo rests throughout 

th e ir  expanse. The major associations are Carnasaw-Sherwood and 

Goldston-Carnasaw-Sacul. Deep to very shallow so ils  over limestone, 

shale and clayey sediment are blackland so ils  and only occupy about 

four percent of the county. Deep so ils  over marine deposits of the 

Southern Coastal Plain make up 30% of the county area. Ruston-Tiak- 

S affe ll, Kinta-Mrightsville and Pelker-Kullit associations predominate 

and occur on iplands and terraces. The well-drained, loamy so ils  are
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often used for tame pasture and some crops, while the poorly-drained 

loams are used fo r woodland and seme tame pasture. The la s t major 

grouping of so ils  is  deep so ils occurring on flood p lains and terraces 

of small streams and riv e rs . Most of the so ils  are formed in flood- 

plain alluvium along the Red River or a few other areas. The so ils  

used primarily fo r agriculture tend to  be e ither clayey or loamy and 

are often poorly-drained. Major associations are Pledger-Roebuck- 

Redlake, Sdvem-Oklared-Gallion, and Guyton-Oohlockonee.

Climate. McCurtain County has a warm, humid sub-tropical c l i ­

mate and the weather is  strongly influenced by a ir  masses from the Gulf 

of Mexico. Annual precip ita tion  averages from 122 cm/yr near Idabel to 

over 142 cm/yr in  the higher elevations and is  w ell-d istributed over the 

year as seen in  Fig. 5- In  the county, the minimum annual precipitation 

ever recorded was 71 cm with a maximum of over 200 cm. Average monthly 

temperatures range frcm 6.2°C in January to 27.7°C in  July. The warm 

temperatures and adequate precipita tion resu lt in  a highly favorable 

growing season Wrich averages about 225 days in  the southern h a lf of 

the county.

Hydrology. Due to  the abundant annual r a in fa l l ,  water i s  plen­

t i f u l  in  McCurtain County. Three major rivers ex ist within the county 

and the Red River flows along the en tire  southern boundary. The 

Mountain Fork and Glover Creek rivers drain the northern portion of the 

county and eventually flow into the L ittle  River which enters McCurtain 

County frcm the west exiting on the east. All water eventually con­

nects with the Red River in  Arkansas. Two major reservo irs . Pine Creek 

(1540 ha) and Broken Bow (5750 ha) are in  the county with a th ird
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(Lukfata 2470 ha) scheduled for construction. All reservoirs are 

under the authority  of the U.S. Corps of Engineers. Water supply for 

the main towns is  obtained from e ither the L i t t le  or Mountain Fork 

Rivers. Much of the domestic and stock water supplies comes from 

groundwater. Streams and farm ponds furnish large amounts of stock 

water.

Vegetation. The favorable climatic conditions allow McCurtain 

County to  possess the most diverse assemblage of vegetation in  the s ta te  

(Williams 1973, Risser and Rice 1971a). Five major vegetational types 

naturally  occur w ithin the county: oak-pine in  the timbered sandstone 

and shale area; oak-hickory on the timbered ro llin g  southern coastal 

plain; lob lo lly  pine on the lowlands or flatwoods coastal plain; cypress 

bottoms along some of the bottomland streams, r iv e rs  and ox-bow lakes; 

and floodplain fo rest along other riv e r and stream bottoms including 

the Red River. A small extension of oak-savanna also occurs on the 

southwestern border of the county.

Major dominants of the oak-pine fo rest are shortleaf or yellow 

pine (Pinus echinata) , vdiite oak (Quercus a lba) , post oak (Q. s te l la ta ) , 

blackjack oak (Q. marilandica) , loblolly  pine (P. taeda), black hickory 

(Carya texana) , and mockemut hickory (C_. tomentosa). The oak-hickory 

is  characterized by white oak, blackjack oak, post oak, red oak (Q. 

rubra), black oak (Q. velu tina) , sugar maple (Acer saccharum) , black 

hickory, scaley bark hickory (C. lacinosa) and mockemut hickory. 

Loblolly pine is  the principal daninant occurring in  the flatwoods area, 

along with sweet gum (Liquidambar s ty rac iflu a ) and black gum (Hyssa
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sy lvatica). Cypress bottomlands are dominated by bald cypress (Taxodium 

distichum), sweet gum, black gum, post oak, willow oak (Q.. ohellos), 

and water oak (^ . n ig ra ). The floodplain forest includes sweet gum, 

black gum, sycamore (Plantanus occidentalis). white oak, willow oak, 

and water oak (Q. n ig ra ). The savanna extension into the county con­

s is ts  of big and l i t t l e  bluestans (Andropogon gerardi and A. scooarius) 

and post and blackjack oaks. Overall, approximately 95^ of the county 

i s  capable of supporting fo rests. The majority of the original fo rest 

has been cut over and/or burned a t one time or another.

As w ill be noted la te r ,  many of the above naturally-occurring 

vegetation types have been replaced with lob lo lly  pine monocultures.

Socio-economic C haracteristics. The population of McCurtain

County according to the 1970 Census was 28,642, equalling a population
2

density of 6.1 persons/km and representing a growth ra te  of 10.8 per­

cent frcm i 960. People living in  ru ral areas nake up 69% of the popu­

la tio n . Idabel i s  the main population center with a population of 5946. 

Other towns include Broken Bow (298O), Wright City (IO68) and Valiant 

(840).

Although seme industry exists in  McCurtain County, including 

chicken and egg production concerns and a  clothing industry, the 

important economic base in  the county is  timber and wood products.

This revolves around the region’s p ro lif ic  fo rests and the whole-scale 

commitment o f th e  area by Weyerhauser, Inc. iMch b e ^  operations in  

the county in  19 69. Perhaps the best evidence to  th is  i s  th a t the 

average family income more than doubled between I 967 and 1970, Jumping
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from $2455 to  $5346. Total ag ricu ltu ra l sales in  the county were $8.6 

m illion in  1970, of which 85 percent was from poultry and livestock.

For years, agriculture has been the trad itio n a l source of 

livelihood in  the county with a com-cotton culture sim ilar to  that of 

the deep South. In recent years, however, com has been replaced by 

peanuts and cotton by soybeans. Extensive areas of the county, in­

cluding both the forested and non-forested areas, are grazed. The 

livelihood of the county now centers around timber production and 75 

percent o f the county is  now occupied by coirmercial fo rests. Tourism 

is  also important in  the county and the presence of the Broken Bow and 

Pine Creek reservoirs have greatly increased the number of non-resident 

recreational users. Naturally occurring energy supplies are mininal to 

non-existent and although some o il  deposits have been located in  the 

county, the cost of extraction greatly exceeds th e ir  potential yield.



CHAPTER i n  

METHODS

The methods and the sanple design to  be used in  any study 

are, in a  large p art, d ictated by the final goals of the investigation. 

Thus the goals of th is  d isserta tion  dictated th a t the study be carried  

out in six  major steps: 1) develop a primary productivity p ro file  fo r 

Oklahoma; 2) for each of the three counties selected for intensive 

study identify  the major components and causal forces; 3) prepare macro­

scale land-use energy models for each land-use type within each county; 

4) co llect the pertinent data; 5) analyze the data; and 6) perform com­

puter simulations vdiere more in-depth analysis is  required.

Primary Productivity Profile 

B riefly, the primary productivity p ro file  of Oldahona was 

undertaken in three parts. F irs t, data were gathered on the primary 

production of the major land-use types found in  the State of Oklahoma, 

synthesized through the use of a common denominator (annual net p r i­

mary production -  the to ta l  amount of organic matter produced by the 

vegetation on a yearly basis) and portrayed visually  by means of com­

puter graphing techniques using the SIMAP synagraphic mapping program

38
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(Dudnlk 1971, Sharpe 1975). The deteiroination of the major land-use 

types existing within the s ta te  was acconplished through the use of 

the Oklahoma Conservation Needs Inventory (1970), the 1969 Census of 

Agriculture (USDA 1970), various fo rest land surveys (Stem itzke and 

Van Sickle 1968, Earles 1976) and maps of Oklahoma's original vege­

ta tio n  (Duck and Fletcher 19^3, Kuchler 1964). In it ia l ly ,  a to ta l  of 

30 major land-use types were designated, but eventually th is  l i s t  was 

shortened to 21 ( lis te d  below) prim arily because of data lim itations on 

certain  more specialized types [e.g . only one conposite fo rest category 

when in  ac tuality  i t  might be subdivided into six  main subcategories 

(oak-hickory, postoak-blackjack, oak-pine, lob lo lly  pine, bottomland, 

and cypress bottoms)].

AGRICULTURAL RANGELAND

PASTURELANDA lfalfa 
Wild Hay

water

Oats Large
Wheat Small and Streams
Com

Grain URBAN
Silage

Sorghum OPENLAND
Soybeans
Peanuts RIGHT-OF-WAY
Cotton
Orchard Crops 
Forests

The next step involved the determination of the annual net 

primary production occurring on each of the 21 land-use categories. 

The techniques involved converting ag ricu ltu ra l yields or land-use 

types to annual net primary production -  the to ta l  amount of o r^ n ic  

matter produced by the vegetation on a yearly basis. This was done
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employing the year 1971 as one with an "average clim atic regime." P ri­

mary productivity figures were derived sim ilarly to  other primary pro­

duction work done in  New York and Massachusetts (Art and Marks 1973), 

North Carolina (Reader 1973, Sharp and Lieth 1974), Tennessee (DeSelm 

1971), and Wisconsin (Steams, e t a l .  1971; Cottam, e t a l .  1973). Spe­

c if ic  d e ta ils  of the conversion processes followed for Oklahoma are 

described in  Klopatek and Risser (1977).

The second phase of the primary productivity p ro file  involved 

the correlation  of the primary production patterns within Oklahoma with 

the natural abiotic factors (tenperature, p recip ita tion , so il f e r t i l i ty ,  

e tc .)  and a r t i f ic ia l  subsidization ( fe r t i l iz a tio n , irr ig a tio n , e tc .) .  

This was acconplished by u tiliz in g  the  CORSYMAP program (Klopatek 1974) 

to  run a lin ear regression analysis on the STMAPs to  be conpared and 

producing a new correlation map. At th is  tin e  a discussion of the 

methods u tiliz e d  to conpile a po ten tia l so il productivity map is  

appropriate.

Early in  th is  study, i t  was determined th a t a need existed for 

a  so il productivity map of Oklahoma. Based on rating  devised by Hole 

(1953) in  Wisconsin, Cottam, et a l .  (1973) prepared such a nap. Soil 

ra tings were calculated fo r each economic township within the s ta te  of 

Wisconsin based on the weighting and combination of three facto rs; 

physical properties per s o il  type, growing season length, and s o il  

f e r t i l i t y  level. The conpiled value was then assigned to  each township 

and a s o il  productivity map was produced.

Unfortunately, th is  type of a  system has not been implemented 

within Oklahoma. Smith, e t a l. (1959) compiled weighted f e r t i l i t y
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indices of various nutrien ts for the major so il associations but no 

attenpt m s made to  ra te  the so ils  as to  th e ir  respective productivi­

t ie s .  Gray (1966) conpiled a l is t in g  of the ag ricu ltu ra l productivity 

of key so ils  in  Oklahoma under two levels of managanent. His lis tin g  

included estimated annual average crop yields for a variety  of crops 

customarily grown within the s ta te . While th is  publication did not 

l i s t  specific productivity ratings fo r so il types or associations, i t  

did offer a s ta rtin g  point for the construction of a state-wide so il 

productivity map.

The estimated yield  figures l is te d  by Gray (1966) fo r various 

crops are the re su lt o f several factors including so il texture and 

nutrien t s ta tu s , slope, moisture balance, growing season and other c l i ­

matic conditions. By examination of crop response on the range of so il 

types in  Oklahoma, a  re la tiv e  value can be derived to  emparé one so il 

type or association with another.

Four crops, a lfa lfa , oats, sorghum, and wheat, were chosen as 

productivity indicators across the s ta te  for the purpose of construct­

ing a so il  productivity map. These crops are the most widely planted 

crops in  the s ta te . The method oiployed to  estab lish  a f in a l rating 

for the so il associations i s  as follows.

The estimated y ie ld  figures fo r crops under customary manage­

ment (Gray I 966) were sunined for each crop for each so il type and th e ir  

means and standard deviations determined (Table 1). A range of plus 

and minus one standard deviation around the means was calculated and 

th is  range was scaled fran  0 to  100. Soil types were then assigned to  

so il associations and the mean y ield  fo r each crop was determined for
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Table 1. The mean and standard deviation on estimated 

yields o f a lfa lfa , oats, sorghum and wheat 

on a l l  so il  types lis te d  by Gray (1966) for 

Oklahoma.

Crop Mean Yield Standard Deviation

A lfalfa (ton/a) 1.6 0.9

Oats (bu/a) 24.5 7.7

Sorghum (bu/a) 22.0 7.9

Wheat (bu/a) 15.0 15.0
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each association. The so il association mean yield was then conpared to 

the overall range and given an appropriate scaled value ranging from 0 

to  100. The four scaled values (one for each crop) were combined to  

give a value (0-400) for the respective so il association. An exanple 

of th is  can be seen using the Renfro-Zaneis-Vemon association, a com­

mon so il of the Central Reddish P rairies in Oklahona (Gray and Galloway

1969).

Crop

Soil Association: Renfro-Zaneis-Vemon 

(Average Yield — Minimum Level) x Scaling*Factor = Total

Alfalfa (0.9 0.7) X 55.56 = 11.11
Oats (24.5 16. 9) X 6.49 = 49.32
Sorghum (24.0 14.1) X 6.33 = 62.67
Wheat (15.4 0) X 3.33 = 51.28

Total Association Rating = 174.38

*The scaling facto r places the y ield  figures into a rating  of 0-100 
a f te r  the minimum level value ( -  one standard deviation from to ta l  
mean) has been subtracted. The value below the minimum w ill be 
zero while any value above the maximum (to ta l mean plus one stan­
dard deviation) w ill equal 100.

Calculations were made for a l l  the so il  associations lis ted  

by Gray and Galloway (1969) with each one receiving a numerical ra tin g  

frcm 0 to  400. The so il associations with th e ir  respective ratings are 

lis te d  in  Table 2.

After conpilation of the so il  association ratings, i t  was then 

necessary to  assign a  ra tin g  to  each county fo r use with the SYMAP pro­

gram. This was done through the deteimination of the area occupied 

within each county by a p articu la r association. These areas were con­

verted to  a percentage basis, m ultiplied by the respective rating and



Table 2. Relative potential productivity of major soil associations in Oklahoma.

Resource Area Soil Association
Relative 

Rating (0-400)

O uachita Highlands

Forested Coastal Plain

Grand Prairie

Hector-Pottsvllle 
Ender s-Convra,y-Hec tor 
Atklns-Pope

Klrvin-Cuthbert-Bowie
Bowie-Caddo-Boswell
Miller-Yahola-Teller

Durant-San Saba-Tarrant 
Tarrant
Tarrant-Newtonia

174

116

116

42

44

239

206

0
101



Table 2 (continued)

Resource Area

Ozark Highland

Cherokee Prairie

Cross Timbers

S o i l  A s s o c i a t i o n

Bodlne-Baxter-Nlxa

Labette-Suimilt-Sogn
Sogn-Summlt
Parson-Dennls-Bates
Verdlgrls-Osage

Darnell-Stephenville 
Dougherty-Teller-Yahola 
Wlndthorst and Chlgley 
Granitic Mountalns-Tlshlmlngo Soils

R e l a t i v e  

R a t i n g  ( 0 - 4 0 0 )

47

285
300
256

305

54

96

90

0

4=*VJl



Table 2 (continued)

Resource Area Soil Association
Relative 

Rating (0-̂ 100)

Reddish Prairie

Rolling Red Plains

Renfro-Zaneis-Vemon
Bethany-Tabler-Kirkland
Grant-Pond Creek-Nash
Cobb-Quinlan
Vanoss-Minco-Yahola
Yahola-Port-Reinach

Tillman-Vernon 
Poard-Hollister-Tillman 
Rough Broken Land-Vemon 
Woodward-Carey-Quinlan 
Woodward-Dill-Quinlan

174

220
199

86

313

224

127

I4 l

0
50
60

4=-CT\



Table 2 (continued)

Resource Area Soil Association
Relative 

Rating (0-400)

Carey-St. Paul 97
Rough Broken Land-Quinlan 0
Ent erpri se-Tipton-Yahola 217
Pratt-Tivoli 95
Nobscot—Brownfield-Mlles 144

High Plains and Plains Border
Potter-Manker 129
Richfield-Dalhart-Portales 130
Pullmn-Richfield 128
Vona-Dalhart-Tivoli 122
Travesilla-Berthoud-Rough Stony Land 0
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the combination of a l l  associations in  the county to ta lled  to give a 

county ra ting  which was then divided by four to  provide a county re la ­

tiv e  ra tin g  ranging frcm 0 to  100. Aquatic areas were not included in  

the county area calculations.

Exanple: Pittsburg County

Fraction of
Soil Association Rating X County Area = Total

H ector-Pottsville 174 X .63 = 109.62
Parsons-Dennis-Bates 256 X .27 69.12
Dougherty-Teller-Yahola 96 X .06 5.76
Damell-Stephenville 54 X .01 .54
Enders-Conway-Hector 116 X .02 2.32

TOTAL 187.36
t4

Estimated county so il po ten tia l productivity rating = 46.84

The f in a l figure i s  an estimated potential so il productivity 

ra tin g  on a county basis . The ratings fo r each county are lis te d  in  

Table 3. Figure 6 displays the resu lts  of the calculations presented 

through the use of the SYMAP Program.

Highest ra tings occur in  those counties in  the north-central 

and northeastern part of the s ta te  excluding those on the northeastern 

border. These so ils , occurring in  the Cherokee P rairies and Bluestan 

H ills regions of Oklahoma, have developed under t a l l  grasses and are 

characterized by high o r^ n ic  matter, nitrogen, and adequate supplies 

of moisture. The so ils  of the Cherokee P rairies developed on sandy and 

clayey shales and sand stones while those of the Bluestem H ills  devel­

oped frcm limestone and limey clays. The so ils  extension of the  F lin t 

H ills i s  one o f the most productive native grass pastures in  the  United 

States (Hobbs 1957).
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Table 3. Relative potential soil productivity

of Oklahona counties.

County Rating County Rating

Adair 20.96 Dewey 13.69

Alfalfa 43.59 E llis 30.18

Atoka 35.05 Garfield 49.52

Beaver 30.83 Garvin 32.34

Beckham 21.63 Grady 40.73

Blaine 45.42 Grant 50.06

Bryan 36.59 Greer 23.77

Caddo 25.31 Harmon 28.42

Canadian 45.33 Harper 12.63

Carter 27.58 Haskell 50.68

Cherokee 30.36 Hughes 38.26

Choctaw 27.35 Jackson 39.51

Cimarron 36.66 Jefferson 36.32

Cleveland 36.62 Johnston 18.07

Coal 46.09 Kay 63.61

Commanche 9.76 Kingfisher 38.07

Cotton 35.48 Kiowa 29.87

Craig 66.39 Latimer 42.22

Creek 23.94 Leflore 36.69

Custer 12.37 Lincoln 27.01

Delaware 19.07 Logan 34.08
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County Rating County Rating

Love 38.78 Pittsburg 46.86

McClain 50.09 Pontotoc 25.75

McCurtain 36.03 Pottawatomie 23.06

McIntosh 51.91 Pushmataha 34.71

Major 19.23 Roger Mills 16.56

Marshall 39.37 Rogers 60.48

Mayes 57.80 Seninole 25.08

to r a y 13.77 Sequoyah 48.19

Muskogee 59.24 Stephens 27.00

Noble 47.01 Texas 32.33

Nowata 58.51 Tillman 40.52

Okfuskee 37.83 Tulsa 67.88

Oklahoma 29.75 Wagoner 64.80

Okmulgee 44.33 Washington 67.24

Osage 45.98 Washita 16.65

Ottawa 45.31 Woods 27.41

Pawnee 55.08 Woodward 18.93

Payne 40.46
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Figure 6. Relative potential soil productivity map of Oklahoma.
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Lowest ra tings occur in  western Oklahoma in  the Rolling Red 

Plains region where the so ils  are primarily incep tiso ls . Although with 

the exception of nitrogen, most plant nutrients in  these so ils  are ade­

quate; they are  often characterized by low moisture and aeolian stress. 

Low ratings are  also found in  Comnanche and Murray counties, both of 

vMch have large expanses of rough, rocky land and in  Beckham and Dewey 

counties where so ils  are conposed of rough, broken land with consider­

able outcropping of gypsum and sandstone, respectively.

Correlations between Oklahoma’s po ten tial so il productivity 

map and primary productivity w ill be discussed la te r  in  th is  publica­

tio n , but a t  th is  time i t  i s  in teresting to  note the s im ila ritie s  be­

tween po ten tial so il productivity and the map of the o rig inal vegetation 

of Oklahoma (Pig. 1). The potential so il productivity map closely re -  

sonbles th a t of the natural vegetation despite the fact the data used 

to  construct the map were derived solely fran the ag ricu ltu ra l crop 

performance. This demonstrates the close i f  not inseparable coupling 

tha t exists between the natural occurring vegetation and so il in  te r­

r e s tr ia l  ecosystems.

The po ten tia l s o il  productivity map i s  not a defin itive  work 

on the so ils  of Oklahoma but ra ther a  visual in te rp re ta tio n  using a 

number of re la tiv e  values expressing a limited number of parameters.

More quantitative data need to  be assanbled on Oklahoma’s so ils (Gray 

and Stannke 1970). Perhaps as more data are accumulated to  classify  

the so ils according to  the Seventh Approximation, coupled with tech­

niques such as those used by the Soil Conservation Service (1974), a 

more detailed so il productivity map of Oklahona can be constructed.
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In  the f in a l,  and perhaps most irrçortant phase of the produc­

t iv i ty  p ro file , the patterns found within the s ta te  were evaluated to 

formulate both questions and suggestions concerning current and future 

usage o f the ecosystans found in  Oklahona. Although some of the re ­

su lts  o f th is  study w ill be discussed in  la te r  pages, the detailed  

study in  i t s  en tire ty  can be found in  Klopatek and Risser (±977) . —

System Components and Causal Forces

The decision to examine the three counties on a detailed  basis 

also d ictated the boundaries o f the systens to  be evaluated, e .g . the 

county boundaries. County boundaries are ecologically a rb itra ry  and 

cut irreverently  across physiographic regions, watersheds and vegeta- 

tional connunities. However, these boundaries can be assumed to  la s t  

indefin ite ly  (Shafer, e t a l. 1974) and are  consequential ones th a t w ill 

structure future management decisions. Effectively, the delineation 

of the syston’s boundaries separates the in terna l conponents and pro­

cesses from the external causal forces vhich are independent of the 

in teractions occurring within the system.

Since the objective of the study was to evaluate land-use 

energetics of the counties, the principal conpartments or s ta te  v ari­

ables in  the systans were determined to  be the major land-use catego­

r ie s .  Six major land-use categories were arrived a t  which were 

applicable to  each county: 1) ag ricu ltu ra l land; 2) grazing land in ­

cluding rangeland and pasture; 3) fo rest land, including both managed 

and non-managed types; 4) urban land including resid en tia l, conmercial 

and in d u stria l sectors; 5) water areas, both naturally  occurring and
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man-raade; and 6) right-of-ways, including highways, railways and trans­

mission line corridors. Urban land and water areas were not evaluated 

in  th is  d isserta tio n .

After the conpartments of the systens were iden tified , the 

causal forces or forcing functions of the system were determined.

These included both natural and fuel-based energies flowing into the 

county as well as money, goods, and services. The causal forces were 

separated from the re s t  of the system since they deliver a force from 

outside the system irregardless of what i s  happening within the system. 

These forces may be constant or time variant and require a complete 

description of the function with time.

Construction of Models 

Following the procedure of G illiland and Risser (1977), the 

causal forces and storage conpartments were coupled according 

to  th e ir  mode of in teraction . After th is  process has been conpleted 

a diagram or model o f the system is  obtained. The models a t th is  point 

are both qualita tive  and to  a degree subjective. They can, however, be 

used to  help organize and d irec t the research on the system, which 

through successive ite ra tio n s , can a s s is t in  la te r  model refinement.

To inplement the modeling process in  energy flow analysis,

Odum (1972b, 1975a) has developed an energy flow language which v isually  

and mathematically conveys the structure and function of the system 

according to  the laws of thermodynamics and Lotka’s maximum power prin­

cip le . The primary symbols used in  th is  discussion are depicted in  

Pig. 7. An in-depth explanation and mathematical description of the
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ENERGY SYMBOL LEGEND
EN ERG Y SO URCE M O NEY  F l o w

SOURCE OF ENERGY FROM OUTSIDE 
THE SYSTEM UNDER CONSIDERATION.

THE FLOW OF MONEY ASSOCIATED 
WITH CERTAIN FLOWS OF ENERGY.

H E A T SIN K M O NEY TRANSACTION

THE LOSS OF DEGRADED ENERGY -  -  
THAT IS, ENERGY WHICH CANNOT DO 
ANY MORE WORK -  -  FROM THE 
SYSTEM.

THE FLOW OF MONEY IN ONE 
DIRECTION TO PAY FOR THE FLOW OF 
ENERGY-CONTAINING MATERIALS IN 
THE REVERSE DIRECTION.

EN ERG Y STO RAG E

A STDRAGE OF SOME KIND OF 
ENERGY WITHIN THE SYSTEM.

EN ERG Y FLOW

FLOW OF ENERGY OR ENERGY 
CONTAINING MATERIALS.

PROOUCTION

X

THE PROCESSESS, INTERACTIONS, 
STORAGES, ETC., INVOLVED IN 
PRODUCING HIGH QUALITY ENERGY 
FROM A DILUTE SOURCE LIKE 
SUNLIGHT.

E N ERG Y  INTERACTIO N O R  TR A N SF O R M A T IO N

T

THE INTERACTION OF TWO OR MORE 
TYPES OF ENERGY REQUIRED FOR A 
PROCESS.

SELF-M AINTAINING  A C T IV IT Y

SUBSYSTEMS WHICH HAVE SELF- 
CONTAINED INTERNAL STORAGES, 
ENERGY FLOWS AND INTERACTIONS.

Figure 7. Description of the principal energy language symbols enployed in  
th is  d isserta tio n .
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symbols can be found in  Odum (1972b, 1975a)* The energy-flow diagram 

can a lso  be thought of as a way of w riting the d iffe ren tia l equations 

which are an intermediate step to  d ig ita l or analog simulation. The 

d iffe ren tia l equations describing the changes occurring in  the storage 

conpartments are a ccnposite of the inflows and outflows of the com­

partments and thus are translations of the energy flow diagram. This 

does not mean to  suggest tha t a l l  that needs to be done is  to  delineate 

the compartments and associated flows. I t  should be understood th a t 

both expertise and research is  required to  conpile the model, ascribe 

the in teraction , and determine the coefficients.

The construction of the energy-flow model of ag ricu ltu ra l land 

i s  presented as an example of the process of model development.

Figure 8 depicts the generalized agricu ltu ral model for Texas County. 

Enclosed within the dashed lines are the ag ricu ltu ra l crop un its (the 

s ta te  variables) which make up the to ta l  ag ricu ltu ra l land use in  the 

county. These coiponents are depicted as bullet-shaped symbols indi­

cative o f autotrophic compartments. Inside the caipartments are two 

tank-shaped symbols representing stored energy or resources, one fo r 

standing crop (SC) and one for land area occupied by the crop (A). The 

c ircu lar symbols outside the enclosure are the causal forces or energy 

sources of the system. These energy sources vMch power the system in­

clude natural energies of sun, wind, ra in ; the fuel-based energy inputs 

of fo s s il  fue l, f e r t i l iz e r ,  machinery, e tc . and i r r i ^ t i o n  vMch in ­

cludes the costs of fuel and machinery.

The hexagon symbols in  the diagram are indicative of hetero- 

trophic or consumer compartments which require energy imports (materials
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Figure 8. Generalized energy flow model of agriculture in Texas County, Oklahoma,
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and food) for th e ir  existence. The conpartments have not been included 

within the dashed lines because they do not d irec tly  affec t the agri­

cu ltu ra l land area or production although the heterotrophic conpartments 

may consume production from the ag ricu ltu ra l caipartments.

The so lid  lines which connect the causal forces and the com­

partments represent the flow of energy (including th a t energy embodied 

in  m ateria ls). Plows represented by dashed lines depict flows of 

money, which flow in an opposite d irection  to  energy (Odum 1973). The 

ra te  a t  which the flow of money is  exchanged fo r tha t of energy i s  a 

function of the price (P) of the energy a t th a t time. Energy flows 

often in te rac t in  a nonlinear fashion and thus they are shown as con­

necting within the interaction symbol (X). The combination of two (or 

more) types of energy flows within the in teraction  symbol are indica­

tiv e  th a t both types of flows must occur in  order to  produce the anpli- 

fied  flow leaving the interaction symbol. Note the heat loss or 

maintenance costs that occurs a t each of these in teractions. Using 

the example of the agricu ltural systen, sunlight in teracts  with water, 

nu trien ts  and machinery to produce food. Thus, a l l  the energies are 

required to produce the crop.

The purpose of the model in  Fig. 8 i s  primary for organiza­

tio n  and d irection . Although actual values can be (and were) obtained 

for a l l  the caipartments and flows, the size  and resolution of the 

model proves unwieldly, both fran a diagrammatic and a u t i l i ta r ia n  

point o f view. Therefore, these larger models were aggregated and 

reduced to  produce "macroscopic mini-models." The resu ltan t agricul­

tu ra l model i s  shown in  Fig. 9. Clearly the d e ta il of the model



ORNL-DWG 7 7 - 1 0 9 4 7

w m m m

F E D E R A L
S U B S I D YFF

r  F A R M  
\ O P E R A T I O N

R A I N .
W I N D B E E F

S T A N D I N  
A C R O P

S U N H A R V E S
A G R I C U L T U R A L  

C R O P  P R O D U C T I O N

Figure 9. Macroscale, mlni-model of agricultural energy flow In Texas County, Oklahoma.
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presented is  fa r  fran  that in  the previous model. However, the princi­

pal causal forces, caipartments, and energy flows of in te re s t are 

present. A discussion of the in teractive relationships of the agricul­

tu ra l model w ill be presented la te r .

Data Acquisition

The data needed for th is  study came from a multitude of 

sources. Information on the land use came primarily from s ta te  and 

Federal agencies — USDA S ta tis t ic a l  Reporting Service, Oklahoma Water 

Resources Board, Soil Conservation Service and others. The data used 

to  conpile the individual county land-use maps were obtained primarily 

from the USDA-SCS county offices and the s ta te  office a t  S tillw ater, 

Oklahoma. The USDA-SCS has recently  corpleted generalized land-use 

naps fo r each county in the s ta te  as part of i t s  MIAD mapping program 

(USDA-SCS 1974). These maps were based on the most recent a e r ia l 

photographs for each county. The maps were crosschecked through visual 

observations in  each county to  insure that the individual maps were 

representative. Individual land-use types, areas, i .e .  reservoirs, 

were further referenced with information from the controlling agency.

The information on energy costs of processes associated with 

individual land-use types, as well as the sources and network of energy 

flow, were obtained from sources both in  and out of Oklahoma. Typical 

examples of these sources were Crop and Livestock Budgets — Northwest 

Oklahoma (Fawcett 1975); Energy Requirements for Agriculture in  

California (Cervinka, e t a l .  1974); Annual Reports to  the Federal Power 

Commission; the Energetics of United States (Drysdale and Calef 1976);



61

and Environmental liipact Statanents fran the Corps of Engineers. Other 

data sources are lis ted  in  the following tex t.

Data Analysis 

Energy Analysis

The d iff icu lty  of analyzing mixed cu ltu ra l and natural systems 

was previously discussed. A large portion of th is  d iff icu lty  stans 

not only from the s tru c tu ra l d issim ilarities  of the systens and the 

quantification o f the systems in teraction but because of the com­

positional differences o f the materials needed to  support the systens. 

For example, natural systems require energy, water, and nutrien ts (as 

do cu ltu ra l systems). Ecologists have been fa ir ly  adept in  assigning 

energy values to  sunlight and organic matter in  ecosystems based on 

th e ir  heat equivalence determined calorim etrically. However, the energy 

equivalence of m aterials and goods required to  maintain cultura l systens 

has not been so readily  enployed. Some economists (Leach 1975, Huettner 

1976) have argued that energy analysis i s  an unnecessary exercise as 

economic units are  the only suffic ien t measure fo r evaluating goods, 

m aterials, services, e tc . However, as Chapman (1974), G illiland (1975, 

1978), and Slesser (1977) have pointed out financia l costs of m aterials 

and products may not provide an adequate description of the resources 

needed for th e ir  production.

As discussed by Chapman (1974) there ex ists  a  wide variety  of 

energy costing methods including s ta t is t ic a l ,  irput-output, and process 

analysis. In th is  study many of the energy cost determinations were 

arrived a t  from published input-output analyses. Basically the input-
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output (I/O) analyses have derived, with the aid  of a square matrix, 

the necessary energy input (e.g. BTU's) into a specific economic sector 

to produce a given amount of output (e.g. do llars). The specific 

energy costs of goods and services can thus be deteraiined by obtaining 

the economic value of the item; converting the dollar value with defla­

to rs or in fla to rs  fo r the year of record to the year of the I/O analysis; 

looking up the energy per dollar conversion figure for th a t item; and 

multiplying the standard do llar value by the energy/dollar coefficien t. 

The I/O coefficients are not without drawbacks and Herendeen and Bullard 

(1974) l i s t  several possible sources of error of lim itations associated 

with the use of I/O coefficients:

(1) "I/O data i s  subject to  inaccuracies from lack of conplete 

coverage of an industry, re s tr ic tio n  of information for proprietary 

reasons, and use of d iffe ren t time periods for data on d ifferen t 

sectors."

(2) "Aggregation can combine in  the same sector two processes 

whose energy in ten s itie s  d iffe r  widely."

(3) "There is  a problem associated with secondary products."

For exanple, the do llar output might be counted twice due to  tran sfe r 

of the products to  another sector, but the energy only once.

(4) "A problan a rise s  in cap ita l goods; these are  not consid­

ered part of in terindustry  transactions but are lis te d  as sales to  f in a l 

demand." Conceptually, th is  means, fo r exanple, that the energy to  make 

a s tee l forming press owned by an auto manufacturer is  not included in  

the energy of making the car. The error in  the I/O coeffic ien ts asso­

ciated with th is  p a rticu la r problan appears to  re su lt in  a  10-20% under­

estimation.
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In re tro spect, v te t perhaps introduces the greatest amount of 

erro r is  the introduction of in fla to rs  or defla to rs to  account for 

do llar changes in  commodities and services brought about by in fla tion . 

This adjustment has to  be done because the 1/0 coeffic ien ts used in  

th is  study were based on the 1967 1/0 structure of the U.S. econaiy 

(Herendeen and Bullard 1974) • Unfortunately d iffe ren t industria l sec­

to rs  experienced d ifferen t levels of in fla tion . The use of in fla to rs  

or deflators was, therefore, kept to  a minimum and used only when 

necessary.

I t  was decided to conpare the 1/0 coeffic ien ts with the doU ar- 

energy conversion figure comonly employed by the Odum "school" of 

energy analysts. In th is  situation  a conversion figure o f 25,000 k ilo - 

calories (of fuel equivalents -  to be discussed in  d e ta il la te r)  per 

do llar (1974 do llars) was used. This figure was obtained from Odum 

(1974b) who obtained the conversion figure by dividing the to ta l United 

S ta tes’ GNP into i t s  to ta l  energy consumption plus i t s  naturally  occur­

ring energies. Naturally occurring energy (e.g . solar rad iation , tides) 

were included in the overall calculation because i t  was f e l t  th a t the 

natural energies as well as the fo ss il fuel and nuclear based energy 

contributed to  the  GNP (as discussed e a r lie r) . For fu rther discussions 

of th e  conversion process see Kylstra (1974) and Odum (1973).

Putting o ff the discussion of natural energies u n ti l  the next 

section, one obvious drawback in  the conversion factor i s  tha t d ifferen t 

sectors o f the econœy are more or less energy dependent than others. 

Thus to  compare a  highly energy intensive chemical industry’s output
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to  that of a  le ss  intensive one, of ag ricu ltu ra l or fo restry  services, 

based on the general figure of 25,000 kcal PPWE, might be in  error of 

almost ten-fo ld . Furthermore, the energy-dollar conversion ra tio  may 

d iffe r  sign ifican tly  frcm region to  region. Odum (197%) used a  value 

of 30,000 kcal/$ conpared to the national average of 25,000 kcal/$, 

and Kylstra (1974) pointed out tha t these figures are s t i l l  prelim i­

nary, being subject to  changes and exhibit a  continually decreasing 

ra tio  over the years.

Energy conversion figures derived from I/O analysis f a i l  to  

include the natural energy input into the to ta l  energy cost o f pro­

ducing a p articu la r good or service (Lavine and Meyburg 1976 and 

Kylstra 1974). However, i t  appears that in most cases the value 

obtained fran  the I/O analysis of Herendeen and Bullard (1974) in tro ­

duces the le a s t amount of erro r. Therefore, energy costing figures 

were obtained fran  the l i te ra tu re  whenever possible and the general 

energy do llar conversion figure of 25,000 kcal/$ was used only for 

ccnparative purposes.

Energy Quality

As mentioned above most of the energy analysis techniques, in 

p articu la r those adhering to the International Federation of In s titu te s  

of Advanced Study (IFIAS)(Roberts 1975), f a i l  to  place a value on the 

natural contributions in  e ither cultural or natural systems. In fact 

energy analysis as practiced in  accordance within the IFIAS guidelines 

affords l i t t l e  or no app licab ility  to  analysis o f natural systens nor 

can i t  deal with the natural a ttr ib u te s  of cu ltu ra l systems. I t  is
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the opinion held here and by others (Garvey 1972; Odum and Odum 1972; 

Woodwell 1974a,b; Odum 1975b; Odum and Odum 1976; G illiland 1976; 

Shugart, e t a l .  1977) that energy flow analysis, when used to  evaluate 

e ither natural or cu ltu ra l systens, must include the work done by 

nature, tha t is ,  take into account the major energy flows associated 

with natural processes.

To place a value on these natural processes requires the 

eiployment of an energy theory of value -  a theory which has been dis­

counted by sane (Slesser 1977, Georgescu-Roegen 1977). An energy 

theory of value i s  analogous to  the concept of energy quality  which 

has been developed by Odum and his coworkers a t the University of 

Florida (Odum 197^b, 1975b; Odum and Brown 1975; Odum and Odum 1976).

The concept of energy quality is  fundamental to  the energy- 

flow modeling in  th is  d isserta tion . This concept recognizes that d if­

ferent types of energies ( i .e .  sunlight, o i l ,  m aterials) can acconplish 

varying amounts of work. When energy flows are expressed in  heat un its 

only the heat content of the flow is  re flec ted  and not the a b il i ty  of 

the flow to  perform work. As indicated by the f i r s t  law of thermo­

dynamics any energy flow can be degraded to  heat with a  100% efficiency, 

e .g . 1000 kcal o f sunlight or 1000 kcal o f ^ so l in e .  However, the 

a b ili ty  of energy flow to  do work (or be harnessed) i s  dependent on 

how i t  i s  concentrated. In  accordance with the second law o f thermo­

dynamics, vÉiat one need be concerned with vâiai analyzing the quality 

of an energy source i s  not the heat content but i t s  thermodynamic 

po ten tia l or free energy content. Thus energy quality  i s  assumed to 

be a measure of an energy resource’s po ten tia l to  do work.
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The basis fo r the differences in  energy quality  between d if­

ferent energy sources or m aterials, e .g . sunlight, wood, coal, i s  that 

d ilu te  energy has been processed and concentrated into a higher quality 

energy. For exanple, e le c tr ic ity  is  a  high quality  energy and required 

a considerable energy requiring processing to concentrate the energy 

frcm coal in to  an e le c tr ic a l form. This i s  sim ilar to  the processing 

of sunlight by vegetation and the subsequent concentration of chemical 

energy. This process of concentrating or upgrading the quality  of 

energy is  thought to  occur in systems of a l l  levels. And in  accordance 

with lo tk a 's  princip le, some o f the higher quality  energy i s  fed back 

to airplify the inflow of the lower quality energy. In Fig. 10, the 

process of concentrating energy in a single system or un it i s  shown, 

along with a  typical hierarchical pattern  of energy quality  transforma­

tions.

In  order to  standardize the energy quality  values, the term 

fuel equivalents (FE) i s  introduced. This teim i s  sim ilar to  fo s s il  

fuel work equivalents or fo s s il  fuel (coal) equivalents employed by 

Odum (1974b, 1975b). I t  d iffe rs  in  tha t i t  allows for the stra ig h t­

forward conversion o f  the values obtained from the irput/output analysis 

of Herendeen and Bullard (1974) into kcal FE and acknowledges the con­

tribu tion , although re la tiv e ly  small, of nuclear and hydrobased power.

In ac tu a lity  the term fbel equivalent re fe rs  to  the quantity of energy 

equivalent to  the average national mixture of the nation’s primary 

fuels. 100 kcal FE i s  thus equal to  100 kcal of a  mixture of o i l ,  gas, 

and coal a t th e ir  point of use. I f  a l l  measurements of energy resources 

are expressed as fbe l equivalents (th is  could also be done with sunlight
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^D E P R E C IA T IO N  
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HIGH QUALITY 
PRODUCTION

( à )

Figure 10. Hierarchy of energy quality transformations: (a) energy 
flows in  one un it; (b) chain of un its. (From Odum 1973)
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equivalents), according to  th e ir energy q u a lities , then a l l  the inputs 

and outputs of a  system being evaluated can be conpared on an equal 

basis.

A number of the principal energy quality  factors used in  the 

following pages are l is te d  in  Table 4. An exanple of the use of the 

energy quality  conversion figures is  as follows. Production of n itro ­

gen f e r t i l iz e r  requires approximately 11,500 kcal/kg of \M ch 10,000 

comes frcm fo s s il  fuel and 700 ccmes from e le c tr ic ity . However, 

approximately 3 >89 un its of fo ss il fuel are required to make one unit 

of e le c tr ic i ty  (Herendeen and Bullard 1974) and thus a to ta l  of 

13,500 kcal are required to  produce a kg of nitrogen f e r t i l iz e r  

(6134 kcal EE/lb). Therefore, the farmer vdio applies 100 kg/ha of 

nitrogen to  a s s is t  the planted com to  capture and concentrate the 

energy fran sunlight (a very d ilu te  form of energy) subsidizes the 

system with 1,350,000 kcal/ha in  the form of nitrogen f e r t i l iz e r ,  in  

addition to  other fuel-based subsidies. To convert one pound of n itro ­

gen to  kLlocalories EE i t  i s  only necessary to  multiply pounds of 

nitrogen by the value (6134 — ^ ) found in  Table 4. In  order to 

convert kLlocalories of sunlight to  fuel equivalents i t  i s  necessary 

to multiply by 5 x 10"^ (or 2000 kcal of sunlight = 1 kcal EE). Addi­

tio n a l energy quality  conversion factors are included in  the  following 

tex t.

Computer Simulations 

The simulation runs of the land-use models were made on 

IBM 360/75 and 360/91 machines a t Oak Ridge National Laboratory. A
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lin ear systan of d iffe ren tia l equations which defined one of the models 

was solved by numerical integration on the computer. The conputer pro­

gram was coded in  the Continuous Systen Modeling Program (CSMP)(Speckhart 

and Green 1976). The regression models also enployed CSMP. All output 

was transferred  to  the PDF-10 coiputer and put on f i le s .  These f ile s  

were then edited and made into graphs through the use o f the PDP-10 

coiputer and an assortment of ccmputer programs (R. Gardner, pers. 

comm. ),



Table 4. A list of sane of the cormon energy quality conversion factors used in this study.

Item
Unit

Quantity
Kcal Energy Quality Fuel Equivalents
Unit Conversion Factor Unit Source

Sunlight
Gross Primary Production
Net Primary Production
Wood-Trees Unharvested
Wind-5mps
Water-300 meter
Elevation Potential

Water-(pure-sea)
Chemical Potential

Water-Biological Potential

Kcal
Kcal
Kcal
Kcal

meters/sec/day

liter

liter
liter

1

1

1

1

320

0.7

0.0097
6930

5x10"^

0.05

0.5
.13

3

3
.05

,-45x10 
0.05 
0.05 f 
0.5 

41.6

2.1

0.0291
347

NPP
GPP

1

1

2
1

10

11

11

3

Fuel-ready for use 
Gasoline
Diesel
Natural Gas

gallon
gallon
f t^

31248
35280

2 6 9 .0 1

1

1

1

31248
35280

2 6 9 .0 1

4
4
4



T a b l e  4  ( c o n t i n u e d )

I t a n

Unit
Q uantity

Kcal Energy Q uality  Fuel E quivalen ts

U nit Conversion F ac to r U nit Source

LPG

Electricity

Fertilizer*
Nitrogen
Phosphorus
Potassium
Lime

Human Labor

Dollars (1974)

Insecticide Herbicide

Crop Seed

gallon

KWH

lb.
lb.
lb.
ton

day

$1

lb.

lb.

23814

859.184

6134
188

188

120000

3000

3.89

1

1

1

1

5.33

25000

1100

1900 -2300 .05

23814

3342.23

6134

188

188

120000

16000

25000

1100

95-115

4

5

6 

7
7
8

9

1

12

13



Table 4 (continued)

Item
Unit

Quantity
Kcal
Unit

Energy Quality 
Conversion Factor

Fuel Equivalents 
Unit Source

Agricultural Machinery $1 1 1 3 8 9 1 1 13 8 9 5
Equipment Repair $1 8181 1 8181 5
Highway Construction $1 15 6 7 0 1 156 7 0 5
State, Local Government $1 18464 1 18464 5
Federal Government $1 6459 1 6459 5 rv)

Source No. 
1

2
Odum, H. T. 1974b.
Net primary production is converted to fuel equivalents by accounting for work undertaken in 

concentrating energy of GPP to NPP.
Biological potential is derived in this study for Oklahoma, although it may be applicable on 
a wider basis. Details of calculations and rational are described in later pages of this 
study.

Caloric values come frcm Cervinka, et al. 1974, while quality factor ccmes from 1 sind 5-



Table 4 (continued)

Source No.

5 Herendeen and Bullard, 197%. It takes on the average In the U.S. 3 . 8 9  units of fossil
fuel to make 1 unit of electricity.

6 N itro g e n 's  fu e l  eq u iv a len t was averaged from a  v a r ie ty  o f  sources in c lu d in g  Cervinka, e t  a l .

1974; Sweeten, et al. 1974; Pimentel, et al. 1973; Collier Corp. 1974; and White 1973.
Fuel equivalents In all fertilizer values Include correction factor for electricity (see 
above).

7 Both phosphorus and potassium values were taken from Pimentel, et al. 1973; White 1973; and
Cervinka, et al. 1974. However value may be somewhat low as shown In recent data of 
Davis (1 9 7 6).

8 Helchel 1976.
9 The average Intake of food per person In the U.S. Is approximately 3000 kcal/day. However,

within the state of Oklahoma It was determined that an additional 13,000 kcal was expended 
on making those 3000 P.E. kcal available to the consumer (based on data of Shrelner and
Chang 1 9 7 4, and Flood, et al. 1975). Therefore a full 8 hour day of human labor was
approximated at l6,000 FE kcal.



Table 4 (continued)

Source No.
p10 Wind energy was approximated using KE=l/2 mv , for a wind averaging 5 meters per second.

The energy quality conversion factor was obtained from Odum and Brown (1975).
11 Odum 1970.
12 Value for herbicides and insecticides was obtained from Pimentel, et al. 1973; this may

be scxnewhat low in view of Herendeen and Bullard's (1974) value for agricultural chemi­
cals of 27,487 FE kcal/1974 dollar.

13 Caloric content of the seeds were obtained frcm the National Academy of Science (1969)
a n d  c o n v e r t e d  t o  f U e l  e q u i v a l e n t s  u s i n g  t h e  a v e r a g e  o f  #2  a b o v e .

* Fertilizer itself has a very low calorie value when bombed in a bomb calorimeter. The
values used here as in agricultural machinery, hJ.ghway construction, etc. are the fuel 
equivalents required to produce a given amount of output (i.e. lbs, $).
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CHAPTER IV 

RESULTS

Primary Productivity P rofile  

Primary production of the imjor land-use types was calculated 

both in  tem s o f  mt/ha (see Klopatek and Risser 1977) of crops grown 

and in  terms o f m t/ha-total county area (Table 5). The m t/ha-total 

county area vas obtained by dividing the to ta l  county yield by the 

to ta l  county area, thus solving problems with crops grovm only on 

lim ited hectarage. The resu lting  figures represent an importance 

figure for a crop grown in a  county. Maps of individual crop and other 

land-use types production can be found in  Klopatek and Risser (1977).

Total Agricultural Production 

The production (mt/ha) of a l l  ag ricu ltu ra l land-use categories 

was totaled in each county to  produce a map of the to ta l  agricu ltu ral 

production (Fig. 11). A d e fin ite  pattern  or ag ricu ltu ra l be lt occurs 

within the s ta te  with the highest production occurring in  the north- 

cen tral border counties. In  A lfalfa, Grant, Kingfisher and Noble 

counties, the ag ricu ltu ra l component represents over two-thirds of the 

counties' to ta l  primary production. The ag ricu ltu ra l b e lt follows the 

pattern  set by small grain crops such as wheat, barley, and oats. In

75
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Table 5* Primary production of major land-use categories in  Oklahoma 

(mt/ha/county).

County

Hay

A lfalfa

Hay

Wild

Hay 

All Other Cotton Peanuts Soybear

Adair .019 .025 .348 .000 .000 .005

Alfalfa .219 .005 .313 .000 .000 .085

Atoka .030 .026 .239 .001 .020 .001

Beaver .069 .004 .138 .000 .000 .000

Becham .169 .003 .207 .095 .030 .000

Blaine .145 .002 .205 .019 .000 .000

Bryan .102 .034 .343 .031 .078 .027

Caddo .246 .003 .339 .096 .210 .000

Canadian .302 .006 .349 .030 .003 .004

Carter .038 .006 .214 .001 .005 .000

Cherokee .012 .035 .256 .000 .000 .000

Choctaw .053 .029 .305 .002 .007 .063

Cimarron .035 .000 .058 .000 .000 .000

Cleveland .171 .018 .332 .008 .000 .009

Coal .006 .093 .280 .011 .002 .000

Commanche .079 .040 .199 .013 .008 .000

Cotton .201 .003 .257 .037 .000 .000

Craig .036 .144 .321 .000 .000 .174

Creek .088 .024 .186 .000 .004 .004

Custer .133 .012 .179 .064 .003 .000
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Table 5 (continued)

County

Hay

Alfalfa

Hay

Wild

Hay 

All Other Cotton Peanuts Soybean

Delaware .053 .055 .366 .000 .000 .022

Dewey .046 .003 .098 .006 .000 .000

E llis .036 .010 .074 .000 .000 .000

Garfield .159 .014 .275 .000 .000 .000

Garvin .507 .011 .546 .016 .011 .016

Grady .476 .006 .486 .058 .019 .005

Grant .224 .002 .275 .000 .000 .000

Greer .184 .001 .195 .137 .003 .000

Harmon .089 .000 .104 .238 .001 .000

Harper .087 .009 .130 .000 .000 .000

Haskell .048 .068 .389 .007 .000 .067

Hughes .030 .049 .180 .001 .093 .048

Jackson .112 .002 .156 .178 .004 .000

Jefferson .012 .006 .079 .026 .002 .000

Johnston .023 .019 .199 .009 .028 .007

Kay .051 .032 .388 .000 .000 .008

Kingfisher .129 .003 .208 .000 .000 .002

Kiowa .117 .001 .179 .206 .001 .000

Latimer .004 .061 .230 .000 .000 .000

Leflore .044 .051 .431 .000 .000 .116
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Table 5 (continued)

County

Hay

A lfalfa

Hay

Wild

Hay 

All Other Cotton Peanuts Soybeans

Lincoln .308 .031 .414 .001 .008 .001

Logan .145 .023 .213 .008 .000 .000

Love .044 .005 .192 .039 .052 .000

McLain .485 .005 .561 .043 .010 .010

McCurtain .022 .019 .138 .011 .001 .087

McIntosh .020 .046 .222 .011 .009 .079

ffejor .070 .005 .127 .001 .000 .000

Marshall .029 .022 .206 .019 .457 .000

Mayes .070 .115 .388 .000 .000 .053

Murray .246 .008 .370 .000 .000 .000

Muskogee .069 .009 .318 .051 .004 .170

Noble .283 .039 .334 .000 .000 .000

Nowata .191 .108 .376 .000 .000 .041

Okfuskee .168 .034 .330 .002 .022 .015

Oklahom .265 .008 .320 .003 .002 .000

Okmulgee .033 .010 .278 .010 .021 .036

Osage .114 .031 .177 .001 .000 .006

Ottawa .038 .116 .416 .000 .000 .191

Pawnee .140 .060 .235 .011 .000 .000

Payne .327 .031 .380 .009 .003 .000

Pittsburg .012 .049 .166 .001 .012 .019
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Table 5 (continued)

County

Hay

A lfalfa

Hay

Wild

Hay 

All Other Cotton Peanuts Soybean

Pontotoc .149 .041 .311 .001 .008 .000

Pottavatcmie .300 .020 .415 .000 .027 .007

Pushmataha .005 .029 .142 .000 .002 .000

Roger Mills .121 .001 .145 .010 .000 .000

Rogers .153 .149 .463 .000 .000 .025

Seminole .093 .033 .246 .000 .010 .000

Sequoyah .086 .022 .213 .005 .000 .206

Stephens .145 .004 .198 .016 .016 .000

Texas .010 .002 .041 .000 .000 .000

Tillman .217 .001 .231 .171 .000 .000

Tulsa .244 .047 .352 .000 .000 .041

Wagoner .254 .082 .463 .022 .000 .316

Washington .172 .067 .304 .000 .000 .029

Washita .259 .001 .312 .278 .007 .000

Woods .052 .001 .074 .000 .000 .000

Woodward .059 .010 .089 .000 .000 .000
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Table 5 (continued)

County Sorghum

Silage

Com

Com

Grain Wheat Barley Oats

Adair .019 .002 .002 .006 .001 .016

Alfalfa .085 .000 .000 3.624 .220 .032

Atoka .023 .004 .004 .000 .000 .012

Beaver .660 .016 .007 1.206 .014 .004

Becham .392 .000 .000 .330 .005 .018

Blaine .106 .000 .000 1.658 .217 .048

Bryan .118 .015 .017 .091 .001 .073

Caddo .525 .000 .000 .755 .062 .066

Canadian .102 .011 .003 2.204 .377 .086

Carter .009 .001 .003 .118 .004 .033

Cherokee .012 .000 .001 .000 .000 .016

Choctaw .008 .001 .006 .005 .000 .003

Cimarron .621 .137 .052 1.434 .003 .001

Cleveland .081 .012 .004 .065 .027 .097

Coal .068 .001 .002 .005 .003 .033

Commanche .041 .000 .000 .231 .024 .031

Cotton .092 .000 .000 1.279 .203 .078

Craig .381 .007 .029 .206 .039 .064

Creek .023 .002 .002 .041 .003 .032

Custer .200 .000 .000 1.494 .197 .027

Delaware .155 .000 .000 .155 .007 .041
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Table 5 (continued)

County Sorghum

Silage

Com

Com

Grain Wheat Barley Oats

Dewey .151 .000 .000 1.086 .053 .018

K ills .159 .000 .000 .605 .006 .000

Garfield .043 .000 .000 2.858 .394 .130

Garvin .171 .025 .009 .331 .007 .061

Grady .157 .006 .001 .705 .051 .082

Grant .075 .000 .000 3.962 .608 .044

Greer .133 .000 .000 .769 .008 .036

Harmon .415 .000 .000 .811 .003 .024

Harper .151 .000 .000 .998 .032 .009

Haskell .012 .000 .001 .021 .001 .023

Hughes .114 .000 .024 .043 .000 .026

Jackson .330 .000 .000 .855 .067 .057

Jefferson .050 .000 .000 .175 .008 .051

Johnston .032 .006 .012 .015 .003 .085

Kay .025 .000 .000 3.617 .689 .035

Kingfisher .073 .000 .000 2.198 .342 .070

Kiowa .218 .000 .000 1.134 .032 .046

Latimer .000 .000 .000 .004 .000 .000

Leflore .002 .000 .001 .026 .000 .011

Lincoln .048 .002 .002 .160 .015 .070

Logan .044 .000 .000 1.206 .236 .069
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Table 5 (continued)

County Sorghum

Silage

Com

Com

Grain Wheat Barley Oats

Love .064 .004 .016 .093 .001 .039

McClain .064 .029 .003 .668 .037 .061

McCurtain .005 .001 .001 .009 .000 .006

McIntosh .158 .001 .016 .048 .002 .051

lyfejor .126 .000 .000 1.168 .101 .056

% rshall .140 .000 .000 .021 .001 .070

Mayes .167 .012 .031 .251 .026 .121

Murray .000 .000 .002 .134 .002 .053

Miskogee .114 .002 .009 .096 .002 .063

Noble 1.169 .000 .000 2.506 .300 .169

Nowata .134 .000 .043 .336 .020 .073

Okfuskee .059 .005 .002 .080 .002 .043

Oklahoma .065 .001 .004 .548 .067 .058

Okmulgee .116 .002 .021 .034 .002 .049

Osage .024 .000 .005 .146 .018 .014

Ottawa .550 .004 .032 .825 .025 .079

Pawnee .049 .001 .003 .406 .076 .029

Payne .063 .000 .004 .567 .087 .020

Pittsburg .048 .001 .001 .031 .000 .023

Pontotoc .050 .004 .002 .007 .003 .044

Pottawatomie .106 .001 .004 .230 .005 .039
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County Sorghum

Silage

Com

Com

Grain Wheat Barley Oats

Pushmataha .000 .000 .001 .000 .000 .001

Roger M ills .236 .000 .000 .373 .012 .005

Rogers .062 .001 .006 .133 .012 .046

Seminole .022 .000 .000 .050 .001 .014

Sequoyah .000 .000 .000 .051 .000 .027

Stephens .088 .005 .003 .313 .011 .063

Texas 1.252 .169 .123 1.941 .018 .001

Tillman .165 .000 .000 1.287 .197 .077

Tulsa .100 .002 .016 .108 .007 .031

Wagoner .226 .000 .020 .620 .013 .052

Washington .105 .002 .005 .195 .024 .048

Washita .582 .000 .000 1.476 .094 .078

Woods .131 .000 .000 1.582 .077 .014

Woodward .213 .000 .000 .853 .047 .008
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Table 5 (continued)

Rangeland Water

Orchard Grazed Rangeland Water Small

County Vine/Bush (Pasture) Ungrazed Large (xlO“^) Urban

Adair .017 1.278 .226 .001 .385 .046

A lfalfa .000 .084 1.341 .079 .305 .068

Atoka .009 1.822 .524 .006 .228 .035

Beaver .000 .000 1.472 .000 .367 .041

Becham .000 .168 2.771 .001 .756 .056

Blaine .000 .127 2.078 .000 .318 .064

Bryan .053 2.184 .733 .359 .213 .048

Caddo .017 .489 1.618 .039 .117 .057

Canadian .000 .268 1.724 .020 .497 .092

Carter .038 1.070 1.816 .005 .270 .U1

Cherokee .007 1.860 .150 .131 .319 .057

Chocktaw .003 3.258 .592 .009 .056 .050

Cimarron .000 .000 1.560 .001 .076 .027

Cleveland .017 1.127 1.867 .142 .481 .147

Coal .010 1.836 1.465 .006 .349 .042

Commanche .000 .262 2.180 .063 .310 .122

Cotton .009 .189 2.199 .003 .381 .068

Craig .000 1.684 2.420 .000 .050 .081

Creek .017 1.146 1.622 .055 .131 .080

Custer .000 .059 2.554 .005 .468 .077
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Table 5 (continued)

Rangeland Water

Orchard Grazed Rangeland Water Small

County Vine/Bush (Pasture) Ungrazed Large (xlO"3) Urban

Delaware .002 1.159 .700 .002 .098 .045

Dewey .000 .044 2.543 .004 .012 .043

E llis .000 .000 1.872 .001 .061 .046

Garfield .000 .058 1.304 .000 .302 .111

Garvin .042 1.031 2.415 .006 .491 .078

Grady .000 .403 2.422 .007 .394 .059

Grant .000 .044 1.078 .001 .435 .062

Greer .000 .262 2.005 .001 .177 .048

Harmon .000 .136 2.073 .002 .304 .049

Harper .000 .067 1.746 .000 .244 .043

Haskell .005 3.681 .318 .003 .192 .043

Hu^es .009 1.266 1.571 . .011 .197 .051

Jackson .005 .053 1.252 .002 1.316 .073

Jefferson .006 .342 4.009 .001 .207 .040

Johnston .074 1.275 2.569 .002 .198 .044

Kay .000 .052 1.632 .010 .371 .111

Kingfisher .000 .400 1.510 .002 .161 .058

Kiowa .000 .083 1.669 .054 .477 .064

Latimer .000 1.211 .355 .004 .108 .049

Leflore .002 1.128 .390 .004 .114 .044
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Table 5 (continued)

Rangeland Water

Orchard Grazed Rangeland Water Small

County Vine/Bush (Pasture) Ungrazed Large (xlO"3) Urbar

Lincoln .016 .897 2.490 .007 .336 .070

Logan .003 .627 1.744 .005 .444 .079

Love .095 .856 .995 .093 .092 .047

McClain .010 1.293 2.351 .005 .279 .085

McCurtain .004 1.174 .132 .066 .204 .035

McIntosh .019 2.140 .934 .765 .154 .062

Major .004 .362 2.092 .000 .095 .045

Marshall .019 1.482 1.666 1.112 .116 .045

lyfeyes .008 2.395 .915 .019 .183 .069

Murray .023 1.140 2.971 .001 .688 .057

Muskogee .005 2.336 1.005 .117 .117 .123

Noble .005 .315 2.378 .004 .182 .064

Nowata .000 1.019 2.843 .002 .417 .060

Okfuskee .232 1.350 2.261 .012 .817 .052

Oklahana .020 .431 1.300 .034 .131 .501

Okmulgee .158 1.622 1.450 .016 .291 .085

Osage .000 .431 2.714 .053 1.121 .045

Ottawa .000 1.916 .491 .789 .064 .128

Pawnee .003 .527 2.539 .129 .668 .060

Payne .009 .645 2.706 .046 .154 .088
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Table 5 (continued)

Rangeland Water

Orchard Grazed Rangeland Water Small

County Vine/Bush (Pasture) Ungrazed Large (xlO"3) Urban

Pittsburg .000 .985 1.317 .286 .105 .072

Pontotoc .002 1.283 2.912 .002 .132 .074

Pottawatomie .039 1.469 2.264 .027 .415 .084

Pushmataha .000 .892 .249 .002 .125 .019

Roger Mills .004 .119 3.478 .008 .249 .053

Rogers .100 1.715 2.175 .009 .249 .117

Seminole .006 1.584 1.753 .028 .307 .075

Sequoyah .003 1.706 .879 .003 .030 .063

Stephens .000 .952 1.509 .034 .077 .124

Texas .000 .000 2.092 .000 .159 .047

Tillman .003 .175 .581 .001 .295 .058

Tulsa .025 2.235 .648 .057 .332 .424

Wagoner .009 1.600 1.063 .266 .119 .068

Washington .012 1.029 2.868 .005 .446 .130

Washita .003 .403 1.492 .012 .367 .066

Woods .000 .000 3.362 .000 .264 .052

Woodward .000 .015 3.346 .010 .157 .048



Table 5 (continued)

88

County

Open

Land

Right

of

Way Forest

Agricultural

Total Total

Adair .095 .144 6.96 .460 9.211

Alfalfa .000 .169 .15 4.570 6.161

Atoka .046 .096 6.22 .369 9.H3

Beaver .000 .127 .03 2.118 3.788

Becham .092 .154 .03 1.249 4.522

Blaine .000 .158 .38 2.400 5.407

Bryan .055 . .130 3.05 .983 7.543

Caddo .009 .122 .98 2.319 5.603

Canadian .000 .177 .52 3.477 6.775

Carter .025 .141 2.87 .470 6.508

Cherokee .026 .145 6.66 .339 9.368

Choctaw .057 .121 5.07 .485 9.642

Cimarron .003 .098 .40 2.341 4.430

Cleveland .000 .172 2.08 .841 6.376

Coal .003 .105 4.21 .576 8.243

Commanche .094 .133 .37 .666 4.200

Cotton .031 .170 .27 2.159 6.086

Craig .048 .148 .56 1.401 6.460

Creek .214 .127 2.23 .426 5.900

Custer .000 .164 .04 2.309 5.208
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County

Open

Land

Right

of

Way Forest

Agricultural

Total Total

Delaware .176 .177 6.05 .862 9.166

Dewey .000 .128 .06 1.461 4.283

E llis .000 .117 .05 .890 3.210

Garfield .000 .196 .14 3.873 5.682

Garvin .187 .146 1.15 1.753 6.776

Grady .115 .113 .73 2.052 5.901

Grant .000 .187 .06 5.190 6.622

Greer .000 .148 .09 1.466 4.020

Hannon .026 .152 .03 1.685 4.153

Harper .000 .113 .01 1.416 3.:B6

Haskell .025 .129 3.81 .642 8.651

ftjghes .000 .132 4.12 .617 7.768

Jackson .000 .171 .07 1.766 3.388

Jefferson .043 .108 .35 .415 6.257

Johnston .018 .106 2.35 .512 6.876

Kay .008 .173 .26 4.845 7.091

Kingfisher .000 .192 .40 3.027 5.589

Kiowa .000 .055 .03 1.934 3.843

Latimer .005 .226 8.07 .299 •10.219

Leflore .148 .105 4.92 .684 7.423
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County

Open

Land

Right

of

Way Forest

Agricultural

Total Total

Lincoln .030 .169 2.05 1.076 6.789

L o ^ .047 .170 1.60 1.947 6.219

Love .713 .114 2.40 .644 5.862

McClain .031 .147 .56 1.986 6.458

McCurtain .024 .006 7.34 .304 9.161

McIntosh .013 .138 3.30 .682 7.983

IVhJor .004 .144 .69 1.658 5.005

Marshall .595 .137 1.13 .984 7.109

Mayes .033 .168 2.91 1.242 7.751

Murray .000 .095 1.16 .838 6.233

Muskogee .031 .171 1.16 .912 5.246

Noble .014 .172 .52 4.805 8.272

Nowata .004 .143 .66 1.322 5.152

Okfuskee .053 .136 2.21 .994 7.069

Oklahoma .003 .215 1.88 1.368 5.732

Okmulgee .203 .154 2.81 .861 7.152

Osage .023 .084 .81 .536 4.679

Ottawa .004 .187 2.90 2.276 8.691

Pawnee .078 .157 1.61 1.013 6.113

Payne .000 .181 1.53 1.500 6.696
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County

Open

Land

Right

of

Way Forest

Agricultural

Total Total

Pittsburg .002 .101 4.83 .363 7.956

Pontotoc .000 .131 1.55 .622 6.574

Pottawatomie .012 .158 1.55 1.193 6.752

Pusbamtaha .092 .069 8.74 .180 10.243

Roger Mills .017 .120 .05 .907 5.177

Rogers .105 .155 .83 1.150 6.226

Ssninole .011 .175 2.76 .475 6.870

Sequoyah .008 .149 5.55 .613 8.971

Stephens .000 .150 2.63 .862 6.261

Texas .000 .141 .01 3.557 5.847

Tillman .000 .177 .03 2.349 3.371

Tulsa .000 .217 1.03 .973 5.923

Wagoner .003 .164 1.34 2.077 6.581

Washington .060 .141 .75 .963 5.946

Washita .000 .177 .00 3.090 6.240

Woods .000 .124 .10 1.931 5.569

Woodward .003 .130 .21 1.279 5.278
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Figure 11. Total agricultural production (mt/ha) per county area.



93

the Panhandle most production cones fron wheat, sorghum, and com.

High values re la tiv e  to the en tire  s ta te  also occur in  the Panhandle. 

Lowest values, accounting fo r le ss  than 3-5% of the to ta l  county pro­

duction, occur in  southeastern Oklahoma, indicating the small contri­

bution of agriculture in these counties.

As in  the case of the individual crops, the CORSYMP program 

was used to  correlate the to ta l  ag ricu ltu ra l production pattern with 

the various clim atic, edaphic and subsidization factors.

The most obvious correlation  tha t was found is  that with 

so il types. The ag ricu ltu ra l b e lt predominates in  the central Reddish 

P rairie  region which is  composed primarily of s i l t  loam and clay loam 

so ils  w ell-suited fo r the cu ltiva tion  of small grains. The reg ion 's 

level to  moderately ro llin g  te r ra in  makes i t  w ell-suited for large 

scale cu ltivation . Within the northcentral region of the agricultural 

b e lt appears the highest correlation  between the re la tiv e  potential 

so il productivity and ag ricu ltu ra l production (Fig. 12). The to ta l 

s ta te , however, only shows a 0.115 correlation  coefficient (Table 6). 

This may be a ttrib u ted  to  a number of fac to rs. Seme counties such as 

those in  the Panhandle possess (for the most part) f a i r  to poor so ils  

as rated by the so il productivity ra tings. However, these counties 

have substantial land with so ils  suited for crops under extensive i r r i -  

^ t io n  and fe r ti l iz a tio n . With only naturally  occurring precipitation, 

the so ils  themselves are not very productive. Given adequate subsidi­

zation these so ils  are productive, although the subsidization must be 

maintained as is  evidenced by the Dust Bowl period in  the Thirties when 

substantial irr ig a tio n  water was unavailable.
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% ble 6. Linear correlation coefficients between 

to ta l  s ta te  primary productivity and 

ag ricu ltu ra l productivity and various 

environmental and subsidization factors. 

Correlation coefficients determined with 

the use of the CORSYMAP Program.

Agricultural

Primary Total Primary

Productivity Productivity

Annual
Precipitation -.540 .780

May-August
Precipitation -.402 .714

Average Annual 
Tanperature

-.403 .383

Potential
Evapotranspiration

-.330 .274

July Evapo­
transp iration

.136 -.338

Growing
Season

-.401 .313

Soil Productivity .115 .302

Water Balance -.489 .784

Irrig a tio n .384 -.356

F e rtiliz e r
Input

.734 -.057
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Another reason for low correlation is  the existence of the 

highly rated  so ils  east of the ag ricu ltu ra l b e lt (Fig. 6) lAich show a 

low to ta l  ag ricu ltu ra l production. %ny of the so ils  in  th is  section 

of the s ta te  are capable of being t i l le d  (Gray and Galloway 1969) but 

are used primarily as grazed and ungrazed rangeland. Most production 

effo rts  in  the area are aimed a t secondary production — beef c a ttle . As 

a re su lt, much of the land has never been subject to cultivation  

though i t  has the capability  of producing substantial y ields.

Some counties such as Cotton, Custer, and Caddo have low to 

medium so il ratings but significant agricu ltu ral production obtained 

from lim ited amount of land under irrig a tio n  resu lting  in a low cor­

re la tio n  with po ten tial so il productivity.

Surveying the correlations with the climatic parameters 

(Table 3), i t  i s  a t f i r s t  surprising to view a l l  the negative cor­

re la tions (except July évapotranspiration). However, since most 

of Oklahoma's ag ricu ltu ra l production comes from small grains th is  is  

not unexpected. The small grain crops, especially winter wheat, do 

best in  an area which experiences colder winter temperatures (as is  

exemplified by th e ir  d istrib u tio n  through Kansas and northward). Thus, 

no positive correlation ex ists  with the warmer annual temperatures 

in  southern Oklahoma. Furthermore most areas in  the s ta te , with the 

possible exception of the extreme western portion of the Panhandle, 

possess more than adequate growing seasons for most of the major 

ag ricu ltu ra l crops.
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Moisture and so il f e r t i l i t y  are perhaps the most severely 

lim iting factors in  Oklahoma’s ag ricu ltu ra l production. Though yields 

of some of the major crops such as wheat are closely aligned to  moisture 

sta tu s , the to ta l  agricu ltu ra l production to  annual p recip ita tion  cor­

re la tio n  i s  -0.540. This is  because: 1) most of the small grain crops 

are dependent on precip ita tion  and adequate moisture in  the f i r s t  half 

of the year, the period when most of th e ir  growth and development 

occurs; 2) certain  areas in  Oklahoma (specifically  the Panhandle) rely  

almost en tire ly  on irr ig a tio n  fo r maintenance of th e ir  agricu ltu ral 

production; 3) the eastern section of the s ta te  which receives the 

greatest average annual p recip ita tion  has re la tiv e ly  l i t t l e  land avail­

able for cu ltivation  due to  lim itations imposed by the te rra in .

The addition of évapotranspiration and irrig a tio n  to  precipi­

ta tion  s t i l l  re su lts  in  a negative correlation  (Table 3). Irriga tion  

and ag ricu ltu ra l production re su lt in  a positive correlation  of only 

0.384. Though correlation  i s  high in  the Panhandle and some south­

western counties (high production-high irr ig a tio n ) and in  the southeast 

(low production-low irr ig a tio n ) , the high production and low to  moderate 

irr ig a tio n  in  the ag ricu ltu ra l b e lt g reatly  reduced the value of the 

correlation coeffic ien t.

F e r tiliz e r  application shows the best correlation  (0.734) with 

agricu ltu ral production and emphasized the subsidization involved in  the 

support of the agroecosystems.

Overall productive ag ricu ltu ra l ecosystems found within 

Oklahoma can be seen as occupying a re la tiv e ly  small section of the
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s ta te  (less than 25 percent) (Fig. 13). Most large scale agriculture 

practiced outside of the ag ricu ltu ra l b e lt to  the west and south is  

limited by moisture and must receive a substantial subsidization in  

t te  form of irr ig a tio n . The po ten tia l productivity of these areas is  

dictated by so il  capability . Only one area in  which the potential 

so il productivity and p recip ita tion  appear to be nonlimiting has re la ­

tively  low ag ricu ltu ra l production (Pig. 11) (Osage, Nowata, Washington 

counties).

Considering annual net primary production as the annual 

accrual of organic matter, the introduced ag ricu ltu ra l ecosystems are 

more productive than the natural ones they replace. On the other hand, 

examination of the solar energy captured by both natural and subsidized 

vegetation taking in to  account that involved in  i t s  production cost 

(solar rad ia tion , fo s s il  fue ls , f e r t i l iz e r s ,  e tc .)  suggests that th is  

may not be the situa tion  and further examination is  tl:K basis for 

future research.

Total Primary Production 

The pattern  of to ta l  annual net primary production (Fig. 14) 

in  Oklahoma correlates with p recip ita tion  with a significant gradient 

increasing flccm west to  eas t. The correlation  coefficients were O.78O 

for annual p rec ip ita tio n , 0.714 for sunmer precip ita tion  and 0.784 for 

water balance. The correlations are especially  important in  cccparison 

to  those obtained with ag ricu ltu ra l production. Total primary produc­

tion  showed a  positive correlation  with a l l  the examined environmental 

variables (except July evapotrarspiration). This is  indicative of the
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Figure 13. Percentage of total county primary production derived from agriculture (1971).
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maximization of natural energies (long growing seasons, abundant rad ia­

tio n , mild winter toiperatures and adequate year-round precipitation) 

by the naturally  occurring ecosystens. The natural ecosystems have 

u tiliz ed  th e ir  available resources to  evolve s tructu ra l and biochemical 

d iversity  to combat disease and predation; in ternal or closed nutrient 

cycles to insure the a v a ila b ility  of necessary minerals; specialized 

ontogenies to  maximize resources as they are available; and other phys­

io logical and morphological a d ^ ta tio n s  to  increase s ta b ili ty  and 

longevity (Whittaker and Woodwell 1972). The agro-ecosystens on the 

other hand can be likened to  early  successional systems with vegetation 

which has been selected and bred for high yields. With most of the 

p lan ts ' energies being d irected in to  net production, substantial energy 

must be expended by external sources to provide n u trien ts , water and 

pest protection. Additional energies must also be expended in  main­

tain ing  these successional stages or to  combat normal ecosystem devel­

opment processes. This is  the primary reason for the discrepancies of 

the correlation  coeffic ien ts between the natural and agroecosystems and 

th e ir  environmental parameters.

The correlation  between to ta l  primary production and po ten tia l 

s o il  productivity is  almost three times that found with to ta l  agricul­

tu ra l  productivity, but is  s t i l l  re la tiv e ly  low. The major regions 

dononstrating high primary production occur in  the Ouachita and Ozark 

highlands, representing oak-pine and oak-hickory fo res ts , respectively. 

These areas possess poor, rocky so ils  vMch occur in  rough te rra in , 

much of which are incapable of being cultivated o r , i f  cultivated, are 

subject to  serious erosion. The climax forest ecosystems, however, have
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adapted to  the favorable clim atic conditions and have developed th e ir 

own in terna l nutrien t cycles to  combat the effects of poor so ils  and 

rough terra in .

Statewide Pattern 

A number of observations-can be seen with the caiparison 

o f  agricu ltu ra l and to ta l primary productivity. Simediately i t  can be 

seen th a t the two areas do not coincide. Similar to  Tennessee (DeSelm 

1971) forested areas possessed a  h i# ier productivity than did agricu ltural 

areas and, sim ilar to  Wisconsin (Cottam, e t a l. 1973), intensive agri­

cu ltu re  resulted  in  a higher net primary production than did the sur­

rounding naturally occurring vegetational com unities. Areas within 

the s ta te  vMch possess ecosystems with low net productiv ities i f  con­

verted to ag ricu ltu ral ecosystems require significant inputs of water, 

nu trien ts  and fo ss il  fuel-based maintenance in  order to  be successful.

With the exception o f the large section of mid-range produc­

t iv i t i e s  in  the north-northeast section of the s ta te , the primary 

production shows a clear decreasing gradient fron east to  west. That 

exception, however, may depict the inherent natural productivity  of 

the area as much of the land is  in  pasture, ungrazed rangeland, or wild 

hay. Most of the vegetation i s  naturally  occurring and fo r the most 

p a rt unsubsidized. In the region immediately to  i t s  west, agricu ltu ra l 

enterprises conprise the m ajority of the land use and the to ta l  primary 

production re fle c ts  the re su lts  of fo s s il  fuel-based subsidization.

Lowest to ta l  primary production occurs in  the hot, dry south­

western and cold, dry northwestern and Panhandle sections of the s ta te .
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In these regions ag ricu ltu ra l production em prises one-fourth to almost 

two-thirds of the counties’ to ta l  primary production.

The Oklahoma primary productivity p ro file  most closely cor­

responds with a single major environmental variable -  precip ita tion  -  

than any of the other primary productivity studies undertaken. This 

pattern  closely follows th a t estimated by Lieth and Box (1972) based 

on p rec ip ita tion /ev^o ra tion  ra tio s  although th e ir  values seem to be 

an overestimate because the s ta te  pattern  of primary production essen­

t ia l ly  follows the p recip ita tion-net production described by Whittaker 

(1975) with some modifications due to  taiperature influences. Thus, 

Oklahoma can be thought of both as a  s ta te  with a  vegetational transi­

tion  from deciduous forests in  the east to  short-grass p ra ir ie  in the 

west, and an accopanying decreasing gradient of primary production. The 

counties with the highest productiv ities in  the southeast and east (10.2 

mt/ha/yr) were three times th a t of the low values in  the northwest and 

southwest (3.20-3.40 mt/ha/yr) and are  indicative of the vegetational 

d iversity  occurring across Oklahcraa.

The compilation of the productivity p ro file  of Oklahoma has 

been only an i n i t i a l  step in  the evaluation of primary production and 

land-use patterns across the s ta te . However, the productivity p ro file  

now affords a  reference point on which to base needed future evalua­

tions as well as providing valuable perspective in to  land use and p r i­

mary production within Oklahona. Oklahoma possesses widespread 

diversity  in  clim ate, so ils , and vegetation types. The ram ifications 

of th is  d iversity  have been made more evident within t te  productivity 

p ro file . Primary productivity varies three-fold across the s ta te  with
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almost 90% of some counties’ production coming from natural ecosystems 

( i .e .  fo rests , rangeland, openland, e tc .)  while other counties have 

almost 100% of th e ir  primary production stemming from manmianaged eco­

systems [agriculture (Fig. 13), urban land, pasture, pine p lan ta tion , 

e tc .] .

This l a t te r  point presents a number of in teresting  questions.

One concerns the v a lid ity  or usefulness of the potential natu ra l vege­

ta tio n  map as conposed by Duck and Fletcher (1943). While the map is  

useful in  that i t  presents the past vegetational types covering Oklahoma, 

i t  does not give any insight into what vegetation types, be they natural 

or introduced, ex ist a t the present time. Thus, there is  no current map 

which can be used to  base land use or management decisions. Furthermore, 

the rapid and widescale succession from natural ecosystems to  man- 

managed or subsidized systems indicate the necessity of preserving 

"natural areas" across the s ta te  fo r sc ie n tif ic , esthetic  and educational 

purposes. The necessity of and reasons for preserving these natu ral 

areas are more amply described by Romancier (1974) and Lindsey (1968).

One of the key questions brought about by the accelerated 

changes in  our land usage i s  that concerning land-use planning and the 

optimization of land p o ten tia l. I t  i s  in  th is  s ituation  th a t primary 

productivity of the various ecosystems within the region can be used in  

formulating a  land-use optimization strategy.

Oklahoma County i s  a good example of the effects o f urbani­

zation on primary productivity. I t s  to ta l primary production i s
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sig n ifican tly  lower than those surrounding counties which possess simi­

la r  edaphic and climatic conditions.

Careful consideration should precede the irre triev ab le  com­

mitment of those regions possessing so il  suited for ag ricu ltu re , along 

with favorable clim atic factors, to  any other land-use type. Specifi­

c a lly  th is  means that conflic ts between agricu ltu ra l p o ta it ia l  and 

urban development, including housing, industria l parks, power plant 

s itin g s , e tc . should be avoided. I t  also means that the paving over of 

ag ricu ltu ra l land fo r highways or exclusion transmission lin e  r ig h t-o f-  

ways should be minimized and a lte rn a te  routings should be sought. On 

the other hand, th is  does not mean th a t a l l  land suitable fo r agricul­

tu re  should be under cultivation. On the contrary, sound ecological 

p rinc ip les d ic ta te  tha t scattered tra c ts  of natural vegetation should 

be retained throughout the ag ricu ltu ra l region. These tra c ts  of 

natural vegetation offer a source of ecological s ta b ili ty  to  the land­

scape, a source of predators on insect pests, so il s tab iliza tio n , and 

microclimate attenuation. This i s  especially important in  th is  era of 

vast monocultures practiced by the fanning ccramunity. After market and 

transportation  considerations, the decisions concerning what individual 

crop i s  to  be grown within an area appear to  be a sinple m atter of 

growing th a t crop where i t  does the best. However, as discussed in  

the section on ag ricu ltu ra l productivity, high-yielding areas may be 

o f lim ited size or abundance while those areas capable of producing 

moderate y ields of a variety  of crops may be more prevalent. I t  was 

also  shown th a t many crops had the highest yields in  areas th a t would 

normally be incapable of sustaining minimal production of the crops
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without large-scale inputs, primarily of irr ig a tio n  and fe rtiliz a tio n . 

The question then arises  as to  the soundness o f putting marginal lani 

in to  intensive agricu lture through the use of massive subsidies derived 

prim arily from fo s s i l  fuel while other land is  s t i l l  available for 

cu ltiva tion  with sign ifican tly  less  subsidization required. Although 

we are not ready a t  th is  point to  give a  categorical answer, many of 

these decisions w ill  have to be made in  the fu ture, based on long-tem  

energetics; as of now many of the decisions are based on short-term 

economics.

A gricultural land i s  by no means the sole land-use type which 

should have p r io r ity  sta tus. Rangeland and fo rests  should also be given 

a special position. Ifengelands in  Oklahona are prim arily short-grass 

and mixed grass p ra ir ie  ecosystems with a  few substan tia l areas of t a l l -  

grass p ra ir ie . These ecosystems have evolved over time in to  climax 

ecosystems which represent the most s tab le , productive, steady-state 

systems possible based on the natural energies available to  them. 

Although the primary productivity of the rangelands is  not d irectly  

available to  man i t  i s  a v i ta l  contributor to  secondary production of 

meat which has becone a major source of pro te in , vitamins and other 

d iversified  biochanical compounds essen tia l to the d ie t o f man. Sinply 

preserving the rangelands however i s  not su ffic ien t; long-term manage­

ment is  also necessary as indicated by past h is to rie s  of overgrazing 

and the Dust Bowl era of the Thirties brought about by th e ir  misuse.

Eastern fo res t lands in  Oklahoma have been shown to  be the 

most productive o f the major ecosystems within the s ta te 's  boundaries.

On th is  fa c t alone an argument can be developed fo r the maintenance of
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our forest lands. However, there are a host of other reasons Ju stify ­

ing th is . The fo rests  in  Oklahoma o ffer a najor resource and one th a t 

i s  renewable under proper management. These forests have evolved in  

much the same way as the grasslands to be the most stable form of cover 

fo r that region, essen tia l in  hydrologie recharge, nutrient re ten tion , 

and erosion prevention. There has been the recently expanding timber 

industry within Oklahoma, particu la rly  in  the southeastern section. 

Present timber management practices in Oklahoma are sim ilar to  those 

of agriculture. These include the clear-cu tting  of existing vegetation 

and replanting with a monoculture requiring continuous management. 

Although the  pros and cons of these methods are vociferously debated, 

they are economically the most feasible to the timber industry a t the 

present time. On a short-term basis, fo ss il  fuels and th e ir  products 

are used to  provide the maintenance, disease protection, nutrien t 

retention and s ta b il i ty  mechanisms naturally  provided in  the fo rest 

ecosystem. In the long run i t  may be possible that the free work- 

lower annual yields may be cheaper than the heavily subsidized higher 

yields of today.

Eron the above i t  should not be recommended that only lend 

offering "harvestable" products should be considered for special 

land-use zoning. On the contrary, a  number of areas ex ist which 

although not displaying above average or average primary productivity 

are important to  preserve. These include areas possessing a high 

potential fo r recreational usage, s ite s  providing habita ts fo r ra re  

or endangered species, and open spaces in  general which have been 

shown to be so irportan t to  the human animal. Also important are many
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other areas vMch provide s ite s  of hydrologie recharge, noise and a ir  

pollution attenuation, flood water retention and esthetic  enjoyment.

All types of land represent a resource which can have dispar­

ate  values to  a variety  of individuals. However, the future stra teg ies 

for the evaluation of Oklahoma's land -  'vdiether i t  be for agriculture , 

transportation right-of-ways, housing developments, recreation or 

timber -  should be done on the basis of land-use optimization. That 

optimization should be long-term, ecologically sound, and energetically 

feasib le.

Natural Energy Contributions

Before beginning the discussion on the energetics of the land- 

use systens i t  i s  appropriate to  discuss the naturally  occurring energy 

available to  a l l  of the systems in  question. For purposes of simpli­

fica tion  only the eners^ contribution from two natural sources w ill be 

discussed -  solar rad iation  and p recip ita tion . This i s  not to  say wind 

is  not an energy source. I t  is  indeed, as the average daily  wind speed 

for Texas, Cleveland and McCurtain Counties i s  14.4, 20.9 and 10.2 km/ 

hr, respectively. This tran sla tes  into 33.8, 71.1, 16.9 x 10^ kcal PE/ha/ 

yr. However, i t  was f e l t  th a t the evaluation of the energy contribution 

of wind was beyond the scope of th is  study.

Solar Radiation

The average annual solar radiation received by Texas, Cleveland 

and McCurtain Counties is  l6 .4  x 10^ kcal/ha, 15.3 x 10^ kcal/ha and 

14.6 X 10^ kcal/ha, respectively (Baldwin 1973). To convert solar 

rad iation  to  k ilocalories of fuel equivalents i t  i s  necessary to  divide
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by 2000 (Table 4). Thus the energy contribution of sunlight in  fuel 

equivalents is  8210, 7865, and 7300 x 10^ kcal/ha/yr, respectively. 

Total so lar rad iation  was used as a measure of solar energy flow into 

the system. I t  is  a common practice of equating the solar energy input 

in to  ecosystems as the photosynthetically active radiation during the 

growing season (PAGS). However, in  th is  study PAGS was not a useful 

parameter. For exanple, i f  PAGS is  u tiliz e d  as a measure of solar 

energy input, how is  the radiation  accounted for which maintains winter 

wheat photosynthesis occurring outside the typ ical la s t f ro s t- f i r s t  

f ro s t growing season. Thus the conparison of primary producers which 

photosynthesize considerable amounts during the ’non-growing season' 

would be impossible, i .e .  conifers, phytoplankton, etc. And f in a lly , 

PAGS does not account for that solar energy accaiplishing other work — 

warming the s o il ,  driving évapotranspiration.

Precipitation

Odum (1970) calculated the energy value of water as weight, 

chemical reactan t, and as a photosynthetic requirement. I t  was f e l t  in  

th is  study th a t a  photosynthetic requirement was the primary energy 

contribution of water to  the land-use systems because i t  i s  the pre­

dominant lim iting  fac to r in  the region. This i s  shown in  Fig. 15, where 

p rec ip ita tion  in te rac ts  with the main energy source (solar) within the 

in teraction  symbol which flows into the primary producer component of 

the ecosystam. I t  follows th a t the am plification power of the pre­

c ip ita tio n  should be the measure of i t s  energy contribution to  the 

system. Odum (1970) used the contribution of water to primary pro­

duction in  desert agricu lture as i t s  energy value. In th is  study i t
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was f e l t  th a t i t  would be b e tte r to  measure water’s energy contribution 

to  Oklahoma ecosystems. For th is  purpose rangeland, an ecosystem common 

to  a l l  three counties, was u tiliz e d  as an evaluator of the contribution 

of p recip ita tion .

The d e ta ils  on the primary production aspects of rangeland in 

the three counties i s  discussed la te r  in  the section on grazing systems. 

Table 7 gives a  description of how the annual average precip ita tion  

values were converted to  energy values based on the NPP and GPP data for 

a l l  three counties. Basically the process consisted of five  steps: 1) 

The determination of how much p rec ip ita tion  f e l l  per unit area (m ) per 

county per year (U.S. Dept. Commerce 1973). 2) The annual NPP and GPP 

fo r rangeland in  a l l  three counties was determined. 3) NPP and GPP 

bicmass values were converted in to  caloric equivalents. 4) The NPP and 

GPP values were divided by the p rec ip ita tion  values to obtain a ca lo rie / 

gram of water facto r. 5) This factor was then converted to  k ilocalories 

of fuel equivalents (using the conversion factors lis te d  in  Table 4) for 

the county per hectare per year. The energy contribution fran precipi­

ta tio n  for Texas, Cleveland and McCurtain Counties i s  1568, 2945, and 

4395 X 10^ kcal FE/ha, respectively. However, these values were not 

used as energy inputs fo r  conparative purposes, as only the d irect solar 

contribution was enployed. I t  should be noted that the average NPP- 

cal/g  Ĥ O was 2. 78, a value very close to  th a t obtained fo r northern 

Great Plains rangelands of 3.05 cal/g  HgO from data of Olson, e t a l .  

(1970). Thus, the average value obtained was f e l t  to  be sa tisfacto ry .

I f  the conversion figure of 25,000 kcal/$ is  used the value of 

annual average p rec ip ita tio n  for Texas, Cleveland and McCurtain Counties 

becomes $62.72/ha, $117.80/ha, and $175-80/ha, respectively.
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Table 7- The value of water in  Oklahoma based on 

primary production.

Texas Cleveland McCurtain

Erecipitation-
cmvm^

456,438 875,284 1,222,502

NPP-cal/m^ n o ,  280 235,620 372,540

NPP-cal/cm^ H2O 2.61 2.69 3.04

GPP-cal/cm^ H2O 6.87 6.73 7.19

Kcal EE/m̂ 156.8 294.5 439.5

10  ̂ kcal EE/ha 1568 2945 4395

Average Energy Value of H2O = .3^7 kcal E E /liter.

= 1.35 kcal PE/gallon.

25,000 kcal PE/$ -  1 acre-foot o f water is  worth $17.60. 

(Therefore, to i r r i ^ t e  1 ha with 1 cm of H2O in  Texas 

County requires 7188 x 10  ̂ kcal FE or 4.58 times i t s  

natural value.)
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In other terms th is  comes to  1.35 kcal FE or $5.38 x 10~^/gal. This

transfers to  $17.60 an acre-foot of water (1 acre foot = 325,851 ^ 1 . ) .
2

To irr ig a te  1 m to  a  depth of 1 cm requires 15.74 kcal FE- in  Texas 

County, or to  equal the natural precipitation in  the county requires
q

7188 X 10 kcal FE/ha. Thus, conpared to the natural contribution of 

precip ita tion  (1568 x 10^ kcal FE/ha), irrig a tio n  costs are 4 1/2 times 

the natural value.

A gricultural Systems Energetics 

In th is  section the re su lts  of analyzing the ag ricu ltu ra l 

systems in  Texas, Cleveland and McCurtain Counties are presented. 

Agcoecosystem models are enployed to  o r^n ize  the energy inputs and 

outputs, as well as to  conceptualize the syston of in te re s t. Inputs 

include the natural energies, previously discussed, and those energies 

based on the consunption of fo s s il  fuels. Output energies are  expressed 

in  several forms, including net primary production, gross primary pro­

duction, harvested y ield  and others. Finally, a  number of ra t io s  which 

re la te  various kinds of inputs to  each other as well as inputs to  out­

puts are discussed in  terms of efficiency. The ra tio s  in the three 

counties are conpared.

Agroecosystem Models 

Detailed models were constructed for the ag ricu ltu ra l systens 

in  each of the three counties. The purpose of these models was to  in ­

sure that a l l  major caipartments, causal forces and energy flows were 

accounted for. As discussed previously. Fig. 7 i l lu s tra te s  a  typ ical 

qualita tive model fo r  the Texas County agroecosystem. Actual values
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were obtained for a l l  the CŒiçartraents and flows and converted to  fuel 

equivalents for Texas, as well as Cleveland and FkCurtain Counties.

These values could then be applied to  Pig. 8 to  make a  quantitative 

model. However, as previously discussed the size and resolution of 

such a  model proves unwieldly. Therefore a l l  calculations were com­

bined and averaged to  produce a macroscopic mini-raodel of the agroeco­

system in  each county. The resu ltan t models are shown in  Pigs. l6 ,

17, and 18.

These s in p lified  models allow one to obtain an immediate over­

view of. the syston. Using Texas County (Fig. l6) as an exairple, we can 

see tha t the basic source of a l l  energy for the syston, as for a l l  p ri­

mary production based systans, is  the sun. In fuel equivalents i t  is  

2 1/2 to  3 times larger than the sum of fuel-based energies into the 

syston in  a l l  cases. As the sun’s energy flows in to  the systen, only 

about 48 percent of i t  i s  available to  be converted from ligh t to  chani- 

ca l energy through photosynthesis (thus the outflow arrow coining out of 

the sensor). This energy flows in to  the in teraction  symbol, but again 

much of i t  ( a l l  in  some instances) cannot be converted to  primary pro­

duction without the airplification power obtained frcm the energy flows 

entering the in teraction  symbol from above. For example, without the 

natural occurring p rec ip ita tion  source the natural systems are unable 

to  u ti l iz e  the available so lar energy. Within the agroecosystem an 

input of fuel-based energies or cu ltu ra l energy as termed by Heichel 

(1973, 1974) is  required for the existence of the systsn. I t  i s  be­

cause of these inputs of seed (S), herbicides and insecticides (HI), 

fo s s il  fuel (PP), f e r t i l iz e r  (P), machinery (M) and in  some cases
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Figure 16. Energy model of agriculture in Texas County, Oklahoma. PF - fossil fuel; M - machinery;
F — fertilizer; I — irrigation; HI — herbicides and insecticides; S — seeds. Units are 10® kcal fuel equivalent sAiectare.



ORNL-OWG 78-2939

S T A N D I N G  
C R O P H A R V

A G R I C U L T U R E  
C R O P  P R O D U C T I O N

T

F E D E R A L
S U B S I D Y

N)  F A R M
O P E R A T I O N

1571
(9428)

g

Cleveland County Agricultural  Model 
( V a l u e s - 1 0 ®  k c a l  o f  F u e l  E q u i v a l e n i s  p e r  H e c t a r e )

Figure 17. Energy model of agriculture In Cleveland County, Oklahoma. FP — fossil fuel; M — machinery;
P — fertilizer; I — Irrigation; HI — herbicides and Insecticides; S — seeds. Units are 10  ̂
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Figure l8 . Energy model of agriculture in McCurtain County, Oklahoma, FP — fossil fuel; M — machinery; 
F — fertilizer; HI — herbicides and insecticides; S — seeds. Units are 10  ̂kcal fuel equivalents/hectare.
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irr ig a tio n  ( I ) , th a t the high levels of crop production can be main­

tained and in  fact the system i t s e l f  can ex ist. These five  or six 

major energy sources, enclosed within the dashed lines, are aggregated 

together to  form a  major forcing function in trin s ic  to the maintenance 

of the agricu ltu ral system as i t  currently ex ists  within the counties.

I t  should be pointed cut tha t the fuel-based energr inputs shown here 

are not necessary for a l l  ag ricu ltu ra l systans such as those discussed 

by Carter (1969), Rappaport (1971), and Johnson, et a l .  (1977), but 

for the agroecosystems discussed here.

Through the above interactions of the sun, ra in , and fu e l- 

based energies, gross primary productivity occurs of which approximately 

70 percent is  converted to  net primary productivity yielding an annual 

standing crop within the autotrophic symbol. Portions of the standing 

crop are grazed by consumers, mainly beef c a ttle  and cows, e ith er before 

harvest (small grains) or a f te r  harvest (com or sorghum stubble or 

crop hay). Some o f  the standing crop is  harvested and exported from 

the syston, viiile sane is  returned to the system in  the form of unhar­

vested organic matter. The harvest, depicted by the tank symbol, i s ,  

of course, the main goal o f the manager of the agroecosystem. The size 

of the harvest acts as a sensor controlling the flow of federal funds 

to the farm operation. Also shown in  the diagram is  man’s d irec t m le  

in  the faim operations which control the flow of fuel-based energies 

into the primary production in teraction  symbol. Not shown, but implied 

througnout the model i s  man's ro le  in the controlled grazing of the 

crops and crop residues by beef, as well as the harvest and transport 

of the crop.
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A gricultural Energy Subsidies

The levels of ag ricu ltu ra l primary productivity and the high 

percentage o f y ield  harvested from these species requires a sizeable 

energy input by man. The to ta l  amount of energy input i s  the sum of 

both th a t associated with man’s manipulation of the system as well as 

th a t associated with the natural energies available to  the system.

Since Texas, Cleveland and McCurtain Counties have d ifferent climate 

and physiography, the external energy inputs needed to  maintain the 

managed agroecosystems w ill also d iffe r .  The re su lts  presented here 

support th is  prediction. For example, so ils  in  Texas County had high 

natural levels of potassium; thus potassium fe r t i l iz e r  was unnecessary. 

The same relationship  was true fo r the addition of phosphorus for many 

dryland crops. On the other hand, McCurtain County crops required no 

irr ig a tio n  but did require nitrogen, phosphorus, potassium and sometimes 

lime.

The data deta iling  the inputs needed fo r  a  particu lar crop 

were obtained from the Crop and Livestock Budgets fo r Texas (Fawcett 

1975), Cleveland (Okla.. S t. IM v. Ext. Svc. 1975), and McCurtain 

Counties (Williams 1975). The inputs required fo r each crop are those 

based on averages from individual farmers, the Cost Finder Record Pro­

gram, and Oklahoma State University Research (Williams 1975). Although 

individual practices of faimers vary, i t  was f e l t  th a t these figures 

were the most representative available. The inputs were converted to 

Kcal Fuel Equivalents using conversion values l is te d  in  Table 4. A 

typ ical exairple of the calculation involved is  shown in  Table 8.
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Table 8. Exanple of process to convert agricultural Inputs to

kcal of fuel equivalents.

County: McCurtain 
Crop: Oats fo r Grain

Inputs per acre x Conversion Factor
Energy Input 

= (kcal FE) Source

Seed 3 bu. ^"^'^^^(.0542/3) 15,353 1

F e rtiliz e r

N 70 lb 6,134 429,380 2

P 60 lb 188 11,280 2

K 20 lb 188 3,760 2

Total — 444,420

Herbicide 0
Insecticide 0

Fuel
(Diesel) 5.26 gal. 35,280 176,864 2

Lube 0.126 gal. 35,247 444 2

Total 171,305

Machinery
Repair $1.30 8,781 11,416 2
Depreciation $8.90 11,390 101,370 2

Human Labor $2.62/hr 16,000
8

5,240 2

1 -  One bushel of seed weighs 32 lbs dry-weight. Therefore 32 Ibs/bu 

X 454 g/lb X 4.65 kcal/g (Kobriger 1973) = 67,555 kcal/bu.

2 -  See Table 4.
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The breakdown of fuel-based energy Inputs (Table 9) Indicate 

a number of differences between the three counties. For exanple, 

indicative of so il f e r t i l i ty ,  the f e r t i l iz e r  requirement per ha in Texas 

County is  approximately one-third that of Cleveland and one-sixth that 

of McCurtain. There is  a difference between fe r t i l iz e r  requirement 

versus need. The f e r t i l iz e r  applied m th in  the counties was 1-1/2 to 2 

times that required (Okla. St. Dept. Ag. 1975). However, since no 

breakdown of f e r t i l iz e r s  applied per crop was available, the to ta l 

required per crop was used. Machinery re la ted  energy expenditures are 

greatest in  McCurtain County, a ttrib u tab le  to  the rougher te rra in  under 

cultivation  as well as an enphasis on crops requiring a lo t of mechan­

ic a l wear and tea r -  hay, cotton, peanuts. This fac t is  also enphasized 

by the higher machinery/fossil fuel energy ra tio  in  the county. The low 

fo ss il fuel and machinery energy values fo r Texas County are caused by 

the level to  gently ro llin g  te rra in , the large size of the farms, and 

the wide expanse of individual crop monocultures.

Irrig a tio n  is  the single energy subsidization which is  most 

d is tin c t. In Texas County the energy required for irr ig a tio n  accounts 

for 76.5 percent of the to ta l  fuel-based energies required, though only 

33 percent of the county’s cropland is  irr ig a ted . The higjh dependence 

on irrig a tio n  in  Texas County is  the g reatest per farmed area in  

Oklahona. The annual ra te  of application i s  conpared with the re s t of 

the s ta te  in  Fig. 19.

Herbicide and insecticide energy inputs are also significantly  

greater, almost 100 times, in  Texas than the other two counties. This



Table 9. List of the subsidized inputs required to maintain the principal agricultural crops in Texas, 
Cleveland and McCurtain Counties. All values are in Fuel Equlvalents/hectare/year.

Fossil Herbicide Human
Fuel Fertilizer Machinery Insecticide Irrigation Seed Labor Total

Texas County

Alfalfa Hay 801177 86025 1269069 679250 20805852 1795 37198 23680366
Barley-Dryland 304534 0 300085 0 0 10794 3798 619211
Bar ley-Irrigat ed 881580 1212202 546660 0 6976273 16111 24404 10650957
Corn-Grain 1105288 2897261 1221362 516230 9889715 5554 40755 15676164
Corn-Silage 859113 2897261 357432 516230 9889715 5554 40755 14566059
Oats-Irrigated* 881000 1363650 546224 0 6976273 31849 24404 9801400

Rye-Irrigated* 881000 1363650 546224 0 6976273 26694 24404 9796245
Sorghum-grain
Dryland 646204 757549 186749 230945 0 1004 9633 1832084

Sorghum-grain
Irrigated 1120688 2272647 694046 266266 9889715 2511 32357 14278230

Soybeans 959103 23218 223821 2717 15046005 26867 28553 16310284



Table 9 (continued)

F o s s i l

F u e l F e r t i l i z e r M a c h i n e r y

H e r b i c i d e

I n s e c t i c i d e I r r i g a t i o n S e e d

H u m a n

L a b o r T o t a l

W h e a t - D r y l a n d (143995 454480 362711 0 0 12083 9188 1282457
W h e a t - I r r i g a t e d 880419 1515098 545787 0

M c C u r t a i n  C o u n t y

6976273 16111 24404 9936092

A l f a l f a  H a y 896181 528827 1101795 0 0 1795 32258 2540856
T a m e  H a y 622820 2782900 694808 0 0 0 23070 4123598

C o r n - S i l a g e 721277 1609136 395961 203775 0 5407 17043 2952599
C o t t o n 539095 248161 950459 858572 0 8010 14672 2618969
O a t s - G r a i n 504189 1097717 278581 0 0 31849 12943 1924919
O a t s - H a y 598824 1253877 550680 0 0 31849 12943 2448167

P e a n u t s 861662 255126 855271 478464 0 30838 23261 2504628

R y e - G r a i n 403121 1419311 400091 0 0 26694 12546 2261763
R y e - S e e d 497638 1419311 567648 0 0 1255 16549 232570
S o r g h u m - G r a i n 533351 1055342 420402 298870 0 1255 17043 2849182

es



Table 9 (continued)

Fossil Herbicide Human
Fuel Fertilizer Machinery Insecticide Irrigation Seed Labor Total

Sorghum-Silage 721277 1509871 395961 203775 0 1255 17043 2849182
Soybeans 541412 255126 378512 27170 0 17911 14079 1234210

meat (I&II Soils) 581850 1253871 495950 0 0 24167 9831 2365670
Wheat (II&III Soils) 598251 1097717 445851

Cleveland

0

County

0 24167 9831 2178817

Alfalfa
Establishment 440480 1374654 113873 0 0 5407 10061 1944475®-

Alfalfa Hay
Bermuda Grass 
Establishment

Bermuda Grass Hay
Barley
Corn
Cotton

801177 478488

344577

895289

773481

721277
601319

3355841

2264146

1074499

1609136
503287

720612

92899
718759

342756

395962

877099

142643

4940

0

0

023775

199700

(10402185)

0
0

0
0
0

1764 24058 (12570926) 
2168741

—  7963

0 20995 
24167 16498 
5407 17043

48o6 15462

3806220 '^

3899183

2231500
2952600
2201673

noxr



Table 9 (continued)

Fossil
Fuel Fertilizer Machinery

Herbicide
Insecticide Irrigation Seed

Human
Labor Total

Oats 415783 936920 454992 0 0 31849 9633 1849177

Peanuts 861662 255126 855271 478464 0 30838 23267 2504628

Rye 403121 1419311 400091 0 0 26694 13115 2262332
Sorghum-Grain 936846 2324310 272923 203775 0 3766 11955 3753574
Sorghum-Silage 667120 1515098 485211 203775 0 3766 16796 2891765
Soybeans 625137 248161 233872 27170 0 14926 13832 1162098
Wheat 238553 1226009 299122 0 0 16111 5335 1785130

ro
VJ1

*Values obtained from averaging wheat and barley.
a .Initial costs only.
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Figure 1 9 . Three-dimensional SYMVU portrayal of 1971 agricultural Irrigation (cm/ha) per county In Oklahoma.
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resu lts  principally  fron the type of crops (those th a t require more 

protection) ra ther than a greater predation or conpetltlon s tre ss .

The conversion of a l l  the fuels and m aterials needed to  main­

ta in  agriculture In the counties Into fuel equivalents affords a com­

parative view of the major lim iting facto rs. Within Texas County 

moisture Is  obviously the most lim iting; In McCurtain County — good 

so ils  and suitable te rra in ; and Cleveland County l ie s  somewhere in  

between.

The federal subsidy Into the ag ricu ltu ra l system stsns p r i­

marily from peanut, cotton, feedgraln and wheat allotments. Texas 

County has the greatest wheat allotment of any county In the United 

States and farmers received nearly $2,000,000 In 1974. Caribined with 

the allotment for feed grains th is  to ta lled  over $3,540,000 or $8.08/ 

ha. McCurtain County received the highest dollar/hectare amount of 

$15. 57, mainly from cotton allotments and price supports fo r peanuts. 

Cleveland County had a mixed base averaging $9.79/ha. Except for the 

peanut price support (vMch may soon end as Indicated by recent con­

gressional action) the federal subsidies can be considered as a  buffer 

for the farmer to  protect against the dangers of In s ta b ility  o f the 

agroecosystan. As Indicated by the Increasing trend of Irrig a ted  agri­

culture In the Great Plains and the payment of almost $30,000,000 in  

Federal Crop Insurance benefits In 1974 (TIE 1976) due to  losses caused 

by drought -  adequate moisture Is the most uncertain of the numerous 

ecosystan parameters.

Whatever the situation , the crop Insurance programs appear to 

be Ijiportant monetary safeguards to  protect those in  agricu lture fron
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losses due to environmental In s tab ility . I f  the conversion figure of

25,000 kcal/KE/$ i s  used th is  represents an energy contribution of 

202, 245 and 389 x 10  ̂ kcal EE/ha for Texas, Cleveland and McCurtain 

Counties, respectively. This represents an additional sizeable energy 

subsidy into the agroecosystsn.

Agroecosystsn Output

As shown in  Pig. 11, the d istribu tion  and in tensity  of agri­

cu ltu ra l production varies across the s ta te  of Oklahcma and in  the 

three counties under detailed  investigation. There are three reasons 

for th is  variance: 1) the natural properties of the environment, 2) the 

amount and kind of subsidization and management by man, and 3) the 

genetically determined production capacity of the crops thonselves.

Only the f i r s t  two are examined in  the study.

Crop yields, net primary production (NPP), and gross primary 

production (GPP) are given in  Table 10 fo r  each county and sumarized 

in  Table 11.

Crop Production. Note in  Table 10 th a t two productivity 

values are sometimes given fo r one crop: one for crop yield per planted 

acre and one per harvested acre. The difference is  due to one of three 

factors: 1) In some situations the harvested yield  versus planted yield 

may re f le c t the influence of i r r i ^ t i o n ,  but since separate irriga ted - 

nonirrigated yields are not reported i t  was often impossible to  separate 

the two. 2) In  same cases, as in  Texas County, a  harvested yield  for 

com or a lfa lfa  w ill be that of an irrig a ted  crop. In other situations, 

a low percentage of the cropland devoted to  small grain being harvested



Table 10. Average yields, conversion figures, net primary production (NPP) and gross 
p r i m a r y  p r o d u c t i o n  (G PP) o f  t h e  m a j o r  c r o p s  g r o w n  i n  T e x a s ,  C l e v e l a n d  a n d  
McCurtain Counties.

-CLEVELAND COUNTY-

CROP Average
Yield/Acre Yield-NPP

Conversion Total
Average

NPP-in t/ha 
Range (+ Isd) Ave. NPP 

1 0 6  Kcal/ha Ave. GPP 
10® Kcal/ha

Alfalfa 276T 3.712 10.24 8.87-11.62 45.056 64.366
Tame Hay 1.53T 3.250 4.97 4.12-5.72 20.377 39.110
Barley-planted 25.6bu .1587 4.06 3.05-4.98 17.052 24.360

-harvested 30.4bu . 1587 4.82 3.98-5.67 20.244 28.921
Corn Grain 33.9bu .1382 4.68 3.39-5.98 19.656 28.080
Sorghum Grain 31.1bu .2019 6.28 4.80-7.75 26.376 37.537
Cotton 2421b . 0015 2.78 1.85-3.71 11.676 r16.680 ^
Oats-planted 14.2bu .1662 2.36 1.76-2.96 9.912 14.160

-harvested 33.Obu .1662 5.48 4.07-6.88 23.016 32.881
Rye-planted 4. 6bu .2072 0.95 0.89-0.99 3.990 5.700

-harvested 19.1bu .2072 3.96 3.75-4.16 16.632 23.760
Soybeans 15.8bu .2679 4.23 3.70-4.77 18.612 26.589
Peanuts 11871b 1.973xlO~3 2.34 1.67-3.01 10.764 15.377
Wheat-planted 19.8bu .2483 4.92 3.63-6.21 20.664 29.521

-harvested 27.2bu . 2483 6.75 5.56-7.95 28.350 40.501



Table 10 (continued)

-T E X A S  COUNTY-

CROP
Average

Yield/Acre
Yield-NPP

Conversion
Total

Average
NPP-in t/ha 
Range (+ Isd)

Aye. NPP 
10 Kcal/ha

Ave. GPP 
10^ Kcal/ha

Alfalfa 3.30T 3.712 12.24 9.39-15.11 46.068 65.813
Tame Hay 1.22T 3.250 3.96 2.86-5.07 16.236 23.145
Barley-planted 14.7bu . 1587 2.44 0.98-3.96 10.248 14.640

-harvested 23.7bu .1587 3.94 2.79-5.09 16.548 23.640
Corn Grain 102.9bu .1382 14.22 12.67-15.76 59.724 85.322
Sorghum Grain

planted 46.6bu . 2019 9.41 7.91-10.88 39.522 L56.461
harvested 4 9.Obu .2019 9.89 8.34-11.45 41.538 59.341

Oats-planted 16.6bu .1662 2.76 1.78-3.74 11.592 16.560
-harvested 22.4bu .1662 3.72 2.39-5.05 15.624 22.320

Rye-planted 2. 4bu .2072 0.50 0.42-0.58 2.100 3.000
harvested 12.2bu .2072 2.52 2.07-2.98 10.584 15.120

Soybeans 19.2bu . 2679 5.14 3.99-6.30 22.616 32.309
Wheat-planted 11.7bu .2483 2.91 1.89-3.92 12.222 17.460

harvested 17.2bu . 2483 4.27 2.78-5.76 17.934 25.621



Table 10 (continued)

-M c c u r t a i n  c o u n t y -

CROP Average
Yield/Acre

Y i e l d - N P P
Conversion

Total NPP-in t/ha 
Average Range (+ Isd) Ave. NPP 

10^ Kcal/ha
Ave. GPP 106 Kcal/ha

Alfalfa 2.82T 3.712 10.47 8.98-11.95 46.068 65.813
Tame Hay 1.57T 3.250 5.10 3.02-7.18 21.420 30.601
B a r l e y - p l a n t e d 16.8bu . 1587 2. 67 1.76-3.89 11.214 16.020

-harvested 2 9.8bu .1587 4.73 3 . 5 6 - 5 . 8 9 19.866 28.381
Corn Grain 2 9.7bu .1382 4.10 3.26-4.93 17.220 24.660
Sorghum Grain 33.1bu .2019 6.68 5.01-8.38 28.056 40.081
Cotton 3231b .0015 3.71 2 . 7 8 - 4 . 6 4 15.582 27.260
Oats-planted 11.7bu .1662 1.94 1.56-2.29 8.148 11.640

-harvested 34.2bu .1662 5.68 4.60-6.76 23.856 34.081
Rye-planted 2. 4bu .2072 0. 50 0.39-0.62 2.100 3.000

-harvested 13.6bu .2072 2.82 2.24-3.40 11.844 16.920
Soybeans 25.9bu .2679 6.94 5.95-7.96 30.536 43.624
Peanuts 8761b 1 .  9 7 3 x 1 0 " ^ 1.72 1.48-1.99 7.912 11.303
Wheat-planted 15.7bu . 2483 3 . 90 1.79-6.01 16.380 23.400

-harvested 23.8bu .2483 5.91 4.69-7.13 24.822 35.461

oo



Table 10 (continued)

^Crop production data was obtained rrc*n the Oklahoma Crop and Livestock Statistical Reporting Service. Crop 
yields for each county were averaged for the last 10-15 years depending on the crop (e.g. corn wasn’t raised 
in Texas County till after the mid-sixties with the onset of Irrigation and the establishment of nearby 
feedlots). Biomass values were converted to caloric equivalents with values obtained frcm a number of 
sources (National Academy of Sciences I9 6 9, Kobriger 1973). GPP was determined assuming that respiration 
in crop plants is approximately 30 percent of GPP (Golley 1970, Gordon 1 9 6 9, Loomis 1976).



Table 11. Area and total net (NPP) and gross (GPP) primary production of the principal crops grown 
in Texas, Cleveland, and McCurtain Counties.

County
Crop

Texas Cleveland McCurtain

ha
- xlO* 
NPP

kcal — 
GPP ha

- xlO* 
NPP

kcal — 
GPP ha

- xlO* 
NPP

kcal — 
GPP

Alfalfa 312 14,373 20.533 1551 6 9 .8 8 2 9 9 .8 6 1 1146 5 2 .7 9 4 7 5 .4 4 3

Barley 769 10.885 15.550 223 3 .9 0 5 5 .5 8 0 45 .425 0 .6 0 7

Corn^ 27566 1645.754 2351.077 381 7.488 1 0 .7 0 0 134 2 .3 0 7 3 .2 9 7

Cotton --- — — 385 4 .1 3 3 5 .9 0 6 587 9.146 1 3 .0 7 0

Oats 243 3.669 5.241 2420 4 4 .6 1 3 6 3 .7 5 2 332 6.200 8 .8 6 0

Peanuts — — — 24 0.248 .354 162 1 .2 8 2 1 .8 3 2

Rye 146 1.044 1.491 835 9 .0 8 3 1 2 .9 8 0 720 6.428 9 .1 8 6

Sorghum^ 60729 2407.770 3439.253 1757 46.316 6 6 .1 8 6 154 4 .3 2 1 6 .1 7 5

Soybeans 118 2.699 3.813 385 7 .1 6 6 10.240 4980 1 5 2 .0 6 9 2 1 7 .3 0 7

Tame Hay 2632 42.733 61.047 3158 64.331 9 1 .9 2 9 7571 1 6 2 .1 7 1 2 3 1 .7 4 2



T a b l e  1 1  ( c o n t i n u e d )

County
Crop

Texas Cleveland McCurtain

ha
- xlO* 
NPP

kcal — 
GPP ha

-  xlO* 
NPP

kcal — 
GPP ha

- xlO* 
NPP

kcal — 
GPP

Wheat 174494 2 8 1 0 .4 2 9 4014.099 5789 1 5 2 .9 9 6 2 1 8 .6 3 1 725 16.282 2 3 .2 6 7

Total^ 267009 6 9 3 9 .3 5 6 9 9 1 3 .3 6 6 16908 410.141 5 8 6 .0 9 1 16556 413.425 590.784
Ave. 25.989x10* 37.127x10* 24.257x10* 34.517x10* 24.971x10* 35.684x10*

^Includes crops grown for both grain and silage.
^Total was adjusted to most recently available land-use data for total county energy budget.

0 0
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(especially rye) may re f le c t the re su lt o f a  small grain-graze out.

3) And f in a lly , the low yields per planted area are often indicative 

o f a crop fa ilu re  due to  clim atic conditions. Where planted and har­

vested yields d iffe r , the calculation  of to ta l county NPP and GPP values 

included an average percentage of harvested and unharvested acreage.

Three points of discussion a r ise  from Tables 10 and 11. 1) The 

y ields of some crops grown in  Texas County, e .g . com and sorghum, dra­

m atically exceed the yields obtained in  Cleveland and McCurtain 

Counties; yet many other crops have sign ifican tly  lower yields in  Texas 

County than in  Cleveland and McCurtain. 2) The to ta l production in  

Texas County vastly  exceeds th a t of the other two counties combined.

The f i r s t  point i s  a  re su lt of Texas County's dependency on irrig a tio n  

as discussed previously; the second point is  a re su lt of Texas County's 

major land-use coirmitment to  ag ricu ltu re . 3) A less obvious point is  

the  range of the crop production. The range of one standard deviation 

from the mean can be considered as the yearly biological gamble with which 

the manager of the agroecosystem has to  contend. In other words, 

given a certa in  amount of energy input into the systan, a  certain  

"average" amount of energy conversion (NPP) by the primary producers 

can be ejçected. However, there ex is ts  a  chance th a t a 'hoped fo r ' 

higher conversion may occur increasing the input-output efficiency 

ra tio . Just as lik e ly  the lower value may be reached, thus bringing 

a lower energy re tu rn  on the investment. Ihking i t  a step farther, 

th is  range of re tu rn  can be defined as an indicator of the systan 's 

s ta b ili ty  in  re la tio n  to  the specific  crop being grown. For example, 

cotton grown in  both Cleveland and McCurtain Counties exhibited the
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highest v a riab ility  around i t s  mean of a l l  the crops grown. Cotton 

acreage in  these counties has also decreased by more than 50 percent 

in  the la s t  few years, which is  indicative of the fanners’ refusal to  

gamble with the v a riab ility  o f the system. (The y ield  of cotton was 

substan tial enough to  influence the farmers to  continue cotton during 

"good years".) Texas County’s v a riab ility  was quite often much higher 

fo r some crops than the other two counties. The v a riab ility  of a lfa lfa  

and soybean production was also  more variable. However, the high dollar 

value of these crops paid fo r by local feedlot operators is  incentive 

enough fo r the continued ra ising  of these crops. Oat production was 

also  more variable in  Texas County, although com and sorghum production 

was less  variable than in  the other counties presumably as a re su lt of 

irr ig a tio n  and higher y ields.

Total Output. I t  has been suggested by sane (Odum 1973) that 

the measure of the value of primary producers to  an ecosystem is  th e ir  

gross production. However, w ithin the GPP is  the NPP much of which may 

never be returned to  the ag ricu ltu ra l system because of i t s  being har­

vested. Therefore, i t  was necessary to  determine how much of the produc­

tio n  energy remained in  the system and how much was exported through 

harvest and grazing. Values fran lands grazed were obtained fron a lis tin g  

of AUM’s (Animal Unit Pbnths) for each crop in  the Oklahoma Crop and Live­

stock Budget Generators. All energy values fo r crop production, harvest, 

grazing, e tc . were converted to  fuel equivalents as described in  the 

Methods Section. One exception to  the conversion process was cotton.

In order to  conpensate fo r i t s  important value as a f ib e r  (and the
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concentration costs of the en tire  p lan t). The caloric value of cotton 

was m ultiplied by 10 prio r to  i t s  conversion to  fuel equivalents. This 

conversion was based primarily on i t s  market price and the conversion 

into fuel equivalents.

Net primary production was highest in  Texas County (Table 11) 

but harvested output was highest in  McCurtain County equalling 778 x 

10^ kcal PE/ha (4668 x 10^ kcal s u ^  equivalents). Texas County's 

harvested output was 709 x 10^ kcal PE/ha (4252 x 10^ sugar equivalents), 

while Cleveland County had both the lowest NPP and lowest harvested 

output — 673 X 10^ kcal PE/ha (404l x 10^ kcal sugar equivalents). 

Cleveland County did have the highest amount of the NPP being grazed -  

Bl kcal PE/ha. I t  i s  in teresting  to  note a t  th is  point the d iffe r­

ences between harvested portion of the NPP. In the Oklahoma Primary 

Productivity P ro file , NPP ms used as a  coimon denominator to  evaluate 

d ifferen t systans. I f  we conpare the NPP of Cleveland County with that 

o f McCurtain County they are very sim ilar, 1733 and 1774 kcal PE, 

respectively. However, the harvested output in  McCurtain County was 

16 percent greater than Cleveland's. Thus, the manager of the systan 

obtains considerably more out of a hectare of land in  McCurtain County 

than in  Cleveland, though the difference is  somewhat reduced i f  grazing 

i s  considered. In both cases a sim ilar amount of energy in  the form 

of unharvested NPP is  returned to  the system. Texas County's had the 

highest unharvested energy return . The primary value of the unharvested 

energy return  to  the system i s  th ro u ^  i t s  contribution as an organic 

matter source to  the so il, but there are others such as nutrient 

cycling, etc.
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Conparative Efficiencies

An inportant parameter in  the evaluation of energy flow in any 

ecosystan i s  efficiency. As used here, following E. P. Odum (1971), 

ecological efficiency is  a  dimensionless ra tio  between energy flows 

a t d ifferen t points along the trophic system. Specifically, efficiency 

w ill refer here to  ra tio s  between primai’y production parameters and 

the necessary energy irpu ts required to maintain the systan in  i t s  

present s ta te . For a  further discussion on the concepts of ecological 

efficiencies see Kozlovsky (1967) and Conrad (1977). I t  should be 

stressed here that peak efficiency i s  not always the most desirable 

for a biological systan, since i t  may only come a t  the expense of main­

tenance. Furthemore, natural systans often bypass efficiency in  favor 

of a more rapid growth during periods of early succession (Odum and 

Pinkerton 1955). However, i f  we view the agroecosystems as being in  a 

steady s ta te  maintained by cu ltu ra l inputs, the efficiencies of these 

systems afford a good reference point for conparative purposes.

Table 12 l i s t s  a number of energy conparisons fo r the three 

counties. Texas and Cleveland have iden tica l ra tio s  of net primary pro­

duction to  so lar input. McCurtain County has a higher ra tio  indicative 

of the longer growing season and more p len tifu l ra in fa ll, even though 

solar irput i s  less. In  other words, the matching of to ta l  available 

natural energies and NPP in  McCurtain County i s  greater than in  the 

other two counties. NPP per fuel-based energy input was highest in  

Cleveland and lowest in  Texas County. When both the solar and fuel- 

based energies are sunmed and compared with NPP, additional insight i s  

gained. Both Cleveland and McCurtain Counties have identical ra tio s
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Table 12. Coirparison of the energy inputs and outputs

of three county agricu ltu ra l ecosystems.

County Texas Cleveland McCurtain

NPP.
266 .226SOLAR,

NPP.
.562 .636.790FUEL BASED

NPP.
.161 .176 .176TOTAL.

HARVEST.
.215 .307 .279HEL BASED

HARVESTse 1.84 1.671.29FUEL BASED

HARVEST̂  & GRAZED.
.238FUEL BASED

HARVEST. & GRAZED.
.064 .076 .080TOTAL

HARVEST
NPP

SOLAR.
2.61FUEL BASED

fe = fuel equivalents.

se = sugar equivalents.
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while tha t of Texas County i s  s ignificantly  lower. Thus, the NPP/ 

energy input r a t io s  suggest a  number of axioms concerning agricu ltu ral 

primary production in Oklahoma. The evaluation of land use across the 

s ta te  enploying primary production values may seriously misjudge the 

natural value o f  the  land. For exanple, the average ag ricu ltu ra l NPP 

of 1856 kcal FE/ha in  Texas County was considerably higher than that 

in  the other two counties. But also higher are the solar and the 

fuel-based energy inputs resu lting  in  coiparatively Iowa? input-output 

efficiency value. The lower NPP/total energy ra tio  also suggests that 

both Cleveland and McCurtain County have a  conpetitive advantage in  

th e ir  ag ricu ltu ra l systems.

Evaluation of the harvested and grazed proportions of the 

crops corroborates the above theory. In fac t conparing the harvested 

and grazed outputs to  fuel-based inputs, Cleveland County has the most 

favorable ra tio s . This indicates that in  the Cleveland County agro- 

ecosyston a more favorable energy matching ex ists  between natural ener­

gies and fuel-based energies. The matching ra tio  of 3*50:1 (natural 

to fuel-based) i s  s ig n ifican tly  higher than in  the other two counties 

(Table 12).

A greater proportion of the NPP was harvested in  McCurtain 

County than in  the otha? counties. As mentioned previously th is  was 

viewed as re la tiv e ly  costly in  terms of mechanical support costs.

Assessing the counties individually, Texas County has sacri­

ficed energy efficiency  for output. This has occurred through the 

increased u ti l iz a tio n  of irr ig a tio n  fo r the feedgrain and hay crops -  

com, sorghum, soybeans, oats, barley, rye and a lfa lfa . A key factor
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in  th is  loss of efficiency has been the av a ilab ility  of cheap energy — 

primarily natural gas and a ready buyer of the feedstocks in  the feed­

lo t  industry. Currently, leg is la tio n  is  being considered vMch would 

approximately t r ip le  the cost of natural gas. The ram ifications of 

such an increase are long reaching in  the ag ricu ltu ra l world. Specifi­

ca lly , i t  would force the farmer to  pay one do llar per 150,000 kcal 

instead of the approximately 410,000 kcal he receives now.

Employing a  do llar value, the system is  p ro fitab le  including 

those p ro fits  arrived  a t by the local feedlots viiere much of the crop 

production i s  destined for. Energetically the system exhibits no pro­

f i t ,  especially  in  the ligh t of the declining water level in  the region 

caused by the massive irr ig a tio n  output. I t  seems apparent th a t what 

w ill happen i s  a general curtailment in  irr ig a tio n  with a greater r e l i ­

ance on dryland cropping, including a greater dependence on those spe­

cies more su itab le to  dryland ti l la g e , i .e .  wheat. The continued level

of irr ig a tio n  could also continue, but the higher costs would have to  be

supported by the loca l feedlot industry. Whatever the decision, the 

in effic ien t conversion of primary production to  beef production w ill 

defin ite ly  became more expensive. This has already happened as the 

trend of the f i f t i e s  and s ix tie s  toward feedlot produced beef seems to  

be reversing (National Science Foundation 1977).

Schwartz (1975) showed th a t for representative farms in  the 

Oklahoma Panhandle the energy required by irrig a ted  crops per unit o f

crop output was twice that of the same nonirrigated crops. Thus a

reduction o f irr ig a te d  cropland would increase the overall efficiency 

of the system, but perhaps not d rastica lly  due to  lower y ields o f the
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dryland crops and the omission of some of the high energy yielding 

crops such as a lfa lfa , com, and soybeans.

Cleveland County has consistently higher efficiency ra tio s  

than did the other two counties. These ra tio s  resulted  primarily from 

1) the general abstention from fanning land marginally or poorly suited 

fo r crops, and 2) the predominant reliance on crops such as dryland 

# ieat and sorghum and tame hay vMch require less fuel-based energy 

subsidization. Thus the industrialized intensiveness of the agricul­

tu ra l practices i s  reduced by concentrating more on those species 

b e tte r  adapted to  the ambient environment. This not only reduced the 

e ffo rt required to  manipulate the environment but should also re su lt 

in  an unwillingness to  cu ltivate  sites marginally suited fo r agricul­

tu re .

An obvious fac t involved in the county caiparisons i s  tha t 

Cleveland County actually  has re latively  l i t t l e  land under cu ltivation . 

However, in  th is  analysis i t  i s  the quality — energetically speaking -  

of the land that i s  being caipared. Of special inportance in  th is  

study is  that not only does Cleveland County ag ricu ltu ra l land exhibit 

the more favorable energy efficiency ra tio s , but th a t th is  land is  for 

a l l  p rac tica l purposes becoming lost to  urbanization. And thus as 

discussed la te r  ag ricu ltu ra l land use in  the county has been exhibiting 

a continual downward trend.

McCurtain County also has re la tively  l i t t l e  agricu ltu ral land 

in  comparison to  Texas County. In fact i t s  primary production a ttr ib u ­

tab le  to agriculture in  proportion to the re s t of the county is  one of 

the lowest values in  the s ta te  (Pig. 13). As mentioned before, McCurtain
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County has the highest NPP^g/solar^g ra tio  but a NPP^ytotal^g ra tio  

equal to that of Cleveland County. This can be a ttribu ted  to  the 

farming of seme marginal so ils  (which appears to be decreasing) and 

the re la tiv e ly  high f e r t i l iz e r  and machinery requirements. Conversion 

of marginal lands to  fo restry  (discussed la te r)  and the replacement of 

cotton by soybeans w ill probably enhance the fo ss il fuel input/harvest 

output ra tio .

Grazing Systems Energetics 

The term range is  defined as " a ll  lands producing native 

forage for animal consunçtion and lands th a t are revegetated naturally 

or a r t i f ic ia l ly  to provide a forage cover th a t is  managed lik e  rmtive 

vegetation" (Huss 1964). Within th is  study the term rangeland includes 

both natural grasslands and pastures. Only those systems dominated by 

grass or grass-shrub coimunities are considered as fa llin g  within th is  

category and thus grazed forestland which would be included in  the above 

defin ition  is  not included here. Furthermore, pastureland has been 

included because i t  can be considered as an intensely managed range 

systan sim ilar to  the analogy between a pine plantation and a forest. 

Ungrazed rangeland was not included here because i t  was judged an in­

significant caiponent o f the land base in  the three counties (personal 

ccmnunication, USDA-SCS and ASCS personnel). This section of the dis­

sertation  is  sim ilar to  the section on agroecosystems in  that i t  dis­

cusses the models, the energy inputs, the systan outputs and output/ 

input effic iencies o f the three counties.
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Grazing Ecosyston Models 

The developnent of the energy models for rangeland and pasture 

systans was carried  out in  a  manner sim ilar to  tha t used fo r the agro­

ecosystems. The energy flow models are depicted in  Pigs. 20-22. The 

primary difference between the grazing systems and the agroecosystans 

i s  in  the harvested coiponent. In agroecosystans i t  was primary pro­

duction; in  grazing systans i t  i s  secondary production, prim arily beef

c a tt le . Thus not only i s  an energy subsidization required to  maintain 

the land-use system (PEEL), but a  considerable amount is  necessary to  

maintain the consumers in  the systan (PBEC). The food subsidy (PS) 

flow into the beef ccsipartment i s  dependent on the standing crop com­

partment. Pood subsidy, hay and feed, is  thus dependent on the 

seasonal period ic ity  of the standing crop as well as the condition of 

i t  (e.g . type, overgrazed). The output from the beef ccnpartment is  

controlled by transportation  (T) and strongly influenced by the market 

price (P) of beef. Not shown in  the model, but inplied  throughout, is  

the ro le  the managanent plays in  the control of the flow o f the energy 

based subsidies required for the upkeep of the land and c a t t le ,  as 

well as the food subsidies.

Grazing System Subsidies 

The energy irpu ts  required to  maintain rangeland and pastures 

i s  shown in  Table 13. The energy subsidization needed fo r rangeland 

maintenance is  minimal, coming in  herbicide applications and/or brush 

clearing. On the  other hand, the energy subsidization required to 

maintain pastures in  Cleveland and McCurtain Counties i s  considerable
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Figure 20. ^ e rg y  models of range and pasture systems in  Texas County, Oklahona.
PS food subsidy; FBEL -  fuel-based energy subsidies for land main- 
t e ^ c e ;  FBEC -  fuel-based energy subsidies for c a tt le  naintenance. 
Units are 10^ kcal fue l equivalents/hectare.
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Figure 21. Energy models of range ard pasture systems in  Cleveland County, 
Oklahoma. FS — food subsidy; FBEL — fuel-based energy subsidies 
fo r land maintenance; FBEC -  fuel-based energy subsidies for 
c a ttle  maintenance. Units are 10^ kcal fuel equivalents/hectare.
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Figure 22. Energy models of range and pasture systans in  McCurtain County, 
Oklahoma. PS -  food subsidy; FBEL -  fuel-based energy subsidies 
for land maintenance; FBEC -  fuel-based energy subsidies for 
c a ttle  maintenance. Units are 10  ̂ kcal fue l equivalentsAiectare.



Table 13. Energy requirements for maintaining rangeland and pastures in 
Texas, Cleveland, and McCurtain Counties. (Figures do not in­
clude energy required for livestock maintenance.)

T e x a s C l e v e l a n d M c C u r t a i n

R a n g e  

- x l Q :

P a s t u r e  

’ k c a l  F E  -

R a n g e  

-  x l O ®

P a s t u r e  

k c a l  F E  —

R a n g e  

-  x l O ®

P a s t u r e  

k c a l  F E  —

F u e l - B a s e d  E n e r g y ^ 26 20,988 32 1,984 26 2 ,3 2 0

H u m a n  L a b o r * ^ <1 12 <1 2 <1 3
S u b t o t a l 26 21,000 32 1 ,9 8 6 26 2,323
S o l a r 8,210 8,210 7,665 7,665 7,300 7,300
T o t a l 8,336 2 9 ,2 1 0 7,697 9,651 7,326 9,622

^Fuel-based energy (FBEL) includes energy for fuel and lube:^ fertilizer,^ 
machinery and equipment repair^ and depreciation;** and irrigation.®

4=-OO

^Fuel-based energy breakdown by percent of total according to numbers in a) above 
Texas County: 1-1.4; 2-9.3; 3.4-0.7; 5-88.6.



T5.ble 13 (continued)

Cleveland County: 1-14.9; 2-77-8; 3,4-7.3.
McCurtain County: 1-6.6; 2-05.5; 3,4-7-9-

°Human labor Includes both upkeep of rangeland and pastures (e.g., fence-mending, 
fertilization application, and maintenance of cattle).

^Diesel - 35,200 kcal FE/gal (Table 4); oil - 35,247 kcal PE/gal (Table 4). 
^Fertilizer: N - 6134 kcal PE/lb; P - 100 kcal PE/lb; K - 100 kcal PE/lb (Table 4) 
^Machinery and Equipment Repair: 9002 kcal PE/$ (Herendeen and Bullard, 1974; 
auto repair).

‘‘Machinery and Equipment Depreciation: 13742 kcal PE/$ (ibid., farm machinery). 
®Irri^tion: irrigition costs for maintenance of pasture were based on fuel and 
machinery related costs to irrigate alfalfa and small grains in Texas County.
(See agricultural section for further discussion.)

4=-VO
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and exorbitant in  Texas County. Principal energy subsidization 

requironents for Cleveland and McCurtain pastures stem fran  f e r t i l iz e r  

usage, prim arily nitrogenous conpounds. This follows the statement 

by Ward, e t  a l .  (1977) th a t cow-calf operations in  the more humid 

regions of the country are generally heavily dependent on nitrogen 

f e r t i l iz e r  vdiich represents the major energy irpu t w ithin these regions. 

The main energy subsidization for pasture maintenance in  Texas County 

is  th a t required fo r i r r i ^ t i o n  which comprises 88 percent of the to ta l  

requirsnent. These high energy expenditures undoubtably explain why 

less  than 40 ha of pastureland ex ists  within Texas County.

As depicted in  Figs. 20-22 and in  Table l4 a considerable 

amount of energy is  required to  maintain the consumers (beef c a ttle )  

in  the systan. Maintenance costs were based on cow-calf operations 

undergoing spring calving (Okla. St. Univ. Ext. Svc. 1974, Williams 

1974). As discussed by Ward, e t a l .  (1977) and Lockeretz (1975) the 

energy requirements for maintaining ca ttle  (fo r gain) depend on a  host 

of factors including age and weight of c a t t le ,  food conposition -  

a lfa lfa , com , e tc . and type of feeding systan -  range, pasture or 

feedlot. However, the fuel-based energy required to  maintain each cow 

is  sim ilar fo r a l l  counties fo r  rangeland or pasture, ranging from 

450-675 X 10^ kcal/fuel equivalents.

The to ta l  energy subsidization per hectare in  Table 14 varies 

among rangelands of the three counties according to  th e ir  grazing 

capacity. Among pastureland i t  varies according to grazing capacity 

and the basic energy required to  maintain the system. The energy 

requirements per cow level are the differences found in  per hectare



Table l4. Energy subsidization required for maintenance of cattle^ 
on rangeland and pastures in three Oklahoma counties. 
Values are for moderate stocking and average grazing 
capacities.

T e x a s Cleveland McCurtain

- Kilocalories Fuel Equivalents 
per ha per cow per haper cow

X ± u

per cow per ha

Rangeland
Fuel-Based Energy^ 5 6 9 .1 3 5 .3 6 3 3 .6 1 5 5 .9 6 7 2 .4 2 0 3 .1

Food Subsidy^ 414.3 2 5 .7 5 4 7 .1 1 3 4 .6 4 9 1 .6 148.5
Total 9 8 3 .4 6 1 .0 1 1 8 0 .7 2 9 0 .5 1164.0 3 5 1 . 6

P a s t u r e

Fuel-Based Energy^ 448.9 9 1 7 .5 6 3 1 .9 7 2 6 .7 4 5 0 .6 666.0
Food Subsidy^ 846.0 1 7 2 9 .0 5 4 5 .6 627.5 5 1 3.5^ 7 2 7.4^

Total 1 2 9 4 .9 2646.5 1 1 7 7 .5 1 3 5 4 .2 964.1 1 3 9 3 .4

vn



Table l4 (continued)

figures do not include the fuel-based energy requirements for maintenance of 
rangeland or pastureland (see Table 13).

^Fuel-Based Energy (FEE) Includes energy for livestock supplies,^ veterinarian 
and medicine,^ machinery and equipment repair^ and depreciation,"* fuel® and 
lube.® Human labor requirements are not Included In the above totals, but are 
listed In Table 13.

°Food Subsidy (FS) Includes protein supplenents,^ grass hay,® and salt and 
minerals.®

‘̂Includes energy costs of overseeding pastures with small grains and/or fescue 
In Fall.

Factors for converting subsidized Inputs to kcal FE. All conversions from dollar 
values are In 1973 $*s.

^Livestock supplies: 10,000 kcal FE/$ (conplled from Herendeen and Bullard,
1974).



Table l4 (continued)

^Veterinarian services and medicine: 9^9^ kcal FE/$ (ibid.).
^Machinery and equipment repair: 9082 kcal PE/$ (ibid., auto repair).
''Machinery and equipment depreciation: 13742 kcal FE/$ (Ibid., farm machinery).
®Fuel, gasoline: 31248 kcal FE/Gal. (Table 4).
GLube, o i l :  3524? k c a l FE/Gal. ( I b id . ) .

^Protein supplements: l64lO kcal PE/$ (Herendeen and Bullard, 1974; Prepared 
Animal Feed).
^Grass hay: corrected for 85% moisture and 4.40 kcal/g dry wt. Conversion u5
factors to convert biomass to kcal PE are listed In Table 15.
®Salt and minerals: l64lO kcal PE/$ (Same as 7 above).
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conparison, except fo r Texas County's Irrigated  pasture. In  McCurtain 

County pasture costs per cow were close enough to  rangeland to  make i t  

conpetitive. In fac t, pastureland is  actively carpeting with plantation 

forestry  and forest land as a land-use type (Murphy 1977).

Grazing Systons Output

Primary Production. Primary production of Oklahoma's native 

grasslands were extrapolated from studies conducted by the Grassland 

Biome of the U.S. IBP (Sims and Singh 1971) and adjusted to the range 

conditions within each county. These values closely approximated those 

obtained in  other studies (Riegel 1947; Eck, e t  a l .  1975; Harlan I960). 

Table 15 l i s t s  the annual net and gross primary production values of 

rangeland used for the counties within th is  study. Sims and Singh 

(1971) reported th a t the primary production of grazed grasslands is  

greater than th a t of ungrazed. This can be a ttrib u ted  to the stimula­

ting  effect of grazing (sim ilar to clipping -  Eck, e t a l .  1975) and 

the more rapid return  of minerals to the so il than in  a life -d ea th - 

deconposition cycle. However, higher values were reported on grasslands 

experiencing a lig h t to  moderate grazing treatment. A majority of 

Oklahoma’s rangeland has been (and is )  overgrazed (USDA Range Task Force 

1972), thus resu lting  in  a  decrease in  ecosysten productivity. Range­

land primary production in  the three counties followed the general p r i­

mary production trend in  Oklahoma (Pig. 14) exhibiting a southeast to  

northwest decline.

Pastureland normally consists of a raonotypic planting of a per­

ennial tame grass species (sometimes overseeded in  the f a l l ) .  Tÿpical
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grass species planted in  Oklahoma include bermuda grass (Cynodum 

dactylon) , weeping lovegrass (Eragrostis curvula) and fescue (Festuca 

spp.). The tame grass species are generally more productive than the 

native climax grassland species they replace (Gabel 1971, Rumsey 1971, 

Davies and Munro 1974). Based on these studies the aboveground produc­

t iv i ty  of pasture systems was assigned a value of approximately twice 

th a t of the ungrazed rangeland. This coincided with other reported 

values in  Oklahoma (Denman, e t a l .  1971). Net and gross primary pro­

duction data fo r pastureland in  the three counties are l is te d  in  

Table 15.

The primary production differences between the pasture and 

range systems are immediately obvious. Of p articu la r importance is  

the fivefold increase in  pasture NPP over that of rangeland. The 

reason, of course, is  man's subsidization (primarily irr ig a tio n ) which 

w ill be discussed la te r . Note should also be made th a t ,  although GPP 

of pasture and rangeland i s  essen tia lly  the same in  McCurtain County,

NPP is  significantly  d iffe ren t. This is  indicative of how the forage 

crops have been bred and how man has substituted his inputs fo r some 

of the p lan ts’ normal maintenance a c tiv ity . Thus more of the GPP can 

be channeled in to  the NPP.

Secondary Production. In  the agroecosystems management 

centers around the harvesting of primary production; in  the grazing 

systems i t  i s  concerned with harvesting secondary production. This is  

the reason for the existence of pastureland or intenselynmanaged grazing 

systems. The principal grazers w ithin the three counties are  beef



Table 15. Annual net (NPP) and gross (GPP)* primary production of range and pasture systems 
In Texas, Cleveland, and McCurtain Counties.

Range Pasture

NPP
t/ha

NPP 
10® kcal/ha

GPP
t/ha

GPP 
10® kcal/ha

NPP
t/ha

NPP 
10® kcal/ha

GPP
t/ha

GPP 
10® kcal/ha

Texas 2.84 11.928 7.47 3 1 .3 8 9 14.39 6 0 .4 4 2 8 .7 8 120.442
Cleveland 5.61 23.562 14.02 5 8 .9 0 5 8 .3 0 34.87 1 6 .6 1 69.746
McCurtain 8.87 37.254 21.11 8 8 .1 6 5 10.66 4 4 .7 7 2 1 .3 2 8 9 .5 5 4

iQPP values for rangeland were obtained from Eck, et al. (1975); Sims and Singh (1971); and 
Rlsser (personal communication). GPP of pasture species was assumed to be twice that of NPP 
based on the data for rangeland and agricultural crops. Texas rangeland NPP = SB% GPP; there-

■Ki p 'P  T\TPP Tr/» a  1 ___fore N P P  In fuel equivalents = N P P  kcal x .05 f gpp “ N P P  kcal x .132 or — --- = FE.
Cleveland = NPP kcal 

 8“
NPP kcal; McCurtain — g—q---. All pasture FE = NPP kcal 

10

VJ1Cf\
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c a ttle  and cows and some milk cows and horses. Table 16 l i s t s  the 

quantity of livestock within each of the study counties.

Forage consuuption by livestock is  dependent on vegetational 

species conposition, d istribu tion  and p a lab ility , as well as time of 

year, and animal age, type and quantity. I t  follows that although 

two grazing systans may have the saire annual net production, they can 

have d is tin c tly  d ifferen t animal unit months [AIM = the amount of 

feed/forage required to  maintain one mature cow (454 kg) or the equiva­

len t fo r one month]. For th is  study an AIM is  considered to  be 1.15 x 

10^ kcal (9 kg/day dry m atter intake) based on data extracted from 

Garret (1974) and Heath, e t a l .  (1973). The greatest majority of 

grazers in  the counties are  beef c a ttle  and cows. Therefore, values 

l is te d  for "grazeable energy" (Table 17) re flec t th a t amount of energy 

ty p ica lly  consumed by c a ttle  under a moderate grazing scheme. Values 

fo r the natural rangelands came fron Harlan (I960), Rice, e t a l.

(1971), and Dyck and Banent (1971), while pasture values came from 

Garret (1974), Fawcett (1975), Williams (1975), and Okla. St. Univ. 

(1975). Energy balance data for grazing c a ttle  were obtained from 

Rice, e t  a l .  (1971); Ryder, e t a l. (1970); Wilson and Bums (1973); 

Barrick and Dobson (1973); Garret (1974); and Dean, e t a l .  (1975). 

Approximately 54 percent of the intaken forage is  lo s t through feca l, 

urinary and methane output and 2 percent is  lo s t in  metabolic heat 

production leaving 6 percent being converted to biomass. However, a  

10 percent figure was used for biomass conversion because of supple­

mental feedings experienced by the c a ttle .



Table 1 6 . Numbers of livestock within each of the three study counties 
(as of January 1, 1975).

All Cattle 
and Calves

Beef
Cows

Milk
Cows

All Sheep 
and Lamb

All Hogs 
and Pigs

All Horses 
and Mules

Texas 2 7 7 ,0 0 0 2 5 ,7 0 0 500 550 4 ,8 0 0 2 ,5 0 0

Cleveland 3 2 ,0 0 0 14,000 1 ,7 0 0 700 3,200 5,600
McCurtain 6 1 ,0 0 0 3 3 ,8 0 0 600 350 600 5,300
State
Total

6,020,000 2 3 7 ,9 0 0 1 2 6 ,0 0 0 104,000 3 1 5 ,0 0 0 2 3 0 ,0 0 0
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Table 17. Average available energy grazed by c a tt le  under 

moderate stocking on rangeland and pastures and 

average weight gain per hectare in  Texas, 

Cleveland, and McCurtain Counties.

-  per ha/yr -

County Range Pasture

Texas Available Energy -  10® kcal 1.03 28.21

Animal Unit Months^ 0.86 24.50

Average Weight Gain 47 1185

Cleveland Available Energy -  10® kcal 3.39 15.82

Animal Unit Months 2.94 13.80

Average Weight Gain 178 665

McCurtain Available Energy -  10® kcal 4.17 20.39

Animal Unit Months 3.63 17.70

Average Weight Gain 208 856

ÂUM = %1.15 X 10® kcal.
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The average available energy taken in  by c a tt le  under a 

moderate stocking strategy is  l is te d  in  Table 17. Corresponding AUMs 

f a l l  within the ranges of those reported in  the li te ra tu re  fo r the 

respective counties. I t  should be noted that although a hectare of 

land may support 12 AIM, th is  does not mean that i t  can support one 

head of beef fo r a 12 month period, because of the non-growing season 

of the vegetation. Thus, a  hectare of land supporting 12 AIM probably 

supports one and one th ird  c a ttle  for eight months. Therefore, s ip - 

plemental feeding i s  necessary.

The to ta l  beef output in  terms of fuel equivalents per hec­

ta re  for a l l  the systems are l is te d  in  Figs. 20-22. The y ie ld  in  

pounds of beef per hectare are l is te d  in  Table 17. As would be 

expected the yields of beef were highly correlated with aboveground 

NPP of the range and pasture systems.

Comparative Efficiencies

Table 18 i l lu s t r a te s  the efficiency of beef production from 

the pasture and range systems. One can see th a t, including both the 

land and c a ttle  maintenance energy costs, the output/input ra tio s  be­

tween the counties shows no appreciable difference fo r range systems. 

This suggests th a t there ex ists  a  baseline conversion efficiency for 

beef production of approximately 7.4 units of fo s s il  fue l expenditures 

fo r every one unit of beef produced (FE) compared to  an average of 

1.6 fo r ag ricu ltu ra l production. When accounting for the dressing 

percentage of beef the ra t io  is  15 to  1. (National Academy of Sciences

1975)



Table l8. Comparison of beef output* to energy subsidization Input* In 
Texas, Cleveland, and McCurtain Counties In Oklahoma.

Texas Cleveland McCurtain
Range Pasture Range Pasture Range Pasture

Beef Output 
Beef Maintenance^^ 0.197 0 .1 0 7 0.148 0 .1 1 8 0.142 0.146

Beef Output
Beef and Grazing 
Land rfelntenancê .̂

0 .1 3 8 0.012 0.133 0.046 0 .1 3 2 0 .0 7 5

^Output and Input are In terms of fuel equivalents.
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When coiiparlng the output (Figs. 20-22, Table 17) to  the 

efficiency of production (Table 18) i t  appears that the higher the 

output i s  the lower the efficiency. This is  further exemplified in 

Pig. 23 where output i s  plotted against efficiency. In  th is  p lo t out- 

put i s  s ign ifican tly  negatively correlated with efficiency (r  = 0.90; 

p > 0.01). The in tercept of the regression equation i s  0.148, which 

perînps indicates the maximmi possible efficiency of beef production 

in  Oklahoma enploying a  fuel-based syston. This indicates th a t i t  

requires 6.75 kcal FE of input to  get 1 kcal FE of beef output. In 

Texas County the value fo r pastureland was 83:1. The pasture ra tio s  

again show why pastureland is  of note in  both Cleveland and McCurtain 

Counties (25 and 23 percent of th e ir  area, respectively) and almost 

non-existent in  Texas County.

Forest Systems

The discussion of forest systems of the three counties d iffe rs  

from the preceding land-use systems in  th a t, f i r s t  o f  a l l ,  Texas County 

contains no fo re s t. Secondly, Cleveland County, although 23 percent of 

i t s  surface area is  covered by fo rest, none of i t  has com ercial poten­

t i a l  aside from firewood and posts. And th ird ly , McCurtain County has 

68 percent of i t s  land in  coimercial forest (332,300 ha). Commercial 

fo rest land is  land th a t i s  producing or is  capable of producing crops 

of in d u stria l wood and not withdrawn from timber u tiliz a tio n . Cleveland 

County’s fo rest i s  prim arily blaclgack-post oak with some lowland fo rest 

of elm, hacK)erry, and green ash. McCurtain County has five  major 

fo res t types: oak-hickory (96194 ha), oak-pine (80891 ha), lob lo lly -
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ORNL-DWG 78-5482

o
n  = 0.90, p>0.0<

o

o

U

O'O SD'O 100*0 190*0 200*0 300*0
PRODUCTION

Figure 23. Conparison of beef production (in  kcal fuel equivalents) to  efficiency 
(output/input) in  pasture and range systons in  Texas, Cleveland and 
McCurtain Counties, Oklahoma.

J
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shortleaf pine (128988 ha), floodplain fo res t (elm, ash, cottonwood, 

sycamore) (2186 ha) and oak-gum-cypress (24049 ha) (Earles 1976). The 

ownership of the fo rest lands are divided with 17,100 ha in  National 

Forest; 17,500 ha in  other public ownership; 229,500 ha owned by the 

fo rest industry; 23,200 ha on farms and 44,900 in  miscellaneous private 

ownership. Weyerhauser Corrpany is  the predominant fo res t industry in  

the county. Since forest land is  the main land-use type and the pro­

duction of forest products is  the principal economic driving force in  

McCurtain County, the following discussion w ill deal only with th a t 

county. This i s  not to  say that the fo rest land use in  Cleveland 

County i s  not an irrportant aspect of th a t county, only that i t  was f e l t  

th a t more could be obtained fron dealing with McCurtain County in  depth.

Forest Systen Models 

Two models were used to  describe the fo rest systems in  

McCurtain County. The f i r s t  model (Fig. 24) was used to  describe the 

fo rest land-use systems in  the county. The second model (Fig. 25) was 

azployed to  describe the en tire  fo rest industry within the county.

The basis fo r Fig. 24 i s  th a t fo rest land (oak-pine, oak hickory) is  

cut over and harvested and then a decision must be made as to l e t  i t  

regrow in to  hardwoods again or to  convert i t  to  pine plantation. The 

energy flows and storages are a l l  given in  the notes acconpanying the 

figure, with a description of the methodology and references given 

in  Appendix A.

The model in  Fig. 25 is  a model of the en tire  county's fo rest 

resources and the in teractions with the fo res t industry. Included in
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Figure 2^. Energy flow model of McCurtain County forest land use. HL — human labor; PH — fertilizer and 
herbicides; M — machinery; PP — fossil fuel; S — seedlings; PBE — fuel-based energy.



Notes to Figure 24

D i a g r a m

N o t a t i o n D e s c r i p t i o n V a l u e

S t o r a g e s

Qi

Qg
Q3

%

%

Qg

F l o w s

B i o m a s s  o f  m i x e d  f o r e s t  

F o r e s t e d  l a n d  ( n o n - p i n e )

B i o m a s s  l o b l o l l y  p i n e  p l a n t a t i o n

F o r e s t e d  a r e a  -  p i n e  p l a n t a t i o n

T i m b e r  h a r v e s t e d  f r o m  m i x e d  f o r e s t

T i m b e r  h a r v e s t e d  f r o m  l o b l o l l y  p i n e  p l a n t a t i o n

S o l a r  r a d i a t i o n

P r e c  i p i t a t i o n

G r o s s  p r i m a r y  p r o d u c t i o n

U n h a r v e s t e d  b i o m a s s ,  l i t t e r f a l l

Gross primary production

2 2 . 5 x 1 0 ®  k c a l  F E / h a  

2 0 3 ,3 0 0  h a  

3 5 . 0 x 1 0 ®  k c a l  F E / h a

1 2 9 ,0 0 0  h a

7 9 5 6 x 1 0 3  k c a l  F E / h a  

1 6 7 5 0 x 1 0 ®  k c a l  F E / h a

1 0 ®  k c a l  F E / h a / y r  

7300

4395

5855

12374*

6275

CTv



Notes to Figure 24 (continued)

Diagram
Notation Description Value

10
11

'12

’13

'l4
h 5

‘'16,17
^18

Unharvested biomass, litterfall
Conversion of forested land to non-forest use
Respiration
R esp ira tio n

Fossil fuel, fertilizer, herbicides, machinery
Seedlings
Human labor
Conversion of various forest types to pine 
plantations

F u e l ,  m a c h i n e r y  a n d  l a b o r  c o s t  f o r  c o n v e r s i o n

Harvest from mixed forest

L o g g i n g  e x p e n d i t u r e s

Harvest from loblolly pine plantation

18250*

N/A
3215
2195

2031*
430*
104*
N/A

8136*

7956*
4440
16750*

o \



Notes to Figure 24 (continued)

Diagram
Notation Description Value

J l 9 Transportation costs 2111*

^20 Timber from mixed forest 7956*

J21 Timber frcm loblolly pine plantation 16750*

*Energy flows reflect the energy flows per hectare of logged land which Is not on 
a yearly basis. For mixed forest It would be once every 40-50 years, for loblolly 
pine plantations It would be once every 25-30 years.

cr\oo



ORNL-DWG 7 8 - 8 9 8 4

COUNTY
EXPORTS COUNTY 

j IM PORTS 
4117, I  z '— \

NON-INDUSTRY 
LAND OWNERS FOSSIL

FUELFUEL-BASED 
ENERGY

I© ®,
61 5 0 2

584118.3 7911750
4 2 7 5 FBE

RAIN,
WIND 6 8 3 4 9

3 0 ^
5 8 .9 PW TIMBER

I N D U S T R Y
36.1 S W

373
AREA

3 3 2 3 0 0 UNUSED 
I BIOMASS

SUN

BIOMASS
151500

Me CURTAIN COUNTY F O R E S T  INDUSTRY MODEL 
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Figure 25. Energy flow model of the timber industry in McCurtain County. HL — human labor; S — seedlings;
FH - fertilizer and herbicides; M — machinery; FF - fossil fuel; FBE — fuel-based energy; PW - polewood; SW —  sawtinfcer.
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the figure are flows of money as well as energy. Both models w ill be 

discussed in  d e ta il  in  the following pages.

Forest Systen Subsidies 

There are no energy subsidies required for the natural forest 

systen prio r to  harvest except fo r timber cruising and marking tre es  

for harvest. On the other hand there  are significant energy subsidies 

required fo r pine p lantations. These energy subsidies range from 

8136 X 10  ̂ kcal FE/ha fo r the conversion of land to  pine plantation 

to 2565 X 10^ kcal FE/ha fo r the maintenance of the plantation during 

i t s  25-30 year l i f e  span (Fig. 24). The cost breakdown, both in  terras 

of energy and do llars, fo r  the maintenance a c tiv itie s  is  given in  

Table 19.

The costs of harvest or logging were assumed to  be equal fo r 

both types of fo rest systems. The to ta l  costs of logging was estimated 

to be 4.441 x 10^ kcal FE/ha (DeBell and Harms 1976, Bishop 1976).

Table 20 l i s t s  the e:q)enditures associated with the logging of hard­

woods and softwoods. Transportation costs (2111 x 10^ kcal FE/ha) were 

based on figures in  DeBell and Harms (1976) which were based on a 

hauling radius of 45 m iles.

Forest Systen Output 

Total Production. Johnson and Hisser (1974) reported an 

annual NPP for a blaclgack-post oak forest in  Cleveland County of 

14.9 t/h a . This value was f e l t  to  be high fo r the majority of the 

crosstimber area within th e  county fo r  th ree  reasons. 1) The stand 

sanpled had more favorable moisture conditions than the  majority of



Table 19. 197^ dollar and energy costs for maintaining pine plantations in the Piedmont area
of the South (including southeastern Oklahoma). Adapted from Monk and Kucera
(1975).

Activity

Costs per hectare

Labor Equipment Materials

$ kcal FE^ $ kcal FE^ Amount kcal FE

Prescribed burning 6.18 3296 3.01 32087
Mechanical site preparation 39.10 20853 7 8 .6 0 837876

Planting by machine 30.75 16400 20.95 223327
(Planting by hand) (53.40) 28480 (5.34) (56924)
Fertilization 0.7 hr: 1400 12.00 127915 200 lbs 3 802164**
Precoirmercial thinning 38.11 20325 2 5 .8 9 275987

Herbiciding unwanted growth 34.63 18469 5 .6 8 60549 4 lbs 4400**
Timber cruising 2.35 1253 0 .3 5 3731

Marking trees for harvest 23.30 12427 3.14 33472



Table 19 (continued)

Costs per hectare

Labor Equipment Materials

Activity $ kcal PE* $ kcal PE^ Amount kcal PE

Seedbed preparation 23.02 12277 52.91 564021

Total
(planting by hand)

195.45
(222.08)

104240
(118443)

190.51
(1 7 4.9 0)

2030837
(1864434)

—  806564

^Fuel equivalents for labor were determined by dividing the dollar cost by the average wage of 
an Oklahoma worker of $3.75/hr (Center. Econ. Mgmt. Res. 1975) and multiplying the hourly work 
by 2000 kcal PE (Table 4).

^ E n e r g y  e x p e n d i t u r e s  f o r  e q u i p m e n t  c o s t s  w e r e  d e t e r m i n e d  b y  a v e r a g i n g  t h e  i n p u t / o u t p u t  e n e r g y  

c o e f f i c i e n t s  f r c x n  H e r e n d e e n  a n d  B u l l a r d  (1974) f o r  t r u c k  b o d i e s  (77144 B t u ’ s ) ,  c o n s t r u c t i o n  

m a c h i n e r y  (68o4o B t u ' s ) ,  t r a n s p o r t a t i o n  e q u i p m e n t  (96302 B t u ' s )  a n d  f a r m  m a c h i n e r y  (71846 B t u ' s )  

A v e r a g e  w a s  78333 B t u ' s  o r  19740 k c a l  P E  p e r  1967 d o l l a r .

^ P e r t i l i z e r  r e q u i r a n e n t  o f  200 k g / h a  o f  18-46-0 f e r t i l i z e r  ( G .  B l e d s o e ,  p e r s o n a l  c a n m u n i c a t i o n ) . 

"Table 4.

-4ro



Table 20. Energy expenditures for logging operations.^

Hardwoods Softwoods
sawtimber-mbf 

^1. kcal FE
pulpwood-ccf^ 
gal. kcal FE

sawtimber-mbf 
gal. kcal FE

pulpwood-ccf^ 
gal. kcal FE

Gasoline ̂ 3 .5 8 111,868 1 .9 0 5 9 ,4 3 1 3 .5 8 111,868 1 .9 4 6 0 ,7 7 2

Diesel Fuel® 3 .7 0 1 3 0 ,5 3 6 1.97 6 9 ,4 4 5 3 .7 0 130,536 2.01 7 1 ,0 1 1

Oil® 0 .1 8 6,350 0 .0 9 3 ,2 8 5 0 .1 8 6 ,3 5 0 0.10 3 ,3 5 4

Labor** hours kcal PE hours kcal PE hours kcal PE hours kcal FE
5 .0 7 10,l40 4.44 8,884 2 .6 5 5,295 3 .1 6 6 ,0 6 6

Machinery and Equipment® 6 .7 9 8 X 10® kcal FE/ha

^Adapted from Cottam, et al. (1973).
^Conversion of cords of wood to ccf (hundred cubic feet) taken from Snyder and Knight (1970). 
^Kilocalorie conversions from Table 4.
‘‘Man-hours of labor converted to kcal PE through use of 2000 kcal PE/hr from Table U.
^Energy requirements for machinery and equipment were arrived at by subtracting energy requirements 
of fuel, lube and labor for a timber harvest of 1040 ft V A  softwoods and 157 ftVA hardwoods from 
4.44o6 X 10® kcal PE/acre derived from economic logging, costs as described in DeBell and Harms
(1 9 7 6) and energy costs in Bishop (1976).

00
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the county (Johnson, personal conmunication). 2) The stand had not 

yet reached steady sta te  and therefore would tend to exhibit a  higher 

annual NPP. 3) The allom etric technique enployed within the study may 

have yielded higher values than other techniques (Johnson, personal 

communication). Based on th is  information and that found in  the l i te ra ­

ture (Whittaker and Woodwell 1969; Art and Marks 1971; Monk, e t a l .

1970; and Rochow 1974), a  value of 8.5 mt/ha was assigned to  the upland 

forest and 10 mt/ha to the lowland fo rest. Annual GPP was estimated a t 

19.8 and 23.2 mt/ha, respectively, based on data of Johnson and Risser 

(1974) and calculations deta iled  in  Whittaker and %rks (1975).

The estimated values for the NPP and GPP of the five forest 

types in  McCurtain County are lis ted  in Table 21. There ex ists  one 

noticeable point in  Table 21. That i s  the difference between NPP and 

GPP of the loblolly  pine (plantation) as conpared to  the natural 

occurring forest types. The loblolly  pines resp ira tion  was only 35 

percent of the GPP, whereas i t  was 55 percent for the other forest 

types. This i s  indicative of the specialized genetic breeding of th is  

species and the maintenance costs (respiration) contributed by man's 

management a c tiv itie s .

Harvestable Output. While the NPP and GPP yield  an indication 

of the forest system's response to  natural fac to rs, or they afford an 

estimation of the contribution of primary production to  the ecosystem, 

they f a i l  to  account for the harvestable portion of the biomass that 

i s  u tilisa b le  by man. This is  fu rther complicated since that not only 

are d ifferent s ite s  capable of producing different quantities of bio­

mass, but the usable portion of the biomass is  related  to  species
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Table 21. Estimated annual net (NPP) and gross (GPP) primary 

productivity for fo rest types in  McCurtain County.

County
Area NPP GPP NPP GPP

lÿpe 10  ̂ ha mt/ha/yr 10® kcal/ha/yr

Oak-Hickory 96 10.5 23.3 49.4 109.5

Oak-Pine 81 11.0 24.4 52.8 117.1

Loblolly
(lob lo lly . shortleaf) 129 16.0 24.6 81.6 125.5

Floodplain
(elm, ash, cottonwood, 

sycamore) 2 14.0 31.1 64.4 143.1

Cypress 
(oak, gum. cypress) 24 14.0 31.1 68.6 152.4

Data on NPP + GPP from Johnson and Risser (1974); Klopatek and 

Risser (1977); Kira (1975); Nemeth (1973); Art and Marks (1971); 

Rockow (1974); Monk, e t a l. (1970), Whittaker and Marks (1975); 

and Whittaker and Woodwell (1969). Caloric values derived frcm 

Cottam, e t a l .  (1973); Jordan (1971); Nemeth (1973); and Cummins 

and Wuycheck (1971).
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type, conposition and age. To deal with th is  problem, the annual to ta l 

county timber production or removals were divided by the estimated 

annual harvested acreage in  the county. According to  local sources, 

approximately 12,000-14,000 ha (30,000-35,000 A) were harvested in  

McCurtain County during 1975. This number is  furthermore expected to  

ranain fa ir ly  consistent. However, as time progresses the harvested 

output should be more and more doninated by loblolly  pine and le ss  by 

the pine-hardwoods mix charac teris tic  of current production.

Listed in  Table 22 are the growing-stock and sawtimber volume, 

net growth of growing stock and sawtimber, and timber removals of 

growing stock and sawtimber. Using the lower harvested area figure 

(12,150 ha % 30,000 A) I  arrived a t  values of 1040 f t^  of softwood and 

160 f t^  hardwood per acre or a to ta l  of 7956 x 10^ kcal FE/ha. These 

figures were then converted to  to ta l  standing crop and inserted in  the 

model in  Pig. 24 for the harvested output frcm a  mixed fo rest. The 

conversion technique i s  explained in  Tbble 23 where values of 60.5 mt/ 

ha of softwoods and l6 .3  mt/ha of hardwoods were present in  the har­

vested acreage. The to ta l  stand biomass of 91.9 mt/ha agrees with 

resu lts  found in  the l i te ra tu re  for sim ilar fo res ts .

The harvested output frcm the loblolly pine plantations pro­

vided a problem, since no data was available frcm McCurtain County. 

Therefore, values were obtained frcm the l i te ra tu re  to  estimate what 

the output in  terms of biomass was. Data from Nemeth (1973), Art and 

Marks (1971) and Brender (1973) indicated that the biomass per hectare 

was approximately 140 mt of which approximately 65 percent i s  harvested 

(Bradbum, personal conmunication) as opposed to  hardwoods where



Table 22. Growing-stock and sawtimber volume, net growth of growing stock and sawtimber, and
growing-stock and sawtimber timber removals In 1975 on commercial forests of McCurtain 
County, Oklahoma. Adapted from Earles (1976).

All Softwood Hardwood

Species Total Pine Other Total Oak Gum Other

Growing stock volume 653.2
- XIO^ 
400.3

feet^ — 
399.0 1.3 252.9 162.5 23.7 66.7

Net growth of growing stock 32.3 19.5 19.5 12,8 7 .8 1,2 3 .8

Timber removals of growing stock 35.8 31.1 31.0 0.1 4.7 2 .8 0.7 1.2

Sawtimber volume 2,280.3
— XIO^ board feet — 

1 ,6 1 8 .2 1 ,6 1 0 .8 7.4 662.1 440.0 75.8 1 4 6 .3

Net growth of sawtimber 141.1 102,8 102,7 0,1 3 8 .3 27,2 5.2 5,4
Timber removals of sawtimber 172.3 154.5 154.1 0.4 10.1 5,8 0,8 3.5
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Table 23. Conversion methods for converting cubic feet of

harvested timber into the standing crop of bicmass.

softwood yield per acre

hardwood

1040 f t  VA 
X 15.3 kg/ft^ (fhom DeSelm, 1971)

% 15,900 kg/A
X 1.54 to ta l  tree conversion
---------------------  figure (Bradburn,

24,500 kg/A personal comnunication) 
X 2.47 A/ha

60,500 kg/ha = 60.5 mt/ha

yield per acre 157 f t  VA
X 21.0 kg/ft^ (from DeSelm, 1971)

% 3300 kg/A 
X 2 to ta l  tree conversion
---------------------  figure (Patrie and

6600 kg/A Smith, 1975)
X 2.47 A/ha

16,300 kg/ha = 16.3 mt/ha

ro tten  and dead trees 1.2 mt/ha (Earles,
1976)

shrubs and saplings

herbaceous growth

12.5 mt/ha (adapted 
from 

Harris 
et a l . ,  
1973)

1.4 mt/ha (DeSelm, 
1971)

Total Stand Biomass 91.9 mt/ha
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approximately 50 percent of the to ta l bionass Is  harvested (Patrie and 

Smith 1975). This resulted in  the harvested bionass being 91 mt/ha or 

16,750 X 10^ kcal FE/ha.

Conparative Efficiencies

In conparing the outputs f rm  the two forest types, the har- 

vestable bicmass from the pine plantation (16,750 x 10^ kcal FE/ha) 

obviously surpasses that from the mixed forest (7956 x 10 kcal FE/ha). 

The question is  then, how do the two systems ccxipare in  th e ir  output/ 

input efficiencies? To answer th is  question two approaches were taken -  

one without including the natural energies as input and one including 

the natural energies.

The energy inputs for the mixed forest are only those a ttr ib u ­

table to  the logging and transport costs or a to ta l  of 6155 x 10  ̂ kcal 

FE/ha.

The inputs fo r the pine plantation included not only logging 

and tranport costs but also conversion and maintenance costs or a 

to ta l  of 16,856 kcal FE/ha. Dividing these figures into the output 

from the fo res t systems yields ra tio s  of 1.29 and 0.99 fo r the mixed 

forest and pine p lantation, respectively. Thus, the natural system 

possesses a b e tte r  matching ra tio  with the energy subsidies.

Now i f  the solar energy is  included -  50 years of i t  for the 

mixed fo rest and 30 years of i t  for the pine plantation -  th is  provides 

new ra tio s . The resulting  output/input ra tio s  are 0.022 and 0.071 for 

mixed fo rest and pine plantation , respectively, or a 3:1 advantage for 

pine plantation. This is  indicative of the ab ility  to boost primary 

production output through the application power of energy subsidies
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while s t i l l  maintaining a positive output/input ra tio . However, in  

the long run the output from the natural system is  s t i l l  b e tte r when 

conparing the subsidization energies. Purtheiroore, th is  energy analysis 

has not included the benefits of maintaining a mixed or natural forest 

such as w ild life  h ab ita t, b e tte r so ils , and aesthetic resources.

Forest Industry

The fo res t or timber industry as depicted in  Fig. 25 shows 

i t s  importance within the county. Controlling almost 70 percent of 

the to ta l  land within the county the forest industry is  the driving 

economic force. In fa c t, the income of 68 m illion dollars is  almost 

75 percent of the to ta l  personal income in the county (90 m illion 

do lla rs).

An indicator of the energy in tensity  of the industry is  the 

energy output/dollar input ra tio . The exchange ra tio  of 5457 kcal FE 

per do llar indicates the high energy quality  of wood products. This 

ra tio  contrasts markedly with that of the fo ss il fuel (primarily natural 

gas) coming in to  the industry where the ra tio  i s  105 x 10^ kcal FE per 

dollar! These conflic ting  ra tio s  indicate the discrepancy one may 

obtain by using Odum's (1973) conversion figure of 25,000 kcal FE per 

dollar.

Right-Of-Ways

The land-use category of right-of-ways can be broken down into 

three subcategories: highway, railway and e lec tr ic  transmission lines. 

Right-of-ways play an in teg ra l, i f  not indispensable, ro le  in  the move­

ment of energy, m aterials, and people in to , through, and out of the
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land-use systems in  question. Right-of-'waySj in  p a rticu la r highways 

and roadways, also occupy a significant portion of a reg ion’s land area. 

Data frcm Klopatek and Risser (1977) show th a t highway right-of-ways 

(including roadbed and easement area) account fo r 18,776, 5951, and 

10,202 hectares of land in Texas, Cleveland and McCurtain Counties, 

respectively or 3.5 percent, 4.1 percent and 2.1 percent of th e ir  respec­

tiv e  land areas. However, since railway right-of-ways only occupy a 

small frac tion  of the land area of each of the counties (235, 50, and 

120 km for Texas, Cleveland and McCurtain Counties, respectively), they 

w ill not be dealt with in  th is  discussion. Therefore, the following 

discussion w ill center on highway and e lec tr ica l transmission line  

right-of-ways.

Right-Of-Way Models 

Both models in  Pig. 26a and 26b are purely qua lita tiv e . This 

is  because many of the values were unable to  be determined. Both 

models have a number of features in  common. F irs t  of a l l ,  both systems 

require the conversion of a natural or man-managed system to  one that 

is  conpletely man-dominated. The highway systan i s  self-evident. The 

transmission lin e  system may vary fron one th a t occupies only a small 

fraction  of th e  systan (e.g. footings for tension poles within a pasture 

system) to  one th a t conpletely doninates the preceding systan (e.g. a 

transmission lin e  right-of-way through a fo rest where the fo rest is  

replaced by a maintained grass-herb community). Secondly, the size of 

the right-of-way must be in proportion to  the incoming flow (e.g. 

vehicular t r a f f ic  or wattage). Thirdly, the primary producer conponent
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of the system must be managed by a r t i f ic ia l  means, by mowing or herbi­

cides. And f in a lly , the systems never build up large concentrations 

of energy or power but are subject to daily o sc illa tin g  flows.

Highway Right-of-Ways

The land occupied by highway right-of-ways, the energy flow 

through the system, and the maintenance costs are a l l  given in  Table 23. 

Energy flows were based on the reported vehicular flow (Okla. Hwy. Dept. 

1975a,b,c) and an assumed gas mileage fo r urban-open road driving (Table 

23). Fran looking a t the model (Fig. 26a), the highway right-of-way 

systans appear fa ir ly  sinple. Actually they are extranely conplex, 

especially with regard to th e ir  potential inp lications. They are to  

sane extent sim ilar to the old railways and act as a magnetizing in­

fluence for surrounding development and settlement. The additional 

settlanent in  turn  adds to the power flow.

The transportation energy expenditures can be determined in  

two ways. The f i r s t ,  as in  Table 2h bases the energy expenditures on 

measured, average vehicular t r a f f ic .  The second, enploys the use of 

county vehicular numbers as a percent of the s ta te  to ta l  and then mul­

t ip lie s  that by the to ta l  s ta te  fuel consumption (Table 25). As can 

be seen in  the conparison of Tables 24 and 26 the to ta l  energy expendi­

tures are quite d ifferen t. The energy flow figures (Table 24) are 

higher fo r Texas and McCurtain Counties vM le lower fo r Cleveland. The 

reasons for these discrepancies are dependent on the size of the county 

and the destination  of the vehicles. Texas and McCurtain Counties are 

large and therefore require more driving and thus more fuel usage per



Table 24. Highway right-of-way land use,* energy flow^ and energy maintenance^ 
requlranents In Texas, Cleveland, and McCurtain Counties in Oklahoma,

Texas Cleveland McCurtain

Hectares (ml.) 18,776 (2963) 5951 (939) 10202 (1606)
Percent of county area 3.5 4.1 2.1
Annual total maintenance costs

(10* kcal PE) 5 8.664 3 3 .7 7 3 3 7 .1 8 9

Annual average maintenance costs
(10® kcal FE/ha) 3.124 5 .6 7 5 3.645

Annual total energy flow
(10® kcal PE) 9 8 9 .5 0 5 1423.116 8 6 9 .1 8 7

Annual average energy flow
(10® kcal PE/ha) 5 2 .7 0 0 2 3 9 .1 3 9 8 5 .1 9 8

Energy flow 
Maintenance costs 1 6 .9 3 0 .9 2 3 .4

*Includes all federal, state and county roads both paved and unpaved.
^Energy flow 'Includes all energy expanded as fuel by vehicles traveling the roads 
within the county. Vehicles were assumed to average 12.5 ml./gal. One gallon of

oo
-C r



Table 24 (continued)

f u e l  =  3 1 2 4 8  k c a l  P E .  V e h i c u l a r  f l o w  w a s  o b t a i n e d  f r o m  s t a t i s t i c s  o f  t h e  

O k l a h o m a  H i g h w a y  D e p a r t m e n t  ( 1 9 7 6 ) .

^ M a i n t e n a n c e  c o s t s  w e r e  b a s e d  o n  1 9 7 4  $  v a l u e s  a n d  p e r  t y p e  o f  r o a d  o b t a i n e d  f r o m  

O k l a h o m a  H i g h w a y  D e p a r t m e n t  ( p e r s o n a l  c o m n u n i c a t i o n )  a n d  c o n v e r t e d  t o  k c a l  F E  

f r o m  d a t a  i n  H e r e n d e e n  a n d  B u l l a r d  ( 1 9 7 4 ) ;  1 9 7 4  $ 1  =  156670  k c a l  F E .

00
V-TI
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Table 25. Annual amounts of liquid fuel consumed in  

Oklahoma 1955 to 1975 (conpiled from data 

frcm the Oklahoma Public Service 

Commission).

Gallons

Year Gasoline Diesel LPG

1955 902,991,875 25,201,612 424,418,287

1956 939,381,120 30,090,557 464,834,906

1957 930,408,973 38,780,582 496, 551,131

1958 1,003,659,734 45,910,409 452, 123,980

1959 1,076,704,862 66,155,388 510, 205,729

I960 1,142,072,895 79,305,852 561, 443,615

1961 1,130,642,251 90,466,901 673, 433,530

1962 1,153,660,555 101,874,966 726,540,886

1963 1,179,244,264 116,043,134 777,048,015

1964 1,202,753,598 151,660,097 859,486,979

1965 1,255,499,188 196,408,522 967, 224,183

1966 1,326,151,242 208,567,951 971, 617,065

1967 1,352,910,939 235,931,808 979,481,874

1968 1,395,616,798 265,246,081 875, 885,192

1969 1,467,908,975 291,122,667 840,793,463

1970 1,564,851,342 329,920,488 721, 100,518

1971 1,602,907,928 399, 850,698 957,441,624



Table 25 (continued)
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Gallons

Year Gasoline Diesel LPG

1972 1,677,459,793 443,875,787 777,740,778

1973 1,725,856,823 521,984,133 742,502,803

1974 1,657,887,011 572,895,602 720,146,093

1975 1,725,995,244 N.A. N.A.
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Table 26. Expenditures of gasoline and diesel fuel for 197^ in 

Texas, Cleveland and McCurtain Counties based on 

s ta te  expenditures. Gasoline = s ta te  to ta l  x county 

to ta l  automobiles/state to ta l  automobiles. Diesel 

fuel = s ta te  to ta l  x county to ta l  canmercial trucks 

and tra c to rs /s ta te  to ta l trucks and tra c to rs .

County

Gasoline Diesel Fuel Total

gal. 10® kcal gal. 10® kcal 10® kcal

Texas 11,472,578 358.5 4,669,099 164.7 523.2

Cleveland 57,615,912 1800.4 16,808,757 593.0 2393.4

McCurtain 14,589,940 456.0 6,897,663 243.3 699.3
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vehicle whereas Cleveland is  re lative ly  small. Also much of Cleveland 

County’s work force migrates with approximately 3,000 (13.6%) coming 

in  and 11,000 (38.3%) going out daily. Only 300 (5.1%) and 750 (14.4%) 

migrate in  and out of McCurtain County daily and 250 (3.1%) and 350 

(4.3%) migrate in  and out of Texas County daily.

The conparison of energy flow to  maintenance cost shows 

Cleveland County to  possess the highest and therefore the more favor­

able ra tio . The reasons fo r th is  are one, Cleveland County has the 

highest population; two, i t  is  the smallest county in  size ; and three, 

i t  contains a busy section of the Interstate Systan. However, the true 

ra t io  in  judging costs and benefits must include environmental costs 

such as pollution frcm the vehicles and the cost o f "carving up" the 

ecosystems.

Transmission Line Right-of-Ways

Judging from the many reports that have recently  been published, 

there ex ists  substantial environmental concerns over transmission line  

right-of-ways (Tillman 1976; Fowler, et a l .  1977; Daily 1978). Further­

more, quite often the local environment suffers degradation due to  

external factors, e .g . the need of large c itie s  for e le c tr ic a l  power 

from power sources which are many kilometers distance. For example, 

the counties' to ta l  consunption (Table 27) was divided by the capacity 

of the transmission lines times the length of the appropriate lines 

(Table 28) to arrive  a t a consumption-construction figure (ravdVkv-km). 

The resu ltan t figures were 1.24, 9.97, and 2.85 mwh/kv-km fo r Texas, 

Cleveland and McCurtain Counties, respectively. This points out tha t



Table 27. Electrical power generation and consumption statistics for Texas, Cleveland, and 
McCurtain Counties, Oklahoma — 1974.

T e x a s C l e v e l a n d M c C u r t a i n

MWH 1 0® k c a l  P E ^ MWH 1 0® k c a l  P E ^ MWH 1 0® k c a l  P E *

C o n s u m p t i o n  
( T o t a l  S a l e s ) 186,239 622,453 3 8 6 ,0 0 0 1 ,2 9 0 ,0 9 4 146,000 2 5 0 ,8 8 1

L o s s 2 6 , 4 1 2 = 88,275 36,863= 1 2 3 , 2 0 4 1 3,9 4 3= 2 3 ,9 5 9

G e n e r a t e d 28,946 96,744 — — 114,000 1 95 ,894

N e t  U s e 1 8 3 ,7 0 6 613,987 349,137 1 ,1 6 6 ,8 9 5 4 5 ,9 4 3 7 8 ,9 4 7

^Por conversion of megawatt hours (MWH) to kcal FE a conversion figure of 3.89 kcal PE for 
every kcal of electricity was used (obtained from Herendeen and Bullard 1974) except for 
that generated within McCurtain County. Since McCurtain County's electrical generation came 
from hydro facilities instead of fossil fuel a conversion figure of 2 kcal PE per kcal of 
electricity was used (Perry, et al. 1977).

^Actual loss figure obtained from the Southwestern Public Service Company, Amarillo, Texas.

®Loss figures based on the national average of 9.55% (Kidman, et al. 1977).

V£)
o
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Table 28. Amount and capacity of e lec tric  

transmission lin es  ̂  in  Texas, 

Cleveland, and McCurtain Counties, 

Oklahoma.

Capacity KV

Lengths in  Kilometers

Texas Cleveland McCurtain

6.9 6.4

12.5 48.3 16.1

33 462.3 25.7

69 405.4 160.3 9.7

115 933.3

138 149.7 136.8

345 18.5 88.5

^Figures do not include primary d is trib u tio n  lines 

within the urbanized land areas.
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local consumption is  not the primary force in  Implementation or presence 

of transmission lines. Consumption in  Texas, Cleveland, and McCurtain 

Counties was 35.4, 12.6 and 7.2 x 10^ kcal FE per person, respectively. 

The reason for Texas County's substantially  larger use per capita was 

based on the heavy e lec tr ic a l usage for feedlot operations and for 

supplying power to  irr ig a tio n  punps. The lower figure for McCurtain 

County i s  a function of the hydropower generated within i t s  boundaries. 

E lec tric ity  consunption was 22.8, 22.0 and 13.8 percent of the respec­

tiv e  counties' to ta l energy consumption (Drysdale and Calef 1976).

Land Use

A discussion of the energetics of land use is  not conplete 

without a discussion of the land-use patterns within the counties. 

Figures 27, 28 and 29 depict the land use in  a l l  three counties vdiile 

Table 29 gives a numerical breakdown. As can be seen in  the figures 

and the tab le the land use is  actually a manifestation of the climate.

In McCurtain County, with abundant moisture, fo rest land predominates.

In Cleveland County the forest-range (pra irie) tran sitio n  is  obvious.

And in  Texas County, with precip ita tion  being scarce, rangeland i s  the 

predominant natural land type. I t  is  important to  notice how much of 

Texas County’s land is  in  cropland (58.8%) with 19.2 percent under 

irr ig a tio n .

The mix or proportionment of land-use classes within a county 

i s  extremely important. For, as discussed in  the introduction, a 

balance needs to be maintained between the natural systems and the 

managed land-use systems (Klopatek 1978). I t  i s  the balancing of these
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L a n d - u s e  T y p e

T e x a s C l e v e l a n d M c C u r t a i n

h e c t a r e s p e r c e n t h e c t a r e s p e r c e n t h e c t a r e s p e r c e n t

C r o p l a n d 2 1 1 ,8 0 7 3 9 . 6 1 5 ,0 3 3 1 0 . 4 1 5 , 4 8 5 3 . 2
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systems which in  turn d ictates the ra tio  of subsidized to  natural ener­

gies. I t  is  th is  ra tio , or as defined by Odum and Odum (1976) the in­

vestment r a tio , which is  the deciding factor as to  the survival of the 

overall (county) system according to the maximum power principle. While 

i t  is  not possible at th is  time to evaluate or compare the counties 

because the major fossil fuel supported system, urban land use, has not 

been evaluated, sane observations can s t i l l  be made. These w ill be 

discussed in  the following pages.

Agricultural Land 

Figure 30 depicts the change of agricu ltu ra l or cropland in  

the three counties from 1970 to  1975. The percentage of Texas County's 

land base in  cropland has remained consistent over the la s t  th ir ty  

years. However, irrigated  cropland has Junped from a few hundred hec­

ta res  in  the early  f i f t ie s  to over 100,000 a t present. This has resulted 

in  a substantial decline in  water levels in  the Ogallala groundwater 

formation [as much as 25 m from 1956-197^ (Okla. Water Res. Board 1975)]. 

Furthermore, by the year 2030 water requirements for irr ig a tio n  are 

expected to  more than double the existing ones. This represents a re ­

duction in saturated thickness of the formation and loss of groundwater 

in  storage. The resu lts are a  decrease in  ra te  a t which pumps w ill 

deliver water, higher energy costs and possible water quality  problsns 

from saline encroachment. Eventually, pumping of wells w ill become 

financially  infeasib le , which they are presently on an energy basis for 

certa in  feed crops.
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Cleveland County has shown a decline of almost 300 percent in 

the amount of crop land over the la s t 35 years (Fig. 30). This decline 

can be expected to  continue as discussed in  the proceeding pages. The 

chief cause of th is  decline i s  urbanization which is  occurring over 

the prime ag ricu ltu ra l land (Fig. 28).

McCurtain County has also experienced a decline in  crop land 

although the level has remained constant fo r the la s t  twenty years.

The decline from the early  th ir t ie s  represents a change-over from the 

corn and cotton subculture of the South. Crop land now only occupies 

the be tte r lowland so ils  of the region with fo restry  and livestock 

grazing taking over the  old crop land.

The comparison of the crop land in the three counties represents 

an anomaly. In Texas County almost one-third of the crop land is  main­

tained by intensive fuel subsidies. In Cleveland County most of the 

good ag ricu ltu ra l land is  being replaced by urbanization. And, in 

McCurtain County agricu lture has found i t s  niche with most of the mar­

ginal land that was farmed now put into other uses. I t  is  obvious that 

the counties need to evaluate th e ir  land-use planning with an eye toward 

maximizing the natural energies, e.g. good so ils , with a viewpoint of 

minimizing the fo ss il- fu e l based subsidies required to  maintain them.

Cleveland County

Of the three counties Cleveland i s  expected to undergo the most 

changes in  land-use trends. The prime influence of land-use changes in 

th is  and future periods appears to  be population changes. Texas County's 

land-use patterns have remained constant over the la s t  th ir ty  years as
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has i t s  population which has been predicted to do so (Wilhite 1958). 

McCurtain County’s land-use patterns and population have also  rsnained 

f a ir ly  constant over the la s t twenty-five years. Only minor changes 

are expected in  the future with the changing of forest lands for grazing 

lands and vice versa expected to  be the only significant changes 

(Murphy 1977). Therefore, th is  discussion w ill center on the land-use 

patterns and th e ir  predicted changes in  Cleveland County.

Figure 31 depicts a generalized land-use model for Cleveland 

Counuy. Within the model six land-use corrpartments are iden tified  -  

crop land, grazing land (a combination of pasture and range land), 

fo res t land, water, urban land and open, id le  land. The la s t  category 

was included because i t  i s  one of the compartments included by Zeimetz, 

e t a l .  (1976). Two approaches were taken in  the modeling of changes.

The f i r s t  approach centered around the construction of d iffe re n tia l 

equations derived frcm the model in Pig. 31. Transfer coeffic ien ts 

were obtained from Zeimetz, e t a l. (1976). The second approach centered 

on urban land and crop land employing regression equations based on 

county population dynamics and information contained in  % les (I96O) 

and U.S. A gricultural Censuses. A detailed  lis tin g  of tran sfe r coef­

f ic ie n ts ,  d iffe re n tia l equations and regression equations i s  found in 

Appendix B.

The model using the f i r s t  approach detailed above was run for 

a f if ty -y ea r period from 1970-2020. The resu lts  of the simulation are 

given in  Table 30 and displayed in Fig. 32. I t  can be seen th a t agri­

cu ltu ra l land and grazing land, both of vdiich were shown previously to  

be re la tiv e ly  energy e ff ic ien t, decrease by approximately one-third.



201

0RNL-DW6 78-12668

MIGRATION

HUMAN
POPULATION

CROPLAND
URBAN
LANDFOREST

LAND

IDLE
LAND

GRAZING
LAND

WATER

TOTAL LAND BASE

Figure 31. Land-use model of Cleveland County, Oklahoma.
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Table 30. Numerical re su lts  of Cleveland County land-use model.

S tarting  point was the year 1970, increments are h a lf  

years.

1970 Cropland

Grazing

Land

Forest

land Water

Urban

Land

Idle

Land

0 . 0 1 5  3 0 6 . 7 1 0 3 0 . 2 9 9 2 9 . 7 2 2 0 . 0 7 8 0 7 . 0 1 1 4 6 1 *
0 * 5 0 0 0 0 1 5 2 5 9 . 7 0 6 8 9 * 2 9 8 7 2 * 7 2 6 7 . 2 8 0 8 5 * 9 1 3 5 8 9 *

1 * 0 0 0 0 1 5 2 1 1 * 7 0 3 3 1 * 2 9 8 1 6 * 7 3 1 4 . 6 8 ^ 6 5 . 7 1 3 7 1 4 .
1 * 5 0 0 0 1 5 1 6 4 * 6 9 9 6 5 * 2 9 7 6 0 . 7 3 6 2 * 2 8 6 4 6 . 4 1 3 8 3 5 .
2 * 0 0 0 0 1 4 1 1 7 , 6 9 6 4 0 * 2 9 7 0 4 . 7 4 1 0 . 1 8 9 2 9 * 0 1 3 9 5 4 *
2 * 5 0 0 0 1 5 0 6 9 * 6 9 2 9 7 * 2 9 6 4 8 . 7 4 5 6 * 1 9 2 1 0 * 4 1 4 0 6 ) .
3 * 0 0 0 0 1 5 0 2 2 . 6 6 9 5 6 * 2 9 5 9 2 * 7 5 0 6 . 4 9 4 9 1 * 7 1 4 1 8 2 *
3 * 5 0 0 0 1 4 9 7 5 . 6 8 6 1 7 * 2 9 5 3 7 * 7 5 5 4 . 8 9 7 7 7 * 6 1 4 2 9 1 *
4 * 0 0 0 0 1 4 9 2 8 . 6 8 2 7 9 * 2 9 4 8 1 * 7 6 0 3 . 4 1 0 0 6 2 . 1 4 3 9 8 *
4 * 5 0 0 0 1 4 8 6 1 * 6 7 9 4 3 * 2 9 4 2 6 * 7 6 5 2 . 2 1 0 3 4 8 * 1 4 5 0 1 .
5 * 0 0 0 0 1 4 8 3 5 * 6 7 6 0 9 * 2 9 3 7 1 . 7 7 0 1 . 2 1 0 6 3 4 * 1 4 6 0 2 .
5 * 5 0 0 0 1 4 7 6 8 . 6 7 2 7 6 * 2 9 3 1 7 . 7 7 5 0 * 3 1 0 9 2 1 * 1 4 7 0 0 *
6 * 0 0 0 0 1 4 7 4 1 . 6 6 9 4 6 . 2 9 2 6 2 . 7 7 9 9 * 6 1 1 2 0 6 . 1 4 7 9 6 *
6* 5 0 0 0 1 4 6 9 5 . 6 6 6 1 6 . 2 9 2 0 7 * 7 8 4 9 . 0 1 1 4 9 6 * 1 4 6 8 8 *
7* 0 0 0 0 1 4 6 4 8 . 6 6 2 6 9 * 2 9 1 5 3 * 7 8 9 6 * 5 1 1 7 * 5 . 1 4 9 7 8 *
7 * 5 0 0 0 1 4 6 0 2 * 6 5 9 6  3* 2 9 0 9 9 * 7 9 4 8 * 2 1 2 0 7 4 * 1 5 0 6 5 .
0 *  0 0 0 0 1 4 5 5 5 . 6 5 6 3 9 . 2 9 0 4 5 * 7 9 9 8 * 0 1 2 3 6 3 * 1 5 1 5 0 *
0 * 5 0 0 0 1 4 5 0 9 . 6 5 3 1 7 * 2 8 9 9 1 * 8 0 4 7 . 9 1 2 6 5 4 . 1 5 2 1 3 .
9 * 0 0 0 0 1 4 4 6 3 . 6 4 9 9 6 * 2 6 9 3 8 * 8 9 9 7 . 9 1 2 9 4 4 . 1 5 3 1 2 *
9 * 5 0 0 0 1 4 4 1 7 * 6 4 6 7 7 * 2 8 8 8 4 * 8 1 4 8 * 0 1 3 2 .15* 1 5 1 9 0 *
1 0 * 0 0 0 1 4 3 7 1 . 6 4 3 5 0 . 2 8 8 3 1 . 8 1 9 6 *  3 1 3 5 2 7 . 1 5 4 8 5 *
1 0 * 5 0 0 1 4 3 2 5 . 6 4 0 4 4 . 2 8 7 7 8 . 8 2 4 8 * 6 1 1 6 1 9 . 1 5 5 3 8 *
1 1 * 0 0 0 1 4 2  79 * 6 3 7 5 0 * 2 8 7 2 5 * 6 2 9 9 * 0 1 4 1 1 1 . 1 5 6 0  8*
1 1 * 5 0 0 1 4 2 3 3 * 6 3 4 1 8 . 2 8 6 7 2 * 8 3 4 9 * 5 1 4 4 0 4 . 1 5 6 7 6 *
1 2 * 0 0 0 1 4 1 6 7 * 6 3 1 0 7 . 2 8 6 1 9 . 6 4 0 0 * 1 1 4 6 9 7 . 1 5 7 4 2 *
1 2 * 5 0 0 1 4 1 4 2 * 6 2 7 9 7 * 2 8 5 6 6 . 8 4 5 0 . 7 1 4 9 9 0 * 1 5 8 0 6 .
1 3 * 0 0 0 1 4 0 9 6 . 6 2 4 9 0 * 2 8 5 1 4 * 8 5 0 1 * 4 1 5 2 8 3 * 1 5 8 6 7 *
1 3 * 5 0 0 1 4 0 5 1 * 6 2 1 8 3 * 2 8 4 6 1 * 8 5 5 2 . 2 1 5 5 7 7 * 1 5 9 2 7 *
1 4 * 0 0 0 1 4 0 0 5 * 6 1 6 7 9 * 2 6 4 0 9 * 6 6 0 1 . 0 1 5 8 7 1 . 1 5 9 8 4 *
1 4 , 5 0 0 1 3 ) 6 0 . 6 1 5 7 6 * 2 8 3 5 7 * 8 6 5 1 . 9 1 6 1 6 6 * 1 6 0 3 9 *
1 5 * 0 0 0 1 3 4 1 5 . 6 1 2 7 4 * 2 8 3 0 5 * 8 7 0 4 . 8 1 6 4 6 0 * 1 6 0 9 3 *
1 5 . 5 0 0 1 3 8 7 0 . 6 0 9 7 4 * 2 8 2 5 3 * 8 7 5 5 . 7 1 6 7 5 5 * 1 6 1 4 4 *
1 6 * 0 0 0 1 3 6 2 5 . 6 0 6 7 6 * 2 8 2 0 1 . 8 6 0 6 . 7 1 7 0 5 0 . 1 6 1 9 3 .
1 6 * 5 0 0 1 4 7 8 0 * 6 0 3 7 9 * 2 8 1 4 9 . 6 8 5 7 . 7 1 7 3 4 5 * 1 6 2 4 1 .
1 7 . COO 1 3 7 3 5 * 6 0 0 6 4 . 2 8 0 9 7 * 8 9 0 8 . 6 1 7 6 4 0 * 1 6 2 8 7 .
1 7 * 5 0 0 1 3 6 9 0 * 5 9 7 9 0 . 2 8 0 4 6 . 6 9 5 9 . 9 1 7 9  3 5 * 1 6 3 1 0 .
1 0 * 0 0 0 1 3 6 4 5 * 5 9 4 9 7 * 2 7 9 9 4 . 9 0 1 0 . 9 1 8 2 1 1 * 1 6 3 7 2 .
1 8 * 5 0 0 1 3 5 0 0 * 5 9 2 0 7 * 2 7 9 4 3 . 9 0 6 2 . 0 1 * 5 2 6 * 1 6 4 1 1 .
1 9 . 0 0 0 1 3 5 5 6 * 5 8 9 1 7 . 2 7 8 9 2 * 9 1 1 3 . 1 1 8 6 2 2 * 1 6 4 5 1 .
1 9 * 5 0 0 1 3 5 1 1 * 5 6 6 2 9 . 2 7 8 4 1 * 9 1 6 4 * 2 1 9 1 1 7 . 1 6 4 8 8 .
2 0 * 0 0 0 1 3 4 6 7 . 5 6 3 4 3 * 2 7 7 9 0 . 9 2 1 5 . 4 1 9 4 1 3 . 1 6 5 2 3 *
2 0 * 5 0 0 1 3 4 2 3 * 5 8 0 5 6 * 2 7 7 3 9 * 9 2 6 6 . 5 1 9 7 0 9 * 1 6 5 5 6 *
2 1 . 0 0 0 1 3 3 7 8 * 5 7 7 7 4 * 2 7 6 8 8 . 9 3 1 7 * 5 2 0 0 0 4 * 1 6 5 8  0 .
2 1 * 5 0 0 1 3  3 14* 5 7 4 9 2 * 2 7 6 3 7 . 9 1 6 6 * 6 2 0 3 0 0 * 1 6 6 1 8 *
2 2 . 0 0 0 1 3 2 9 0 * 5 7 2 1 2 * 2 7 5 8 7 * 9 4 1 9 * 7 2 0 5 9 6 * 1 6 6 4 7 .
2 2 * 5 0 0 1 3 2 4 6 * 5 6 9 3 3 . 2 7 5 3 6 * 9 4 7 0 . 7 2 0 8 9 1 * 1 6 6 7 4 .
2 3 * 0 0 0 1 3 2 0 2 . 5 6 6 5 5 * 2 7 4 8 6 * 9 5 2 1 * 6 2 1 1 8 7 * 1 6 7 0 0 .
2 3 * 5 0 0 1 3 1 5 8 * 5 6 3 7 8 * 2 7 4 3 5 * 9 5 7 2 . 7 2 1 4 * 2 * 1 6 7 2 4 .
2 4 . 0 0 0 1 3 1 1 5 * 5 6 1 0 3 * 2 7 3 8 5 * 9 6 2 1 . 7 2 1 7 7 8 . 1 6 7 4 6 .
2 4 * 5 0 0 1 3 0 7 1 * 5 5 8 3 0 * 2 7 3 3 5 . 9 6 7 4 . 6 2 2 0 7 3 . 1 6 7 6 8 *
2 5 * 0 0 0 1 3 0 2 9 . 5 5 5 5 8 . 2 7 2 8 5 * 9 7 2 5 . 5 2 2 3 6 8 * 1 6 7 8 7 *
2 5 * 5 0 0 1 2 9 8 4 * 5 5 2 8 7 * 2 7 2 3 5 * 9 7 7 6 * 4 2 2 6 6 3 * 1 6 8 0 6 .
2 6 * 0 0 0 1 2 9 4 1 * 5 5 0 1 6 * 2 7 1 8 5 * 9 8 2 7 . 2 2 2 9 5 8 * 1 6 8 2 3 .
2 6 . 5 0 0 1 2 8 9 7 * 5 4 7 5 0 * 2 7 1 3 5 * 9 8 7 7 * 9 2 1 2 5 2 . 1 6 8 3 9 *
2 7 . 0 0 0 1 2 8 5 4 . 5 4 4 8 3 * 2 7 0 8 5 * 9 9 2 8 * 5 2 3 5 4 7 . 1 6 8 5 3 .
2 7 * 5 0 0 1 2 8 1 1 * 5 4 2 1 6 . 2 7 0 3 5 * 9 9 7 9 . 3 2 1 8 4 1 . 1 6 8 6 6 *
2 8 * 0 0 0 1 2 7 6 6 * 5 3 9 5 4 . 2 6 9 8 5 * 1 0 0 3 0 * 2 4 1 3 5 . 1 6 6 7 0 .
2 8 * 5 0 0 1 2 7 2 5 * 5 3 6 9 1 . 2 6 9 3 6 * 1 0 0 6 0 * 2 4 4 2 9 . 1 6 8 8 9 .
2 9 * 0 0 0 1 2 6 8 2 * 5 3 4  3 0 . 2 6 8 8 6 * 1 0 1 3 1 * 2 4 7 2 3 * 1 6 8 9 8 *
2 9 . 5 0 0 1 2 6 4 0 . 5 3 1 7 0 * 2 6 8 5 7 . 1 0 1 6 1 . 2 5 0 1 6 * 1 6 9 0 7 *
1 0 * 0 0 0 1 2 5 9 7 . 5 2 9 1 1 * 2 6 7 8 7 * 1 0 2 3 2 . 2 5 3 1 0 * 1 6 9 1 4 .
3 0 * 5 0 0 1 2 5 5 4 . 5 2 6 5 4 . 2 6 7 3 8 . 1 0 2 8 2 . 2 5 6 9 3 * 1 6 9 2 0 *
3 1 * 0 0 0 1 2 5 1 2 * 5 2 3 9 8 . 2 6 6 8 9 * 1 0 3 3 2 . 2 5 8 9 5 * 1 6 9 2 5 *
3 1 * 5 0 0 1 2 4 6 9 . 5 2 1 4 3 . 2 t > 6 1 9 . 1 0 3 8 2 * 2 6 1 8 8 . 1 6 9 2 8 .
3 2 * 0 0 0 1 2 4 2 7 . 5 1 6 9 0 . 2 6 5 9 0 * 1 0 4 3 2 * 2 6 4 8 0 * 1 6 9 3 1 *
3 2 * 5 0 0 1 2 3 8 5 * 5 1 6 3 8 . 2 6 5 4 1 . 1 0 4 8 2 * 2 6 7 7 2 * 1 6 9 3 3 .
3 3 * 0 0 0 1 2 3 4 3 . 5 1 3 8 7 * 2 6 4 9 2 * 1 0 5 3 2 * 2 7 0 6 3 . 1 6 9 3 3 .
3 3 * 5 0 0 1 2 3 C 1 * 5 1 1 3 6 . 2 6 4 4 3 . 1 0 5 9 2 * 2 7 3 5 5 * 1 6 9 1 1 *
3 4 * 0 0 0 1 2 2 5 9 * 5 0 6 6 9 * 2 6  3 9 4 . 1 0 6 3 1 * 2 7 6 4 5 . 1 6 9 3 1 *
3 4 * 5 0 0 1 2 2 1 7 * 5 0 6 4 2 * 2 6 3 4 5 . 2 0 6 8 1 . 2 7 9 .1 6 * 1 6 9 2 9 .
3 5 . 0 0 0 1 2 1 7 5 . 5 0 3 9 7 * 2 6 2 9 7 * 1 0 7 3 1 * 2 8 2 2 6 * 1 6 9 2 5 .
3 5 * 5 0 0 1 2 1 3 3 * 5 0 1 5 2 * 2 6 2 4 8 . 1 0 7 6 0 * 2 8 5 1 6 . 1 6 9 2 1 *
3 6 . 0 0 0 1 2 0 9 2 * 4 9 9 0 9 * 2 6 1 9 9 * 1 0 8 2 9 . 2 6 8 0 6 * 1 6 9 1 6 *
3 6 * 5 0 0 1 2 0 * 0 * 4 9 6 6 7 * 2 6 1 5 1 . 1 0 8 7 8 * 2 9 0 9 5 . 1 6 9 0 9 *
3 7 * 0 0 0 1 2 0 0 9 . 4 9 4 2 6 * 2 6 1 0 2 * 1 0 9 2 8 . 2 * 3 8 4 * 1 6 9 0 2 *
3 7 * 5 0 0 1 1 9 6 6 . 4 9 1 8 6 * 2 6 0 5 3 . 1 0 9 7 7 . 2 9 6 7 2 . 1 6 8 9 4 .
3 6 * 0 0 0 1 1 9 2 6 . 4 8 9 4 8 * 2 6 0 0 5 . 1 1 0 2 5 * 2 9 9 6 0 . 1 6 8 8 6 *
3 8 * 5 0 0 1 1 8 8 5 * 4 6 7 1 1 * 2 5 9 5 7 . 1 1 0 7 4 * 3 0 2 4 8 * 1 6 8 7 6 *
3 9 * 0 0 0 1 1 8 4 4 . 4 8 4 7 5 . 2 5 9 0 8 . 1 1 1 2 3 * 1 0 5 3 5 * 1 6 6 6 5 *
3 9 * 5 0 0 1 1 8 0 3 * 4 8 2 4 0 * 2 5 8 6 0 . 1 1 1 7 2 * 3 0 8 2 2 * 1 6 8 5 4 *
4 0 * 0 0 0 1 1 7 6 2 * 4 6 0 0 6 * 2 5 8 1 2 . 1 1 2 2 0 . 3 1 1 0 8 * 1 6 8 4 2 *
4 0 * 5 0 0 1 1 7 2 2 . 4 7 7 7 4 * 2 5 7 6 3 . 1 1 2 6 8 * 3 1 3 9 4 * 1 6 8 2 9 *
4 1 * 0 0 0 1 1 6 8 1 * 4 7 5 4 3 . 2 5 7 1 5 . 1 1 3 1 7 * 3 1 6 7 9 * 1 6 8 1 5 *
4 1 * 5 0 0 1 1 6 4 0 * 4 7 3 1 3 . 2 5 6 6 7 * 1 1 3 6 5 * 3 1 9 6 * . 1 6 8 0 1 *
4 2 * 0 0 0 1 1 6 0 0 * 4 7 0 8 4 * 2 5 6 1 9 * 1 1 4 1 3 * 1 2 2 4 9 * 1 6 7 8 6 .
4 2 . 5 0 0 1 1 5 5 9 * 4 6 8 5 6 * 2 5 5 7 1 * 1 1 4 6 1 * 3 2 5 3 3 * 1 6 7 7 0 .
4 3 * 0 0 0 1 1 5 1 9 * 4 6 6 2 9 * 2 5 5 2 3 . 1 1 5 0 8 * 3 2 8 1 7 * 1 6 7 5 4 *
4 3 * 5 0 0 1 1 4 7 9 . 4 6 4 0 4 * 2 5 4 7 5 . 1 1 5 5 6 . 3 3 1 0 0 * 1 6 7 1 6 *
4 4 * 0 0 0 1 1 4 3 9 . 4 6 1 8 0 * 2 5 4 2 7 . 1 1 6 0 3 * 3 3 3 8 3 . 1 6 7 1 9 *
4 4 . 5 0 0 1 1 3 9 9 * 4 5 9 5 6 . 2 5 3 7 9 . 1 1 6 5 1 . 3 3 6 6 5 * 1 6 7 0 0 *
4 5 * 0 0 0 1 1 3 5 9 * 4 5 7 3 4 . 2 5 3 3 1 * 1 1 6 9 8 * 3 3 9 4 6 * 1 6 6 8 1 *
4 5 * 5 0 0 1 1 3 1 9 * 4 5 5 1 3 * 2 5 2 8 4 * 1 1 7 4 5 * 3 4 2 2 8 * 1 6 6 6 1 *
4 6 * 0 0 0 1 1 2 7 9 . 4 5 2 9 4 . 2 5 2 3 6 . 1 1 7 9 2 * 3 4 5 0 8 * 1 6 6 4 1 .
4 6 . 5 0 0 1 1 2 4 0 * 4 5 0 7 5 . 2 5 1 8 6 * 1 1 6 3 9 * 3 4 7 8 9 * 1 6 6 2 0 .
4 7 . 0 0 0 1 1 2 0 0 * 4 4 8 5 7 . 2 5 1 4 1 . 1 1 8 8 6 . 3 5 0 6 0 . 1 6 5 9 8 .
4 7 . 5 0 0 1 1 1 6 1 * 4 4 6 4 1 . 2 5 0 9 3 * 1 1 9 3 2 . 3 5 3 4 0 . 1 6 5 7 6 .
4 6 . 0 0 0 1 1 1 2 2 . 4 4 4 2 5 . 2 5 0 4 5 . 1 1 9 7 9 . 3 5 6 2 6 . 1 6 5 5 3 *
4 6 . 5 0 0 1 1 0 8 2 * 4 4 2 1 1 . 2 4 9 9 8 . 1 2 0 2 5 . 3 5 9 0 4 * 1 6 5 3 9 *
4 9 . 0 0 0 1 1 0 4 3 * 4 3 9 9 8 . 2 4 9 5 0 . 1 2 0 7 1 . 3 6 1 0 2 . 1 6 5 0 6 .
4 9 . 5 0 0 1 1 9 0 4 . 4 3 7 8 5 . 2 4 9 0 3 . 1 2 1 1 7 . 3 6 4 5 9 . 1 6 4 0 1 .
5 0 . 0 0 0 1 0 9 6 5 * 4 3 5 7 4 . 2 4 8 5 6 . 1 2 1 6 3 . 3 6 7 3 5 . 1 6 4 5 6 .
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Figure 32. Cleveland County land-use projections enploying transfer coefficients.
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Urban land increases almost 450 percent. Water areas also increase 

approxjjnately 75 percent, but th is  is  probably a function of the land 

transfers to  reservoir construction during the 1960's which have biased 

the tran sfe r coefficients. Forest land decreases by approximately 

one-sixth. Idle land increases and then s ta r ts  decreasing from the 

year 2000.

The resu lts  of the regression equations are shown in  Fig. 33- 

The population figure reaches the proposed county lim it of 250,000 

(Cleveland Co. Planners, unpublished data) around the year 2015 (Fig.

34). However, a t  tha t point the county is  s t i l l  undergoing exponential 

growth. In ac tua lity  i t  w ill probably continue i t s  exponential growth 

for a number of years and probably level off much lik e  a lo g is tica l 

growth curve. Urban land using the regression model stays sign ifican tly  

below the values obtained with d iffe ren tia l equations. However, agri­

cultura l land (Pig. 33) diminishes to  less than h a lf  th a t predicted in  

the previous model simulation. The differences may be that h is to rica lly  

agricu ltu ral land was most suited (location-wise) fo r se ttlin g . In 

recent years the urban land may be spreading out more away from the agri­

cu ltural land. Whatever the situation , using a predicted value for 

future crop land from between the two estimates places i t s  fu ture in 

serious doubt.
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CHAPTER V 

CONCLUSIONS

Primary Productivity Profile 

The conclusions derived Prom the compilation of the primary 

productivity p ro file  of the State of Oklahoma were, to  a large degree, 

discussed in  the results section. However, a few additional points 

need to  be stressed. As shown previously, Oklahoma exhibits an east 

to  west tra n s itio n  in  vegetation as well as primary production. This 

trend in  primary production diverges primarily due to  ag ricu ltu ra l 

lands which account for over ninety percent of some counties’ to ta l  

annual primary production. This divergence emphasizes two points.

One, much of the agricultural land within the s ta te  re lie s  heavily on 

fo s s il  fuel subsidization (as discussed in d e ta il in  the following 

sec tio n ). Some are in fac t marginal lands which perhaps should be 

relieved from th e ir  agricultural s tre ss . And two, there ex ists  in  the 

s ta te  land th a t is  below i t s  potential productivity which can be man­

aged properly to  increase i t s  annual primary production. In most in­

stances ag ricu ltu ra l ecosystems are more productive than the ones they 

replace. This does not mean that they are more e ffic ie n t. Rather they 

are less  e ffic ien t energy-wise than the systems they replace but th e ir  

harvestable output is  normally greater.

207
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The lower energy efficiency of sane of these systems i s  fur­

ther enphasized by the negative correlations obtained between the 

environmental variables and the productivity of the county agricu ltu ral 

systems.

And fin a lly , the supplementation of natural vegetation by agri­

culture , pastures, right-of-ways, urban areas, etc. needs to  be more 

c r i t ic a lly  evaluated in  order to  insure the continued preservation of 

"natural areas" along with th e ir  accompanying benefits for future 

generations.

Agricultural Systems 

The natural lim iting factors iiposed by physiography and c l i ­

mate greatly  a ffec t the energy requirements of the ag ricu ltu ra l eco­

systems. Texas County, for exarple, although i t  receives the highest 

annual so lar rad iation  (16.4 x 10° kcal/ha to  15.3 x 10^ and 14.6 x 

10^ kcal/ha for Cleveland and McCurtain Counties, respectively) is  

greatly  lim ited by i t s  water balance. Texas County requires 7188 x 

10^ kcal/FE to  irr ig a te  one ha with one cm of water or 4.6 times i t s  

"natural" value to  the ecosystems. I t  is , of course, recognized that 

ag ricu ltu ra l enterprises are striv ing  to maximize production. But as 

shown by others (Cook 1976; Heichel 1976; National Academy of Sciences 

1975; and Pimentel, et a l .  1973) th is  has been acconpanied by a con- 

commitant decrease in  the energy efficiency of agriculture. Texas 

County i s  a typ ical exanple of th is  phenomenon. Dryland cropping, e .g ., 

wheat, barley, sorghum in  the county can expect to re su lt in  a crop 

fa ilu re  every 4-5 years due to  drought conditions. Irrig a tio n  thus
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provides not only an insurance mechanism but is  also a factor resulting 

in increased y ields. On the other hand, McCurtain County is  re s tr ic ted  

more by poorer so ils  and rough te rra in  as i s  indicated by i t s  high 

fe r t i l iz e r  input and machinery costs (Table 9)- Therefore, much of the 

rough land in  McCurtain County i s  being converted e ither to  land or 

plantation forestry .

Besides the natural lim iting factors, the type of crop planted 

also influences the energy subsidization requirements. This is  most 

obvious with the irrig a ted  feedgrain and hay crops grown in  Texas County, 

e .g . , com, soybeans, a lfa lfa . However, other crops with high dollar 

values, e .g ., cotton, are also more energy dependent. As the dollar 

continues to deflate  in  value while the cost of energy r is e s  concur­

ren tly , i t  appears obvious that a number of decisions need to be made. 

Some of these decisions which involve energy analysis center around 

three questions: 1) What i s  the best matching ra tio  for fo s s il  fuel-

based subsidies to  natural occurring energy. Cleveland County possessed 

the highest ra tio  of natural to fuel-based energy of 3.50:1 compared to 

2.^9:1 and 2,61:1 for Texas and McCurtain Counties, respectively . This 

may in fact be a ra tio  for ag ricu ltu ra l systems in  Oklahoma to try  to 

approximate. 2) Can the farmer determine what crop to  p lan t based on 

the energy efficiency of the crop or the energy cost-benefit of a par­

tic u la r  crop. This is  especially  applicable to  the irrig a ted  crops 

as discussed previously. And, 3) is  i t  p rac tica l to  determine which 

land should or should not be farmed based on the energy efficiency of 

the different a lte rna tives. This la s t  question c learly  requires addi­

tio n a l research.
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A further point can be made fron the re su lts  of the agricul­

tu ra l systems. This involves the primary productivity p ro file . As 

mentioned in  Klopatek and Risser (1977) the to ta l  primary production, 

including agriculture, of a county can in fac t be misleading because of 

the energy subsidization. For example, i t  required approximately 533, 

369 and 6H6 kcal PE to  produce one metric ton of primary production in 

Texas, Cleveland and McCurtain Counties. The level of subsidization 

determines to sane extent the productivity of the land and not the 

landÿ inherent production capability .

Grazing Systems

The re su lts  section on grazing systems clearly  contrasts two 

types of sim ilar systems -  rangeland, a  managed natural system and 

pasture, a man mposed system. Underlying the comparison of these 

systems is  th e ir  energetic efficiency. This includes not only the 

energy costs and benefit o f the primary production of rangeland and 

pastures, but also the energy efficiency of secondary (beef) production.

The high energy costs of maintaining pastureland, primarily 

due to  i r r i ^ t i o n ,  in  Texas County c learly  show why i t  i s  almost non­

ex isten t. The energy cost of maintaining pastureland in  Cleveland and 

McCurtain Counties is  also costly , although approximately only one- 

ten th  tha t of Texas County. In fac t fo r the two counties, respectively, 

the energy costs of maintaining a hectare of pasture compared to  

grazed natural rangeland i s  approximately 60:1 and 90:1. However, 

when the energy inputs and outputs of beef production are included, 

pastureland is  economically a ttra c tiv e  enough to  make i t  a major 

ca ip e titiv e  land use in  Cleveland and McCurtain Counties.
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The production efficiency of the grazing systems (Fig. 23) 

perhaps best suranarizes the section on grazing systan energetics.

The maximum suggested efficiency for beef output is  6.75 kcal PE input 

for every one kcal FE output. This efficiency i s ,  however, for the 

lowest available production (e.g. above the m inimi mintenance energy 

requirements of c a t t le ) . Therefore, what needs to be acconplished is  

to reduce the ra tio  of input from the 22:1 and l4 : l  ra tio s  of pasture­

land in Cleveland and McCurtain Counties, respectively , to a level 

more energetically viable, but s t i l l  productive. This pressure to  use 

pastureland and rangeland more e ffic ien tly  and effectively  w ill increase 

as the high-energy dependent feedlot systems continue th e ir  decline.

Forest Systems

Similar to  the section on grazing systems, the resu lts  section 

on forest systems also dealt with two contrasting ecosystems — a natural 

man-^nanaged system, a hardwoods-pine fo re s t, and a man-induced and 

intensely managed system, a loblolly pine fo re s t . One of the most 

strik ing  conparisons of the two types of fo rest was th a t of th e ir  NPP 

and GPP ra tio s , with NPP equalling 45 and 65 percent of GPP for the 

hardwoods-pine and loblolly  pine, respectively. This underscores two 

points. F irs t ,  the loblo lly  pine (plantations) can channel more of 

the GPP in to  NPP and thus the reason fo r planting lob lo lly  pine. And 

secondly, the increased percentage going in to  NPP (much of what has been 

genetically induced by man) resu lts  in  the necessary input of fo ss il 

fuel-based subsidies and human labor fo r maintenance of the plantation.

The fo ss il fuel-based energy inputs (8136 x 10^ kcal FE/ha 

for conversion and 2461 x 10^ kcal FE/ha for maintenance) and human
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labor (104 x 10 kcal FE for maintenance) to the loblolly forest system 

naturally reduce i t s  efficiency. Therefore, even though the harvested 

biomass (91 mt/ha) i s  considerably greater than that of the hardwood- 

pine fo rest (46 mt/ha) the efficiency or output/input including the 

logging costs for both types is  lower (0.99 to 1.29). When the natural 

occurring solar energy is  included, the output/input ra tio s  change, 

not only decreases but also reverses themselves — 0.022 and 0.071 for the 

mixed fo rest and pine plantation, respectively. However, even though 

the efficiency of the pine plantation i s  greater than tha t of the mixed 

forest, i t s  effectiveness is  not. By effective i t  is  meant that the 

ecological a ttrib u tes  of the system are upset. These include disruption 

of w ild life  hab itat, loss of so il nu trien ts, erosion, loss of some of 

hydrological recharge po ten tia l, e tc . What must necessarily be accom­

plished in  future forest management is  to insure that the system is  

energetically e ffic ien t but ecologically effective.

Land Use

The counties differed greatly  in th e ir  d istribu tion  of land 

use. Texas County is  almost 100 percent agriculture (58.8%) and range­

land (39.9%). Cleveland County has about three-fourths of i t s  land 

almost equally divided between pasture, range].and and fo res t, with the 

rest divided between agriculture, urban, and water. McCurtain County 

has over ninety percent of i t s  land base in  pasture (23.4%) and forest 

(67.2%). The overriding question concerning the counties’ land use 

and one th a t needs to be dealt with in  future research is  wiiat is  the 

best mix of land use. Can Texas County switch from i t s  intensive
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irrigated  agriculture to  more dryland farming while s t i l l  making i t  

economical? What is  the best ra tio  o f plantation forestry  to  natural 

forest to  pasture in  McCurtain County? And, can Cleveland County’s 

agricu ltu ra l land be saved from increasing urban sprawl? These are 

a l l  questions that w ill have to  be addressed in  future research.

As shown previously, Cleveland County i s  the county that is  

undergoing the most rapid tran sitio n  in i t s  land-use classes (Fig. 32). 

The increase in  urbanization is  based on i t s  population growth (Pig.

33), primarily fron an influx of new people. Over the next f if ty  

years, the outcome of the land-use model suggests th a t both cropland 

and grazing land w ill decrease by one-third. This is  indeed unfortu­

nate because the re su lts  of the energy analyses showed these lard uses 

to  be re la tiv e ly  energy e ffic ien t.

The situation  Cleveland County faces, perhaps best underscores 

the intended purpose of th is  d isserta tion ; th a t i s  the combination of 

knowledge obtained from the previous sections on the primary productivity 

p ro file  and energy analysis of the various land uses with land-use 

trends and predictions to  evolve recommendations fo r sound land manage­

ment. Many of those recommendations have already been voiced in  pages 

throughout th is  d isserta tion . Unfortunately, what i s  lacking in  the 

overall analysis is  the energy input-output balances for the county 

urban areas. The urban system in which energy and m aterials move 

through the urban environment i s  driven by demands of the human popula­

tion  (increasing exponentially in  Cleveland County) for goods, services 

and energy. These are presently provided, fo r the most part, by fo ss il 

fuels. Improving the relationships between a county’s structure and
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function and intervening in  i t s  m aterials and energy balances require 

th a t an accurate assessment of the condition of the urban system be 

conpleted. Only in  th is  manner can man’s a c tiv itie s  be properly 

coupled with natu re 's  services to best plan the counties' land-use 

fu ture. Alas, th is  w ill require additional research.
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APPENDIX A

SOURCES FOR STORAGES AND FLOWS IN FIGURE 24 

Storages

Biomass of mixed fo res t. 91-9 mt/ha (Table 23) x 4.9 kcal/g 

(Table 21) f 20 (energy quality conversion factor. Table 4) = 

22.5 X 10^ kcal FE/ha.

Q2 Forested land area, non-pine -  203,300 ha (Earles 1976).

Qg Biomass of lob lo lly  pine plantation. 140 mt/ha (Nemeth 1973,

Art and m rks 1971, Brender 1973) x 5. I  kcal/g (Nemeth 1973) ^

20 (energy quality  conversion fac to r. Table 4) = 35.0 x 10^ kcal 

FE/ha.

Qj| Forested land in  pine plantation -  129,000 ha (Earles 1976).

Timber harvested from mixed fo rest -  7956 x 10^ kcal FE/ha,

50 percent of (Patrie and Smith 1975).

Qg Timber harvested from pine plantation -  16750 x 10^ kcal FE/ha, 

65 percent of (Bradbum, personal communication).

Flows

Solar rad iation  -7300 x 10^ kcal PE/ha/yr derived from data of 

Baldwin (1973) and Table 4.

2 4 l
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J 2 P recip itation  -  4395 kcal PE/ha/yr. Discussed on pages 108-112.

Jg Gross primary production, mixed forest -  5855 x 10^ kcal EE/ha/

yr. Values frcm Table 21 and Table 23. Energy quality  conversion 

facto r of 10 from Table 4.

Unharvested biomass, l i t t e r f a l l  -  12374 x 10^ kcal PE/ha. Data 

frcm Patrie and Smith (1975); Harris, et a l .  (1973).

Gross primary production, pine plantation -  6275 x 10^ kcal PE/ 

ha/yr. Same as and Nemeth (1973).

Jg Unharvested biomass, l i t t e r f a l l  -  I 825O x 10^ kcal PE/ha. Data 

from Bradbum (personal communication) and same as above.

Jy Conversion of forested land to  non-forest uses. This figure was

not available. However, by conparing the 1966 ccramercial fo res t 

land of 354,000 ha (Stem itzke and Van Sickle 1968) and the 1976 

to ta l  of 332,200 ha (Earles 1976) a decline of 21,800 ha has taken 

place. However, a sizable proportion of th a t loss has been the 

inclusion of fo rest area in  s ta te  parks and wildemess areas, 

therefore taking i t  out of the comercial fo rest category but s t i l l  

leaving i t  in  fo res t.

Jg Respiration, mixed fo res t -  3215 x 10  ̂ kcal PE/ha/yr. Table 21 

and Table 23.

Jg Respiration, pine p lantation -  1195 x 10  ̂ kcal PE/ha/yr. Table 21.

J^Q P ossil fuel, f e r t i l iz e r ,  herbicide and machinery -  2031 x 10^ kcal 

PE/ha. Table 19.
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Seedlings -  430 x 10^ kcal FE/ha. Seedlings were assumed to  be 

planted 6 x 6  fee t or 1210 trees/acres or 3000 per hectare a t 

a  cost of $125/ha. Conversion factor from Herendeen and Bullard 

(1974) of 7600 kcal FE/1974$ (Forestry and greenhouse products).

J^2 Human labor -  104 x 10^ kcal FE/ha. Table 19.

Conversion of various fo rest types to pine plantations -  not 

available.

Fuel, machinery and labor cost fo r conversion -  8136 x 10  ̂ kcal 

FE/ha. Conversion costs based on land preparation costs of 

approximately $900/ha (DeBell and Harms 1976), using conversion 

factor of an average between new construction and agricu ltu ra l, 

forestry  and f ish  services (Herendeen and Bullard 1974) -  98OO kcal 

FE/1974$.

Harvest from mixed forest -  7956 x 10^ kcal FE/ha. Approximately 

50 percent of aboveground biomass (Patrie and Snith 1975).

J 16 Yf  Logging expenditures -  4440 x 10^ kcal FE/ha. Logging costs 

based on data described in  DeBell and Harms (1976) and Bishop 

(1976).

J^g Harvest frcm pine plantation -  16750 x 10^ kcal FE/ha. Based on 

approximately 65 percent of aboveground biomass (Bradbum, personal 

conraunication).

Transportation costs -  2111 x 10^ kcal FE/ha. Based on a 45 mile 

driving radius to  the processing center as described in  DeBell 

and Harms (1976).
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Jgo Timber ffcm mixed forest -  7956 x 10^ kcal EE/ha. Same as

J 21 Timber frcm lob lo lly  pine plantation -  16750 x 10^ kcal EE/ha. 

Same as



APPENDIX B

Land-use tran sfe r coefficients fo r Cleveland County based on a 

ten  year time in terva l 196I - I 97O. Data extrapolated frcm Ziemetz, et 

a l .  (1976).

Receptor/Donor Cropland Grazing Forest Water Urban Idle

Cropland (X]̂ ) 0.850 0.030 0.002 0.008 0.025 0.085

Grazing (Xg) 0.018 0.892 0.009 0.003 0.010 0.068

Forest (Xg) 0.000 0.006 0.928 0.000 0.056 0.010

Water (Xj,) 0.000 0.000 0.000 0.987 0.000 0.013

Urban (Xg) 0.000 0.000 0.000 0.000 1.000 0.000

Idle (Xg) 0.005 0.001 0.026 0.052 0.208 0.208

D ifferen tia l equations fo r land-use model based on single year transfers.

= 0.0018 Xg + 0.0005 Xg -  (0.003 + 0.0002 + 0.0008 + 0.0025 + 

0. 0085) X̂

= 0.003 + 0.0006 Xg + 0.0001 Xg -  (0.0018 + 0.0009 + 0.0003 +

0.001 + 0.0068) Xp

X3 = 0.0002 + 0.0009 + 0.0026 Xg -  (0.0006 + 0.0056 + 0. 001) X3

X4 = 0.0008 "1 + 0.0003 ^2 + 0.0052 Xg -  0.0013 X|J

0.0025 + 0.0010 + 0.0056 X3 + 0.0208 Xj.

24 5
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Xg = 0.0085 X]_ + 0.0068 Xg + 0.001 Xg + 0.0013 -  (0.0005 +

0.0001 + 0.0026 + 0.0052 + 0.0208) Xg

Regression equations for population, urban and cropland models. 

Population Model:

y = ae^^ , r^  = 0.94

■vdiere

y = population,

a = 8920. 5, 

b = 0. 0266, and 

X = time in  years.

Urban Land Model:

y = a+bx , r^  = 1.00

where

y = urban land area,

a = - 1885. 0, 

b = 0. 108, and 

X = population.

Cropland Model:

In y = a -  [b(ln x )], r^ = 0.93

where

y = cropland area, 

a — 21. 26, 

b = 1. 025, and

X  = population.


