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CHAPTER I

INTRODUCTION

Construction is the largest single industry in the United States. .
It is a very volatile industry, and firms that are directly and indi=
rectly engaged in construction»in various segments need accurate fore-.
casts of the construction business. |

There are many ways to define or classify segments of the construc-
tion market. In this paper, the Engineering News-Record (ENR) reporting
system is used. This study was.conducted in cooperation with ENR, and
the use of its reporting system facilitates the dissemination of the
results to the construction industry. A segment of ‘the construction
market is defined~in the "Type.of Work" column in Table I. Forecasts of
construction contracts for the pefiod 1974-1980 are shown~in‘Tab1e I.

Econometric‘techhiqueslare aTso used for forecasting. When mathe-.
matics and statistics are\app]ied to économic theory, "econometric .
models” can be created and uéed.to forecast future business volume, An
econometric model is an equation or a set of relatedvequatﬂons using
mathematical and statistical techniques -to analyze economic data. To
i]]uStrate,this‘technique@ a simp]ifﬁed'econometric.mode] of the home-

building segment .of the construction industry will be provided.



“TABLE I
FORECAST OF 1974-1980 CONSTRUCTION CONTRACTS BY ENGINEERING NEWS-RECORD

Engineering News-Record

m McGRAW-HILL'S CONSTRUCTION WEEKLY.

ol
| Hjl

Forecast of 1974-"80 construction contracts so-state totats in miflions of current doitars 1969-'80; 48 states excluding Alaska and Hawaii 1965-'69

T 48 states 1T ~ 50 Slate‘s.f 1 % Change ~ . Annuat average,
. ) . . Annual compounded
' Type of work 1965 1966 1967 1968 1969 1969 1970 1971 1972 1973 1874 1975 1980 '73-74 '74-7S 65-70 °70-75 '75-'80
a
Total construction™..........co.eccnniesnerans $34,644 $37,759 $40,403 $44,925 $51,354 $52,082 $52,484 58,620 63,344 72,330 81 ,550 83,100 113,150 +12 ...é +8 . +9 +6
Heavy construction, total ... 10,805 12,929 14,511 14,283 16,545 16,710 19,201 19,993 19,362 zz;uso 31,195 Y] 525 48,400 +36 +1 +12 +8 +9
Water use & control 2,939 2,945 3,140 3,183 3,080 3,100 4,877 4322 5239 5,785 6,575 7,800 a 12,300 +14 +18 +10 +9 +9
Waterworks .. 724 849 . 970 887 899 904 1,107 . 734 800 1,025 1,125 1,275 1,750 +10 +13 "+8 +2 +6
Sewerage ..... 992 995 1,179 1,386 1,530 1,545 2,169 2728 3363 3,750 4,300 5,000 8000 +15 +16 +17  +17 +9
Rivers, harbors, flood control 610 576 506 440 328 328 - Q02" 340 572 675 790 900 1,250 +17  +14 +8 0 +é
Hydroelectric and multi-purpose. 613 525 485 - 410 273 273 - 604 440 309 250 260 300 1,000 +4  +15 +3 13 +27
irrigation....... ¢ ¢ 60 50 50 95 80 95 85 100 125 300 +18  +25 +5  +19
Transportation. 5,711 6,581 6,876 6,911 8,601 8,725 9,150 8,968 8,063 10,070 11,360 12,225 19,100 +13 +8 +10 +5 +9
Highways 4,688 5,482 5,450 5,237 6,236 6,300 6,890 6.466 6,800 6,900 7,200 7.500 11,000 +4 +4 +8 +1 +7
Bridges.. 646 780 830 708 1,330 1,337 1,027 892 1.000 1,575 2,075 2,200 4,000 . +32 +6 +10 #1585 +12
Mass transit, 9 yS . 135 150 330 300 301 301 271 365 500 700 1,150 1,500 2500 +64 +30 +15  +40  +10
Airports (incl hangars & terminals).... 127 b 146 * 173b 600 734 778 605 1.010 . 750 850 900 a75 1,500 +6 +8 +9 +9
Space and missile bases................. 115 23 93 66 0 9 - 357 235 - .
Electricity, gas, communications ... 1,144 2,321 3,570 3,100 3,415 3,425 4,295 5,900 4,100 6,000 12,000** 10,000 15,000 +100 -17 +30 +17 +8
Electric light and power 762 1,837 3.000 2,600 3,000 3,000 3,795 -
Gas ... 281 393 475 400 300 . 300 - 350
Com 101 91 .95 100 115 125 150 .
Miscell heavy constr 1,011 1,082 925 1,089 1,449 - 1,860 879 803 860 1,125 1260 1400 - 2000 +12 +1 -6 49 47
Nonresidential i 17,219 19,393 20,141 22,612 25,641 25,950 24,045 25,668 26,725 31,475 34,155 38,575 44,250 +9 +7 +7 +8 +4
Manufacturing......... oo 3,064 3,623 3,701 3.768 3,888 © 3,915 3,614 . 2611 3,012 5,000 6,500 7,000 5500 +30 +8 +3 +13 -5
C cia 5,457 5,835 6,081 7,744 7,684 9786 - 9,091 9,658 11.457 13,250 13,930 14,900 19,250 +5 +7 +11 +9 +5
OffiCeS. c.ovvieeiieirrcinn - 2,229 2,358 2,822 3,677 5315 5,338 4.606 4,748 5315 6,100 6,600 7,000 10,000 +8 +6 +15 +8 - +7
Stores, s| i 2,255 2.275 2,189 2,787 2927 2,961 2,936 3.230 4293 5,000 4,800 5,200 6,250 -4 +8 +5 +11 +3
Educational... 4,164 4,939 5216 5,347 5,486 5,543 5,234 5,661 4,782 4,925 5,125 5375 6,500 +4 +5 +4 +1 +3
Hospitals, medical, 1,515 1,721 1,873 2,114 2784 . 2817- 2,823 3206 3,528 3,500 3,925 4,300 6,000 +12 +10 413 +8 +7
Government service....... 842 939 960 1,112 1,140 .- 1,154 1,017 1,575 1459 . 1.850 1.675 1,800 2,250 -9 +7 +4 +11 +4
Recreation, religious, othe 2,177 2,336 2,310 2,527 2,659 2,735 2.267 2,957 2487 2,950 3,000 3,200 4750  +2 +7 402 +6 +7
Multiunit residential. 6,620 5,437 5,751 ' 8,030 9,168 9,422 9,238 12,959 17,257 17,875 16,000 15,000 . 20,500 -10 -5 +6 +9 +6
Apartments 4,997 4,040 4,323 6,551 7,671 7.831 7.853 11,419 15,131 156,200 13,350 12,500 17,000 -13 ~6 +9 +9 +5
*Excludes homebuilding. tENR estimates for 1971-'80. # Source of 1965-°70 building stalistics: in airports starting 1968. ¢ /rrigation included in hydro—'electric and multi-purpose for years 1965-
F. W. Dodge Division, ?w::Graw-Hi// Information Systems Co. a Based on qara for 48 states, ox- '67.  dincludes natural gas and petroleum products pipelines. e Includes railfroads
cluding Alaska and Hawaii.b Airport buildings inciuded in nonresidential building for years 1965-'67; ssincludes trans-Alaska pipeline valued at $4 billion.

(Reprinted from Engineering News-Record, January 24, 1974, copyright, McGraw-Hill, Inc., all rights reserved.)



ExampTe.of an Econometric Model

There are two types.of variables in an econometric model. The
first is an exogenous or independent variable whose value {s determined
outside of the eéonometric-modelof These values are supplied to the
model as input data; The second is an endogenous or dependent variable
whose values are determined within the model. An econometric model may
be.comprised.of any number;of-equationsg:exogenous_and endogenous‘vafi=
ables. In this simplified example, there will be one equation, one
exogenous-var“ﬁab]e9 and one\endogenous varfable., The postulate of this
particular,mode] is that houses are built for peop]eg therefore, the
volume of residential constrUctibn is a function of -population. The
value of residential construction is reported by the U. S. Department of
Commerce as fixed investment in residential structures. The variables

are defined as shown below:

RESTRUCT = fixed investment in residential structures in bil-
]ﬁons‘of—current dollars.  This is the endogenous
or dependent variable (Y)..

POPULATE = population of the United States in miliions. This

is the exogenous -or independent variable (X).

RESTRUCT = f(POPULATE).
A 1inear, first order model in which Y .= f(X) would be written
Y = BO + B]X;+ E

In this equatﬁona which is usually called a "“regression” ‘equation,
Y is the endogenousior dependent variable, Bo.is the Y intercept of the

straight "Hne,-B.l is the slope of the line, X is the exogenous or



independent variable, and E is the residual or the distance from any
individual Y to the regres;sion:]ine° In this example, the regression

equation is:

RESTRUCT =Byt B=l (POPULATE) + E

Historical data for both the endogenoug and exogenous variables
is required in.order to compute the values of Bo‘and B], In Table II,
these values through 1973 are presented in addition to the forecast.
values for POPULATE for the period "!974=]980°

By minimizing the sum of the squarés of the deviation from the
fitted 1ine, linear regression uses a technique known .as the method of
least squares for:determihing the equation for a'straight 1ine that.
best fits this data (1966-1973). A detailed explanation of this tech-
nique is presented in any statistics textbook‘(ls)o The slope of the

regression equation is determined by either of the following formulae:

| E (X5 (zY5)

CE(Xg = (Y - 1) EKYy - e

1 g1 2 2 2
z(xi - X) Xy - (zxi)
n
where

n = number of observations -
X = -average value of X
¥ = average value of Y



TABLE II
HISTORICAL DATA 1966-1973 AND FORECASTS FOR 1974-1980 "

RESTRUCT® | POPULATEZ.
Fixed Investment in Residential . U, S. Popuiation in
Structures in Billions.of Cur= - Millions of People-
Year . rent § ,
1966 20 196.5
1967 5.1 198.6
1968 30,1 200.6
1969 32.6. 202.6
1970 31,2 204,8
1971 2.7 207..0
1972 54,0 209.5
1973 58,0 212.2
1974 - 215.1
1975 218.2
1976 | 221.5
1977 | 225.1
1980 228.8
1

Source: Business Conditions Digest Table A4 Series 44
Bureau of Economic Analysis
"~ U. S. Department of Commerce,

2Source:. Population Estimates and ‘Projections; Serfes
P-25 No. 470, September 1971, Bureau of “the
Census, U S. Department of - Commerce



(Col. 3) (Col. 4) (Col. 5)
XY » )
(Col. 1) (Col. 2) S {Col. 1) Y X
Y X tiites Col. 1 Col. -2
Year  Restruct - Populate: Col, 2 squared squared
1966 25.0 196.5 1491250 625.00 38612.26
1967  25.1 198.6 498486 630.01 - 39441,96
1968 30.1 200.6 6038.06 906,01 40240, 36
1969 32.6 202.6 6604.76 1062.76 41046.,76
1970 31.2 204.8 6389.76 973.44 - 4194304
1971 42,7 207.0 8838.90 1823.29 42849.00
1972 54.0 209.5' 11313.00 - 2916,00 43890.25
1973 58.0 212.2 12307, 60 3364,00 ©  45028,84
I¥=298.7  IX=1631.8  IXY=61389.44  5Y12300.51 zX°=333052.46
(1631.8)(298.7)
- 8 '
333052.46 - (1631.8)
B = 2.,2426

1

The value of the Y intercept Bo,is determined by the formula:

BO = 37,3375 - 2.2426(203.9750)
By = -420.10

The next item is to determine jf_there is a linear relationship
between the two variables-and whether the regression line is meaningful.
The first step is to compute the coefficient of correlation, (R), which

measures -the linear relationship between variables. If R = 0, there is



no,linear?relatibnship, and if R =1, there is a perfect linear rela- -

tionship.
_____nzXy - (zX)(zY) . |
_\// [:;X -{(zX) :] [EzY (zY :]

(8)(61389 44) - (1531.8)(298. 7) -

—\/[8 333052.46) - (1531 8] [8) 12300,51 - (298, 7)2:]

In this example, R =-O;95$'indicating that there is a strong

1inear,re1ationship between‘ihe two variables.

To determine whether the regression 1ine is meaningful, the coef-.
ficient of determination, (RZ); iS.comPuted by squaring the coefficient
of correlation. The coefficient of determination, (RZ)g-is a measure
of percentage of variation of the dependent or endogenous variable that -
is explained by the independent or‘exogenoustariab]eo In this exampie,

R?

=-0.90, indicating that 90 percent of the variation of RESTRUCT is
explained by POPULATE.
The Tast step is to predict values for the endogenous variabie,

which is Y or RESTRUCT. The equation used is-

N
Y‘-«bO + bTXv

where*?} which is read.”Y»hat,"vdenotes the predicted value of Y for a
given value of X. bo‘and,b] are -‘"estimates” of-B0 and.B], In the

example, the equatibn would be
RESTRUCT = -420.10 + 2.2426 (POPULATE)

It is important to choose exogenous:variables that can be forecast



more reliably than the endogenous variable. The forecasts of the exog-
enous variables are then introduced into the prediction equation to
obtain the forecast values of the endogenous variable. Using the

example model, the missing values in Table II can now be forecast as

follows:
RESTRUCT
Forecast in Billions
Year of Current $
1974 62.3
1975 69.2
1976 76.2
1977 84.7
1980 93.0

The model in this example was greatly simplified in ordér to demon-
strate the technique. The example model can be discounted "a pri’or"fuﬂ
because there are many more variables that influence residential con-
struction. Examples of additional variables to incréase accuracy of -
forecasts would be interest rates, available mortgage money, housing
starts, vacancies, personal disposable income, unemployment rate, num=
ber of marriages, wage rates, and appropriate price deflators. Several
equations and identities would be required to properly express the com-
plex relationships between not only these variables, but also with the
rest of the economy of the United States. In many econometric models,
fixed investment in residential construction is a sector in a large-
scale macroeconometric model. This will be discussed further in Chap-
ter III. It is possible to have equations with several exogenous vari-

ables which must be solved by multiple regression analyses. The



solution of these equations is quite time-consuming if -there are many
exogenous variab1esﬁ The computer has facilitated the solution of
equations which require mu1tip1e fegressﬁon analyses; and there are

several statistical programs available for this purpose.
Predicting Future Economic Activity

Theré are three principal methods used by economists to predict
future economic activity. The fﬁrét‘is the use of an informal subjec-
tive method, as practiced to some extent by some business economists.

In this approach, an economist evaluates the status of the economy, the
economic policies in effect, and those policies soon to be implemented.
By using his experience and::judgement9 he predicts the future economic
activity of the economy. An example of such a prediction weuld be that
the GNP will increa§e five percent next year. This‘is obviously a very
subjective approach, and the quality of the predictions is dependent on
the judgement of the economist. The desired variable is estimated :
directly. Depending upon who is making the prediction, many.of the
predictions made in this manner are very-highly regarded.

The second method used by economists is a structural économetric'
model. . It shows the interrelationships between the various facets of
the economy. Of necessity, these are large sephisticated models .in
order to portray adequately the structure of the economy. These models
can be used for policy analysis. By simulating an economic policy on a
structural econometric model of the U. S. economy, an economist can
determine the impact of that policy on the many sectors of the eccnomy.

In -econometric models, there are exogenous variables whose values

are measured outside of the model and introduced into the model as data.
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Next, the endogenous variables are determined. Their values are gener-.
ated within the‘model. The solution of these variables is not normally
deterministic'becauselof the complicated interaction between the var-
ious sectors.of the economy. Normally, there are many simultaneous
equations that are solved by én_ﬁteratﬁve process._Structura1‘econoe
metric models can be used forfforecastﬁng,purposesg but ‘because of
their complexity, a .great deal of time and effort‘ﬁs;required‘t0‘sere'
vice and update‘thése mode1s; |

The third method used by economists is a forecasting econometric
model. The modei can be complicated or very simple. The test of the
model is the accuracy of theﬂresu]ts; The more endogenous variables to
be determined, the more complex the model will havexto,beo

There are several large.econometric models that are very useful in
predicting the aggregate economic actiVity-ofwthe United States.  The
priméry-object.that the ecbnometricians-desire to predict is Gross
National Product (GNP), which is a measure of the value of all of the
goods.and services that are produced in the United States during a k
yearo Considering the complexity of the U. S. economy, the work in the.
past has been focused on the problem of the proper interactien between
the various‘sectors of the economy rather than attemp;ﬁng to disaggre-
gate the forecasts within the various sectors. Construction is gener-
ally treated as three sectors. These are:

1) fixed investment in residential struétures~(homebuj1ding),

2) Fixed investment in nonresidential stru,ctures9 and

3) a part of.governmeht purchases of geods-and services.

The treatment-Qf‘homebuilding forecasting is:quite detai?ed:ﬁn the

literature, and is very.useful to -that sector of the construction
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~industry. The aggregation of the rest of‘the.construction industry
into two entries means that the forecasts are net directly useful to.

the rest of the construction industry.
Statement of the Problem

The problem is:to develop econometric forecasting models that will
accurately forecast the various sectors:of the construction industry.
The purpose of this_study is to'deveIOp a methodo]ogy,for preparing an
econometric model of -a segment;of-thevconstructﬁon ihdustry»using
selected output\from;]argemscaTe macrbeconometric medels as part of the
input.: In this manner; the model deve1oped;andipresented‘in this paper
can harness the power of the ]argemsgaIe models. The éomp]ex economic-
relationships are incorpcrated in the large-scale models, and: theijr

forecasting capabilities are used in conjunction with the present model.

Objectives of -an Econometric Model to

Forecast Construction Volume

There are three principal objectivs of a. good .forecasting eccno-
metric model:
1) use-existing available data
2) predict future construction volume (current dollar amount)
of a. segment of the,constructﬁoniﬁndustry,with‘“acceptab?e“;
accuracy, and
3) require minimum servicing. -
The Tack of existing available data proved to be an acute problem
in-this research. The subject of existing available data is important,

and Chapter III deals with sources of data and the lack of data.
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What is u"ac:c;eptab]e”_accuyr=ac:y? An econometric model that can pre-
dict future constructiontvolume more‘accurate]y/than existing predic-
tiOns,willlbe considered to be acceptable.

The -question of~minimym amount of servicing and updating of the
econometric model is difficult to quantify. The Bureau of Economic
Analysis model requires approximate]y 45 percent of the time of a staff
of eight, including three PhD economists, to service and update.  This-
level of effort is far in excess of é reasonable requirement to update
and service this mode]; “In order to make a‘pkedictiong it would be
desirable to require no mprerthan four hours' work of an economist-
statistician and minimal keypunching and computer time.

Considering these restrictions, the use of a pre-programmed statis-
tical package,forrmu]tip]e~regression analysis can be used to reduyce the
servicing and computer time considerably.. The 1imitations obviously
imply a nonsophisticated model which again makes a multiple regfession
package very desirable. The particular statistical package used was the

Statistical Analysis System II (50), and it is discussed in Appendix A.-
The Selection of -O0ffice Buildings

The objective of this dissertation is to study-a segment.of the
construction market that had not been modeled previously. .The results
of the model developed would be compared to estimates made by subjec-
tive means. These estimates are the best known forecasts now-available,
It was considered advisable to eliminate from consideration at this time
'segments of the construction market that are controlled more by govern-
ment controls than by market fdrces° Thus; the segment of the con-

struction market selected had to be relatively free of direct
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government controls and not have been previously modeled. -
Homebuilding was immediate]y eliminated from consideration because

1 of the homebuilding mafkets

there are severa1.econO&etric;mode]s

The -segments of .the construction industry shown in Table I corres-
~ pond tbjthe,same‘categories shown each week in The;Engineering News-=.
Record '"Scoreboard" (see Abpendix‘B for an .example).

The‘following‘categories of work were considered to have too much
governmental .control to meet the criterion to be used in this study:

water use and control

transportatﬁbn

educational -buildings, and

government servige buildings..

This left the fo]?owingtcategoriés:
| electric 1ight.and power.

gas |

communications

manufacturing-

commercial building composed of offices and banks, stores, and .

shopp%nglcenters}

recreationa]9're]igﬁOUS@vand others.

With the current energy shortage, the electric 1ight and power and
gas segments are considered‘tohbe in a state of flux and would be better
to stUdyiat,another.time.i

After a preliminary investigation, office and bank buildings were

selected as the_segmentlof,the,construction market to.be studied.

linterview = March, 1974, by the author with Mr. Robert J. Shee-
h an, Director Economic Research, National Association of Homebuilders.
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The objective of a 1arge=sca]eemede] is. to forecast dependent
(endogenous) variables which represent the state of the entire United
States economy. The objective'ofnthe modelfto-be:developed.in this

studygisutO;forecast‘onlyypne dependenta(endogenous):variab]eg,the;cur=,
_rent dollar value of construction contracts for one segment of the con-,
struction industry.  The current dollar value of a contract on the date

that the contract is obtained will be used.



CHAPTER 11
THE OFFICE -BUILDING -INDUSTRY

In this chapter, the genera] nature of. the office building industry
will be examined, Which structures are classified as.offiqe'buiﬂdinQSQA
and who works in them? = The share of the experienced civilian labor
force who work in office bui1dings;wil];be-deve]oped; ,Any’trend.in thi$
share of the work force is very important to the office building indus--
try. The¥a1]ocation-of-space;in office buildings -is important to deter=
mine how much space 1is oqcupiedvper.emp]oyee,, With the backgreund in
the office building industry, a general descrfptiOnzof‘the Econometric.
Forecasting Model developed in this study will be presented. .

The term "office building" in this study shall include privately
owned -structures ‘that are used primarily for. office floor space for
banksngaQings and ]oan,associatibns, professional, administrative,
general purpose, and similar uses. To qualify as an office building,
the structure must be physically separated from.a manufacturing plant.
Structures at menufacturing.p1ant‘1ocation5vthat are used. for office
space are classified un@er’P1antvand EquipmentOv,Structures~at colleges.
and universities that are-used even exclusively foreoffiee space are:
still classified‘as edueationaj~bui1dings;l-

Stores are frequently -located in the,iower floors of office build-
ings. They are not~reported in the total square feet of office space

available in that building.

15
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Using the definition of office buildings described above, the

question of who works in office buildings will be addressed.
Who Works in Office Buildings

The U. S. Bureau of Labor Statistics (59) classifies employed per-
sons into four main categories: .

1) white collar workers

2) blue collar workers

3) service workers, and

4) farmers -and farm laborers.

People who work in office buildings would be classified as white
collar workers, but not all white collar workers work fn office build-
ings. - In the 1970 Census (55), there were 261 white collar Qccupations§
and many of -these such as teachers, food store managersg‘posffoffice‘
mail carriers, and many more are not allocated space in office build-
ings. A careful examination of- the 261 white col]ak occupations.
revealed that there were people employed in 79 occupations-that_cou]d
be said to be allocated space in office buildings. This selection was
arbitrary, and obviously not all of the people in the 79 occupations
selected work in office buildings. Conversely, many of the people in.
the other 182 occupations do work in office buildings, so the end
result was considered acceptable., A 1ist of the 79 occupations
selected is in Appendix C. |

During the rest of this study, the people with the 79 occupations
who are considered to be allocated space in office buildings will be
classified as people with selected office-type occupations, and the

numbers of -people are shown in Table III. Also included in this table



TABLE III

PEOPLE WITH SELECTED OFFICE-TYPE OCCUPATIONS

Number of Peop]ek Number of People Nith,‘ Share of Labor Force
in the Experienc- Selected Office-Type With Selected Office-

ed Labor Force Occupations Type Occupations
Year in MiTlions ' in Millions - in Percent
1920 42.206 4.275 10.1
1930 48.686 5.783 11.9
1940 51.742 7.164 13.8
1950 58.999 9.550 16.2
1960 67.990 i1.782 ' 17.3
1970 80.071 17.156 21.4
1973 84.409 19.377 23.0
Sources: U. S. Bureau of the Census:

Historical Statistics of the United States, Colonial
Time to 1957, Series D 123-572.

Census of the Population: 1960, Volume I, Characteristics
of the Population, Part 1, United States Summary.

1970 Census of the Popu]at1on Occupational Character-
istics Final Report PC (2) - 7A.

U. S. Bureau of Labor Statistics:
Employment and Earnings, Volume 20, No. 9, March 1974,
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is the share of the total labor force .with these selected office-type

occubations.‘,Thesevresu]tslare graphically shown in Figures.1 and 2., -
A1]bcation‘of,8pace

There are three-principé] influences on.the demand_fofgoffiqe-
space, First, there has~been»anvincreasé.in the volume of office activ-
itiesQ Second, there has been an increase in the number of office .
“workers accommodated in office buildings rather than in.other types of

strUctures; Third, there has been an increase in the alloecation of.
floor space per worker in office buildings.

| The increase in the volume of office activity is attributable to
both an increase in pqpu]atioh and to an increase in the shareof the
labor force with officeétype»océupations.. This increase is shown in
.Figure 1, and,is~tabu1ated in Table IIL. - Many office,workers were
formerly housed in adminiStrative bui]dings4at-the site of manufactur-.
ing plants and in-industbia];and other commerci$1 structures. The
shift of officé forces away from production and c]o;er to the market,
according to Fisher (26), has caused many of the office workers to be.
relocated into structures cléssified asloffice buildings. There has
been an increase in the average amouht of floor space per occupant in
office buildings., This~can be attributed to several factors.. Room
must be provided for more office hachines and.equipment;-the increase
in management-1evel personnel who are provided more space and the
associated conference rooms; waiting rooms, reception areas, display
areasg‘etc.é the general trend.to»makefworking,cénditiqns more. pleas=
ant for the employee to .attract and retain capabie workers. Ripnen

(49) states that "morale and efficiency also increase as space:
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allotments are made morérgenerous,"

In-newer buildings (less than five years old), the allocation of .
space is larger (166.9 square feet per employee in 1972) than the
average allocation of spacelfor.bui]dings.ofaa]];ages (158.8 square
feet per employee in.1972),

The larger allocation of space per employee in the newer buildings:
can be exp1ained-by two principal causes.  First, the newer buildings
are_genera]]y the-prestigiaus-structukesg,and the tenants are usually
successful companies and corporations that allocate more space to
managers=-more private offices, and thusfthere‘is more f]oorvspacg per:
employee. Second, most of the tenants .in a new office building moved
because of overcrowded conditions at their old location.  Their idea is
to occupy office space where there is room to grow as.the company -or -
corporation grows. In this manner, when the tenant initially occupies
a ﬁew office building, the space per employee will be greater and as-
the number of workers .increases, the a]]dcat%oh of space per employee
will decrease. This~approach is facilitated, according to Joedicke
(32); by the intreduction of commercia11y available movable partitions.

When office.spéceﬂbecomesfovercr0wded,“the tenant either obtains -
additional -office space in the same building or moves to another build-
ing, and the cycle continues. Some firms.lease, on a long-term basis,
more office space than they initially require and sublet the excess
space on a shortmterm‘]ease° In this manner, the_firm ensures .the
option of expanding its office space at regular intervals when the

short-term sub-lease expires. -
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Office Building Occupancy

There has never been a national inventory of.office building space,
but Armstrong.(2) does present'an estimate of office space in the
United States for several years, as shown in Figure 3., During World War
II, there was very little office building with thevexceptiqn.of the 3.7
million square foot Pentagon Bui1dingggbécause construction materials .
were}a1]ocated_to highervprigrity projects. After World War II, there
was -a boom in office building construction to meet the backlog require-
ment for office pui1dings.i During the Korean conflict in the early
1950s, there was a period of approximately two years when construction
materials for major projects were controlled. Since+“that time, there
has been an increase in thegcbnstructﬁon of office bir‘i"ﬂd"ﬁ"-ng,.'.~',.s

Figure 4-show$ the number -of gross square:féet of office building
space started in the United States for the,period 1957-1974, . The source,
of this daﬁa is The Dodge Construction Potentials, published by the F.
w; Dodge Division of McGraw-Hi1l Information Systems Company, :and this
proprietary‘data_is reproduced . in-this study with its consent. ' The
important 'item to.note.is the uneven rate of increase of office build=
ing space started during 1968 and 1969.  To find thebimpact'of,this
rapid rate of .increase of office bui"!d"ings_started9 the occupancy of
office bui]dﬁngs=wi]]}be‘examined.. In Figure 5; the occupancy rate for -
privately owned offﬁce bui?ding§ is shown; This occupancyarate,isvthe
ratio of,the rented area to the total rentable area, and does not:
include space occupied by the owner of the building. ' This latter cate-
gory is classified as nonmcompetitive'occupied area -in the,semi=anhua1
surveyAOfiofficeispace occupancy compiled by the Building Owners and.

Managers Association International (BOMA) and published in Skyscraper
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Management (51). The reason only the rentable area was used in this
study, is that it is a more sensitive figure and better reflects the
demand for additional office space..

The building -occupancy from 1963 to 1967 is relatively steady, and
is close to an.optimum océUpancy;of-rentable space of 92-93 percent. :
By referring to Figure 4, this means that the rate of new office build-"
ings started during 1961-1965 was at the rate ‘that the market could.
~absorb ‘the completed bui1dings in 19635]9675 The average lead time from
the date that the contract is ]etyunti] the office building is com-
pleted and manifests itself in the occupancy survey is an average of
two years. From Figure 5 it is noted that the occupancy rate increased
sharply during 1968 and 1969, indicating that not enough office build-
ings were started during 1966 and 1967, as shoWn in Figure 4. - Again
referring to Figure 5, the rapid decrease in occupancy in 1970, 1971,
and 1972 indicates that an excess amouht of office space was started in
1968, 1969, and 1970, as shown fn Figure 4.

During 1973, the natfonal market could apparently absorb.the
amount of office space that was available. This means that the amount
of office space started in 1971 was approximately correct. There is an
excess of -office building space on a national average; and it will take
several years to absorb the excess that:.came on the market between 1970
and 1972, _ |

.The office building industry goes through periodic cycles of over-.
bui1dingland gradua]lassimilation of;this excess office;spacé9 and then
another cycle of overbuilding, etc. The classic example of overbui]dm
ing,fnithe-United Sfates at this time is in the Central Business Dis-

trict (CBD) of New York.City. There is an excess of over 10 million
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square feet of officevspace in new office buildings at this time, accord-.
ing to the realty brokerage firm of Julien J. Studley, Inc. (39).

Government tenancy in privately owned office buildings has remained

relatively stable at the national level during the period ]962~1973,.as.

shown in Figure 6.
An Econometric;ForecastfngvMode]

This model was.developed by studying the past-and determining the
economic variables that'be§t:exp]ain the one dependent variable which
is the dollar value of construction contracts for office buildings-
(CONSTCON) , Thé:interre]ationships between the variab]es have been
specified as regression coefficients in a,mu]tip}e regression equation.
The lead and 1ag,re]ationshjp between each independent variable and the
rest of the model was,aISO»determined,..This\work;was‘donexusing his-
torical data; In order to make forecasts, estimates of future'Va]ues»
of the independent variables are required; In the case where indepen-
dent variables lead the mode]@'va]ues‘are available for~as-manyuquar=
ters as the particular variable Teads the mode],, An example of this
type of relationship is illustrated in Table IVQ_whére the date of the
data for each observation is shown. Any horizontal row is a set of
data for one observation. The selection of the actual independent var-
jables used in this model is discussed in greater detail in Chapter IV.

The model developed in this study is a quarterly econometric fore-
casting model. This means that there is one observ§tﬁon for each quar-
ter, and that there is a forecast for each quarter in the future for.
six quarters. The reason that six quarters in the future was chosen is:

that this is the length of time that one of the independent variablies
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TABLE. IV

AN EXAMPLE .OF A LEAD RELATIONSHIP BETWEEN THE. INDEPENDENT VARIABLES
AND THE DEPENDENT VARIABLE IN A MULTIPLE REGRESSION MODEL

Dependent» Indépendent  "Indépendent ‘Independent

Variable ~ Variable Variable - Variable
Observation Y X X2 - ) X3
1 10-1971 10-1971 - 3Q-1969  20-1969
2 20-1971" 20-1971 4Q-1969 3Q-1969
= 3 3Q-1971 30-1971: 1Q-1970 4Q-1969
Ho g 4Q-1971 4Q-1971 2Q-1970 1Q-1970
oS5 1Q-1972 1g-1972  3Q-1970  20-1970-
oS |
a6 20-1972. 2Q-1972 4Q-1970 3Q-1970
o7 3Q-1972 . 3Q-1972 1Q-1971 4Q-1970
o ‘ ' ;
=3 4Q-1972 4Q-1972  2Q-1971 1Q-1971
. o , '
S&o 19-1973 10-1973 3Q-1971 2Q-1971
o o ' :
e 10 20-1973 20-1973 40-1971 ©30-1971
= - 30-1973 30-1973 10-1972 40-1971
12 4Q-1973 4Q-1973 | 20-1972. 1Q-1972
These . 1Q-1974 Forecasts 301972 20-1972
are the . 2Q-1974° of this 4Q-1972 - 30-1972
forecasts- 3Q=1974 independent . 1Q-=1973 4Q+1972
computed 4Q-1974 - variable 2Q-1973 1Q=1973
by this . 1Q-1975 are ~3Q-1973 2Q-1973
model 2Q-1975 required 4Q-1973 - 3Q-1973
| . o  4Q-1973

Model: Y = by + byX; + b2X2~f b3X3‘
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Teads the mode]‘aﬁd:there are no ré]iab]e forecasts for this variable.
The availability of data‘hés-thus'speqified the horizon for this model.

The cohstruction iﬁduétry is said by~Kittides (41) and many others
to be the bellweather industry of :the ecOnomy;- The general condition
of -the economy of .the United States»is:best,spegified by the Gross Nat-
jonal PrOductJ(GNP);f The investment in office budeings is included in
-the "Summary of Income and Product Accounts” as Fixed Investment in
Non-residential Structures*(EIXINVST);»

Supply and demand for -office space is obviously vital to this model
and is accounted for by occupancy in percent;: Notezthat_thﬁs-particu=,
lar variable is unique to this mode]l and is an essential economic var-
fable for this model. Corporate Profit (CORPROFT) i§ incorporated as a-
'meaSUre-of the availability of .funds for investment. The finterest rate
on Federal Fundsf(FEDFUNDS) isya]sora'measure of the availability of
- funds . for- investments.

One unique feature developed .here is the use of the output from a
large=-scale structuka] and forecasting econometric model as input. te
this mode1. The future state of the U. S. etonomyfis,f@recast:by.the
large-scale econometrfc‘mode] and selected variables from it are used
in the model developed in this study. In this manner, the results of
sophisticated econometric.techniques which use an extreme]y,]arge-da?a-
‘base'are incorporated.intQAthisvmode].

In addition to variab]es,from;the large-scale econometrig..mbde]9
additional economic variables are intnoduced to furnish the data requir-
ed for this model to forecast accurately the one dependent variable.
This model 1is thus unique and.is~structured«to-forecast only one var-

iablgg_and that is the dollar volume of construction contracts
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(CONSTCON) - for office bui]dings-in_the'United‘States.

The dollar volume of constructioh,contracts;fon_offjce buildings
on a quarter]y\basis isvvery volatile, and i; illustrated -in Figure 7.
The item really needed by the construction industry is .a good forecast
of dollar volume of construction contkacts for a year in.the future;
this is obtained by adding the estimates for four quarters fnnthe
future; It generally takes six weeks after a quavter-endstto obtain
the desired data from that quarter. It takes‘]éss than a day to .update:
the model and make forecasts, and a month.to get the forecast published
and in the hands of the ultimate user. Therefore, the horizon of this -
model of six quarters is very.realistic to make predictions a year in
the future on .an -annual.basis. -

The details of the development of this model are covered in

Chapter IV,
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CHAPTER III-
SOURCES OF DATA AND FORECASTS

Infthe‘modé] deve]oped’in this.studyg historical'data_is required
for both 'the dependent ‘and the independent variables. With this data,
}the regression coefficients can'be,caléu]ated;. Forecasts of the inde-
pendent variable are required unless, as explained in.Chapter II, that
particular;ihdependent Variab]e leads the modé'!° The;inqependent var-
iables se]ected:for,the final mode]vshoujd be vgriab]es-for which
accur;te\fonecasts areiﬁvaiTab1e.‘ The tefm ”qcéurate” in this context
means that the value of the dependent variable computed using the fore--
‘cast‘vaTues-of‘the independentuvariables in the regression equation,is~‘
more'accurate than direct]y~f0recasting the,dependént vapiab]ee‘

" Sources of historical data,wij] be.theated initially to include
bothxgovernment and priyatevsourcese. Next, sodrces of foreéasts will
be examined. - |

The names of -the variables chosen for this study"are abbrevia-
tions or‘contractionszof the varigb}e-rep?esentedpJ‘Inﬂthe Statistical
Analysis System II (SASII), a variab]é name may be up to eight char-

acters long. Table V includes an explanation of-all variables used.
Historical Government Data

Gross National .Product (GNP) is the most comprehensive single meas=

ure of the aggregate‘economic‘output=of the United States. Historical.

33
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TABLE V
EXPLANATION OF 'VARIABLES

Variable
Name Explanation

BID;yOL Bidding volume for off1ce buildings, in m1111ons of current
dollars

BID58DOL Bidding volume for office buildings in millions of. constant

1958 dollars:

CLERKEMP Clerical employment .in the United States. in millions

CONSTCON Value of construction contracts awarded for office buildings.
in the United States 1in m1]11ons of, current dollars

CON58DOL Value of construction contracts awarded for office buildings-
inthe United States in m1]11ons of constant 1958 dollars .

CORPBOND:  The yield on corporate bonds in percent -

CORPROFT- Corporate profit after taxes in b1]]1ons of current dollars

_‘(seasonally adjusted at annua] rates)

PROFIT58 - Corporate profit after taxes 1n,b1111ons of constant 1958
dollars: (seasona11y adjusted at annual rates)

FEDFUNDS Rate of return on federal funds:in percent

- FIXINVST Fixed -investment in nonresidential structures in billions of

current doellars: (seasona]]y adJusted at annual rates)

FIX58DOL' = Fixed investment in nonre51dent1a1 structures in billions of

- constant 1958 dollars

GNP Gross .national product in billiens of current do]lars (sea-

o sonally adjusted at. annual rates)

GNP58DOL - Gross national product:in ‘bi117ons of constant 1958 dollars

v (seasonally adJusted at.annual -rates) .

GOVSECUR The yield on U, S. Government.securities (taxab]e) three-
to-five year issues

NEWPLANS New construction plans for-office buildings.in millions of
current do]]ars ‘

PLANS58 - New construction plans for office bu11d1ngs in millions .of

o constant 1958 dollars
OCCUPNCY

0ccupancy~of;off1ce~bu11din95~tn‘pereentr




data is available in many sources. The sourceFused in this study is
Table 1 of the Survey of Current Business~(58).; GNP is presented in
bofh current dollars and in cqnstant‘]958 dollars. The reason this
source wés selected was'that'the-adjusted¢GNP figures-are published .

- promptly at.the end of each year -in.the Survey of Current Business. In

several other government pub]icatﬁ

months before the adjusted GNP‘figuresiaré.pub]ished; For'the.samé
reason, fixed investment in nanésidéntih],structures (FIXINVST) is also
obtained from Table 1 of the Survey.of Current Business. -

The source of data on corporations is Business Conditions Digest
(BCD), which is published monthly by the U. S. Bureau of Economic:
Analysis (56). Corporate profit after taxes in current dollars (CORPROFT)
is.in.Ser‘ies:’IG9 and corporate profit after taxes in 1958 dollars.
(PROFIT58) 1s in Series 18. The rate of return paid on corporate bonds -
- (CORPBOND) -is 1in Table B6, Series 116.

The Federal Reserve Bulletin, which is pub1i$hed monthly, .is the
source of both the interest rate on Federal Funds~(FEDFUNDS) and the
interest rate‘on.the.U4JS,'Government.securftiesvthreefto=fiVe‘yearv
issues (GOVSECUR). Thesé are both published in a table titled WMoney
Market Rates." Clerical employment is published in Table A49 of
Employment and Earnings.(59).

A searcﬁ for a value of constructidn:contraCts for office build=
ings - (CONSTCON) -in governmént pub]ications proved futi]e,‘ The Survey
of Current -Business (58) publishes data from the Bureau of the Census
on the estimated vaIUeyqf-construction put in place. The value of con-
struction put in place in.a year may;be.different from the value of

construction contracts awarded during that year. The data for
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construction put in place is aggregated into four categories for public
construction:
1) residential

2). industrial

)
3) commercial, and
4)

public utilities.

Office buildings are included in Commercial Bui]dingsnwith‘storesg
shopping centers, and gérages. This degree. of aggregation.and the fact
that the data was not-avai]ab1é for 1965, 1966, and 1967 required that
this data source be eliminated from further consideration..

Construction Review (61) publishes data on the value of construc-
tion contracts awarded each month., The data is quite aggregated, and
again Office Buildings were included in Commercial Bui]dingsgAwhﬁch
again included stores, shopping centers, and garages. . Of“greater-ﬁmpor=
tance was the fact that the source of this data was the F. W. Dodge.
Division of McGraw=Hi11 Information Systems Company. Aggregated Dodge
data was the source quoted for construction contract awards reported in
the Survey of .Current Business, Business.ConditionS~Digest9'and The
Federal Reserve Bulletin.

The obvious conclusion is that the government does not keep usable
statistics on the value of constructionlcontracts~byrcategowygof con-
struction. When this data is desired, a private source must be consult-
ed,and the most often quoted is the F. W. Dodge Division, McGraw-Hill
Information Systems Company. This source is discussed in the next

section.
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Historical Private Data"

Because Construction is such a large industry, there is a demand .
for ihformation-abbut the industry. Engineering News-Record (ENR) is
an excellent source of this data. The author had ready access to ENR
data because this study was. proposed by Mr;vJames Wepber, who was.at:
that time manager of the Business Dafa~Department; He js presently the
Director of Planning and Development, and was- instrumental- in obtaining
access for the author to the Dodge Construction Potentials for Office
Buildings. - The ENR data is divided into two categories, which are New
Plans and Bidding Volume. -Both categories are tabulated weekly in the
categories shown in Table I -and published in the Scoreboard" Section,
which appear each 'week in ENR (20)(example in Appendﬁx B).  The New
Plans category is the estimated dollar va1ué ofhﬁrojects when‘desﬁgn is.
started, . This information is obtained from informaticn supplied by
designers. When the construction contract is awarded for a project that
had been previocusly reported inrNew_P]ans;'the value of the construction
contract is supplied as Building Volume. In this mannérg.a11 construc=
tion contracts reported flow from New Plans to Bidding Volume. Design
is initiated on many more;projgcts than contracts are ever awarded, and
this fa]]=out accounts for the large differences in data?_ A plot of
both New Plans and Bidding‘Vo]ume versus time for 0ffice Buiﬂdings is
included in Figure 8. The time interval 'selected for this plot was.
quartef]yg-because that makes the data compatible with the model. A
regression analysis was conducted between Bidding Volume and New Plans,
and the optimum lead reTatibhship determined., This lead relationship
was used in developing the model in this study.

The F. W. Dodge Division of McGraw-Hill Information Systems Company
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is-a private firm that has been publishing data on the construction
industry for over 80 years. Dodge publishes five proprieﬁary repokts
and special ﬁeports as desihed..There:are over 1400 news reporters
nationwide, and the data is reported by county by category of construc-
tion. " In this study;“the value of contract construction (CONSTCON) on
a‘quarterly basis for the entire United States was used;. As stated
previods]y;’the term "0ffice Bui]dings”’a]so inc1udes»bank”buj]dings and
buildings used by savings-and ]oannas‘socﬁat"‘ions° This proprietary data
was: published in Dodge Construction Potentials, and was provided to the
author by the F. w,'Dodge Division of McGraw=Hill Information Systems
Conipany° |

The Building Owners and Managers Association (BOMA) International
conducts surveys of its members and pericdically publishes statistics
on Office Buildings. . There is a "Survey of 0ffice Space Occupancy"”
which is conducted as of May 1st and October 1st of each year. The
results are published in “Skyscraper Management” (51). Also, BOMA -
International publishes annually the Office Buiiding Expekience Exchange
Report (8), which includes data on space allocation, income, costs -on

analyses by age of the building, etc. -
Sources of Forecasts

Six econometric mode]s will bé_ﬁnvestﬁgated to determine their pur-
pose, character, and output, The treatment of the censtruction industry
by each'modé] will be examined and its relevance to this study will be
evaluated. The six models are:

The Bureau of ‘Economic Analysis Quarterly Econométriq Model

(formerly Office of Business .Economics OBE Model)
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The Brookings Model

The Wharton-EFU Medel

The Fair Model

The‘NatiQna1~Assopiationzof HOmébuinerS»Mode]\

The»DataﬁResources'(DRT)’Model;-

These models generally treat the Gross National Product (GNP) of
the United States as-four major- sectors:

1) Personal Consumption Expenditures

2) Gross Private Domeétic Investment

3) Net ExportsfovaoodsQand'Services

4). Government Purthases_of Goods and Services.

Of particular interest to this study is the sector titled "Gross
Private Investment.” Note that all private construction isiin@]uded in-
only two entries, Fixed Investment .in Nonresidential Structures, and
Fixed Investment in Residential Structures, The Gross National Product-
is generally presented as a suhmary of:nationa1¢product'accountsﬁ-which
- shows ‘how the output of the U. S. Economy was . distributed. Thus,
National Product Accounts: is a group.of-accounts'showing the market-
ya]ue of goods purchased by each of the four major sectors and selected
subséctors of the U. 'S, Economy. |

Charges'against‘Gross;NationaT Product are represented by a summary
of National Income Account§,zwhichvis a»group'of accounts. .showing the
cost of producing,ﬁhe current output of the .U.- S. Economy. The summary
of National Income Accounts: s shown.in the top half of Taple VI. -

A complete exp]anation-of-each‘acédunt isvcohtaihed in the U. S.
Depar;ment of Commerce Dictionary of Econoﬁjc and Statistﬁca]:Terms (62) .

With this background, the six econdmetric models will be examined. .
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TABLE VI

SUMMARY OF NATIONAL INCOME AND PRODUCT ACCOUNTS1

IN BILLIONS OF CURRENT DOLLARS.

1974

Compensation:of employees ; . ;ﬂg-g_g ;“; ;‘@ ;" -,.‘ . 785.2

Wages and salaries « o o s ¢ « o o W e e s e e e ae e s a 691.4
Supplements to.wages and salaries s ¢ ¢ o v 6 6 s ¢ o 5 o 93.9
- Employer centributions. for social insurance o . o oo o . 49.0
_ Other labor -income .. . o« « & S e 4 46 e e s s e 0 s 4 44 .9
Propr1etors INCOME  5'd 6 o o 4 s 6 a s o o ¢ 5 6 6 o 's o a o 84.2
Rental income of Persons . . ¢« o« s o s « « o s s o o s o & & o 25.1
Corporate ‘profits and. inventory. va]uatlon adJustme 1t e o ¢ a0 109.0
Profits before tax « o o « ¢ o o 5 v o o 6 % % o 5 % o ¢ o & 126.3
Profits tax 17ability. o'i v o v e o 4 ¢ ¢ 6 o o % o o oo 55.8
Profits after-tax: : <o ¢ ¢ ¢ o o « “ 6 e s ee s s a 70.4
Dividends. . s ¢ ¢ o % & IR IR AR EE I R RR IS 27 .8
Undistributed profits . ¢ ¢« « s s ¢ 66 5 066 ¢ ¢ ¢ o = 42 .6
Inventory: valuation adJustment G:6 & s 6 3% s o o s e o, =17.3
Net dnterest o ¢ v v & s 6 ¢ 6 676 6 a4 ¢ ¢ 6 66 6 aa a5 4. 50.4
NATIONAL INCOME . e s a6 ¢ ¢ 6/ ¢ ¢ 6 64 ¢ 6 66 660 «« ~ 1063.9
Business .transfer. payments 6 4 6 6 s &6 5 & a8 o o s 66 0w 4.9
- Indirect business tax and nontax liability . ¢« « o ¢ o« ¢« o « 117.8
Less:  Subsidies less current surplus of governm ent enterprises 0.4
Capital consumption allOWances i ¢ ¢ o s o o 6 ¢ o 4o o o oo 110.0
Statistical discrepancy .« o« 5 ¢ ¢ ¢ o6 6 66 e o 46 o6 o- - 2.1
CHARGES AGAINST GROSS NATIONAL PRODUCT & v o 4 s « ¢ ¢ o a s & 1289.1
Persona] consumption expend1tures o e s 4’3 6 & &5 o o e o e 804.1
Durable go0dS o 's < o s 4 6 6 4w 6 @ G 66 @ s 6 e 5. . 130.8
Nondurable goods.c ¢ v s s s 6 ¢ s s« ¢ 4 a 66 o ¢ a s o 335.9
SErviCes « « ¢ 6 o i i v e 4 6 i d 6 e 66 e e 6 e e e e 337.3
Gross private domestic investment. o . ¢ o' ¢ ¢ 6 ¢ o 0 6 5 o o 202.1
Fixed ‘investment . . o o s a ¢ ¢ 4o s 66 a6 s a8 cw e s 194.2
Nonresidential & ¢ o s o o'a a o s°5 s o s ¢ & ¢ 8 o o 136.2
SErUCTUYreS '« o & o o o 6 o« o 66 o 6 6 66 o 65 o o o s 48.4
Producers' durable equipment . o« ¢ ¢ ¢ < s o oo ¢« .0 o 87.8
Residential structures ¢ ¢ ¢ o o v e s a6 4 5 s ¢ 5 o 58.0
Change in business inventories . . o« o o s o o o o ¢ & o o o 8.0
Net exports of goods.and SErvices < ¢ < e o ¢ oo 6 ¢ o o o o 5.8
EXpOrtsS ¢ o o s s s 6 4 o o 56 ¢ & 4 a';‘; e e s 5 86 e 102.0
Imports & a ¢ o s 6 4 o 6 a ¢ 6 66 5 e 46 6. o8 & s o s 96.2
Government purchases of‘goods and serv1ce51g o 4. 4 4 @ & o & o 227 .1
Federal . & o ¢ ¢ o 6 66 6 6 66 6 o ¢ s 46 o's oo oo 106.6
National defense. s ¢ s 6 ¢ 6 o o 6 66 a6 66 60 oo 73.9
Other . . o« ¢ o6 o a5 a.a'a'@‘a 6 67666 66 6 6 & 6 e 32.7
State and 10cal & s & o ¢ 6 o o 66 s s 5 s a o 85 e 6 eto 170,5
GROSS NATIONAL PROBUET i &6 ¢ 6 o o ¢ ¢ 6 o ¢a ¢ 6 a6 o o o 1289.1:
1

Source: . (62).
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The Bureau of Economic Analysis (BEA)

Quarterly Econometric.Model

“The Bureau“of Economic. Analysis, which 1s part of The Social and
‘Economic ‘Statistics AdmihiStration”ofohe'U: S:«Departmeht~0fvcdmmerce;
‘was formerly known.as the Office of<Business;Ec0nomics-(OBE);, In much
of;the literature, the mode]vis,referrgd;to‘as<the Office of Business |
Economics (OBE) Quarterly Econometric Model.

This is a sophisticated large-scale structural. econometric model of
the economy of the United States. - Because it is a structural .model, it
incorporétes the interdépendence of the many diverse elements of the
economy. One of its principal dseg according to Hirsch (30) is the analy-
sis of the impact on the U. S. economy of alternative governmental
macroeconomic policies. An examp]e.offsuch an ana]ysiS>was_to study the
impact of a.l0-percent increase in persona],income:téx. The results of |
this analysis indicated that a 10-percent increase in.personal -income
tax'wouId cause a major economic recession-at;thét;time°1

The other principal use of this'mode] is to predict future economic
activity. The results deteriorate as the forecast horizon lengthens,
and Hirsch (30) states on page 25 that six ‘quarters is'the usual fore-.
casting horizon for his mode}. On bage 24, Hirsch-aiso states that

In practice we frequently deviate from forecastjng in this

pure sense by generating more than one set of outputs for a-

given time period based on alternative assumptions-for some

of the inputs.

The outputs from this model are exc]usive1y for government use and they

arevnbt released te the public because these forecasts could conflict

lInterviewg March 11, 1974, by the author with Dr. Bruce Grimnm,
Bureau of Economic Analysis, U. S. Department of Commerce.
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with the‘officia1 government forecast because of different -assumptions. -

In order to havg such a;powerfu1¢mode1,'it must-be rather sophis-
ticated. This mode1_contains;63 stochast1c\equations and their general.
relationship is.explained by Hirsch (30).-

The;S1mp11fied Flow Chart ‘of BEA Quarterly Model (Figure 95 11lus-
trates:the_ihteraction of ‘the major sectors of the economy.' The top
row or rounded boxes represents the exogenous: or indgpendent.variab]es°
Thisvis‘fed'into'the mode] as data.becayse,jts vaiue is determined out-.
side of the model. The rectangular boxes-all represent endogenous -or -
dependent variables whose values are determined within the model. The:
model is then so]Ved by an a]gofithm that -accomplished -the following
steps: . |

1) solve the.identity.equations'with_known;va1ues.

2) solve the independent equations - |

3) solve the group simultaneous. equations by an. iterative

process until the convergence is satisfactory (.01)

4)’so]ve the remaining independent equations which use the

output-fromythe simu]taheous equations,

Thevresu]ts are six tables which give predictions for the GNP in
current and.constant‘1958;do]1ars and‘théAvariousfcomponentsfof-the GNP'
to inc]ude_emp]oymentg,incom39 and interest rates;_ Judgement must also
be‘gpp]ied.to¥the results provided by this;mode],z A determination has,
to be .made whether or.not;ﬁhe résu]tﬁ-are within the range of the model,

Also, the predicted values fdr the endogepous‘variab1e$ihave to»be

compared with actuél;values forgthe}past eight quarters. ' When a

2Intervi‘ew,Mar“ch]29_]9745 by the author with Dr. Bruce Grimm,
Bureau of Economic Analysis, U. S. Department.of Commerce.
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divergence is noted, future predictions must be adjusted. .

‘The servicing and updating of, such a‘sophistjcated mode] is a
major task. A staff of Eightg which includes three PhD econemists,
spends approximately 45.bercent of its ;time servicing and updating the
BEA Model and an additional 35 percent of,its[tihé making forecasts
with the mode1;3 | ‘

Of major importance to this:study is the fact that in the BEA
Quarterly Econometric ‘Model, the entire construction industry fis rep-
| resented by only three entries. These entries are Fixed Nonresidential
InVestmentg Residehtig] Structures, and-é part of Government Purchases -
of‘GoodS»and‘Services.

~ Fixed Nonresidéntﬁa],Investment inc]udes both Nonresidential
Structures and Producers® Durable Equipment. This degree of aggrega-
tion makes the output-of this medel Timited to GNP for the purposes 6f

this study.
The Wharton - EFU Model

The Wharton = EFU (Economic Fokecasting Unit) ModeT»is cépsidered.
to be the best known,of-ai] econometric forecasting mode]§9,accordﬁng.
to Fair (25). This:maproeconomﬁc;mode] Has as itS;géal the‘forecésting
of the Gross Nationa]vProduét-of-the United States and the summary of

‘national .income and preduct accounts, The,forecastS-of this model are
reported in Business_Week‘(Q).and in the Whartoen Quahtérlyd

This model is a combination of ‘two previous modé]s,: One of these

models was comp]eted_ih 1963 byiDr;-Michae] K. Evans, and is'known¢as<

SInterview, March 12, 1974, by the author with Dr. Bruce :Grimm,
Bureau of Economic Analysis, U. S. Department ‘of Commerce.
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the Evans Model. The other model was developed by Dr. Lawrence R. Klein
under a grant.from.the Rockefeller Foundation; and is known as_thé‘ |
Wharton Model. These two models and some ‘new ideqs~Wene combined into-
the Wharton - EFU Model in 1965.

Evans (23) éXplainslthat,there‘are;47 behavioral; equations; 29
identities, and 120 variables; 0f these variables, 77 are jointly
dependent (endogenous) Vaniables; and there are 12 indepehdent;(exogn'
enous) variables. |

There is a unique approach in the Personal Consumption sector., .
Instead OF_one.equationlfor»Dukab]e-Goodss,one for ‘Nondurable Goeds, -
‘and one for Services, which is the standard approach, Nondurables -and
SerVices are combﬁned5infon§‘eqUatﬁon9~automobiles-are-handjedgin a
second equationg*and,Otheerukab1es~are'inc1uded;in a third equation.
These equations .are used.to determine three vériab]esa which are
:1) Manufacturing Investment -in Plant and,Equipment
2) Regulated and”Mining.Investment in Plant andﬁEquipment>
3)ﬁCommerCia] and Other Industrial Investment -in Plant and

Equipmentp
The Housing subsector has one principallequation to detérmine the
Investment in Private Non-farm Resjdentia]‘Constructionﬁ The Change in
Business -Inventories is covered by two equations; and Imports and
Exports- are determined-by~foqr‘equations;,'Government‘Purchases of. Goods
and Services are inc]uded jn-onevof~the'identitﬁes, The remaining equa-
tions covervthé charges :against Gross:NatiénaiinQductﬁ‘

of primary importance to this,ﬁtddy is the fact thét~Constructﬂ@n
is inc]uded in Governmenngurchgseﬁ of Gﬁddsfénd'ServicesgwRESidential

Construttipn or. Fixed Investment..in Pjant*and Equipmenﬁ; - Because
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Equipment or ProduéersI Durable Equipment represent almost two-thirds
of Noenresidential Fixed Investment, the remaining portion, which is-
Plant or Structures, is masked-to the point where it is of no use in.
forecasting construction in any one segment of -the construction market.
This-]attervcategory.isndisaggregated to;Manufacturingg Regulated and
Mining,Industries;land=Cbmmercia] and Other Industries Investment, but

they all include Plant and Equipment.

The Brookings Quarterly Econometric Model

ofuthe'United‘States

This is a very sophisticated large-scale strUctura];econométric
model .of ‘the economy.of the United States. The BﬁoekingssMode] develop-
ment sggrted as .an economic research conference stimulated by the Social
Science Research Council (SSRC) and held in-Ann Arbor -in.1959. From
this conference, a propoSaT was .approved for the deve?opment,0f3a’]arger.
scale économetricimodel to be Sponsored¥by\SSRS; A grant Was.pnovidé&_
by The National Science Foundation, and wofk‘was:under way. The .
approach wa51to.asﬁemb]e more_th§n,twenty ofuthé best menvﬁh;the fiemdv
at-a three-week conference at Dartmouth in 1962. :A’sécondfponference-
for two weeks was.held the next year. |

Work continued at The Brookings Institute, guided by the advisory.
committee chairgd;by>Prafessor James;Duesénberry and sponsphed by The
National -Science Foundation.’ The~pre]iminary{mode1'wasaavai1ab]e in
1965, . The output of-yeaf5~of‘work by more than twenty top ecenomists
supported by researcﬁers,and programmers was-compi]ed-intg this large-
Sca]e econometric;modelx“~Fromm (28)\states_that when the model was.

expanded,fﬁom eight -to thirtyﬁthree;Sectorsg;the fullblown model
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contained -359 equations.. Duesenberry, et a1.~(]8)'predﬁct'that the
model will evehtua]]y consists of more than 1000 equatiens.

In the Brookings moge]9 one area is Nonbusiness Construction,
which was developed by Maisel (17). This is divided into three areas:

1) New Dwe]]ingﬁ»

2) Other Residential Construction -

3) Social and Other ‘Nonresidential,

New Dwe]]ings‘are‘orders~fon Nevaesidentﬁa] Construction, and.
accohnt for ovér 60 percent .of Nonbusineés‘Constructiong'acQ@rdﬁng to
Maisel (17)@> He further defines .Other Residential Construction to
include Additioens, A1teration59 orvOther Improvements -to Residential
Structurés.

Maisel (]7)udefines-SocﬁaTAand’Recreationa]'Construction\to»
include churches, private schopls, hbspitalsg»univehsitfésg recreational
buildings; and a small component_of»btheb_constructﬁon, If;saéﬁa] and/
or recreational buildings .were built with public funds, then.they appear
in the Governmental sector. |

Business Constnuctipn.iS-incIuded,in Fixed -Investment -in Plant and
Equipment, -and Government Construction is part of Government. Purchases
of -Goods and Services. |

The use of a very large sca1e.structura] model for-ecanomicvpoﬂﬁcyj
analysis -has not been con;estedg_lThe use of“sdch a model for shert-run
forecasting has been queStjonéd by Fair (25) who, on page 6, states:

it should perhaps- be pointed out:that it is. hot real?y com=

puter restrictions that-are likely to h1nder the use of

large-scale models -for short=run forecast1ng purposes, but

the large number of man-hours: involved in co]]ecting “hew
data.and keeping the models updated.
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The Fair Model

" This model was developed by Dr. Roy C. Fair at Princeton University
in 1968 and 1969.. This model is frequently referred to as the Fair.
(Princeton University) Model, and is a short-run-forecasting model of -
the United]States<ecqnomy.'-Forecasts for four quarters in the future
made by.this'mode];appeak monthly in\ThenConference,Board Statistical
Bulletin (13);? Fair (25) states ‘on-page 6 that

The fact that - 1ndustr1a] users want more detail than merely

forecasts ‘of the major components of GNP is beyond question, .

but forecasting the maJor components of GNP is.still the

main problem of economic forecasting, and accurate fore--

casts -of these components should go a long way in he]pmng

individual users to forecast the particular econom1c vari-

ab]es they are 1nterested in. .

The Fair Model consists of l4ubehavjofa] equations, six -identities,
and the%e-are 19 dependent (endogenous) variables and 16 basic. indepen=
dent (exogenous) variables. 4There‘are,seven.eqUati@nsmexplainﬁng,Nat=”
ional Income Expenditurewcomponents, These afe‘further disaggregated -
into three equations. concernmng persona] consumptmon expend"ntures9 one
equation for each. of the fo110w1ng areas: .

1) Plant and Equipment Investment

2) Housing Investment .

3) ‘Inventory InveStment

4) Import.and Export.

There .is -one very uhique feature of .this mode]sﬁtheré is;no sub=

jective ““;ﬁirhevtunihguo of this}modg],- Fair .(25) states-that;“giyen:data
| on the;exogenou$ vari&bles of the model, the forecasts can,be generated
in a deterministic way." This means -that the published forecasts are
the actual values from the medel, and that Coeffﬁgients.have;not;been

re-instated by an ecoriometrician to yield resu1ts that he believes are
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more realistic than those produced by the econometric.model. The fine

4 The

tuning of the BEA model was explained to the author by Dr. Grimm.
preliminary forecasts for the past .several quarters (frequently eight
quarters) are compared with actual resu]ts, When a divergence is-
noticed betWeen forecast and actual data, then future forecasts are
modified by the trend discovered in the_divergence; Another technique
to "fine tune" an econometric model is to compare immediate past esti-
mates with actual figures and adjust‘éither,the\constant terms or the
values of the exogenous variables. This is explained by Evans, et al.
(24).

Because of the comparative simplicity of the Fair Model, it can be

easily re-estimated and updated each quarter. This model was designed

to be a forecasting model, and that is its forte,
National Association of Homebuilders Models

There are two econometric models used by The National Association
of Homebuilders. These models-and their forecasting capabilities were
explained by Sheehan.5 The first model is;somewhat's@phistﬁcated; and
is comprised of 21 equations with 39 variables. The second model is
much more simple, and haS‘bn]y two equatibnstwith~]6 variables. When
using the econometric models to forecast residential construction,

Sheehan® stated that much better forecasts were obtained - from the

4Interview9 March 12, 1974, by the author with Dr. Bruce Grimm,
Bureau of Economic Analysis, U. S. Department -of Commerce.

51nterview, March 12, 1974, by the author with Mr. Robert J.
Sheehan, Director of Economic Research, The National Association of -
Homebuilders.

61bid.
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second simpler model. He further stated that the most complete 1ist
and -discussion of econometric models dealing with residential construc-
tion can be found in Rické (48). Here were listed in alphabetical order
the following mode]s;

The Brady Model

The Brookings Model

The DHL: III Model

The DRI Model

The Fair Model

The FRB-MIT-PENN Model

The Huang Model

The Maisel Model

The 0BE (sic) Model

The Wharton Annual and Industry Forecasting Model

The New Wharton Quarter]y1Foreca$ting Model,

The point here 1is that there are several ]angemsca]e ecohometric
models with a sector dealing with residentia] construction, forecasting
models with residential construction, and someveconometric models that

address residential constructiony principally.
The Data Resources:Model

This -model was developed by a corporation_known as "Data Resources
Incorporated,” and it is frequently referred to as the DRI Model. It is-
a large-scale quarterly econometric model of the United States economy.
It is a structural model, because it accounts for the complex inter-
relationships between the various facets of the economy. Alternate

economic policies can be analyzed using this model. The unique feature
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of this mode1 is that in spite of the large size (698 equations and
identities) its first.purpese is accurate forecasting. In addition to
the model, DRI maintains. a proprietary natjonal economic- information

7 which are updated each

system with over 13,000 time series of data
working day. DRIvuses a Burroughs B6700 and B7700 compwter to provide
its customers on ]ine‘accesé to the model and the data base.

Another unique featuré 6f the DRI Model isAthat‘one of its objec-
tives is to provide sufficient points-of-contact‘for satellite models. -
The phiTOSOphy is for the DRI Model to provide data and forecasts to

8 the

drive mode]s forvmicrq=e¢onomic forecasting.  According to West,
DRI Model is the largest eéonométrit}modellof the United States .economy
in use today. Over.300 clients; which include someESO government .
agenciesalsubscribe-to_the DRI forecasts and services. The-mode]bis
updated monthly and revised annually. - Thirty:professionaT.economisés
are employed by DRI to service the model and provide customer service.
The DRI Model was.developed 1in 1968-1969 principally by Otto
Eckstein, Edward W. Green, Allen Sinai, Mart‘in.Fe]dsteﬁn9 Samuel Rea,
Léster Thurow, V. Sandararajan& Peter-Jones;,Gary Frommg»Rosanne Hersh;
and Robert‘Lacey.&:Thg nUmbér of.brofessiona] peque ihvo]ved_is{brom_
v?deq'as a measure of:the:massivéhessVof the;undertakﬁng which:reSQKted.

[

/i the DRI Model. o
The DRI Model foreéasts Wereﬁse]ecteq for use in the modej devel=
“oped in this study»becauSeVof the‘uniqué features=of~the'DRI,MOdé]o, It

" has the largest, mostacomplgte data base on the market today, and DRI

7Te’lephon-efInterview = June 5, 1974, by the auther with Mr. Robert
West, Industrial Economist, Data Resources, Inc.

81bid.
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has solved the problem of updating over 13,000 time series'of data.
Frequent forecasts are made, and the mode] s updated frequently. The
quality of -the forecasts is, in the author's .opinion, the best that is

available,



CHAPTER IV -
THE MODEL -

The detai]edvdevelopmént of the model .using the sources of data
developed in the last chapter-wi]1 now be explained. Thevcpncept is
to use historical data to construct the "best” possible model and to
computé the multiple reghession_COefficients° hDetermination of the-
"best” model involves both judgemeht.and statistical calculations.
‘Statistical ca1cu]ations’arevusefu1vin.determining which. independent
variables contribute significantly to the model. The~appropriate‘1ead
time for - each independent variable must be’computed;‘ If the independent
variable:1eads.the.mode].byza.timelintefva1 equal to or greater than
the horizon of the model, forecasts are not reqUired~for that partic-
ular variable because historical data can»be;used for that variable in
| conjunction with forecasts:of the other independent -variables. An‘
example of this lead re1ationship would be if .the horizon of -the -model
were six quarters and if the lead time for»one of the independent
variables were four ‘quarters. In this example, the historical data for
each of the four -quarters that the one.independent variable leads the
model would be used_in.conjunctjbn with forecasts of the other indepen-
dent variables. Forecasts would be required for the one independent
variable for only: two Quarters to be Used.inléonjunction with the fore-
casts of the other independent variables for-forecasts.of the dependent

variable five and six quartews.into the future.: An evaluation of the

54



. 55
j

independent ‘variables is required to determine the reliability of the
forecasts of that»veriab]e, In.order~for,an independent variable to be
included ih,the model, it must be statistically significant and it must
either lead the mode1lor there must be ansoerce‘of reliable forecasts
for a time»fntervaT equal to the horizon of the model.

Af the beginning of this re;earch,,1t\appeared-that there should be
a strong .relationship between the two sources of ENR data, which are BID
R _Vol and NEWPLANS. Each of these variables is pTotfed'versusvtime,in
Figure 8, The method of compﬂ]ing the data for these two variables fis
explained -in Chapter III. It takes time to design an office building;
therefore NEWPLANS would be expected to lead BID _VOL. The optimum time -

that NEWPLANS Tleads BID_VOL was computed by a simple regression analysis

BID_VOL = f(NEWPLANS)

[{

'BID_VOL = By + By (NEWPLANS) + E

0

The results of this analysis-are shewn in.Table VII. - The optimum
lead time is determined to be two quarters,'because the,bestfstatﬁstﬁé
cal indicators are in the column marked "2Q." The 1ahgest‘coefficient,
of determination (R-SQUARE) of 0.3679 and the largest "F" value of
17 .4600 are in thié column. The smallest standard deviatien of 96.6574
is also in -the "2Q" column, -The “t"‘ratio for NEWPLANS, which is the
ratio of the estimated regression coefficient to,its_standard error, 1s
thefgreatest in this same eo]umngiindicating the best reliability of
the estimated eoeffiCient for a lead time of two quarters. Surprisingly,
there is a weak re]atfonship between these two variables. NEWPLANS
explains only 37 percent of the variability in BID _VOL using the opti=

mum lead time of two quarters. The computed regression coefficients



- THE EFFECT OF NEWPLANS LEADING BID_VOL _.IN A SIMPLE REGRESSION ANALYSIS.

TABLE.VII

WATSON D

STATISTIC Lead Time in Quarters
0Q o 1Q 2q 30 4q 5Q - 6Q 7Q 8q 9q 100

R-SQUARE 0.2053  0.1615 0.3679  0.1405  0.2458  0.0490  0.0503  0.1019  0.0621°  0.1250  0.04723

STO. DEV. 1083757 111.3247 96.6574 1127099 105.5786 118.5572 118.4747  115.2139 117.7350  113.7223  118.6673

F VALUE 7.7516  5.7779 17,4600  4.9040  9.7783  1.5459 - 1.5898  3.4033  1.9880  4.2853  1.4874
©t INTERCEPT 0.9072  1.5375  0.6362  1.9885  1.6211  3.2238  3.3044  3.3416  4.0593  3.8693 - 4.6830

t NEWPLANS  2.7842  2.4037  4.1785  2.2145  3.1270  1.2433  1.2609  1.8448 - 1.4100 = 2.0701 _ 1.2196

DURBIN-  ~ 1.5389  1.8627  1.6288  1.8264  1.3429  1.3987  1.285  1.2608  1.3963  1.2022  1.3379

9§
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and the associated t-statistics (shown in parentheses) are:.

BID VOL = :51:8923 % 0.42219381 NEWPLANS
- {(Q.6362) (4.1785)

The results of -this ana1ysisvindicate that‘there is a very poor
| linear relationship between NEWPLANS and BID_VOL even when the optimum
lead relationship is used; The reason for . this is that planning is
‘started for many”moke office buildings than those that are actually con-
structedoi‘This»1arge amount of fall-out overshadows fhe relationship
between NEWPLANS and BID_VOL. The-sighificancevofpthis_is that NEWPLANS
cannot be used to forecast the values of BID_VOL. Both NEWPLANS and
BID_VOL are used separately in.the development of -the model. Later in.
this study, therg is an analysis which determines a different optimum

lead relationship between NEWPLANS and the complete model.
CorreTation Coefficients

Next, a preliminary regression analysis was performed for a model

with all of the independent variables. .

CONSTCON'=-f(GNP, OCCUPNCY, BID VOL, NEWPLANS, CORPBOND,
CORPROFT, FIXINVST, FEDFUNDS, GOVSECUR, -CLERKEMP)

An evaluation of the significance level of each variable will indi-
cate which variéb1e5»are either insignificant or for. which there is a
possible lead relationship.

An analysis of the correlation coefficients indicates the sequence
of 1incorporating independent varjab]es in the model. An initial indica-

tion of any lead relationships can. be determined.at this stage of the
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model development. A computer;ca]cu]ation was ‘made for each quarter
that one of;the,ihdependent variab]es;]ed:the model,

The first.independent variable to be testedAfof.a lead relation-
ship was NEWPLANS. - Table VIII shows the effect of leading NEWPLANS in-
the model. The optimum lead time is seven ‘quarters, and'this~]ead time
~for NEWPLANS was used fof the remainder of the calculations.

The initial model iﬁvestigated~1ncluded-a11‘oﬁ the-independent

vvariab]es;that,had been selected for analysis.

CONSTCON =-f(GNP, OCCUPNCY, BID VOL, NEWPLANS, CORPBOND,
CORPROFT, ‘FIXINVST, FEDFUNDS, GOVSECUR, CLERKEMP)

The results of computihg’the corre1qtion coefficients .and t-
statistic forﬂthis-equation are shown below, where the t-statistic is
shown in.parentheses below each term:

CONSTCON = - 6812.26 + 6.,72299233 GNP

(-2. 3537) (4.5631)
+ 66,00158299 OCCUPNCY. - 0.88916799- BID VOL

(2.4384) (-~ 4,1963)

+ 0.03970140 NEWPLANS - 211.35808247 CORPBOND
(0.2257) (- 1,5951) .

- 1346722856 CORPROFT - 100.92685306 FIXINVST
(- 13472) - (-4.4915)

+ 38.00440220 FEDFUNDS + 22704990150 GOVSECUR
(1.3674) (1.99068) -

- 13.04179733 CLERKEMP-
(- 0.1070)

Where the t-statistic is below two,.the term is not considered sig-
nificant iﬁ the_equation, From this analysis, the variables NEWPLANS, -

‘CORPBOND, CORPROFT; FEDFUNDS, and CLERKEMP are not significant in this.

BT S ORI N .



TABLE VIII

THE EFFECT OF LEADING NEWPLANS IN THE MODEL

Lead Time in Quarters

STATISTIC
0Q 19 2Q 3Q 4Q 5Q 6Q 79 8Q 9Q 10Q

R~SQUARE 0.9296 0.9295 0.9296 0.9275 0.9296 0.9296 B 0.9313 0.9349 0.9295 0.9294 0.9309
STD. DEV. 103;1728 103.2727 103.1628 103.2681 . 103.2100 103.1648 101.9215 - 99.2431 103.2556 103.2743 102.2564
F VALUE 27.7420 27.6844 27.7479 27,6870 27.7205 27;7467 28.4793 30.1521 27,6942 27.6834 28,2793
t INTERCEPT -2.5339 02.1340 -2.3909 -2.5633 ~2.4335 - -2.3537 -2.4556 -2.2697 -2.5023 -2.1908 -2.4411
t GNP 4.7704 4,7666 4,2433 4.6305 4.710 4,5631 4.7045 4.5977 4,4763 4.7614 4.5480
t OCCUPNCY 2,7093 2,4857 2.4012 2.791M 2.6980 2.4384 2.9335 2.407 2,7100 2.5651 2.7816
t BID_VOL -4,1737 -4,1191 -3.7866 -4,1884 -3.9400 ~4.1963 -4,2723  -4,4987 ~4.0617 -4.0617 -3.8557
t NEWPLANS -0.2183 -0,0836 -0.2275 -0,0942 -0.1803 +0,2257 -0.7534 +9,3219 ~-0.1181 -0,0795 +0,6532
t CORPBOND -1,5952 -1.4332 -1.2841 .-1.5886 -1.2872 -1.5951 -1.4131  -1.6452 -1.5848 -1.5463 -1.4108
t CORPROFT -1.3536 -1.3336 -1.2245 -1.3376 -1.2691 -1.3472 ‘-1.3149 -1.2665 -1.2751 -1.3326 -1.0716
t FIXINVST ~4,5661 ~4,5623 -4,4093 -4,4262 -4,5682 -4,4915 -4.6251 -4.6750 -4.4636 -4.5094 ~-4,3676
t FEDFUNDS 1.3663 1.2564 1.3233 1.3377 1.3612 1.3674 1.3688 1.3225 1.2932  1.2696 1.4774
t GOVSECUR 1.9951 1.8141 1.8465 1.9743 1.7438 1.9907 1.8794 2.2248 1.9365 1.9874 1.7015
t CLERKEMP -0.1098 -0,1890 ~0.1051 -0.1819 -0.2191 -0.1070 -0,4830 -0.1779 ~0.1446 -0,0902 -0.3814
32?25“-D 2.3434 2.3455 2,3359 2.3495 2,3482 2.3231 2,2368 2,2619 2.3521 2.3464 2.3802
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equation, - The next question is: which of these variables could have a
lead relationship? CORPROFT -and FEDFUNDS can Togically lead CONSTCON, -
CORPROFT for one ‘quarter could influence the construction of .office
buildings a certain number of duérters in‘the'future‘ This seemed
logical, so-a.leadvre]afionship was investigated. The same logic
'app1ies to the rate of return on Federal Funds. The initial determi-
nation of lead .time for CORPROFT as shown'in‘Tab]efXXIIIg,Appendix D,
indicates that CORPROFT 1ead$ the model by seveh quartérs. This lead
time appears ]ogicalﬁ'so itﬁis incorporated in future calculations. The
best lead time for FEDFUNDS appears to be six quarters,-as shown in
Table XXV, Appendix-D, and this also appears logical and was_incqrporm
ated in future calculations. This lead re]ationship must be verified in
the final model. The_significan¢e ]eve1 or t-statistic of these vari-
“ables is now re-examined and is .shown below:
CONSTCON = - 8739,4640 + 6.03781062 GNP

- (-3.82930)  :(4.90578)

+91,27123837 OCCUPNCY - 0,55769183 BID VOL

(4,25223) (- 2.28205)

+ 0,04554121 NEWPLANS - 28.65943770. CORPBOND
(0.26356) ~ (~0.27819)

- 8,12798822 CORPROFT - 82.26936016 FIXINVST
(- 1.01623) (=3.98406)

- 40,11489566 FEDFUNDS + 112.99071527 GOVSECUR
(-.1.66046)" . (1.35278)

- 91.06667499 CLERKEMP
(- 0.69460)

At this time, the number of independent-variables in the final
model can be considered.

A multiple regression analysis is next performed-on all possible
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regression models, and the five models with the highest coefficient of
determination are tabulated. There are five models with oﬁe‘variablea
two varféb]ess,three,variab]esg up to ten variables, This 1s accom-
plished by using the R-SQUARE procedures of SASII and is included in
the computer printout in Appendix E.-

An analysis of the results of the various multiple regressions
tabulated by thg SASII»RstUARE procedure suggests that a model with
five independent variables could produce the desired relationship.
Five models were selected for further analysis:

1) CONSTCON

2) CONSTCON

3) CONSTCON -

il

£(BNP; OCCUPNCY, NEWPLANS, FIXINVST, FEDFUNDS)
(GNP, OCCUPNCY, FIXINVST, FEDFUNDS, CLERKEMP)
(GNP, OCCUPNCY, BID_VOL, FIXINVST, GOVSECUR)

F(ENP, OCCUPNCY, CORPROFTQ-FI*INVSTQ FEDFUNDS)
f(GNP, OCCUPNCY, BID VOL, FIXINVST, FEDFUNDS).

] ]

4) CONSTCON

5) CONSTCON

A detailed multiple regression analysis was computed for each
mdde]g,and a -summary of se]ected statistics is shown in Table.IX.: . A
computer prihtout of this is included in Appendix E. Equation (J) and
Equation (2) were eliminated, béqause'they each éontained an indepen-.
dent variable that-ﬁslnot statistic?]iy‘significant,\vIn_Equation:(]),'
it is NEWPLANS ‘and in Equation (2) it is CLERKEMP@ The evaluation of .
the threezremainfng,equations~is.primari]y judgementéi. vBetter.fore=3
casts are available for.the independent;variab]es in Equation (4)»th§n,

- for either Equation (3) or Equation (5). The reason'for this is that
BID VOL is not«inc1uded in Equation (4) But'is-included in .the other

two equations. The model selected was:.

CONSTCON = -f(GNP, OCCUPNCY, CORPROFT, FIXINVST, FEDFUNDS)
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TABLE IX
MULTIPLE REGRESSION STATISTICS FOR FIVE SELECTED MODELS

STATISTIC - Equation Number

(1) (2) (3) (4). (5)
R-SQUARE. - 0.8961 0.8964  0.9020 0.9102-  0.9201
STD. DEV. 1126697 112.5022  109.4028 1047602  98.7822
F VALUE 44.8467 44,9957 47,8802 52.6891  59.9076
t INTERCEPT,  -6.7250.  -7.7442  -4.4844  -8.5334  -9,3004
t GNP 6.1840 5.0404 6.9457 7.8599 8,4061
t OCCUPNCY - 6.5611 61298 3.6479 7.9412  8,9572
t NEWPLANS  1.7064%
t ‘FIXINVST -3.3108  -3.6473  -4,1675  -4,1292  -4,2503
t FEDFUNDS -4,0793  =4,0017 -4,1728  -4,2946
t CLERKEMP | -1,1425% |
t BID VOL . : -4,1522 -3,0687
t GOVSECUR 3.1990 |
t CORPROFT | -2,3431
DURBIN- | 2.5802 2.4532 1.9193 2.8016 2.5583
WATSON D

* o
Variable is not significant,
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The regression coefficients are: .
CONSTCON = - 10355,82 + 5.23109761 GNP-

(- 8.5334)  .(7.8599)

+ 104,87361888 OCCUPNCY - 15,01966058 CORPROFT
(7.9412) (- 2.3431) -

- 63.71735715 FIXINVST - 57.35181672 FEDFUNDS
(- 4,1292) (- 4,1728) ‘
The. Tead timé re]ationships must -be verified for the model selected.v
The Tead re]dtionshjp was-investigated.forbeach independent variable,
The optimum ]ead}time for CORPROFT is-seven quartersg\as“shown~in'Fig=
uré 1091ahd se1ectéd statistics of -the effect of ]eédinngORPROFT are
shown in-Table X. The optimum lead time for FEBFUNDS is six quarters,
as. shown 'in Figure 11, and_se]ected:Statistics of-the effect of leading
FEDFUNDS are shown:inﬁTab]e XI; Figure 12 and Table XII confirm that ‘
there is no lead time relatioenship fof-FIXINVST,

| Figure 13 shoWs.that‘thePe;is definitely 'no féad time relatipnship
for»OCCUPNCY;-thé‘se1ected Statisfiés are shown ih Table XIII.»{Therev
is no lead time relationship for GNP~as;shoanin Figufei]4 and con-
firmed by the selected statistics in Table XIV.

' Thé”residua1s of the model were examined .to ensure that.there was.
no re]ationShiﬁ-in;the data that had not been digcpvered._.A:p]ot of
residual‘versus time iS»fnc]uded-iﬁ Figure 15. -There is noﬂdiseernib]e
pattern in the plot of*residuals@'so_the mode]vis-not rejected because
of this test.

The "best" model is' therefore.

CONSTCON = - 1035582 + 5.231098 GNP -
(- 8.5334) (-7.8599)
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NUMBER OF QUARTERS CORPROFT
LEADS CONSTCON IN THE MODEL.

Figure 10.- The Effect of Leading Corporate Profit
, (CORPROFT) in the Model



TABLE X |
THE EFFECT OF LEADING CORPORATE PROFIT (CORPROFT) IN THE MODEL

STATISTIC ’ " Lead Time in Quarters

, 09 1Q 20 3Q 4Q 5Q 6Q . - 7Q 8Q 9Q 10Q
R-SQUARE .8567 .8530 .8534 .8523 .8540 .8602 .8647 .8970 .8923 .8686 .8719

STD; DEV. 132.32 134,06 133;82 134,35 133.54 130;68 128;59 112.15 114,70 126.69 125.09

FVALUE  31.08  30.15 30,27  30.00  30.43  32.00  33.22  45.31 43,09  34.38  35.40
t INTERCEPT -2.84  -1.99  -2.65  -2.67  -2.96  -3.58  -4.25  -5.66  -5.71  -4.25  -4.09
t GNP 5.7 5.45 5.2  5.42 548  5.68 5.8  7.31 693 516 4.9
t OCCUPNCY  2.70°  1.91  2.56  2.65  3.06  3.62 4,07  5.44 527  3.74  3.66
t CORPROFT ~ 0.91  0.37  0.48  -0.16  -0.58  -1.23  -1.55  -3.37  -3.11  -1.81  -2.00
t FIXIWST -2.98  -2.99  -2.92  -3.02  -3.10  -3.33  -3.48  -4.50  -4,59  -3.65  -3.74
t FEDFUNDS ~ 0.72  0.64  0.69  1.3¢ ~ 1.73  2.3¢ 2,60  3.45  2.60  1.69 1,08
DURBIN - 2,03 2,05 2.0 2,01  2.01 2,09 2.3 259  2.42  2.42  2.20
WATSON D |

99
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NOTE: Corporate profit (CORPROFT) leads
CONSTCON by 7 quarters in all of
these calculations.

Figure 11, The Effect of Leading the Rate of .
. Interest on Federal Funds (FEDFUNDS)
in the Model
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TABLE XI
THE EFFECT OF LEADING THE INTEREST RATE ON FEDERAL FUNDS (FEDFUNDS) IN THE MODEL

STATISTICS Lead Time in Quarters
0Q 1Q 2Q 3Q _ 4Q . 5Q v 6Q 7Q 8Q
R-SQUARE 0.8970 0.8604 0.8589 0.8500 0.8609  0.8895 0.9102 0.8939 0.8841

STD. DEV. 112.15 130.61 131.31 135.36 130,37 116,17 104.76 113.85 119.01

F VALUE 45.31 32,04 31.65 29.48 32.18 - 41.88 52,69 43.81 ~ 39.66
t INfERCEPT -5.66 -4.62 -3.90 -4.67 ~5.81 -7.34 -8.53 -7.59 -7.11
t GNP 7.32 5.58 5.66 5.28 5.69 6.70 7.86 7.22 6.75
t OCCUPNCY 5.45 4,53 3.79 4.46 5.44 6.86 7.94 7.05 6.57
t CORPROFT -3.37 -2.39 -2.32 -1.66 -1.56. - =1.80 -2.34 ~2.68 -2.80
t FIXINVST -4.50 -3.11 -3.08 -2.54 -2.72 -3.25 -4.13 -4.04 -3.90
t FEDFUNDS 3.45 1.39 1.28 0.07 21.42 -3.05 -4.17 -3.28 -2.76
DURBIN - 2.59 2.25 1.96 1.90 2.1 2.58 2.80 2.68 2.52
WATSON D '

Note: Corporate Profit (CORPROFT) leads by 7 quarters in all of the above calculations.

L9
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Figure 12. The Effect of leading Fixed Investment in
Nonresidential Structures (FIXINVST) in
the Model



TABLE XII |
THE EFFECT OF LEADING FIXED INVESTMENT IN NONRESIDENTIAL STRUCTURES (FIXINVST) IN THE MODEL

STATISTIC . _ Lead Time in Quarters
0Q 1Q 2Q 3Q 4Q 5Q 6Q 79 8Q 9Q 10Q
R-SQUARE 0.9102  0.8722  0.8952  0.8668  0.8522  0.8549  0.8745  0.8599  0.8801  0.8780  0.8776

STD. DEV. 104.76 124.98 113.15  -127.56 134,38 133.14 123.83 130.82 121,05 = 122,07 122.28

F VALUE 52.69 35.48 44,42 33.85 29.98 30.64 36.23 31.93  38.16 37.43 37.29
t INTERCEPT -8.53 -6.71 -7.09 :—5.69 ~5.08 -5.42 -6.43 -5.82 -7.24 -7.05 -6.45
t GNP 7.85 5.71 7.58 5.88 4.51 3.65 2.60 3.40 3.29 3.23 2.72
t OCCUPNCY 7.94 6.26 6.72 5.40 4.80 5.10 6.03 5.38 6.77 6.58 6.09
t CORPROFT  -2.34 -1.71 -2.04 ~-1.44 -1.21 -1.43 -2.24 -1.74 -2.08  -1.83 -1.77
t FIXINVST  -4.12 -2.06 -3.30 -1.74 -0.41 +0.80 +2.19. +1.26 +2.49 2.39 2.37
t FEDFUNDS  -4.17 -2.92 -2.60 -1.88 -1.92 ~2.59 -3.69. . -2.98 -3.95 -3.60 -3.10

DURBIN - 2.80 . 2.82 2.50 2.43 2.14 2.21 2.35 2.45 2.65 2.63 2.58
WATSON D :

Note: Corporate Profit (CORPROFT) leads by 7 quarters in all of the above calculations.
The Interest Rate on Federal Funds (FEDFUNDS) leads by 6 quarters in all of the above calculations.
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ABSOLUTE VALUE OF f FOR OCCUPNCY

OPTIMUM LEAD TIME

1-0"

T BLE T

D1 2 3 456 7 8

NUMBER OF QUARTERS QOCCUPNCY
LEADS CONSTCON IN THE MODEL

NOTE:. Corporate profit (CORPROFT) {eads
. by 7 quarters and the interest rate
on federal funds (FEDFUNDS) leads
CONSTCON by 6 quarters in all of
these calculations.

Figure 13. The Effect of Leading Occupancy (OCCUPNCY)
in the Model
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TABLE XIII

f

* THE EFFECT OF LEADING OCCUPANCY (OCCUPNCY) IN THE MODEL

STATISTIC , ( 7' Lead Time in Quarters
0Q | 1Q 2 T R 6Q 70 8
R-SQUARE . 0.9102 0.8479 0.8552  0.7748 0.7669 - 0.7232 0.7176 0.6963 0.7065
STD. DEV.V 104.76 136.32 132.98  165.87 168.77 183.87 185.75 192,62 189;38
F VALUE - 52.69 - 28.99 30.72 17.89 17.11 13.59 13.21 11.92 12.51
t INTERCEPT -8.53 -5.60 -5.85 -3.43 -3.19 " -1.9%4 ~1.69 +0.47 +0.99
t GNP 7.86 5.61 5.69 - 4.00 3.53 2.82 2.51 | 2,67 2.87
t OCCUPNCY 7.94 5.15 5.41 3.09 = 2.88 .71 - 1.52 -0.59 -1.12
t CORPROFT -2.34 -0.63 +0.14 +0.84 +1,76 . +1.87 #2.00 +0.26 -0.27
t FIXINVST -4.13 -2.98 -3.03 -2.15 -1.63 -1.24 -1.04 -1.54 -1.82
t FEDFUNDS -4.17 -3.68 -4,15  -2.67 '2.64 -1.74 -1.62 +0.37 +0.75
DURBIN - 2.80 2.79 - 1.82 - 1.78 1.42 1.48 1.29 1.25 1.33
WATSON D

Note: Corporate Profit (CORPROFT) leads by 7 quarters in all of the above calculations.
The Interest Rate on Federal Funds (FEDFUNDS) leads by & quarters in all of the above cal-ulations.
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{ STATISTIC FOR GNP
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b3
4.04F .
(a)
ﬁ.
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D12 3456 7 8 910
NUMBER OF GQUARTERS THAT GNP
LEADS CONSTCON IN THE MODEL.

NOTE: Corporate profit (CORPROFT) ieads
by 7 quarters and the interest rate
on federal funds (FEDFUNDS) leads
CONSTCON by 6 quarters in all of
these calculations.

Figure 14, The Effect of Leading Gross National
Product (GNP) in the Model
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TABLE XIV
THE EFFECT OF LEADING GROSS NATIONAL PRODUCT (GNP) IN THE MODEL

STATISTIC v Lead Time in Quarters
0Q 1Q 2Q - 3Q 4Q ~ 50 - 6Q Q 8Q 9 100
R-SQUARE 0.9102 0.8848 0.8863 0.8767 0.8827 0.8757 0.8814 0.8917 0.8840  0.8860  0.8842

STD. DEV. - 104.76 118.64 117.84 122,72 119.73 123,23  120.36 115.04 119,07 - 118,01 118.95

F VALUE 52.69 39.93 40.55 36.98 39.12 36.64 38.66 42.80 39.61 40.42 - 39.70
t INTERCEPT -8.53 -7.06 ~6.85 -6.49 -6.64 -6.50 | -6.68 7;7.19 -6.76 -6.71 -6.43
t GNP 7.86 6.51 6.59 6.16 .6.42 6.11 6.36 6.84 6.48 6.57 6.49
t ‘0OCCUPNCY 7.94 6.51 6.30  6.00 6.14 6.03 6.19 6.67 1 6.19 6.07 5.74
t CORPROFT —2.34 -1.93 -2.08 -2.22 -2.35 -2.25 -2.25° -2.37 . -1,67 -1.19 -0.72
t FIXINVST -4,13 -3.24 -3.22 -2.86 -2.82 -2.38 -2.49 =2.70 -2.32 -2.18 -2.09
t FEDFUNDS -4,17 -3.52 -3.69 -3.90 -4.46 ~4.65 -5,15 -5.80 | -5,52 =5,49 ~ -5,31
DURBIN - 2.80 2.86 2.56 - 2,55 2.50 2.52 2.56 2,65 2.70 2.60 = 2.50
WATSON D : :

Note: Corporate Profit (CORPROFT) leads by 7 quarters in all of the above calculations.
The Interest Rate on Federal Funds (FEDFUNDS) leads by 6 quarters in all of the above ca]cu]at1ons
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+.104,87362 OCCUPNCY - 15,019661 CORPROFT

(7.9421) (- 2.3431) -
- 63.717357 FIXINVST - 57.351817 FEDFUNDS

(- 4.1292) (- 4.1728)

A comparison of forecast versus actual-values of construction con-
tracts for officé bui1dihgs‘(CONSTCON) on_a& annua]vbasfs froh 1966
through 1973 is1inc1uded‘in'Tab]e XV. i The alternating signs in the dif=-
ference and»percent,differencetco1anS;jhdicate,that the mbdei tracks a

very vb]ati]e market and tends to smooth out the fluctuations,

TABLE XV

COMPARISON OF FORECAST AND ACTUAL VALUES. FOR CONSTRUCTION (CONSTCON)
: ON AN ANNUAL BASIS IN MILLIONS OF CURRENT DOLLARS

Forecast Actual . | : %

Year CONSTCON CONSTCON 'Difference Difference
1966 2,427.0 2,357.7 + 69.3 + 2,94
1967 2,744.2 2,822.5 - 78.3 - 2.77
1968 3,834.3 3,677.1 57,2 + 4,28
1969 5,199.0 5,357.4 -168.4. - 2.9
1970 4,693.0 4,607.0 + 86,0 o+ .87
1971 4,657.8 4,748.0 - 90.2 - 1.90
1972 5,353.1 5,186.0 + 67.1 +1.27

52.6. 0.92

1
1

1973 5,673.0 5,725.6
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Forecasts of CONSTCON for each quarter for the next six quarters
were computed -next. The calculations are shownvin‘Tab1e XVI, and sum-
marized in Table XVII. This forecast was made with data'that_was avail=-
able soon after the fourth quarter of,1973. Throughout the development
of this model, there were analyses of the model in both current dollars
and in'constant'1958'dd11ars."The analysis is more- accurate for cur-
rent do]]arsg-whiCh is thevfigure of greatest.interest to the construc-
tion industry. The'forecast of the value of construction contracts for
office buildings in the United States (CONSTCON) fbf.1974'i5'
$5,426,6009000600 in current dollars, and $3,611,700,000.00 in constant"
1958 dollars. |

- Verification of .the Model

The model was verified by recomputing the multiple regression coef-
ficients with the data.that‘Was;avai1ab1er1n the fourth quarter of 1971,
Forecasts of the-values of the fndepgndent variables that would have
been avai]ab]e-in-the.fourth;duarter of 11971 were used to forecast the
Va]ue of ‘CONSTCON ‘for. each quartér‘for six quarters. For-comp;rison‘
purposes, fhe forécast values -of .CONSTCON for a year were computed.

This figure was compared with-therforecast made-by two other agencies
‘that forecast .the value of construction contracts for Office Buildings.
The ENR forecast is for one .year out of a leng=range fqrecast
- shown in Table XX (Appendix B).-'The results are shown in Table XVIII.
" In comparing thé 1972 “ferecasts, the date the forecasts were made is-
important. . The ENR forecast for 1972 was.made after three-quarters -of
data for 1972 were available, and the model’s forecast was made_befqre

any 1972 data would have been available.



TABLE XVI

QUARTERLY FORECASTS OF CONSTRUCTION (CONSTCON) FOR FIRST QUARTER 1974
THROUGH SECOND QUARTER 1975

CONSTCON

1Q 1974

2Q 1974

3Q 1974

40 1974

1Q 1975

2Q 1975

1]

10355.82

10355.82
1560.9
10355.82
1402.2
10355.82
1282.6
10355.82
1180.9

10355.82
999.2
10355.82
1089.3

+

-+

+

+

5.231098 GNP + 104.87362 OCCUPNCY -

7077.68

7250.30

7428,16

7647.87

7820.49

7993.12

-+

-+

-+

-+

-+

-+

9187.98
9040.11
9040.11

8987.67

8987.67

8935,23

1

15.019661 CORPROFT

802.05

835.09

905.69

1004.82

1075.41

1073.91

63.717357 FIXINVST

3275.07

3402.51

3549,06

3676.49

3772.07

3835.78

57.351817 FEDFUNDS

271.85
294,79
375.08

417.52

605.64

573.52

Note: This forecast was made with Fourth Quarter 1973 data available.

L/
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TABLE XVIT-

FORECAST OF CONSTRUCTION CONTRACTS, FOR .OFFICE BUILDINGS
IN MILLIONS OF CURRENT DOLLARS

1Q - 1974 1560.9
20 - 1974 1402.2
3Q - 1974 1282.6.
4Q - 1974 1180.9
Total - 1974 . 5426.6
1Q - 1975 $999.2
2Q - 1975 "1089.3

Note: - This forecast was made with fourth quarter 1973
data available.



TABLE XVIII-

79

- COMPARISON  OF FORECASTS OF -THE VALUE 'OF CONSTRUCTION CONTRACTS

(CONSTCON) FOR OFFICE 'BUILDINGS*

Forecaster 1972 1973 ‘ 1974
and Date Value % - Value . % .. Value 7
ENR.. , .

Nov. 2, 1972 4,800 -9.2 4,800 -16.2

ENR . R

Jan. 25, 1973 4,800 -9.2 4,950. -13.6 5,450
ENR

Oct. 25, 1973 6,100 +6.5 6,600
ENR - .
Jan, 24, 1974 6,100 +6.5 6,600
NAHB .

dan. 1974 3,758 N/A 3,844 N/A 3,700
The Model ,

4Q 1971 5,536,2 +4.7"

The Model

1Q 1973 5,374.6 -6.1

The Model

1Q 1974 5,426.6
Actual 59286.0

5,725.6  1Q and 2Q 1974 = 2,792.8

Va1ues are in m1111ons .of -current dollars.
% is the percentage error .compared to the actual value.

(NAHB-is the National Association of Homebuilders.)
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The comparison of the 1973 forecasts is very illustrative. The
January 25, 1973, ENR forecast and the models forecast for.1973 were'.
made with the éame data. The ENR forecast is in error by -13.5 per-
cent,‘wh11e,the model is only 6.1 percenf in error.. Note that the
ENR forecast of -October 25, 1973, is not-as good as.the forecast by
the model which would have-been prepared nine months earlier.

Only a cursory comparisdn-can be made for 1974 because -only the
figures for the first-ahd second quarter\actua].CONSTCON are available.

The other system of forecaéts-usesvthe building permits issued -at
14,000 permit-issuing b]acés as the base. - The techhique‘employed may
be acceptablegﬂbut the results are nbt.usefu] because ‘they do. not agree
with the most wide]y~accépted_bése figures.as compiled énd_réported By
the F. W. Dodge Division of the McGraw-Hill Ihformation Systems .Company.

| The results of the analysis of the forecasts that would héve been
made using the mode] indfcaté,that moré,accurate‘forecasts,are avaiTab]e

e

many months earlier using the model. .

Updating the Model

To update thé model at the end: of a quarter, the historicai data
for .the past quarter is added to the data:baseé and'new:regressiqn coef-
ficients are calculated.
~ -Once:a:years_the lead re]ationshib of the,seIectedlindependenf

variables shou]d be verified;



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The pufpose of this study was to.deve]op an econometric forecasting
model for a segment of the constfuction mérket. ‘The same method used in
developing this model should be applicable to other segments of the con-
struction market:. The three principal objectives of this model were:

1) to use existing available data

2) to predict future construction volume of a segment of the con-

struction market with "acceptable accuracy,” and

3) to require minimum seryicing.

The: model was developed by formulating a 1ist of possible economic:
variables that would legically explain the variations.in the one.depen-
dent variable which wés-the_vé1ue of.éonstkuction contracts, for one |
quarter for office buildings,invthe‘United States. Historical‘data‘for
both the dependent and the independent variables was assembled. This
historical data was studied to be able to specify the interrelationships .
between the economic variables in,axmultiple‘regressiOn analysis. At
this stage of ‘development of the model, some preliminary multiple
regression equations ‘which confained-all'of the 1ikely independent var-
iables were examined.} There were some independent.variab]es-that]ogic=g
ally should lead the model by a certain time interval. The interest
rate,ét the time the project is being financed is an example, because

the»fﬁnancing would be arranged some time prior to the award of the

81
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construction contract., The Tead relationship for the selected inde-
pendent variables was.determined. The model (or models) being investi-
gated at this time were preliminary, so the lead relatienship must be
verified in -the final model selected. .

Reliable forecasts were required for each independent variable
used in the model for every quarter for the horizon of the. model. For
those selected independent variables .that led the model by, say, six
quarters; no forecasts were required Because this unique time relation-
ship permitted the use-of.histqri;al data for that variable in con-.
junction with forecasts of the other independent variables. .

Forecasts of selected economic variables which are a part.of the
output of a 1arge=sca1e-mécroeconometriclmodel were used. as input to-

- the model developed in addition to other independent variables. This
uniqde feature of ‘this study allowed thélcomp]exfintérre]ationships}of-
the many factors of the United Statés économy.to_be’éaptured<and intro-
duced‘into the model developed. - The “best" model was tentatively
selected using both judgement and statistical caiculations.

An evaluation of the independent»Variables‘was required to deter=
mine the reliability of forecasts and select the proper . independent
variables to be»incorporated in the model. Statistica]_ca]cu]ationé,
are required to determine that the independent variables are signifi-.
cant in the model; that there is no syStematic lack of -fit; and that
the model exp]ains-adequaté]y the variations in the dependent variable. -
As stated earlier, the lead-time relationship of the variables in the
final model must be verified.

The econometric, forecasting model developed in this study»provides

a forecast of the value of construction contracts for office buildings
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in the United States for -each quarter for-;ix quarters into the future
in both current and cdnStant,J9583do]]ars,; Existing available data was.
used, These forecasts on an-annual,basis~are.céqsidenab]y more accurate
than any method currént]y avai]able.‘ The model deVe]opéd can be updated
and serviced by one‘person in-a few hours any time a forecast is desired.

The objectives ‘of this study have been accomplished.
~Suggestions, for Future Investigations.

In the area of office buildings; a nationa] inventory would pro--
duce very useful data. This should be updated perioedically to indicate
officeispace,added to.the inventory, office space.qeleted from the
inventory, and office space under construction. Occupancy,of'existing
structures and -the leasing status‘of bui]dings-under4g@nstructionﬂshou]d
also be included. |

The Tead time relationship could be investigated to determine if a
multiple quarter lead time with an appropriate wéight for -each quarter
~ would produce better results. ‘ \

Econometrit‘modeWSﬂat the nationaI‘]evel‘for‘other»sectorspof the
construction market should be developed. The»ultimate objective would
be to have forecasting models for all of the segments ofgthe construc=~
tion market. When models for-a11 segments. of the constrﬁction.market-
as delineated by Engineering News-Record (Tab1e I) have been completed,
they could be used to provide forecasts of all of the various sectors of
the construction market. These f@reCasts would be.extremely valuable to
the construction. industry.

Models fornregional-construcﬁion market§ should also be developed.

A'1ogica1 delineation .of regions would be the nine regions used by the
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F. W. Dodge Division of McGraw-Hill Information Systems Company. .

Models for more localized markets should also be developed. The
available sources of local data would have to be examined carefully and
the historical data assembled. The forecasts of local construction would
be extremely valuable to the contractors, subcontractors, material suppli-

ers, engineers, architects, city planners, realtors, and others.
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Statistical Analysis System II (SASII)

This is a computer program for performing various statistical .cal-
culations. - SASII was-designed-and implemented by Messrs. Anthony J.
Barr and James Howard Goodnight, both with the Department of Statistics,
North Carolina State University. The entire system is explained in an
excellent manual by Ms. Jolayne Service (50). The complete prdgram'haé‘
approximately 35,000 source statements of which one-third is in FORTRAN,
one-~third is in PL/1, and oneathird is in assembly language. The pro-
| gram can be implemented on any IBM 360 or 370 computer operating under
Operating System (0S) with at least 140K of core storage available to
the user. SASII -has been implemented on the IBM 360-65‘computer‘at-the
Oklahoma State University.

The data base for this study was constructed by merging eight-
separate data sets into one data set, as shown‘in»Figune 16. Eight-
separate data sets were used, because it.made the investigation of -lead
relationships much easier. A change_of‘one'data‘entry 1nvone‘data‘set
allowed the introduction of one quarter's lead time for.that_pahticular;
independent variable without changing any of the rest of the data base.

Three SASII procedures.were used in this study. These were the
PRINT, R=SQUARE, and REGR procedures. The;pkint procedure permits
printing in a tabular form of any or-all of the variablesﬁin the data
base. In this study, the ability to printléeveral independent,variab1es
énd the date of thevﬁarticu]ar data entry was extremely useful when lead-
time relations were being investigated. |

| The R-SQUARE procedure performs regressions of a dependent variable

on all combinations of independent variables specified. If there were



DATA OFFBLDG

DATE
CONSTCON
CON58DOL
DATECEMP
CLERKEMP
DATEBOND
CORPBOND
DATERATE
GOVSECUR

DATA OFFBLDG1

DATA FEDRATE

DATEFED
FEDFUNDS-

DATA OCCUPIED’

DATEQCC
OCCUPNCY

DATA OFFBLDG2Z

DATA BOTHGNPS

DATA OCCRATE

DATEGN?
oNP
GNP58DOL.

DATA PROFITS

DATEPRFT
CORPROFT
PROFITS8

DATA F_INVST

DATA ' PROFIT2:

DATEFIX
FIXINVST.
FIX58D0L :

DATA ENR BID!

DATEBID
BID_VOL
B1D58D0L
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DATA OFFBLDG3

DATA PROFIT4

DATA_ ENRPLANS

DATA PROFIT3

DATEPLNS
NEWPLANS
PLANS58

D G

Figure 16.

Organization of the Data Base used to Develop the Model
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three independent variables, this procedure wou]dxperform three simple
regression analyses with one independent variable, three multiple
regression analyses with two independent variables, and one analysis
with three-variab]es, The output is arranged in descending order of the
coefficient of determination, R2'oer-SQUARE;- The;REGR,procedure fits

a 11near model to the data using the principle of least square. Both
Simp1e and multiple regression analyses can be ba]culéted.v In addition -
to an analysis of-variance,;tab1e=re]a£ed statistics are'provided.‘ Sers=
vice (50) explains very.concisely the resuits that appear,on»a printout:

Analysis of variance table and related statistics: For each
dependent variable of each model considered, REGR prints an
analysis of variance table. The first part of the table
involves three sources of variation: REGRESSION. (i.e., var-
iation possibly attributable to the 1ndependent variables in
the model); ERROR (res1dua] variation, ‘not accounted for by
the dependent variable's relationship to the independent var-
1ab1es), and TOTAL (corrected for the mean of y if-an.inter-
- cept: is included in the model and uncorrected if that -term
is. excluded). Statistics in the table include degrees of .
freedom (“DF”), sums -of squares; mean squares; an "F" value," .
the ratio of the REGRESSION mean square to the ERROR mean:
square; "PROB F," the significance probability of that F
values "R~ SQUARE " .the square of the multiple correlation
coefficient of variability, expressed as a percentage. The
second part of the table deals with the sources of variation
: that together comprise the source called REGRESSION. - There
is an entry for each effect in the model and- for each inde-= -
pendent non-classification SAS variable, .Statistics for .
each entry include the degrees of freedom, ‘the sequent1a1
sum of squares, the sum of squares adjusted .for:the effects
and variables preceding that source; an F-value and signif-
icance probability associated with the sequential sum of
squares; the partial 'sum of squares, a sum of squares ad-
justed for ALL other effects and variables in the model;
and an F-value and $1gn1f1cance probab111ty associated w1th
the partial sum of squares.

To i]]ustrate a SASII computer printout, the example of an econo-

metric model used in Chapter I has been included.



RESICENTIAL STRUCTURES USINC REGRESSION ANALYSIS

TITLE "RESIDENTIAL STRUCTURES USING REGRE SSION ANALYSIS!'
- COMMENT .

sk e e oo e o oo 2 ol 3 oKl R et R e 30 e e R e KR R e e ek e A Rk ok A o ke Rk dek

THIS FRCGRAM CCMPUTES THE EQUATIGN.TC FORECAST FIXED INVESTMENT
IN RESTIDENTIAL STRUCTURES AS A FUNCTION OF POPULATION USING
SIMFLE LINEAR REGRESSION ANALYSIS,

e ook et o e o sk ol ok e ok el ol ek ot oo R ot e o o o ol e e ok ok o okl s o e

EXPLANATICN OF VARTABLES

RESTRUCT FIXED INVESTMENT IN RESIDENTIAL STRUCTURES IN MILLIONS
OF CULRRENT DOLLARS.
(SEASONALLY ADJUSTED AT ANNUAL RATES) .
SOURCE = BUSINESS CONDITIONS DIGEST TABLE A4, SERIES 244
. BLREAU OF ECONGMIC ANALYSIS
US DEPARTMENT OF COMMERCE.

POPUPATE TOTAL UeSe PCPULATICN IN MILLICNS OF PECPLE.
) SOURCE = POPULATION ESTIMATES AND PROJECTICNS
SERIES P-25 ND.470 SEPTEMBER 1971.
BUREAU OF THE CENSUS T
US DEPARTMENT OF COMMERCE. s

DATA RESANPOP 3
INPUT DATERES 1-4 RESTRUCT 6-9 POPULATE 11-1l¢ 3
CARDS . ’ o

8 CBSERVATIONS IN CATA SET RESANPOP 3. VARIABLES

PROCEDURE PRINT DATA=RESANPOP 3
VARTABLES DATERES RESTRUCT POPULATE

13326 WEDNESDAY, SEPTEMBER 11, 1976
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RES IDENTTAL STRUCTURES USING REGRESSION ANALYSIS

0BS. DATERES RESTRUCT POPULATE

1 1966 2540 19645
2 1967 25.1 198. 6
3 1968 30.1 - 200. 6
4 1969 3246 202.6
S 1970 31.2 204. 8
6 1971 . 4267 207.0
7 1972 54.0 209.5
8

1973 © 58.0 21242

G6



RESIDENTIAL STRUCTURES USING REGRESSICN ANALYSIS 13:26 WEDNESDAY, SEPTEMIER 11, 1974

PROCECURE REGR S ﬁ. CAT A=RESANPOP 3

MODEL - RESTRUCT = POPULATE 7 P CLI 3
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; PRCC REGR s RESIDENTIAL STRUCTURES USING REGRESSION ANALYSIS :
: CATA SET ¢ RESANPOP NUMBER OF VARIABLES = 2 NUMBER OF CLASSES = -0 :
: VARIABLES i RESTRUCT PCPULATE :l
:}t***##*t*t**#t***********#t#t#**t***#************t*****t#*****#t********#**********t*#t**#**:
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N = 8
VARIABLE
RESTRUCT

PCPULATE

SuM
268470000000

1621.8C0CCC0OC

- RESIDENTIAL STRULCTURES USING REGRESSION ANALYSIS

SIMPLE STATISTICS

MEAN UNCORRECTED SS CORRECTED SS
37.32750000 12300.51000000 1147. 75875000

203,975083CC 333052.46000000 206 405500000

VARIANCE
163497125000

2943642857

STANDARD DEV
12.805125¢32

542553487
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RESTRUCT

POPLLATE

RESTRUCT

1.000000
0.,0000

0.5502C8
0.0003

RESIDENT IAL STRUCTURES USING REGRESSION ANALYSIS

CORRELATION COEFFICIENTS / PROB > |R{ UNDFR HO: RHO=0

POPULATE

Ce$50208
0.000G3

1, £C00CQ
C.0000

66



RESIDENTIAL STRUCTURES USING REGRESSICN ANALYSIS

ANALYSIS OF VARIANCE TABLE ,. REGRESSION COEFFICIENTS ., AND STATISTICS OF FIT FOR DEPENDENT VARIABLE RESTRUCT.

SUM OF RESIQUALS

SUM CF "SQUARED RESIDUALS

SUM OF SQUARED RESIDUALS - ERRCR S§S
FIRST ORDER AUTOCCRRELATION OF RESIDUALS

DURBIN-WATSON

D

F VALUE

55,78863

SOURCE DF SLM OF SCUARES MEAN SCUARE
REGRESSION 1 1036434146578 10364 34146578
ERRGR : 6 111.45728022 18.57621337
CORRECTEL TCTAL -7 1147.798750¢C
“SOURCE ' OF SEQUENTIAL S F VALUE  PROB > F
POPUL ATE 1 10264 34146578 55.78863 0.0003
- SOURCE B VALUES T FCR HO:B=0 PROB > T}
INTERCEPT -420.10530562 -6.85741 0. 0GOS
POPULATE 2.24264153 7.46918 0.0003
0BS OBSERVED | PREDICTED RESIDUAL
NUMBE R ~ VALUE VALUE _
1 - 25,00000000 2057375458 4e 42624542
2 2510000000 - 25.28330179 S -G.18330179
3 30. 10000000 29. 76858484 " 0.33141516
4 32460000000 34,25386790 -1. 65386750
5 31.20060000 39.18767926 -7.98767926
6 42.70000000 444 12149062 -1.42149062
7 54. 00000000 49, 72809444 4027190556
8 58, 00000000 55, 78322657 2.21677343

PROB > F

0.0003

" PARTLAL SS

$TD DEV

1036434146978

STD ERR B

61.26301215
0.30025277

LOWER 95% CL

FOR INDIVIDUAL

8011237978
13.42075167
18.,31109503
23.02238394
27.98530866
32.71688708
37.82840438
43.06938822

-0.00000000
111.,45728022
0.00000000
0.26828515

1.30385862

R-SQUARE

0490289475

4e 31001215

F VALUE

55.78863

STD B VALUES

0.0
0095020774

Coe Ve

11.54339 %

RESTRUCT MEAN

37.33750

PROB > F

0.0003

UPFER 958 CL

FOR INDIVIDUA

33.03512938
37. 14585190
41422607466
45.4853518¢
50s 39004986

L

55452609416 .

61.62778450
68.49706491

001



APPENDIX B

ENGINEERING NEWS-RECORD SCOREBOARD AND FORECAST
OF 1973-1980 CONSTRUCTION CONTRACTS

101



TABLE XIX
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CONSTRUCTION SCOREBOARD

LATEST WEEK

COST INDEXES Junas § Changs from last
ENR 20-cities Index month  year
1913=100 valus % -
Construction Cost 1689.1 + 08 + 52
Building Cost . 11892 + 03 + 53
Common isbor (CC)...... 38191 + 14 + 58
Skilled labor (BC) 1818.5 + 14 + 58

8224 =10 + 44

Cum. 24 weeks

Week of changs

June 13 1074 . T34
§ millions L]

977 45843 + T

4032 12,1184 + 82

10,6870 + TO

17688 + 2

47.308.7 + 38
210728 + B2

52389 - B
9288 + 21
266885 - 28
8ars -3
18418 + 21
2,534.5 - 28
11738 - 10
3189 + 10
5960 + 4
2746 + B85
12,5731 + 308
7263 + 8
201887 + 30
50774 + B4
45768 + N
18899 + 23
20528 + 1
41857 + 26
15515 + 83
2.414.2 0
1.7884 S
30145 + 28
80672 =+ T
48024 + B9
*Excludes 1-2 famiy houses. Minimum sizes included ane: in-

g

oustrial plants, heavwy and highwsy construction, $100,

NEW CONSTRUCTION CAPITAL

Cum. 23 weeks

Week of nge

June § 1974 T3-T4

3 millions L]

Total new capital ... . B12.7 148811 + 15
Corporate securities.. ... 2274 BATI0 + 10
Siate and municipal 3482 81582 + 20
Federal grants, loans ..., 39 3510 + 16
Faderal projects 0.0 0.0 o

LATEST MONTH

ENR COST INDEXES IN 22 CitlesBased on 1913 U.5. average—100

CONSTRUCTION COST
Parcent

JUN'TS from last

Index month year
1567.72 +08 +4.4
1771.74 0.5 +3.9
1505.58 +0.8 +54
2033.82 +08 +3.7
2138.50 +0.7 +82
2225.43 +1.0 +7.2
2230.85 +04 +4.7
1651.85 +49 +8.5
1663.85 +55 +6.4
2253.62 +0.4 +08
2161.89 +098 +3.0
2131.36 +05 +74
2075.86 +45 +59
1558.38 +05 +66
2485.06 +12 +6.0
2179.88 +10.0 +155
1946.47 +1.0 +29
2162.92 +09 +18
22486.58 +02 +1.0
1886.85 +05 +7.0
1903.47 +1.7 +4.9
1800.56 +68 +18.0
1955.08 +5.7 +13.6

BUILDING COST
Parcent change

JUN'T4 from last
Index month yoar
1061.49 +11 +36
1172.80 -0.8 +18
1041.05 +0.9 +4.0
1237.28 +15 +39
1272.32 +12 +71
1252.05 +18 +98.0
1277.37 +32 +6.9
10508.96 +31 +70
1162.83 +4.7 +73
1273.30 +08 +15
1223.70 +35 +6.1
1224.72 +0.8 +4.1
1175.20 +24 +39
1051.72 +08 +71.7
1436.61 +37 +7.0
1298.02 +43 +6.7
1249 34 +1.5 +3.7
1147 78 +1.7 +4.2
127817 +0.4 +53
1087.71 +08 +6.4
1199.20 +1.9 +53
1077.96 +4.2 +21.8
1094.98 +33 +10.0

ENR WAGE, MATERIALS AND COST INDEXES IN 20 CITIES

Based on sach city's 1967 average—100

COMMON LABOR
JUN ﬁwk
Index
202.85 +58
223.04 +0.4
18824 +88
189.41 +42
184.37 +53
214.36 +44
183.44 +4.7
2367 +12.5
17788 +87
188.80 o
aamn +2.8
181.58 +T3
189.51 +710
194.73 +49
175.18 +54
220.00 +204
180.78 +33
180.84 +13
178.70 o
182.07 +68

ﬁﬂ ‘?h
180.53 +6.5
185.58 +4.7
180.61 +4.8
177.88 +5.1
181,34 =58
194,97 +38
8e.m +83
183.35 «10.0
181,47 +8.4
186.08 o
203.21 +81
17a.21 +18
180.83 4.7
174.91 +53
177.19 +8.1
193,68 +89
176.58 +5.1
1684.81 +4.7
171.87 +57
163.91 +53

MATERIALS PRICES  Const
JUN ‘wlr Cosl
Index Index
17254 +13 19260
180.60 =1.5  200.85
166.55 +3.2 180,48
182.41 «25 W
15948 +82 1.3
188.89 +1.7 20043
16828 +4.7 178.03
158.80 +3.2 209.04
185.21 +67 17027
15353 +40 1MW
17360 +3.8 20808
18545 +7.8 18077
173,44 +29 18102
178 +105 186.45
18588 +86 17870
19190 +24 278
182.39 +20 17489
173.42 ~34 179.08
178 +46 17748
fad 19 +T1.7 16714

Index
178.88
183.44
17341
178.80
171.48
194.72
179.60
17547
17779
17228
188.98
17780
170.57
17342
180.84
183.01
189.71
188.15
1m.7e
17207

TRENDS TO WATCH

Two-thirds of April steel bookings w

ere earmarked for industrial construction.

(Reprinted from Engineering News-Record, June 13, 1974, copyright McGraw-Hill, Inc.
a]? June 13,1974 ENR 23

rights reserved.)
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TABLE XX

FORECASTS OF 1973-1980 CONSTRUCTION CONTRACTS BY ENGINEERING NEWS-RECORD

. Engineering News-Record

M .
Iin McGRAW-HILL'S CONSTRUCTION WEEKLY—98TH YEAR OF PUBLICATION

Forecast of 1973-"80 construction contracts ' so-state totals in miliions of current doliars 1969-'80; 48 states excluding Alaska and Hawaii 1965-'69

(————————48states 1 50 States } — - % Change Annual average,
Co Annual compounded
Type of work . X 1965 1966 1967 1968 | 1969 1969 1970 1 §71 1972 . 1973 1974 1975 1980 '72-'73 °'73-'74 65-70 '70-'75 °75-'80
a

Totat construction® ........oceverneenrenes $34,644 $37,759 $40.403 $44,925 $51,354 $52,082 $52,484 58,620 63,455 68,820 75,380 83,500 112,150 +9 +10 +8 +10 +6
Heavy construction, total . 10,805 12,929 14,511 14,283 16,545 16,710 19,201 19,993 19,605 23,040 26,855 30,950 48,050 +18 +17 +12 +9 +9
Water use & control 2,939 2,945 3,140 3,183 3,080 3,100 4,877 4,322 5,270 6,110 6,825 8,000 11,650 +16 +12 +10 +10 +8
Waterworks 724 849 970 887 899 904 1107 734 870 975 1,085 1.200 1,800 +12 +9 +8 +2 +8
Sewerage... 992 995 1.179 1,386 1.530 1,545 2,169 2,728 3.330 4,000 4,500 5,400 7,500 +20 +13 +17 +20 +7
Rivers, harbors, 610 576 506 440 328 328 902 340 550 700 800 850 1,200  +27 +14 +8 0 +7
Hydroelectric and multi-purpos 613 525 485 410 273 - 273 604 440 425 350 360 - 425 850 -18 +3 +3 -7 +16
Irrigation.......... c c . 60 50 50 95 80 95 85 100 125 300 -1 +18 . +6 +20
Transportation 5,711 -6,581 6,876 6,911 8,601 8,725 9,150 8,968 9,275 10,005 10,955 12,550 21,900 +8 +9 +10 +6 +12
Highways. 4,688 5,482 5,450 5,237 6,236 6,300 6,890 6,466 6,855 7,130 7,550 8,200 15.000 +4 +6 +8 +4 +13
Bridges. s 646 780 830 708 1.330 1,337 1,027 892 1,150 1,175 1,300 1.500 2,500 +2 +11 +10 +8 + 11
Mass transit, including subway: e 135 150 330 300 301 301 271 365 500 700 1,020 1.500 2500 +40 + 46 +15 +41 +11
Airports (incl hangars & terminals).... 127 b 146 173b 600 734 778 605 1.010 750 950 1,050 1.300 1,800 +27 +11 .. +17 +7
Space and missile bases.......... 115 .23 93 66 0 9 357 235 20 50 35 50 100 +150 -30 +25 -32 +16

Electricity, gas, communications

1,144 2,321 3,570 3,100 3,415 3,425 4,295 5,900 4,100 5,800 7.800 9,000 12,500 +41 +34 +30 +16 +7
Electric light and power 762

1.837 3,000 2,600 3.000 3.000 3,795

- SR 281 393 475 400 300 . 300 350

Communications = 101 91 95 100 115 125 150 .
Miscellaneous heavy construction.. 1,011 1,082 925 1,089 1,449 1,460 879 803 960 1,125 1,275 1,400 2,000 +17 +13 -6 +10 +8
Nonresidential buliding......cccvceenrenaeee 17,219 19,393 20,141 22,612 25,641 25,950 24,045 25,668 26,650 - 29,580 32,775 37,050 43,900 +11 +11 +7 +9 +4
Manufacturing.........ccoveoniiiiiini 3,064 3.623 - 3.701 3,768 3.888 3,915 3,614 2611 3,000 3.850 5275 6,400 5000 +28 +37 +3 +12. -5
C cial 5,457 5,835 6,081 7.744 7,684 9,786 9,091 9,658 10,650 11,700 12,800 15,100 18,500 +10 +9 +11 - +11 +4
Offices . 2,229 2,358 2,822 3,677 5,315 5,338 4,606 4,748 4,800 4,850 5,450 7,000 9,000 +3 +10 +15 +8 +5
Stores, shopping centers 2,255 2,275 2,189 2,787 2,927 2,961 2,936 3,230 4,350 5,400 5,800 6,100 6,500 +24 +7 +5 +16 +2
Educational................. 4,164 4,939 5216 5,347 5,486 5,543 5,234 5,661 4,900 4,800 5,000 5,250 7.000 -2 +4 +4 0 +6
Hospitals, medical, heaith. 1,515 1,721 1,873 2,114 2,784 2,817 2,823 3.206 3.400 3,900 4,300 4,500 6,000 +15 +10 +13 +10 +6
Government service..... 842 939 3960 1,112 1,140 1,154 1,017 1.575. 1.700 2,030 1.800 2,000 2400 +19. -11 +4 +15 +4

Recreation, religious, other . 2,177 2,336 2310 2,527 2,659 2,735 2,267 2.957 3.000 3.300 3,600 3,800 5000 +10 +9 +0.2 +11 +6

Muttiunit resi fal 6,620 5,437 5,751 8,030 9,168 9,422 9,238 12,959 17,200 16,200 15,750 15,500 20,200 -6 -3 +6 +1 v +5

ApPArMENtS ..oy 4,997 4,040 4,323 6,551 7,671 7,831 7,853 11,419 15.200 13.850 13,325 13,000 17,500 -8 -4 +9 +11 +6
“Excludes homebuilding. tENR estimates for 1971-'80. " # Source of 1965-70 building statistics: * in airports starting 1968. ¢ lrrigation included in hydro-elecfric and multi-purpose for years 1965+
F. W. Dodge Division, fh:Graw-Hill Information Systems Co. a Based on data for 48 states, ex- '67. d/ncludes natural gas and petroleum producis pipelines. e Includes railroads

cluding Alaska and Hawaiib Airport buildings included in nonresidential building for years 1965-'67;
(Reprinted from Engineering News-Record, January 25, 1973, copyright, McGraw-Hi11, Inc., all rights reserved.)
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Appendix C is a 1ist of the 79 selected office-type occupations
out of the 261 white collar occupations reported by the Bureau of the
Census in the 1970 Census (55).

Accountants

Architects

Computer programmers

Computer systems analysts

Computer specialists, n.e.c. (not counted elsewhere)
Aeronautical and astronautical engineers
Chemical. engineers

Civil engineers

Electrical and electronic engineers

Industrial engineers

Judges

Lawyers

Actuaries

Mathematicians

Statisticians

Operations and systems researchers and analysts
Personnel and -labor relations workers
Chiropractors:

Dentists

Physicians, medical and osteopathic

Dental hygienists:

Economists

Political scientists

Psychologists

Sociologists

Urban and regional planners

Social scientists, n.e.c.

Draftsmen

Designers

Editors -and reporters

Public relations men and publicity workers
Research workers, not specified

Professional -technical, and kindred workers--allocated
Bank -officers and financial-managers .

Managers .and super1ntendents building

0ffice managers, ‘n.e.c.

0fficials of lodges, societies, and unions
Wholesale trade managers and administrators, n.e.c. salaried
Finance; insurance, and real estate

Business and repair servides

Personal services

Wholesale trade managers and adminstrators, n.e.c. se1f -employed
Finance, insurance, and real estate

Business and repair services-

Personal services-

Advertising agents and salesmen

Insurance agents, brokers, and underwriters



106

Real estate agents and brokers-

Stock and bond salesmen:

Bank tellers

Billing clerks

Bookkeepers

Cashiers

Clerical supervisors, n.e.c.

File clerks

Messengers, including telegraph, and office boys..
Bookkeeping and bil1ing machine operators
Calculating machine operators.
Computer-and peripheral equipment operators
Duplicating machine operators

Keypunch operators

Tabulating machine operators

Office machine operators, n.e.c.

Payroll and timekeeping clerks

Proof readers:

Real estate appraisers

Receptionists

Secretaries, legal -

Secretaries, medical

Statistical clerks.

Stenographers

Typists

Clerical .and kindred workers--allocated:



APPENDIX. D

THE EFFECT OF LEADING THE INDEPENDENT VARIABLES
IN A PRELIMINARY REGRESSION ANALYSIS

107 -



TABLE XXI

THE EFFECT OF LEADING FIXED INVESTMENT IN NONRESIDENTIAL (FIXINVST)

IN A PRELIMINARY REGRESSION ANALYSIS

Lead Time .
in . Value of the Coefficient of Determination (R=SQUARE)
Quarters . for Different Numbers of Variables
3 Var 4 Var 5 Var 6 Var 7 Var 8 Var: 9 Var- 10 Var

0Q 0.8604*  0.8916%  0.9253* 0.9281*  0.9298*  0.9344* 0.9356% 0,9357%
1Q 0.8397 0.8642*  0.8850*  0.8908*  0.8937*  0.8939* 0.8941% 0.8945*
2Q 0.8638%  0.8844* 0.9021% 0.9050%  0,9065%  0.9072* 0.9075%  0.9075*
3Q 0.8512*  0,8856* 0.8930% 0.8937*  0.8960*  0.8963*  0,8966* ~  0.8968*
4q 0.8403*  0.8699*  0.8820*  0,8850%  0.8874*  0.8887% 0.8896*  0.8896*
5Q 0.8397 0.8512 0.8623 0.8646 0.8655 0.8658*  0.8658*  0,8659
6Q 0.8397 .  0.8512 0.8635*  0.8688 0.8693*  0,8695* 0.8696*  0.8696*
7Q 0.8397 0.8512 0.8623 0.8646 0.8655 0.8656%  .0.8656 0:8656
8Q 0.8397 0.8629% 0,8738* 0.8747 0.8752*  0.8755% 0.8755% 0,8755*
9Q 0.8397 0.8818*  0.8909*  0.8914*  0.8925 0.8941% 0.8956*  0.8956*
10Q 0.8397 0.8849%  0,8926* 0.8943*  0.8946*  0.8949*  0.8950*  0.8950*

*The variable FIXINVST is included in this regression analysis.
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TABLE XXII

THE EFFECT OF LEADING THE OCCUPANCY RATE (OCCUPNCY) FOR OFFICE BUILDINGS

IN A PRELIMINARY REGRESSION ANALYSIS

Lead Time '
in Value of the Coefficient -of Determination (R=$QUARE)
Quarters for Different Numbers of Variables
3 Var- 4 Var 5 Var: 6 Var 7 Var: 8 Var 9 Var: - 10 Var

0Q 0.8604* 0.8916* 0.9253* 0.9281* 0.9298* 0.9344*% 0.9356* 0.9357*
1Q 0.8098 0.8630 0.9125 0.9163 0.9206 0.9232 0.9240 0.9240*
2Q 0.8098 0.8630* - 0.9147* 0.9178* 0.9206 0.9238* 0.9263* - 0.9280*
3Q 0.8164* 0.8630 0.9125 0.9173* 0.9206 © 0.9233* 0.9265% 0.9285* .
4Q 0.8098 0.8630 0.9177* 0.9193* 0.9206 0.9232 0.9245* 0.9256* -
5Q 0.8098 0.8630 0.9125 0.9163 - 0.9206 0.9232 - 0.9240 0.9243*
6Q 0.8098 0.8630 0.9125 0.9170* 0.9206 0.9232 0.9240 0,9243*
7Q 0.8098 0.8630 0.9125 0.9163 0.9206 0.9232 0.9253* - 0.9260*
8Q 0.8098 0.8630 0.9125 0.9163 0.9206 0.9232 0.9240 0.9247*

*The variable OCCUPNCY- is included in this regression analysis.
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TABLE XXIII

THE EFFECT OF LEADING CORPORATE PROFICT (CORPROFT)
IN A PRELIMINARY REGRESSION ANALYSIS

Lead Time :
in Value of the Coefficient of Determination (R-SQUARE)
Quarters for Different Numbers .of Variables
3 Var 4 Var: 5 Var- 6 Var: 7 Var: 8 Var- 9 Var 10 Var

0Q 0.8604 0.8916 0.9253 0.9281* 0.9298* 0.9344*. 0.9356* 0.9357*
1Q 0.8604 0.8916 0.9253 0,9303* 0.9310* 0.9329* 0,9332*% -0;9332*
2Q 0.8604 . 0.8916 0.9253 0.928] 0.9294 0.9298* 0.9299* 0.9300%
3Q 0.8604 0.8916 0.9253 0.9281] 0.9294 0.9296 0.9297* 0.9298* .
4Q 0.8604 0.8916 0.9253 0.9281 0.9302* 0.9315* 0.9318* 0.9318* -
5Q 0.8604 0.8916 0.9253 0.9281 0.9301* 0.9312* 0.9313* 0.9314* .
6Q 0.8604 0.8916 0.9253 0.9281 0.9294 0.9299* 0.9305* - 0.9305*
7Q 0.8604 0.8916. 0.9253 0.9363* 0.9382* 0.9394* ,9399* 0.9399*
8Q 0.8604 0.8946* 10,9253 0.9305* - 0.9328* 0,9343* 0.9346* 0.9346* -
9Q 0.8604 0.8945% 0.9253 0.9294* 0,9312* 0.9325* 0.9331*. 0.9331* -
10Q 0.8604 0.8944* - 0.9253 0.9290* 0.9304* - 0.9318* 0.9319* 0.9319*

“The variable CORPROFT is included in this regression analysis.
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TABLE XXIV

THE EFFECT OF LEADING GROSS NATIONAL PRODUCT (GNP)
IN A PRELIMINARY REGRESSION ANALYSIS

Lead Time - ' I
in Value of the Coefficient of Determination (R-SQUARE)
Quarters . for Different Numbers of Variables
3 Var 4 Var 5 Var 6 Var 7 Var 8 Var 9 Var 10 Var

0Q  0.8604* 0.8916* 0.9253*  0.9363* 0.9382*% 0.9394* 0.9399*  0,9399*
1Q 0.8269* 0.8717* 0.8997* 0.9032*% 0.9075* 0.9089* 0.9112% . 0,9124*
2Q 0.8214 . 0.8555* . 0.8918*  0,8972* 0.8982* . 0.9000% - 0.9014*  -0,9017*"
3Q 0.8214 0.8402 0.8688* 0.8812* 0,8928* 0.8951* 0.9021* 0.9036*
4Q 0.8214 0.8747* 0.8909* 0.9099* 0.9189% 0.9208*  0,9227* 0.9236*
5Q 0.8214 0.8402 0.8571*  0,8728* 0.8859* 0.8948* 0.9014*  -0,9093* -
6Q- 0.8214 0.8736% 0,8814* 0,8884*  (.8972* 0.9013* 0.9059* = 0,9092*%
70 0.8214 0.8656*  0.8802* 0.8884*  0,8989*  0,9026*  0,9100%  0,9143*
8Q 0.8214 0.8521* 0.8660* 0,8747* 0.8870*  0,8908* 0.8937 0.8978
9Q 0.8214 0.8812% = 0.8902* 0.8970% 0.9082* 0.9161* 0.9229* 0.9257*

10Q 0.8214 0.8830* 0.8958* 0.8936* 0.9076* 0.9096* - 0.9119* 0.9130%

*The variable GNP is included in this regression analysis. CORPROFT leads:by seven
quarters in all of the above calculations.
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TABLE XXV

THE EFFECT OF LEADING THE INTEREST RATE ON FEDERAL ‘FUNDS (FEDFUNDS)

IN A PRELIMINARY REGRESSION ANALYSIS

Lead Time
in Value of the Coefficient of Determination (R-SQUARE)
Quarters for Different Numbers of Variables
3 Var: 4 Var 5 Var-: 6 Var- 7 Var: 8 Var- 9 Var 10 Var -

0Q 0.8604 0.8916 -0,9253* 0.9363* 0.8382* 0.9394* 0.9399* 0;9399*
1Q 0.8604 0.8916 0.9164 0.9251 0.9314" 0.9321 0.9321 0.9231*
2Q 0.8604 0.8916 0.9164 - 0.9251 0.9314 0.9386* 0.9415* 0.9415*
3Q 0.8604 0.8916 - 0.9164 0.9251 0.9363* 0.9419* 0.9421* 0.9421*
4Q 0.8604 0.8916 0.9164 0.9251 0.9314 0.9377* 0.9381* 0.9381*
5Q 0.8604 . 0.8916 0.9164 . 0.9251 0.9314- 0.9321 - 0.9321 0.9321* -
6Q 0.8604 0.9001* 0.9263* 0.9306* . 0.9354 0.9393* 0.9398* 0.9400* -
7Q 0.8604 0.8916 0.9173* 0.9252* 10,9322+ 0.9359* 0.9359* 0.9359* -
8Q 0.8604 0.8916 0.9164 . 0.9251 0.9314,  0.9321 0.9322* 0.9322*

The variable FEDFUNDS is 1nc1uded in this regress1on analysis.
quarters in all of the above ca]cuiat1ons

CORPROFT leads by seven
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OFFICE BUILDING CONSTRUCTION VGOLUME USING MULTIPLE REGRESSION ' . 14211 WEONESDAY, SEPTEMBER

TITLE 'CFFICE BUILDING CCASTRUCTICN VCOLUME USING MULTIPLE REGRESSIGN! 3
CCMMENT

2 d e e %0 Ak K ok ok % Rk kR SRR R RS R S R S R S R RS ey T Y

THIS FROGRAM PRECICTS FUTURE VOLUME OF OFFICE BUILDING CONSTRLCTIGN »
BY LSING MULTIPLE REGRESSICN ANALYSIS.

ERRE R R ARG ER L IGE IR AT GG IR R IR AP RN AR R PR R R AR S e GRS Rk kE Gk ek Rk ok xk

NEWFL 3NS AMC PLANSSB LEAC BY 7 GUARTERS.
FEDFUNDS LE2D BY €& CLARTERS.
-CCRFRCFT ANC FPRCFIT58 LEAL BY 7 QUARTERS.

ACJLSTED GNP AND GNPS5EDCL ARE USED IN THIS RUN.

EXPLANATICN CF VARIABLES

BIC_VvCL BIDDING VCLUME FCR OFFICE BUILDINGS IN MILLIONS OF CURRENT DCLLARS
SCURCE =~ ENGINEERING NEWS RECORD
MCGRAW-HILL INC.

BID58DOL BIDDING VCLUME FCR CFFICE BUILDINGS IN MILLICNS OF 1958 DOLLARS.
SOURCE - ENGINEER ING NEWS RECORD
MCGRAW-FILL INC. '
CURRENT DCLLAR AMCUNT MULTIPLIEC BY THE
ENR BUILDING INDEX 1558=100

CLERKEMP CLERICAL EFPLCYFENT IN MILLIGNS. .
SOURCE - EMPLOYMENT AND EARNINGS  TABLE A4S,
BUREAU OF LABOR STATISTICS
US CEPART FENT CF LABCR,

CCNSTCON VALUE OF CCNSTRUCTION CONTRACTS FOR OFFICE AND BANK BUILDINGS
) IN THE UeSe IN MILLIGNS OF CURRENT DOLLARS.
- SOURCE -~ DODGE CONSTRUCTION POTENTIALS :
FoWe CODGE DIVISION
FCGRAW-HILL INFORMATICN SYSTEMS CC.

CCNS8LCL VALUE CF CCNSTRUCT ION CONTRACTS FOR OFFICE AND BANK BUILDINGS
IN THE Us Se IN MILLICNS QF 1958 DCLLARS,
( SEASONALLY ADJUSTED )
- SCURCE ~ LGCGE CCNSTRUCTION POTENTIALS
Fews 0OCDGE DIVISICN
MCGRAW-HILL INFORMATION SYSTEMS CGC.

CGRPECND RETURN PAID BY CORFPORATE BONLCS IN PERCENT.
SOURCE - BUSINESS CONDITIONS DIGEST TABLE 86, SERIES 116
BUREAU OF ECONOMIC ANALYSIS
. SOCIAL AND ECONOMIC STATISTICS ADFMINISTRATICN
US CEPARTMENT OF COMMERCE.

11,

1574
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OFFICE BUILDING CCNSTRUCTION VOLUME USING MULTIFPLE REGRESSICN 14:11 WEDNESDAY, SEPTEMBERK 11,

CLRERGFT

PROFITS8

FEDFUNDS

FIXINVST

FIXx5800L

GNP

GNP E8DOL

GOVSECLR

NEWPLANS

PLANSEE

OCCUPNCY

CCRPORATE FRCFIT AFTER TAXES IN BILLIONS -OF CURRENT DOLLARS.
{ SEASGNALLY ADJUSTED AT ANNUAL RATES )

SOURCE — BUSINESS CONDITIONS DIGEST TABLE B5, SERIES 16
US CEPARTMENT OF COMMERCE.

CORPORATE PROFIT AFTER TAXES IN BILLIENS CF 1958 DOLLARS.
. { SEASONALLY ACJUSTED AT ANNUAL RATES )
SCURCE - BUSIMNESS CCNDITICNS DIGEST TABLE B5, SERIES 18
US DEPARTMENT OF COMMERCE.

FEDERAL FUNDS RATE IN PERCENT.
SOURCE -~ FEDERAL KESERVE BULLETIN
TABLE - MCNEY MARKET RATES
BCARC CF GCVENCRS OF THE FEDERAL RESERVE SYSTEM.

FIXEC INVESTMENT IN NONRESICENTIAL STRUCTURES IN BILLICNS GF
CURREKT DCLLARS.
€ SEASCNALLY ADJUSTED AT ANNUAL RATES !}
SOURCE ~ SURVEY OF CURRENT BUSINESS TABLE 1
BUREAU OF ECGACHMIC ANALYSIS
US DEPARTMENT OF COMMERCE.

FIXED INKVESTFENT IN NCARESICENTIAL STRUCTURES IN BILLIONS CF
195€ DOLLARS.
" & SEASONALLY ACJUSTED AT ANNUAL RATES |}
SCURCE - SURVEY OF CURRENT BUSINESS TABLE 1
BUREAU OF ECONOMIC ANALYSIS
US CEPARTMENT OF COMMERCE.

GROSS NATIONAL PRODUCT IN BILLIONS OF CURRENT DOLLACS.
{ SEASGNALLY ADJUSTED AT ANNUAL RATES |}

SCGURCE - BLSINESS CONDITIGNS CIGEST TABLE Al, SERIES 200
BUREAU OF ECONDMIC ANALYSIS
US CEPARTMENY Of COMMERCE.

GROSS NATIONAL PRODUCT IN BILLIONS OF 1958 DGLLARS.
¢ SEASONALLY ADJUSTED AT ANNUAL RATES )

SCURCE - BULSIMNESS CCNDITICNS CIGEST TABLE Al, SERIES 205
BUREAU OF ECONOMIC ANALYSIS

LeSe GOVERNMEMT SECURITIES (TAXABLE}, 3 TO 5 YEAR ISSUES.
SOURCE - FEDERAL RESERVE BULLETIN

TABLE - MCNEY MARKET RATES

BOARD CF GOVENCRS OF THE FEDERAL RESERVE SYSTEM.

VALUE GF NEW PLANS FOR CONSTRUCTION OF OFFICE BUILDINGS
IN MILLIGNS OF CURRENT DCLLARS.

SOURCE - ENCINEERING NEWS RECORD
MCGRAW-HILL INC.

VALUE OF NEm PLANS FGR CONSTRUCTICN OF CFFICE BUILDINGS
IN MILLIONS OF 1958 DOLLARS.
SCURCE - ENGINEERING MNEWS RECCRD
MCGRAW-HILL INC.
CURRENT DOLLAR AMOUNT MULTIPLIED 8Y THE
ENR BUILDING INDEX 1958=100

OCCUPANCY OF OFFICE BUILDINGS IN PERCENT,
SCURCE - SKYSCRAPER MANAGEMENT MAGAZINE
BUILOING CWNERS AND MANAGERS ASSOCIATION. 3

1974
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OFFICE BUILDING CCNSTRUCTICA VCLUNME USING MULTIPLE REGRESSION 14211 WEDNESDAY, SEPTEMBEF 11, 167«

DATA CFFBLDG 3

INPUT DATE $ 1-7 CLERKEMP 21-25 3 (ON58DOL 57-62 CCRPBOND 64-€8
CCNSTCON #2 9-14
DATERATE $ #3 1-7 GCVSECUR #3 74-78 3

CARCS

32 CBSERVATICAS IN DATA SET CFFBLDG T VARIABLES

DATA FECRATE 3
INPUT DATEFED $ 1-7 FEDFUNCS 29-33 3
CARDS

32 OBSERVATIONS IN DATA SET FECRATE 2 VARTABLES

DATA CCCLPIEC
INPUT DATEQCC $ 1-7 OCCUPNCY 14-19 3
CARCS

32 DBSERVATIONS IN DATA SET OCCUPIEOD » 2 VARIABLES

DATA BCTHGNPS
INPUT CATEGNP $ 1-7 GNP 9~14 GAP58DOL 16-21 ;
CARCS

32 OBSERVATIONS IN CATA SET BOTHGNPS "3 "VARIABLES

DATA PROFITS
INPUT DATEPRFT $ 1-7 PROFIT58 9-13 CORPROFT 15-19 3
CARDS )

32 CBSERVATIONS IN CATA SET PROFITS 3 VARIABLES

DATA F_INVEST 3
INPUT CATEFIX $ 1-7 FIX58DOL 9-13 FIXINVST 1£-19 3
CARDS

32 CBSERVATICANS IN CATA SET F_INVEST 3 VARIABLES

CATA ENR_BID 3
INPUT CATE€BIC $ 1-7 BIL58DCL 9-13 BID_VOL 15-1% 3
CARDS
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OFFICE BUILCING CCNSTRUCTICN VOLUME USING MULTIFLE REGRESSION

32 OBSERVATICNS IN CATA SET

CATA ENRPLANS 3 .
INPUT CATEPLNS $ 1-7 PLANSSS
CARD S

32 CBSERVATICNS IN CATA SET
CATA CFFBLDGYL 3
MERGE OFFBLLG FEDRATE 3

32 OBSERVATIONS IN DATA SET

DATA  OCCRATE 3
MERGE CCCUPIEL BAOTHGNPS 3

32 OBSERVATIONS IN DATA SET

DATA PROFIT2 3
MEKGE PROFITS F_INVEST H

32 Co SERVATICGNS IN DATA SET

' DATA PRGFIT3 3
MERGE ENR_BID ENRPLANS ;

32 CBSERVATICNS IN DATA SET

DATA CFFBLLCG2 3
MERGE QFFBLDG1 OCCRATE 3

32 QBSERVATICNS IN DATA SET

DATA PRCGFIT4 3
MERGE PROFIT2 PROFIT3

32 COBSERVATIONS IN CATA SET

CATA CFFBLDG2
MERGE CFFBLDGZ FRCFITG

32 OBSERVATIONS IN CATA SET

ENR_BID

2

VAFIABLES

9-14 NEWPLANS 16-21 3

ENRPLANS

OFFBLDGL

OCCRATE

PRCFIT2

PRCFIT3

CFFBLDG2

PREFIT4

OFFBLDG3

14

12

26

VARIABLES

VARTABLES

VARTABLES

VARTABLES

V.ARTABLES

VARTABLES

VARTABLES

VARTABLE ¢

14211

WEONESDAY,

SEPTEMBER 11,

174
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OFFICE BUILOING CONSTRUCTIGN VOLUME USING MULTIPLE REGRESSION

FROCECURE PRINT CATA=0FFBLDG3 3

14311 WEGNESCAY,

VARIABLES DATE CONSTCCN CATEGAP CNP DATECCC CCCUPNCY DATEPRFT CORPROFT

CATEFIX FIXINVST CATEFED FEDFUNDS

SEPTEMBER 11,

1974
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DATE

1¢_1966
2Q_1566
3Q_15¢€¢
4¢_1966
1Q_1567
2Q_1967
3¢_1967
4Q_1567
1G_15¢€8
2G_1568
3¢_lcés
4Q_1568
1G_156S
2G_1569
3¢_1969
4Q_1%65
161970
2¢_1970
3Q_1570
4¢_1970
1¢.1s71
2Q_1s71
3¢_1971
4G_1s7
1Q_1972
2¢_1972
3Q_1512
4C_1972
161572
2Q_1972
3¢_1973
4Q_1573

CONSTCCN

55840
62143
£02,65
57445
59%.4
786.6
702.2
73443
66€ .4
944,42
537.2
1129.2
1318.7
12¢€8.4
1131.7
12384 ¢
126065
109442
1362.2
850.1
1257.9
11€1.1
1226.0
1083.0
1204,5
1283,1
1271,.32
1426.7
142744
1228,5
167242
1287.5

CFFICE BUILDING CCNSTRUCTICN VCLUME USING MULTIPLE REGRESSION

CATEGNP

1g_19¢66
20_1966
3G_16566
49_1566
1G_1567
2Q.1567
3G_1967
4G_1967
1Q_165¢8
2¢_1968
3Q_1568
4Q_1568
1Q_1969
2Q_15¢65
3Q_196%
4Q_15€9
16_1970
2Q.1970
3Q_1570
42_1570
1Q.1971
ZQ_1571
34_1971
4Q_1971
1Q_1972
2Q_1972
3Q_1972
4Q_1§72
1Q.1973
2Q.1573
3Q_19732
4Q_1973

GNP

72%.5
74343
75¢c.¢
77C.7
T74 .4
78445
800 .9
81549
83440
8574
87542
89042
907.0
§23. ¢
941a7
S4849
SEEe5
970.6
G87.4
961.8
1027.2
104€.S
1063.5
108442
1112.5
114244
116645
1199.2
1242.5
1272.0
13C4.5
1337.5

CATECCC

1Q_ 1¢éé
2Q_1566
3C_1%66
49_1see
1¢.1567
2Q_1567
3Q_1¢67
4Q_1967
1Q_1%¢€8
2Q_1%68
3¢_1¢68
4g_1¢€8
101569
2Q_1%66
3Q_15€$
4Q_1969
1G_1570
2Q_1570
3Q_1570
4Q_1570
10_1571
2G.1leM
3Q_1¢71
4G_15T1
1Q_1¢72
20_1572
3Q_1472
4Q_1572
1Q_1573
2Q_1¢72
3Q_1572
4Q_1673

OCCUPNCY

92.C1
92465
92465
S1.57
91.57
91.58
91.58
91.77
91.77
92.15
92.15
93.61
93,61
95.07
G507
95.25
95.25
94.00
94.00
5257
92.57
92444
G2, 44
90.07
S0.07
87.77
8777
87.38
87.38
86023
86.23
87.61

DATEPRFT

2Q.1964
3Q.1964
4C_1964
1Q_16€65
2Q_19¢5
3Q.1965
4Q_165¢€5
1Q_1966
26_1966
3Q_15€6
4G _196¢€
1Q_1967
2Q_1967
3Q_1967

T 4Q_16567

1Q_1968
2C. 1968
3Q_16¢8

4G 1968

1Q.1969
2Q_166%
3Q.196°
4Q.1969
1Q.1970
2Q_1970
3Q.1570
4Q_1970
1Q_1971
2Q_1sN
3Q.1971
4Q_1971
1Q_1972

CORPROFT

38.5
39.1
39.0
4348
43,8
44,1
4€e3
4942
4942
4S54
4943
4645
4645
4741
50s1
4501
50.7
51e2
52.8
4945
4G.7
4749
47a1
Lo €
4349
45.4
41,4
4342
45,8
4646
4840
5%.

DATEFIX

1Q_1966
2Q_1966
3Q_19¢6
4G_1966
1Q_19¢7
2Q.1967
3Q.1967
4Q_1967
1Q.1968

2Q.1968.

3Q_1968
4C_1968
1Q_156%
2Q_1969
36,1969
4Q_15€9
1Q_1970
2Q_1970
3Q.1970
4Q_1970
1Q_1971
2Q.1971
3Q.1971
4Q_1571
1Q_1972
2Q.1972
3Q_1972
4Q_1972
1Q_1972
20_1973
3¢ 1973
4Q_1573

FIXINVST

28.6
28.1
28,9
2842
25.0
27.2
27.7
27.7
29.8
28.9
2544

20.3 .

32.6
32.3
35.2
35,1
35.5
36.1
36.2
36.3
27.6
28.3
38.7
3B.8
41e3
4140
4143
432.0
4543

47.2

4945
51.7

DATEFED

3Q_1964
4Q_1964
1Q_196%
2Q_19¢5
3Q_196%

4Q_1965

1Q_19¢¢
2Q_19%¢¢
3Q_1966
4Q_196€
1Q_1967
2Q_1967
3Q_1967
4Q_19¢€7
1Q_19¢8
2Q.19¢8
3Q_1968
4Q_1968
10_1969
2Q_1969
3Q.1969
«Q_19¢9
1Q_197¢C
2Q_1970
3Q.1970
4Q.1970
1G_1971
2Q_1871
3Q_1971
4Q_1971
1Q_1972
2Q_1972

FEDFUNDS

2,46
3,58
2,57
4,08
4,07
4,17
4456
4,9
5,34
5.57
4y €2
3,56
2,89
4,17
4,79
5,98
5. 54
5,92
6458 .
8,132
8.98 -

8. 94

8457
T.88
6 70
Se57
2.86
4e56
5.48
4o T8
3e54
4e 30

6LL



GFFICE BUILDING CCASTRUCTICA VCLUME USING MULTIPLE KEGRESSION

PRCCECURE PRINT CATA=CFFBLCG3 3

14:11 WEDNESDAY,

VARTABLES GNP OCCUPNCY BID_VCL NEWPLANS CCRPBCAND CCRPROFT FIXINVST FEDFUNDS

GOVSECUR CLERKEMF CONSTCON 3

SEPTEMBER 11,

1¢74

0¢l1



o
w
[

WO Ol O PN

GNP

72945
74342
" TEE8.6
T7C 7
TT4e4
78445
ECCe S
815,9
834.0
£S5, 4
87%.2
€SCe2
§C7.C
923245
cale?
G4E.S
35845
$7C. €
SB87.4
3$91.8
1027.2
104¢€.5
10¢2.5
1CE4.2
1112,5
114244
11¢€¢€.5
1199.2
1242, ¢
1272.0
1304.5
132%.%

OCCUPNCY.

92,.,01°

G2465
92.65
31.57
Sl.57
9155
91,58
91.77
91.77
92.1%
G241E
G2.61
S3.€1
95.07
95407
55.25
95.25
94.00
34,00
9297
62467
92444
92444
SC.C7
30.07
87.77
87.77
87.38
87.3¢8
8€,23
B86e23
87.61

BI0_VCL -

22945
19C..0
217.3
25049
2230.8
377.7
467.¢6
37C. &
461.7
543.6
41 4,6
201.7
28€e 7
32444
55060
4124 €
47647
622.8
407, 8
55947
22543
L0€a4
530.2
397.1
334.9
25141
289.9
392.2
28G.8
374.5
48342
528.9

NEWFPLANS

28147
528.9
2624 4
483.7
£67.¢
806.C
435,1
£28. 8
57546
619.4
T4€.0
61440
92246
S TEE. B
92642
821. %
S44,.C
698.9
€574
888.0
896.0
£84,7
1159.8
845.9
10€5. 4
70844

8E€,1 -

66€8S
T44 .5
‘B47432
1031.2
722.0

" CCRPBCND

Sele
5453
€e GC
604
Se68
Se85
623
6478
6elS
6494
6. 71
7.05
Tots6
T.73
8.15
8487
8,95
G 44
S 06
8,75
760
8405
84065
Teb4
Te4S
Te6T

Te68 -

Te54
7.68

TeTl -

8417
Te97

" CCRFROFT

38.5
39,1
39,0
43.8
4348
Y}
4643
4942
49,42
4944
4943
4645
4545
47a1
50.1
49,1
507
51.2
5248
494 5
49.7
7.9
4761

4446
43,9 .

45.4
414
43,2
4548
4646
48.0
55.2

FIXINVST

28.6
28,1
28.9
2842
29 .0
27,2
Z7.7
27.7
25.8
2849
29 .4
20.3
2240
23243
25.2
35.1

25,5

2641
3642
2€.3
3746
2843
28.7
3848
4l.3
4140
41.3
43,0
45.3
47.2
49.5
51.7

FEICE BLILDING CONSTRUCTICM VCLUME USIMG MULTIPLE REGRESSION

FEDFUNDS

346
3.58
3497
4.08
4407
4017
4. 56
4491
5434
557
4482
2.96
3489
417
4. 79
5498
5094
. 5462
6458
8.33
8.98
8.94
8457
7.88
6270
5. 57
3.86
4456
5.48
4a75
3.54
4430

GOVSECULR

4495
4. 94

5.47-

5.29
4e€5
4070
5.28
566
5.63
578
5435

5«63 -

6s18
6437
T.23
T.67
L Te71
TeT7
Tab6
6e43
5426
5.93
6437
5¢ 53
5453
« 82
5.98
6.07
€. 58
6476
Te&?
6086

CLERKEMP

11,471

11.635 -

11.823
12.220
12,09%
12.238
12.243

12,624

©12.694
12. 81¢
12.823
12.876
134171
13.281
13,478
. 134655
13.506
13,748

124,560

13.€329
.13, 281
13,260
13.506
13,691
143117
14,205
14,328
14,333
14,282
14,451
144630

14,750

CONSTCCN

558 .0
62143
603.9
574.5
58G. &
T864¢
702.2
734432
666 4L
944 4,2
927,32
1129.2
131847
156844
1131,7
1328.¢
1260.%
109462
1362.2
890.1
1257.¢

11814t -

122€.0
1082.0
120445
1282.Y
1371.2
1426.7

142744 -

1328.5
167242
1287.5

L1



CEFICE BUILDING CONSTRULLTICN VCLUME USING MULTIFLE REGRESSION - 14211 WEDNESDAY, SEPTEMBER 11, 1674

PRCCECURE RSQUARE PRIANT=5 [ATA=0FFBLDG3 ;

VARIABLES GNP QCCUPNCY BID_VCL NEWPLANS CDRPéEhb CORPRCFT FIXINVST FEDFUNCS
GGVSECUR CLERKEMP CCNSTCON 3

24\



N= 32 CFFICE BUILTING CONSTRUCTION VOLUME USING MULTIPLE REGRESSICN

ALL PCSSIBLE REGRESSICM 'MCCELS FGR DEPENCENT VARIABLE CCNSTCCN

NUMBER IN R~5 GUARE VARIAELES IN MODEL
MCOEL

1 0446625696 NEWPLANS

1 055824140 CCRPBONC

1 Ca5765152¢ FIXINVST

1 0464556027 GNP

1 C.737C7252 CLERKENP

2 0475190724 CQRPBOND CLERKEMP

2 Ce15424707 BIG_VGL CLERKENF

2 0475862160 NEWPLANS -CLERKEMP

2 0.77142613 CCCUPNCY CLERKEMP

2 CoTS514657 GNP GCCLPNCY

3 Ce 80641010 GNF CCCUFNCY CCRFROFT

3 Ce82127743 CCCUPNCY BID_VGL CLERKEMP

3 0482243696 GNF OCCUPNCY BIC_VOL

3 Ce 82956536 GNP GCCUPNCY FIXINVST
3 0.84213575 GNP CCCUPNCY FEDFULNDS

4« C.851£5555 GNP BID_VOL FIXINVST GCVSECUR

4 0485229280 GNP OCCUPNCY NEWPLANS FEDFUNDS

4 Ce8636767C GNP GCCUPNCY BIC_VCL FIXIAVST

4 0eBE4£4027 GNP OCCUPNCY BID_VOL FEDFUNDS

4 0.89120501 GNF OCCUPNCY FIXINVST FEDFUNDS -

5  0.8968969% GNP OCCUPNCY NEWPLANS FIXINVST FEDFUNDS
5 C.8564C554 GNF GCCUPNCY FIXINVST FELFUNCS CLERKEMP
5 0490203494 GNP GCCLPNCY BID_VOL FIXIAVST GOVSECUR
5 0.91017306 GNP GCCUPNCY CORPROFT FIXINVST FEDFUNDS

5 C.52013226 GNP CCCUFNCY BIC_VCL FIXIAVST FEDFUNDS

€el



CFFICE BUILDING CCASTRUCTICN VCLUME USING MULTIPLE REGRESSION

N= 2z
ALL POSSIBLE REGRESSION MGDELS FOR DEZPENDENT VARIABLE CCNSTCON
NUMBER IN k-SQUARE VARTABLES IN MCCEL

¥CCEL
& Ce92073955 GNF CCCUPNCY SIE_VCL CCRPEOND FIXINVST GOVSECUR
6 Ce9218E258 GNP DCCUP“CY 3ID_VCL CCRPBCAND FIXINVST FED%UNDS
6 Ce92237675 GNF OCCUPNCY 3IC_VCL CORPROFT FIXINVSET FEGFUNDS
€. Ce9243E67C GNF QCCUPNCY BIC_VCL NEWPLANS FIXINVST FEDFUNDS
6 3e32632360 GNP SCCUPNCY S1D_VCL FIXINVST FEDFUNQS GCVSECUR
7 CeS527€ECSE GNP OCCLPNEY BID_VCL NEWPLANS CCRPBCHC FIXINVST FECFUNDS
7 0.92815858 CNF OCCUPNCY BIC_VOL CORPBOND FIXINVST FEDFUNDS GCVSECUR
7 Ce9292211¢ GNF CCCUPNCY BIC_VCL CCRPRCFT. FIXINVST FEDFUNbS GOVSECUR
7 C.93Q23004 GNP OCCUPNCY BID_VOL FIXIANVST FEDFUNDS GCVSECUR CLERKEMP

1 Ce93423027 GNF CCCUPNCY BIC_VCL NEWPLANS FIXINVST FEDFUNDS GOVSECUR
8 0.93212410 GNP OCCUPNCY BIC_VOL NEWPLANS CORPBOND FIXINWST FEDFUNDS CLE&KEMP
€ Ce9331¢€828 GNF OCCUPNCY BIC_VCL CCRPRCFT FIXINVST FéDFUNDS COVSECUR CLERKEMP
8 0.,93521015 GNP OCCUPNCY BID_VOL NEWPLANS CORPROFT FIXINVST #EDFU&DS GCOVSECUR
g Ce93608261 GNF OCCUPNCY BIC_VOL MEWPLANS CQRPBOND FIXINVST FEDFUNDS GOVSECUR

€ C.928€1558 GNP GCCUPNCY BID_VCL NEWPLANS FIXINVST FEDFUNDS GCVSECUR CLERKEMP

v9 Ce 93278694 GNF CCCUPNCY BIC_VCL NEWPLANS CORPEDND CORPROFT FIXINVST FEDFUNDS CLERKEMP
9 093337335 GNP OCCUPNCY BID_VOL CCRPBCAD CORPROF% FIXINVST FECFUNDS GCVSECUR CLERKEMP
9 0493737970 GNF OCCUPNCY BIC_VCL NEWPLANS CORPBONC ChRPROFT FIXINVST FEDFUNDS GOVSECUR
9 Ce938¢€7213 GNP OCCUPNCY BID_VOL NEWPLAMS CCRPBONLC FIXINVST FEDFUNDS GCGVSECUR:' CLERKEMP
9 0.93961972 GNF CCCUPNCY BIC_VOL NEWPLANS CORPROFf FIXINVST FEDFUNDS GCVSECUR CLERKEMP
10 093972765 GNP OCCUPNCY B10_VOL NEWPLANS CCRPBOND CCRPRGFY FIXINVST FEDFUNDS GBVSECUR CLERKEMP

wel



OFFICE BUILCING CONSTRUCTICON VOLUME- USING MULTIPLE REGRESSICN 14:11 WECNESCAY., SEPTEMBER 11, 1974

PRGCEDLRE REGR S C DATA=CFFBLDG2

MCCEL CONSTCGN = GNP CCCUPNCY NEWPLANS FIXINVST.FEDFUNDS /7 P CLI 3
ﬂGCEL CONSTCON = GNP OCCUPANCY FIXINVST FEDFUNCS CLERKEMP /7 F CLI 3.
MCDEL ' CONSTCGN = GNP CCCUFNCY BID_VOL FIXINVST GOVSECUR / P CLI 3
YCDEL CONSTCON = GNP CCCUPNCY CORPROFT FIXINVST FEDFUNDS / P CLI- ;
MODEL CONSTCON = GNP QOCCUPNCY BID_VOL FIXINVST FEDFUNCS /7 P CLI 3

MODEL CONSTCON = GNP CCCUPNCY ‘BIT_VOL NEWPLANS CORPBOND CORPROFT FI'XINVST
FEDFUNDS GOVSECUR CLERKEMP / P CLT 3

Gel



B e e b T T R T b T e P P P TP p o
PROC -REGR ¢ OFFICE BUILDING CONSTRUCTION VGLUME USING MULTIPLE REGRESSICA

DATA SET : 0OFFBLDG2 .hUFéER CF VARTABLES = 11 NUMBER OF CLASSES = 0
VARIAELES 2 CLERKEMF CCRFPECNL CONSTCON GOVSECUR FEGCFUNDS CCCUPNCY GNP CORPRCFT

FIXINVST BID_VOL NEWPLANS

LK NE N B NN N
LR N S N

e s ke A ke 3 o e et o e e e o ik oo e e e o e e e e ol o e e 3 o e e e ofe e e e v vl e e oo e o vl e ofe eofe e e o e abe sl o e ok o vl e ool e ok ofe e ofe ook o o ek ook Mok R
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N= 32
VARIABLE
CLERKENP
CORFBOND
CONSTCCN
GGV SECUR
FECFUNCS
SCCLANCY
GNP

CCRERGFT
FIXINVST
BIC_VCL

NEWPLANS

SUM
425416000000
235,88000000

34581.30000000
1544 310006GC
171.25000000

2928.64000000
31260.20000000
1454,00000000
1136.80€0C000
12251.10000000

23056.1C000000

OFFICE BUILCING CONSTRUCTION VOLUME USING

MEAN
13.28625000
7.3712500C
1080.66562500
6407218750
e,am1se2sC
$1,520600000
$76488125CCC
46 468750000
35.52500000
3824 E46875CC

721.75312500

SIMPLE STATISTICS
UNCORRECTED SS
5674.03670800
1777,00940000
40547397, 68999957
1205445030000
1CC0. 31G5¢CLC
268250.68880000
31495158,45999998
702244 266€0C00
4185606000000
€1336$8, 236CCOCC

18003675.0499999%

MULTIPLE REGRESSION

CORRECTED SS
25425465800
38.27895000

317651545121 8750

25456354688

83.85542187
221.55600€00
957655.20875000
473, C7500€00
1471,24000000
443402.87968 750

1332692,€9668752

V BRIANCE
0. 81466629
1423480484
102470.17781250
0482463054
2470501361
7.14696774

30892.10350806

15.26048387

47.45935484
14303.31869960

43022,02257056

STANDARD DEV
0490258871
1.11121773

320410963405
0,908091 79
164469256
2,67338123

175.76149609
3.90646693
€,88907504

116.59648281

207.44161244

L2l



OFFICE BUILDING CGNSTRUCTIGN VCLUME USING MULTIPLE REGRESSION

CORRELATICN COEFFICIENTS

N = 32 / PROB > |R[ UNDER HO: RHO=0
CLERKEMP CORPBOND CONSTCCN GCVSECUR FEDFUNDS 0CCUPNCY GNP CORPROFT FIXINVST BID_VOL
CLERKENP 1.000000 0.781821 0.858530 0.676569 04271704  +0.490612 0. 543797 0. 460802 04910734 0.286689
C.CCCC £.0901 Ce CCOL 0.3001 0.1325 040044 0.0091 0.0080 0.00G1 0.028€
NEWFLAAS
0. €€€£220
0,0001 .
CLERKEMP CORPBOND CONSTCON 6CVS ECUR FEBFUNDS GCCUPNCY GNP CGRPROF Y FIXINVST BID_VOL
CCRFBCAD 0.7€1821 1.€00000 CeT4715¢€ C.875083 04513352 04094152 04609014 0.671504 0.59110¢ 0.56842¢
€.0001 €.0000 0.0001 0.0001 0.0027 0.6C83 0. 0002 €.0001 0.0004 040004
NEWPLANS
04619322
.0002
CLERKEMP C3RPBONG CONSTCON GOVSECUR  "FEDFUNDS 0CCUPACY GNP - CORPROFT FIXINVST 8ID_VOL
CONSTCCN Ce 658530 0.747156 1.000000 04664555 0.195420 - =C.259701 04 £G3468 C. 287237 0a759552 0.2111390
0.0001 G. 0001 0.000C 0.9001 0.2838 0.1512 0.0001 0.0286 0.0001 0. 2461
NEWFLANS
Co EEL146T
0.0001
CLERKEMP CCRPBGND CONZTCCA GLVSECUR . FECFUNCS OCCUPNCY GNP CORPRBFT FIXINVST  .BID_VCL
COVSECUR 0.€7€565 C. E75082 s €£4555 1.CC00CC Ge16G982 04089411 0.512899 04623031 04538042 00601617
0.0001 0.0001 0.0001 0.0000 0.3788 046265 0.0027 €. 0001 0.001% 0.0003
NEWPLANS
04407244
C.0207
CLERKEMP CORPBOND CORSTCON GOVSECUR = FEDFUNDS OCCUPNEY GNP CORPROFT FIXINVST 81B_VOL
FECFUNDS Ce2717C4 0e513352- 04195420 0.160982 1.000000 0.16425¢ 0. 237560 04278327 *. 04214532 04308473
0.1325 €.0027 C. 2836 C.3788 0.0000 0.2867 0.1897 0.0328 042384 0.085¢
NEWPLANS
0. 2117€2
0.0028
CLERKEMP CORPBGOND CONSTCON GLVSECUR FECFUNDS OCTUPNCY CORPROF T BIE_VEL

GNP

FIXINVST

8zl



. CCCUFNCY —3.450612 215z -5e2597C1 G.Ce5411 €.154255 1.000000 -0.677251 0.203850 -0.659654 0.13073€
S 0406044 283 0.1512 0. 6265 042867 ©.0C00 C. 0001 0.2631 0.000! 0.4757
NEWPLANS
-0.151581
Ce& 076
CLERKEMP CDRPEG&DJ CINSTCON GOVSZCUR FEDFUNDS CCCUPACY GNP CORPROFT FIXINVST BID_VOL
GNP €. 543757 . C.60901%4 048034568 0.512899 04227960 -04677251 14 600CCE 04211516  0.983241 00248091
040001 49002 0. 001 0.2027 0.1697 0.0001 040000 0.0826 6.0001 0.171¢C
NEWPLAAS
Co €4CCEE
Ce3001
CLERKEMP CCRPBOMND CONSTCCA GCVSECUR FELFUNDS OCCUPNCY GNP CORPROFT FIXINVST BID_VCL
CCRERCET 04460802 Ca€71904 C.287227 0.€22031 C.378327 0.203850 0.311516 1.000000  0.285339 0.706243¢
' 0.0080 0.0001 0.0286 0.0901 0.0328 Ce2631 0.0826 €. 0000 0.1124 0.000"
NEWPLANS
063264437
0.0700
CLERKEMP CORPBOND  CONSTCON  GOVSECUR FEDFUNDS CCCUPNCY GNP EORPRGFT FIXINVSY EID_VOL
FIXINVST C.S1C734 0. 591105 04759552 (4538042 04214532  ~0.655654 0.583241 0.285339  1.000000  0.231835
0.0001 C.0004 c.C001 0.0015 0.2384 0.0001 040001 0.1134 0.0000 0.2€17
NEWFLAAS
Co€10627
0.0002
CLERKEMP CORPBOND CONSTCON GCYSECUR FEDFUNDS ceccupney GNP €ORPROFT  FIXINVST 81D_VCL
BIC_VCL 0.386689 C.588413¢ Ce21112C 04501917 04208473 C.12¢738 G+248091 0.702439  0.231835 1,00060C
0.0288 €. 0004 0.2461 0.0003 00858 0.4757 Ga1710 0.0001 0.2017 9.0300
NEWPLANS
€.316153
Ce G75C
CLERKENP CORPBONE CONSTCCN GOVSECUR FECFUNDS OCEUPNC Y GNP CORPRCFT FIXINVST
NEWFL ANS Ce ££622C Ce€15322 0e681467 0407244 Ue511782 -Del151581 0e&40066 Qe 224427 0.610627
0.0001 €.0002 0.0061 0. 0207 0. 00286 0,4076 0.0001 0.0700 0.0002
NEWPLANS
1.000000
0.0000

621



OFFICE BUILDING CCNSTRUCTICN VOLUME USING MULTIPLE REGRESSION

ANALYSIS OF VARIANCE TABLE , REGRESSICN COEFFICIENTS 4 AND STATISTICS CF FIT FOR DEPENDENT VARIABLE CONSTCON

SCLRCE
REGRESSION
ERRCR

CCRRECTEL TCTAL

SCURCE

GNP

CCLUPNCY
NEWPLARS
FIXINVST
FECFUNCS

SOURCE

INTERCEPT
GNP
CCCUPNCY
NEWPLANS
FIXINVST
FECFUNCS

DF SUM CF SQUARES MEAN SQUARE F VALUE PROB > F
5 2846516,60104258 569303, 92020852 444 84665 0.0001
26 330055491114462 12654.45812C¢¢
21 317€575.5121€7¢EC
OF SEQUENTIAL SS F VALUE PROB > F PARTIAL SS
1 205067(.95035426 161454064 00001 485458429461656
1 4T7517E.53633€32 37443167 0.0001 536513.98725320
1 2573419625154 0.20270 0.65€2 15536.58875063
1 10685€. 723¢7577 8441759 0.0075 139147.15918492
1 211240.191122¢8 164 64035 0. 0004 211240019112268
B VALUES T FOR HO:B=Q PROB > (T STC ERR B
-8703.12092556 ~6472499 0.0001 1294414694946
44433297736 6418399 0.0001 0.71700897
83.09645597 €4501C¢% 0. 0001 12.78200729
. 0a172277C4 1.10640 0.2787 0415570936
~54, 60283981 -3.31C78 0.0027 16,49275074
-63.01160133 -4407626 0. 0004 15.44682848

R=SQUARE

0.89609694

STD DEV CCN

112.66968590

F VALUE

38, 24175
42426364
l.22412
10. 56125
16464035

STD B VALUES

0.0
2443454870
0469397635
0el1164121
-1.17512849
-0.32374756

CeVs

10442595

STCON MEAN

1080.66563

PROB > F

0. 0001
0.,0001
0.2787
0. 0027
0.0004

0€l



oBS
NUMBER

O D NP PN e

OBSERVED
VALUE

558, 0CC00000
621.30000000

6(3.9G6000000

574450000000
559.,40000000
18646.C000000
702.20000000
734,30000000
6£6440000000
944,20000000
$37.30000000

1129,230000G00 -

1318.,70000000
156840000000
1121.70000000
1338.,60000000
126, 50000000
1094.20000000
1362.20000000
86C, 10000000
1257,90000000
11€1.1C000000
1226.00000C00
1083.00000000
12€4.90000000
1283.10000000
1371.30000000
1426, 7C000000
1427,40000C00
1338.50000000
1672. 20000000
1287.50000000

PREDICTED
VALUE'

446, 1095159
622470898241
586480368508
£GS. 10268277
€024 €7779775
725.01393959
732,12345C71
811.23250604
756411592212
933, 59248416

1054,28433519
1222. 53042553
1230.89826754

1367.27686071
1308. C17€8014
1269.66182211

1242, 11728449
1187. 74148183

1214.52584500

10654 65131282
1112, 24575491

1118.60907282

1247. 37034810
1119.26¢385600

1220440431500
1187.53974818
1416. 78091839

. 1354466658483

SUM CF RESIDUALS

1276, 46695769
1371466965815
1458,11087551
1527, £1961282

SuUM OF SQUARED RESIDUALS

SUM.CF SQUAREC RESICUALS - ERROR SS
FIRST ORDER AUTCCCRRELATICA OF RESIDUALS

CUREB IN-WATSON

5]

RESICUAL

111.98504841
-1.4CE9€241
17.09631462

-35.,20268277
~3,27775715
61.58606041

-30.92345071

-76493250604

-89.71592212
10. 60751582

-116.98432519
. =93,33042553
87. 80173246
171.12313926
-176,31788014
65.53E1778S
17.72271551
~93,54148183

147.27415500

~175.85131282

145.5502 €505
63.,09092718

-21.37034810

-3642638560C

-15,50431500
95.16025182

~45,48C51839
72.03341517
50, 93300231

-33,16965815

174.08912449

-250.31691282

LOWER 95% CL
FOR INDIVIDUAL

181.74931542
372.04831136
335,22183778
364,42260268
351. 17443546
480436836645
. 486478532359
565402894711
515.85134365
686466260432
804067257383
968 .42151224
973,7C290069
1138.49976713
1050.81176711
1021.33704632
979.11558442
943.84138012
969, 24642 849
817.85914771
859.10064508
864.57855458
983,.,90967183
870.85275579

969.57609711 |

941.86985150
1163.34853608
1102.65073663
1127.30205546
1121.29372C86
1230.00444570
1266491790940

-0.0C000000

330055.91114593

0. 0CG00101
~0.45763819

2.58017786

UPPER 95% CL
FOR INDIVICUAL

710.27258777
873.3696524¢
8328, 38553237
854.98276286
854418116005
$969.65951272
979.46157784
1057.43606497
966. 38050058
1186452136404
1302, 89€09¢€54
1476.63932881
1488,053263438
1656, 05395429
1565422399317
1516.78659789
1506443898456
1431.64158355
1460. 60526151
1314.04347793
1365.59894474
1371, 03959107
1510.8310243¢6
1367.63495620
1471, 23253290
1434.,00964485
16702133007}
1606.68243302
1625463193963
1622.,04559543
1766,21730531
1808.72191624

LEL



CFFICE BUILDING CONSTRUCTICN VCLUME USING MULTIPLE REGRESSION

ANALYSIS OF VARIANCE TABLE , REGRESSICON COEFFICIENTS o AND STATISTICS GF FIT FGR DEPENDENT VARIABLE CCNSTCCN

SCLRCE
REGRESSION
ERROR

CCRRECTEC TCTAL

SCURCE

GNP

CCCUFRMNCY
FIXINVSET
FECFUNLCS
CLERKEMF

SGURCE

INTERCEPT
GNP
CCCUFACY
FIXINVST
FECFUNCS
CLERKEMP

DF SUM OF SQUARES
5 2847495.87923703
2¢€ 326075.63295046

31 3176575.51218750

OF SEQUENTIAL SS

205067C.9503542¢€
475178453933832
105340.21180934
16576C.310750C2
16519.,86694508

g e 2 s

B VALUES T FCR HO38=0
~G€(01.5E€TE399
5476051262
101.16205926
~-664,£1833870
-63.74711351
-112.57298913

~TeT4421
5¢04C40
6412683
-3,64728
—4405174
~l.14246

MEAN SQUARE

569499, 67584741

F VALUE

162.0218¢
37454347
8.63888
15.46923
1.30522

12656475511348

F VALUE PROB > F

444 $6573 0.0001

PROB > F PARTIAL SS
0.0001 321552.83029027
0. COC1 475574,58545192
0.00¢8 168368.35187217
0.0006 211903,94628497
Q0. 2637 16519.86694508
PROB > {T| STD ERR B
0.0001 1229.84070820
0.0001 1.14286821
0.0C01 16050225159
0.0012 18.26521365
0. 0004 15.57945248
0.2637 98. 53536147

STD DEV

R-SQUARE

0.89640554

112.50224493

F VALUE

25,40562
37.57476
13, 30265
16474236
1.30522

STD & VALUES

0.0

3.1629048¢

0484485043
~1e43369235
~0e32752655
-0e31741347

CeVe

10.41046

CONSTCON MEAN

1080.,66562

PROB > F

0. 0001
0.0001
0.0012
000004
0.2637

2el



ces
NUMBER

W~ Hw

OBSERVED
VALUE

558,00000000
521,30000000
63, 90003000
574.50000000
566.4 0000000
766466000000
762,20000000
734,300C0000
666.40000000
944,20000000
927,30000C00

1129.20000000

131€.70060000

1568, 40000000

1131,70000000

1338.60600000

12£04 50600000

1094.,20000000

1362, 20000000
850.10000000

1257,90000000
1181, 10000000

1226.00000000

1(83, 00000000
1204, 90000000

1283,10000000

1371,3G000000

1426,70000000

1427.40000000
1338. 50000000

1672.20000000

1287.50000000

SUM OF RESIDUALS

PREDICTED
VALUE

491, LE356532
64289032289

604, 5571578

587,08275536
569.,81107587
T26e 44423477
7500 92593423
8024 £0991509
- 7314 €853141¢
936448365599
10524 13393546
1273, €254622C
1190.54557473
1423, C4392047
1272459197865
1243,55418989
124€. 50183681
11684 64193975
12384 C4734451
1€22, C8413C74
1148426794343
11€4.16377105
1221.28588148
1127.27208371
1151.01424463

11724 €9415246

1385,57236150
1277.17663C7C
1409, 22122116
1375,C€1299433
14£5,<5CS1771
1587.17456577

SUM OF SQUAREC RESICUALS .

SUM OF SQUARED RESIDUALS - ERROR SS
FIRST ORDER AUTCCCRRELATION OF ﬁESIDUALS

DURBIN-WATSCA

C

RESICUAL

66e54€01468
-21,59032289
-0.99571578
~12.58275536
29.58892413
60415576523
—4By 72552423
—-68030991509
-65.28531416
T.71634401
-115.43393546
-144.,62546220

. 128415442527

145.35607953
-141.25197865
95004581011
13.,99816019
~T4464193975
124,15265509
-141.98413074
109.63205657
16.93622895

—5.2858€148

-44,27208371
53.88575537

110, 40584754 .

-14.,2723€150
49452336930
1817877284

-36051299433

206420508229

-299.67456577

LCWER 95% CL
FOR INDIVIDUAL

226411483945
386. 48806856
354.64815803
339,37673033
321.54742721
482415945676
507.32599456
555.48190103
486.98653811
690.14066737
803.88164591
1011.62509512
946421141641
1159,.92848741
1021.55372978
993.,12777239
986.20624742
919. 08555184
996.76408217
778.92645085
888. 86898135
901.71759019
976.80573634
879.32675432
904.17503141
922.55114527
1133,69395232
1129,96793108
1163.25189995
1124.86911441
1206484726174
1320, 66005655

0.00000000

329075.63295261

0,00000215
-0.43662893

2045224368

UPPER 95% CL
FOR INDIVICUAL

756.79513119
899.29257722
855.14327252
§34.78878040
818.07472452
970.72901278
994,52587390

1049. 73792915
976438409020

1182.82664462

1301.58622500.

1536402582929

1434,87973206

1686,14535254

1524.43022753

1493.58060728

1506.79743220

1418.59828767

1479,23060764

1285,241B81062

1407, 66690551

1426.60995190

1485,766026¢3

1375, 21741310

1397.85245784

1422.83715964

© 1637.45077068

1l624.,38533022
1655.19055427
1625,15687425
1725.13457268
1853,68902500

eel



GFFICE BUILDING CONSTRUCTICN VOLUME USING MULTIPLE REGRESSICN

ANBALYSIS CF VARIANCE TABLE , REGRESSICN COEFFICIENTS » AND STATISTICS OF FIT FOR DEPENDENT VARIABLE CGNSTCON

SCURCE
REGRESSICN
ERROR

CORRECTED TOTAL

SCLRCE

CNF
OCCUPNCY
BIC_vOL

FIXINVST
GGVSECUR

SCURCE

INTERCEPT
GNP’
CCCUPNCY
BIC_VCL
FIXIAVSET
GOVSECUR

DF SUM OF SQUARES MEAN SQUARE F VALUE PRCB > F
5 2865382.10536052 573076.42107210 47.88015 0.0001
2¢ 2111634 4C€82657 11668.97718565
31 3176575.51218750
DF SEQUENTIAL SS F VALUE PROB > F PARTIAL SS
1 205067C.9E(032542¢ 171. 33218 0.0001 ‘577415.89818187
1 475178.53933832 39.70085 0.0001 - 156271.44613547
1 BE6E3, £13€37€3 Te24236 0.0123 206349,16390786
1 130365484370063 10. 89158 0. 0028 207873.81407509
1 122483.158€2967 10.23339 0.0036 122483,15802967
g VALUES T FCR KO:B=0 PROB > ITH{ STD ERR B
-5940,2347C€75 ~44 44435 0.0001 1336.60236361
4046706967 694570 0. 0C01 0.64314201
5le€C14C331 3.,64788 0.0012 13.98111100
- -0.88322781 -4415215 0. 0003 0.21271587
~69.43151892 ~401674¢€ C.00C03 16, 66035456
130.80146384 3419€97 0.0036 40.88866547

R-SQUARE

0.90203494

STD DEV

109.40282074

F VALUE

48426271
13.30702
17.24033
17.36772
10. 23339

CeVe

10.12365 %.

CONSTCON MEAN

1080. 66563

PRCB > F

0.0001
0.0012
0.0003
0.0003
0.0036

STD B VALUES

0.0

245271858
0042593594
~0632968362
-1.49423476
0.37105951

1241
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CbSERVED
VALUE

558,00000000
621, 30000000
6£3.900000C0
574.50000000
569. 40000000
786460000000
. 7€2.20600000
734.300C0C00
665.40000000
944,20C00000
937.30000000
1129.20000000
1316+ 7€€00000
1568440000000
1131.70000000
1338, 60C00000
12¢0,50000000
1054420000600
1362.20000000
890.10000000
1257, $CC00000
1181.16000000
1226400000000
1083, 00000000
1204.50000000
1283.16000000
1271.30003000
1426470000000
1427.40000300
1338.50000000
1672.20000000
1287. 5009000

SUM OF RESICUALS

PRECICTEC
VALUE

469.702461734
€324 €38B46126
6764 56068068
679,70407481
5804 C2632639
627, 42438643
662.43123871
874, 59352678
725. 16687814
858458410254
9€le €1394C95
11764 €5946552
1177.20296470
1237, 75570858
1095.60892496
1358, 13248822
1321, £€6090560
1149.31028828
1366, 75943170
1058, 05212924
1264, 70617593
1208. 291571752
1202. 68176801
117£.21802403
1182, 5940680¢&

©1332,03259408

1405, 51851277
1335.(8548861
1525.56838592
1415, €103056¢
1398.25975712
1343.,15324749

SUM CF SCQUAREC RESICUALS

SUM OF SQUARED RESIDUALS - ERROR SS
FIRST ORCER AUTOCORRELATICN OF RESIDUALS

DURBIN-WATSCN

RESIDUAL

88426653266
-11.33846126
-744 69098068

-105,20407481

19.37367361
159.17561357
39,7687€129

-140,29352678
-58, 76687814

85.61589746
-23.77394095
-47.45646552
141449703530
230, 64429142
36.09107504
-19.53248822
-6143669C6560
-55,11028828

~4.55943170

-167.95212924

-6.80617593
-27.19197752
23.11823199
-92.21802403
21.50563194
-48,93255408
-34,21851277
91.61451136
-98.56838592
~77.41030966
273. 94024288
~55.65324749

LOWER 95% CL

FOR INCIVICUAL

215.00103751
387.22205212
432,10193341
439, E3232E71
3364664859112
386405830439
418,5C078222
632.,03025739
487.51122978
609.53889436
T19.67661296
934, 06705392
940.86832843
1091.87433777
849, 74346280
1108.93783820
1075.88194897
899.,81873685
1123,95108522
818.0€€7C100
1005.33554012
969,04760626
9624 55403164
937.81266403
941.16688322
1090, 07903969
1161.46966400
1095,64608544
1280,34602606
1169.63879447
1141.5145C386
1080.30908794

0. 00000000

211192, 40682763

0.00000066

002324203

1.91932317

UPPER 95% CL
FOR INDIVIDUAL

724.40589717
878,05487041
925.08002795
919, 87582092
822,287761¢5
868,79046846
S0€4 36169520
1117.15679617
962.82252650
1107+ 62931072
120247126855
1419,25187711
1413,53760098

1583.,63707939

1341.47435713
1607.32713824
1567.83986222
1398, 80183971
1609.56777818
1298,0375574¢8
15246,076811 73
1447.53634877
1443,20950428
1412, 62338402
1424.82125290
1572.98614847
164S.,56736153
1574,524891 78
1771, £€9074577
1662.18182486
1655.,00501038
1605.,99740702

GEL



ANALYSIS OF VARIANCE TABLE

GFFICE BUILLCING CONSTRUCTION VOLUME USING MULTIPLE REGRESEION

REGRESSICN COEFFICIENYS , AND STATISTICS OF FIT FOR DEPENDENT VARIABLE CONSTCCN

SCURCE CF SUM OF SQUARES MEAN SQUARE F VALUE PROB > F

REGRESSION 5 2891233, 453S53€ES 578246.69079078 52.68909 0.0001

ERRCOR 26 285342.658232¢1 106 74.6S454745

CORRECTEC TOTAL 31 317€575.5121€7¢EC

SOURCE OF SEQUENTIAL SS F VALUE PROB > F PARTIAL SS

GNP 1 2050670.950235426 186.85445 0.C0C1 678001.7002323¢0

CCCUPNCY 1 4751784 53923832 43.,29766 0.0001 692050.73536130

CCRPROFT 1 35773.1C172252 3.25%6C 0. 0826 60253.44166194

FIXINVET 1 138518.42014225 12.62162 0.0015 187117.54817579

FECFUNCS 1 191052.4423%654 17.41210 0.0003 191092.44239654

SCLRCE B VALUES T FCR HO:8=0 PROB > [T} STD ERR B
INTERCEPT -10355,81779764 -Be52242 0s CGO1 1213.56031535
GNP 5423105761 T.85994 0.0001 0e6£553622
CCCUPNCY 104.87361888 Te 94118 0.0001 13.20629388
CCRPRCFT .=15.01966058 ~2¢34312 0. 027C 641010893
FIXINVSET -€3.71735715 ~4,12615 0.,0003 15.431093%6
FECFUNCS -57.25181¢72 —4.17278 0. 0003 13.74426894

R-SQUARE

0.91C17306

STD OEV

104.76017634

F VALUE

6l.77864
63.,06241

5.49022
17.04991
17.41210

CeVe

9 69404

CGNSTCCN MEAN

10B0.£6562

PRGB > F

0.0007
0. 0001
0.0270
0.0003
0.0003

STD B VALUES

0.0

287222078
0.87584735
-0418329285
-1.37126037
-0429466813

9¢1



0&S
NUMBER

VPNV W~

TBSERVED
VALUE

558. 00000000
621.320000000
6(2.90000000
5744 50000000
559,40000000
786.£0000000
7G2. 200029000
734,30060000
666,40000000
944, 20003000
937.,30000000
1129.,2C000000
1318.70000000
1568440000000
1131, 70000000
1338.60000000
1260, 50000000
1064, 20009000
1362.20000000
85C.10000000
1257.90003000
1181.10000000
122€.GC000000
1083.00000000
12 04,.,90000000
1283.,1C000000
1371.20000000
1426,70000000
142%. 40000000
1338.50000000
1672.20000000
1287.,.50000000

SUM CF RESICUALS

PREDICTED
VALUE

510667894809
665465187538
560402457707
590, 38039265
£5G, 2350€¢€25
717.66807130
716018893170
75C.<5123187
687416636738
890, 57679807
9964 24748552
1260424086929
1207. 20856935
1440,78206556
1270.59059819
1280. 27448677
1283426869669
117C. €7974590
1190, 0679404
1048.33126103
1110, 29693909
1142, 59385569
1237.17903378
1167, €€244682
1234,59802241
1211. 19178664
14764 25€28C7S
1430,55129331
14169, €9310942
13€1.59394632
1433,42287056
1458, £6756306

SUM OF SQUARED RESILCUALS

SUM OF SQUAREL RESIDUALS - ERROR SS
FIRST ORDER ALTCCORRELATION OF RESIDUALS

DURBIN-wATSCN

D

RESICUAL

4T7.32105191
-44.65187538
-56412457707
-15.88039265
40,06491375
68493192870
-13.98893170
-16.65123187
-20.76636738
53.62320193
=59, 0474€552
-131.04086929
‘111439143065
127. 61793444
-138.89059819
58032551323
=22,76865669
~T76.67974590
171. 65220556
~158.23126103
147.,50306091
384 50€14431
-11.17903378
~B84.66244682
-2%,69802241
71.90821336
~104. 99628079
~4425129%331
8.30689058
~23., 09294632
238477712944
~171.36756306

LOWER 95% CL
FOR INDIVIDUAL

264419959128
428476978508
421421977341
361.8327123¢
328.07628627
490, 06214%80
487424926960
514481839586
455,18791423
657.16224075
762.75283887
1023.89725429
979.20621489
1166, 92430233
1036456395784
1049.65816875
1052411543652
943,95866923
961.87028179
817.46936C86
874.95704306
907.01362296
1003.57143050
933.66082316
1006, 18343564
983,78698521
1233.01356619
119€.53697691
1190.015435004
1128.63171399
1190.95348856
1194.50891608

-0.0CC00C00

285342.05823488

0.00000127
-0.48354325

2480160323

UPPER 95% CL
FOR INDIVICUAL

757. 15830489
9032.13296568
898482638073
818,92837292
7904593288¢22
945424299280
94E.12859380
987.08406788
919,14482054
1123.99135538
1229,94213217
1496, 58648420
1435.41092380
1684463582880
1504461719854
1510,89080480
1514441795686
1397.80082258
1419.14230629
1279.16316120
1345,83683512
1378,17408842
1470e 78663667
1401, 66407048
1463,01260517
1438, 59658806
1719457899538
1665436260672
1648417072880
1594.49617664
16754 89225257
1723.22621003

LEL



OFFICE BUILDING CCASTRUCTION VOLUME USING MULTIPLE REGRESSION

ANALYSIS OF VARIANCE TABLE 4 REGRESSICN- COEFFICIENTS o AND STATISTICS CF FIT FGR CEPENDENT VARIABLE CONSTCON

SCLRCE CF SUM CF SCUARES MEAN SQUARE F VALUE PROB > F R=SQUAKE ’ CeVae

REGRESSION & 2922869.60250567 584573, 92050119 59.90764 0.0001 0.92013226 9.1408¢ %
ERRCR 2€ 253705.9096815¢ 9757.919¢&C214 )

. STD DEV CONSTCON MEAN
CCRRECTEL TOTAL 31 317€575.5121875C

G8.78218262 1080.66563

SCURCE Df SEQUENTIAL SS £ VALUE PROB > F PARTIAL SS F. VALUE PROB > F
GNP 1 2050670,95035426 210.15452 0.0001 689524432108606 70. 66305 0.0001
CCCUPNCY 1 475178.53¢3382¢ 48465671 0.0001 782886.81616902 80.23091 0.0001
BIC_VCL 1 866834613937¢€3 8.88341 0.C0¢€2 51889.59021402 941692 0.0050
FIXINVSET 1 13(365,84370063 13.36000 0.0012 176274.50974412 18.06476 0.0002
FECFUNLS 1 179970.6£51751¢2 18, 44355 0. 0002 179970.65517512 18.44355 0.0002
SOURCE B VALUES T FCR HO:E=0 PROB > |T|{ STD ERR B STD B VALUES
INTERCEPT -10365.04254489 -9.30028 0.0GC01 1114.47466627 0.0
GNP 5.06(58337 B8.40€13 0.0001 0.,60205856 2.77881674
CCCUFNCY 100.18411848 €. 95717 . 0. 0C01 11.18479450 083668320
BID_VOL ~0.52095467 ~3.06870 0.0050 0.16976392 ~0019463440
FIXINVST ~€1.06€585622 —4,25C27 0.0002 14,36770196 ~le.31421258
FELFUNES ~55473824993 ~4429460 0. 0002 12.97869712 ~0.28637778

8tl
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OBSERVED
VALUE

558, 00002000
621.20000000
6(3,90000000
574450000000
599.40000000
786460G00000
7€2.200600006
734,30000000
666, 40000000
944,20000000
937.30000000
1129,20000000
1318.70000000
1568,.,40000000
1121. 70000000
1338.60000000
126C. 50600000
1054.20000000
1362.,20000000
890.15000000
1257.90000000
1181.10000000
1226, 00C00C00
1083.00000000
1204.90000000
1283.10000000
1371.30000000
1426.70000000
1427.4C000000

1338.,50000000

1672.2C500000
1287.50000000

SUM OF RESIDUALS

PREDICTED
VALUE

485, 76C14604
6644 35033335
643.,30549642
6254 $9478132
61002147182
689495698545
€73, £5205C68
799, 7813481
€61, 76364594
B4T. 27825364
1016.13731801
12884 59579443
124€, 25537386
1459,40367911
1201.,49727907
1288+ 1€455781
1281.16015004
1105, £3125272
1259, 6712673
995,.96420368
1231, £3C04882
1145,45570468
1161417036910
1130. 18816730
1218.%2211403

12644 18223589

1443, £3133345
1373.83009492
14544 58415695
1369, 20902936
1404.,05341230
1508, £0481825

SUM OF SQUAREC RESIDUALS

RESICUAL

72.23985396
~43.05033335
-39,40545642
~51,49478132
10462147182
96464301455
28.34790932
~65,57813481
-25.36364594
96s 62174636
-78.83731801
-159,39579443
72414462614
108.9963208%
-69.79727907
50. 43500216
~20.66015004
-11,23125272
102. 53287327
-105.86420368
26426595118
35,64425532
64.82963090
-47.18816730
-14,02211403
18.31776411
~72. 23133345
52.86990508
-27.18415695
-30, 70502936
268,14658770

-221.30481825

SUM OF SQUAREC RESIDUALS - ERROR S§

FIRST ORDER AUTCCCRRELATICN

OURB IN-WATSON

o]

CF RESIDUALS

LOWER =2% CL
FOR INDIVIDUAL

255.93912047
442461307239
421.79494407
41062457133
391,70348715
474414517061
453,.72879461
583.98594618
4T6.44821267
622.,61678584
798.17690305
1063.83119901
1028.51910121
1228. 53068284
974.88427208
1070.52205666
1063419235700
883.,32653864
1047.35261136
77416374910
996452924988
923.38360332
9414334432603
912.50958172
1006450365589
1046.51140337
1221.27567550
1156677963601
1236.02173687
1149.70852597
1173.36646367
1273.21353069

0. 0CC00000

253705.909683201

0.00000149
-0.43413512

2055829991

UPPER 5% CL
FCR INCIVIODUAL

715.581171¢€1
886408759431

864, 81 04878
841.36499131
628433945649
90%. 76880029
893.9753867¢
1015.77032345
907.07907921
1072.53972145
1234,097732¢97
1513.3¢€038985
1464459164652
169027667538
1428411028606
1505.80793895
14994127942 C7
1327.73596680
1471.98164209
1217.7346582¢
1466.,73084776
1367.52780604
1381.00€¢30217
1347.86675288
1431.34026818
1483,05306842
1665.78699141
1590, 88055383
1673.14657704
1588470953275
1634, 74036092
1744.39610581

6€1



ANALYSIS OF VARIANCE TABLE .

SCLRCE
RECRESSICN
ERRCR

CCRRECTEC TCTAL

SCURCE

GNP

CCCUPNCY
BIC.vCL
NEWPL ANS
CCFPECNC
CORPRCFTY
FIXINVST
FECFUNCS
GOVSECUR
CLERKEMP

SOURCE

INTERCEPT
GNP
CCCUFNCY
BIC_VCL
NEWPLANS
CCREECNC
CCRPRCFT
FIXINVST
FECFUACS
GOVSECUR
CLERKEMP

GFFICE BUILDING CONSTRUCTION VOLUME USING MULTIPLE REGRESSION

KEGRESSICN COEFFICIENTS o

CF SUM OF SQUARES MEAN SCUARE F VALUE PROB > F
10 29B5115.83C2017¢ 298511, 58302C18 32.74185 0.0001
21 191459.,68198572 9117.127713€1
31 3176575.5121€75C
OF SEQUENTIAL SS F VALUE PRDB > F PARTIAL SS
1 2C50670.95035426 224.92511 0.0001 252088.26399337
1 475178,52623832 5211932 0.0001 126004.57368604
1 86683,61392762 9. 50778 0.C0¢6 71856.669018%2
1 2820.,283435€5 0.30934 0.5840 20184,%0105587
1 13601.0£55C67C l. 45182 0.2355 342.82103394
1 115.89187405 0.01271 0.9113 2352.52661656
1 123165, 5€€32126¢ 13.50929 0.0014 167135,47898982
1 197310.820325274 21e €417 0.GoCl1 32742.37322640
1 28110.27316161 3.0832¢4 0.0937 22047.69367120
1 T458,421527¢€2 0.818C7 0.3760 7458,.42152763
"B VALUES T FCR HO:E=0 PROB > Tt STD ERR B
-7554.75353825 ~3429229 0. 0035 2294467935421
5. 76528598 5025832 0.0001 1.10021494
79.56€95870 34 717€1 0.0013 21.40270290
-0.65330442 =2.80740 0.0106 0.232707€7
C.2110€820 1l.48754 341516 0.14185300
-18,.,97171725 -G.16261 0.8481 97.83672082
-4,55€85115 -0.60643 0.5507 T.51418420
-8le50494091 ~4,281365 0.0003 19.02612864
-43.76516521 -1.89507 0. 071¢ 23.09419411
123,52€96801 1.55508 0e 1345 79443579555
-110.50012863 -0 90447 03760

122.17107062

AND STATISTICS GF FIT FCR DEPENDENT VARIABLE CCNSTCGN

R=SQUARE

0463972765

STD DEV con

95448365155

F VALUE

274 €4557
13.,82064
T.88150
2021395
- 003760
0436776
18.33203
3.59130
2041827
0.81807

STD B VALUES

0.0
3,17650708
0466449961

-0,24408172
0.1367791¢

-0.065857178

-0.,055609¢€

~1.75406671

-0.22486137
0.35042875

-0.31156881

STCON MEAN

1080466563

PRCOB > F

0. 0001
0.0012
0.0106
Ce1516
0.84861
0.5507
0. 0003
0.0719
0s124a9
0.3760

ovl



0BS
NUMBER

VOO PN

W WA RN RINN RN N NN S s
NHOVEDNOCVMPWUNEROOONOCWVMPWNE-O

CBSERVED
VALUE

558. GCO00Q00
621.20000300
60390000000
574.5C0GC000
559.40000000
786.60000000
7G2. 20093000
734,30000000
666.40000000
944,20000000
937.30000000
1129.2 0000000
1318.70000000
1568.40000000
1131. 76000000
1338.60000000
1260.50000000
1064. 20000000
1362,20000000
86C.1G000000
1257.,90000000
1181.10000000
12264 GC000300
1082,00000000
12 G4.90000000
1283.10000000
1371.30000000
1426.70000000
1427. 40000000
1338. 50000000
1672.2C0000G0O
1287.50000000

SUM OF RESICUALS

FPRECICTED
© VALUE

484471013459
699. 34365686
668450515557
€36.14852162
579. 25783178
648013453928
€534 7226704
£17.E1€2€851
67561958955
€54, £3683733
1011.£1508136
1258486625760
127%. 47441754
14454 24163568
1205. 58941718
1343, €2492314
1234416030389
1107.21 878584
128551825302
974.62710797
1178. 49902062
1159, 45045935
1256497222116
1118 1817€454
1175, 71343511
1234 €4040019
1459, €1720505
1341.89553087
1491, C317489
14244 (4388604
1498.18091436
13734 57936512

SUM OF SQUARED RESIDUALS

SUM OF SQUAREL RESIDUALS - ERRDOR SS
FIRST ORDER AUTCGCCRRELATICN GF RESIDUALS

DURB IN-WATSON

D

RESTCUAL

73.28686541
-78.04365989
-€4,60515557
-61.64852162

20e14216822
138,46546062

4B8.52771296
-82,51¢€2¢851
-9.21958&955
89.36016267

~T4451508136 -

129.,66€25760
43,22558246
123.,15€3¢€432
-78.28941718
-5,03492314
26433966611
-13.01878584
T2.28174668
-84,52710797
79.40057931
21, 64G55CC61
-30.97222116
-35.,18176454
25.18656489
48,25959981
-88,61720505
84.80446912
~63.63174896
-85, 5438€604
174.,01908564
-86.07936512

LOWER 95% CL
FOR INDIVIODUAL

249454615670
474449351691
444, 59137488
419.56155571
3153.,84581622
431,92€66606
435.42559439
594422924303
450,14526553
631.43456624
791.70059340
1029.67505582
1048.66086016
1215, 625€7479
977.31952333
1118.19388795
991436862697
866416336182
1058.09878047
T44432715¢E58
936.81116503
931.82625563
1015.54362152
899,75161902
935, 50091698
1009.18182834
1228.01472281
1114,22228347
1259.,63716626
1201.99215915
1255.23415138
1108436613290

0.00000000

191459.68198743

0. 00000170
-0.28308346

2.48050524

UPPER 95% CL
FOR INDIVIDUAL

T19. 87411247
924.19380288
892441893626
852.73£48752
804.6698473%
B644 34241270
87191697969
1041.40329359
901. 09391357
1078, 24510842
1231.92956522
1488.057459:28
1502.287974%3
1674,85739656
1442, 65931104
1569.07535833
1476,95198081
1348,27420966
1521.73772557
1204, 92705736
1420.18687€326
1387.0747421¢
1498, 40081081
1336.61191006
141£,52595324
1460,49897204
1691.81968728
1569,56877826
1722.42633166
164€6.09561293
1741.12763734
1638,79259734

Ll



OFFICE BUILDING CONSTRUCTICN VCLUME USENG MULTIFLE REGRESSICN 14:11 WEDNESDAY,

PROCEDUFS PRINT ODAT2=0FFBLDG3 3

VARTAELTE DATZ CONS3OLCL CATEGNP CNPSSLGL LATEQCCC OCCUPNCY DATERRFET PROFITSR
DATEFIX FIXSEDGL CATEFED FSDFUNDS 3

SEPTEMBER

1

b4

1,

1974

bt
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CFFICE BUILLCING CONSTRUCTION VOLUMS USING MULTIPLE REGRESSION

DATE CCN58DCL DATEGNP GNP 5SECOL DATEJCC CCCUPNCY DATEPRFT PROFITES DATEFIX F1X58D0L DATEFEC FEDFUNDS

1G_15¢6¢ 47€e S 1Q_lcée €4G,1 1Q_1%66 92.01 2Q_156¢ 355 1Q_1966 2545 3q_19¢a 3e4€
24_1766 524 .8 ZQ_1965 €55.0 2Q_16¢€6 52465 3Q_1664 35.9 2G.19¢6 24 8 4Q_1%¢4 3.58
2Q_15¢¢ El4a B 313_16es c€Ge 2 361506 92465 4Q_196¢ 25.6 3W_1566 2%.3 101965 3eG7
4G_1966 47643 “a_16¢€€ 6E8.1 4Q_19¢€6 51.57 1Q_19¢5 39.8 4Q_1966 2445 2G_19¢6¢% 4408
1Q_1667 46241 16,1667 66646 1Q_1967 91.57 2Q_15¢65 29, ¢ 1Q_1667 2540 Q1968 4407
2G_19¢7 62G45 Za_19¢T €7l. € 2Q_1967 91458 2Q_1965 39.7 2Q.1967 23.3 4Q_1965 Lol
3Q.1967 Z€le2 3Q_1567 67849 3Q_1967 91. 58 4Q_166% 4145 3Q.1967 2345 1Q_19¢6 LIRS
4Q_16¢7 58l C 4¢_ 1567 683.6 4Q_1967 91.77 1Q_1566 4248 4Q_15967 2243 20.19¢€¢ 4e51
16_19¢¢8 52%e5 lg._lseg €S2.6 1Q._19¢8 91.77 2Q_1966 4304 1Q_1968 2448 3Q.1¢9¢6¢ 5424
2Q_15¢8 733.7 2Q_1968 70%.3 2Q_1568 92,18 3Q_166¢ 4343 2Q_1968 23,8 4G_lG6€e 57
3Q.1¢c¢8 Tlée 3Q.1968 712.3 3Q_1968 - 92615 4Q.1966 4248 3Q._1968 2440 1G_1567 4eB2
4G _19¢€8 84G.7 4G_1968 T1€.5 4Q_16¢8 932.61 1Q.1667 4041 4G.1968 26 44 2G_1%67 3.66
1Q_19¢9 96343 1Q_1969 72244 1Q_1969 93.61 2Q_1667 29.9 1Q_1969 2549 3Q_1967 3.89
2Q_19¢6% 112%.1 2Q_1969 72¢%. 261969 95.07 3Q_1967 40.0 2Q_1969 2544 4Q_1967 4017
34,1969 796.4 3Q_19¢9 729.2 3Q.19€9 954 07 4Q_1667 4261 3Q.1969 2743 1Q_19¢68 4476
46 _16¢€S 920.6 4Q_1969 725.1 40_1969 95425 1Q_196¢ 40.9 4Q_1569 270 2Q_1568 5498
1Q.1970 854.0 1¢_1970 721.2 191970 95425 2Q_1968 41.8 1Q._1970 27.0 3C_1968 SeG4
2Q_1%70 72446 26_1970 722.1 2Q_1570 94400 3Q_156€ 4le9 2Q.1970 2649 4Q.1968 592
3Q.197¢ 823.4 3Q.167C 727.2 3Q.1970 94.00 4Q_1668 4Ze5 3Q_1970 2647 1G_1¢%¢¢@ 5458
46_1970 574.3 43_1S70 719.32 4Q_1670 92.97 101966 3G 44 4G_1970 2643 2Q_1¢%¢€< 8.22
10.1s71 T77%.3 1C. 1671 735.1 1Q_1971 92457 2Q_166S 36.1 191971 2649 3G_1%€ec 8.98
2Q_.1971 70Se3 2Q_197 74004 2C_1971 F2e44 3Q.1969 37.1 2Q_1971 271 4G_1%5¢€9 oG
3¢_1971 7153 3Q.1971 T4€e S 3Q_1571 62444 4Q_1969 34,9 361971 27.2 1@_1s70 Ba%7
4Q_1671 621.0 4Q_1971 759.0 4Q_1971 90.07 1Q_1570 23,5 4Q_1571 27.2 2Q_1°70 7.88
191972 676,11 1Q_1972 7€E.C - 1Q_1972 90.07 2Q_1970 3247 1Q_1972 2845 3q_1¢70 6. 7C
2G_1972 711.3 2Q_1972 78E.€ 2Q_16972 87.77 3Q_1s7C 33.5 2C_1972 2842 4Q_1970 5457
3Q_1672 T€le C 3Q.1972 75647 3Q.1972 87.77 4Q_.1570 3040 3Q_1s72 Z8a2 1Q.1s7m 3486
4Q_1972 767.1 4a_1972 8l2.2 4Q_1572 87.38 1Q.1971 30.9 4Q_1972 251 2Q_197 4056
16,1973 74845 1C.1973 829.3 1Q..1973 87.28 2Q_1s71 32.4 1Q.1973 30.2 3qQ.l9m 5448
2Q.1973 690,32 2Q_15873 834.3 2Q.1973 86.23 3Q.1971 3247 2Q.1973 31.0 40,1971 4675
3C.1973 85346 3Q_1973 8412 3Q_1873 8€.23 4Q_1971 33.6 3Q.1973 32.8 101972 354
~4Q_1673 65649 4Q_1973 B44.6 4Q_1973 87.61 1Q_197z2 3841 4Q_1973 326 2Q_1972 4430

EvL



OFFICE BUILLING CONSTRUCTICN VILUME

PROCECURE

VARTABLES

5QUARS

GNP580GL
FEDFUNDS

PR INT=E

CCCLRACY
GOVSECUR

USING ULTIPLE = EGRESSION 16211

TATA=OFFBLDG2  ;

BICSECCL PLANSS8 CCRPBOND PRCFITS8B FIX58DOL
CLEKKEMP CONS8DOL 3

WEDNE SDAY »

S

£

PTEMBEFR

11,

L



N= 32 OFFICE BUILOING CONSTRUCTION VOLUME USING MULTEIPLE REGRESSICN
ALL POSSIBLE REGRESSION MQODELS FOR DEPENDENT VARIABLE CONSEDOL

NUMEER IN R-SJUARE VARIABLES IN MODEL

MODEL
1 G- 16166673 SRPEBOOL
1 0.2223058¢ PLANSS 3
1 0.26328314 CLERKEMP
1 0434209580 GOVSECUR
! 0.35956247 CORPEOND
2 6o43895051 PLANSSE CORPBOND
z 0446543506 PLANS58 GOVS ECUR
2 0.4E303311 CORPBOND FEDFUNDS
2 0454548766 OCCUPNCY CLERKEMP
z 0065528502 GNPSBDCL OCCUFNCY

3 0.67230700 GNP58D0L OCCUPNCY CLGRKEMP

3 0.67924¢8C GNP58DQL OCCUPNCY BID5800L

3 C.692€2638 CNPSEDOL OCCUPNCY CQREBQND

2 071264272 GNP580CL QCCUPNCY FIX58D0L

2 Oe T4EEEES] GNP58D0L OCCUPNCY FEDFUNDS

4 0e75741527 GNPSBDOCL OCCUPNCY BID58COL FIXSBDOL

4 0475972415 GNPSBDC0L OCCUPNCY PLANS58 FEDFUNDS

& 0,76700074 GNP58D0L OCCUPNCY BIDSB0OL FEDFUNDS

4 0. 7€1 09887 " GNPSBDOL OCCUPNCY FEDFUNDS GOVSECUR

& . 0.81886017 GNP S8DOL OCCUPNCY FIX58DOL FEDFUNDS

5 0,82158404 GNP58DGL ICCUPNCY CCRPBONC FIXS58BCOL FEDFUNDS
5 082508240 CNPS800L OCCUPNCY FIXSECOL FEDFUNDS C LERKEMP
5 0.82%¢61382 GNP?BDOL GCCUPNCY FIX580DL FEDFUNDS GOVSECUR
5 0.84033861 GNP58DGL DCCUPNCY PROFITS58 FIX5800L FEDFUNDS
5 0. 85902221 GNP5800L OCCLFNCY BICSBDOL FIXS58D0L FECFUNDS

A



N= 22 CFFICS BUILDING CCNSTRUCTICN VOLUME USING MULTIFLE REGRESSION
ALL PCSSIBLE REGRESSION MCCELS FOR DEPENDENT VARIABLE CONS58DOL
NUMEBER IN R~SQUARE VARTABLES IN MCOEL

MCCEL
6 Ca85521€9C GNFS80CL CCCUPNCY BICS8CCL FIX58DCL FECFUNDS CLERKEMP
6 Ca8EQEE290 GNP58DOL OCCUPNCY BID58DOL PLANS58 FIX58COL FEDFUNDS
6 (.85581821 GNP58CCL GCCUPNCY BIL58LOL PROFITS58 FIX58D0L FEDFUNDS
6 Ce 86037187 GNP58DCL OCCUPNCY BICS580CL COGRPBCNC FIX58DOL FECFUNDS
6 0.86147268 GNPS58DOL OCCUPNCY BILC58C0L FIX58D0L FEDFUNDS GOVSECUR
7 0.86154178 GNP58DOL OCCUPNCY BID58DCL CGRPBONP FIX58D0CL FELFUNES 'GGVSECUR
7 Ce 86245998 GNP58DCL OCCUPNCY BIL58CCL PROFITSE FI%E&DOL FEDFUNDS GOVSECUR
7 C.8€328921 GNP58DCL OCCUPNCY BIC58DCL PLANSS8 FIXSB8COL FECFUNDS GOVSECUR
7 0.86331934 GNP58DOL OCCUPNCY BIC58D0L FIX58DOL FEDFUNDS GDVSECUR CLERKEMP

L1 0.8641742¢ GNPS58DOL OCCUPNCY BIC58DCL CCRPBCNC FIX58D0L FELFUNDS CLERKEMP
8 0. 86430802 GNPS8DCL CGCCUPNCY BILS8COL CORPBOND FIX58DOL FEDFUNDS GOVSECUR CLERKEMP
8 Ce 86456111 GNP58DCL OCCUPNCY BILCS8CCL PROFITS58 FIX58DCL FECFUNDS GOVSECUR CLERKEMP
8 0.86507199 GNP58DOL OCCUPNCY BIC58DOL CORPBOND PROFITS8 FIXS5ED0L FEDFULNDS CLERKEMP
8 C. 86543434 GNP58DCL OCCUPNCY BIC58DOL PLANS58 FIX5800L FEDFUNDS GOVSECUR CLERKEMP

-8 0.8659257S GNP58DOL UCCUbNCY BID58DCL PLANSS58 CCRPBCNLC FIX58CCL FEGCFUNDS CLERKEMP
9 CeB864C4535 GNP58DGL OCCUPACY BID58DOL PLANS58 €CRPBONL PRGFITS8 FIXSB8GOL FEDFUNDS GOVSECUR
3 0.86533079 CNPS8DOL OCCUPNCY BILS58DOL CORPBOND PROFITS8 FIXSEDCL FEDFUNDS GOVSECUR CLERKENMP
S (.86615658 GNPS8DCL OCCUPNCY BICS58CCL PLANSS58 PRCFITS58 FIX58C0L FEDFUNDS GOVSECUR CLERKEMP
9 0486624729 CNP58DOL OCCUPNCY BIDS58DCL PLANS58 CORPBCND ;IXSBECL FECFUNDS GOVSECUR CLERKEMP
3 Ce 86638704 GNPSS8DCL OCCUPNCY BIC58COL PLANSS58 CORPBOND PROFITS8 FIX58DOL FEDFUNDS CLERKEMP
10 0.86691321 CNFS8DOL OCCUPNCY 81IC58D0L PLANSS58 CORPBOND PRCFITS58 FIX58DOL FEDFUNDS GOVSECUR CLERKEMP

9l



CFFICE BUILCING CCNSTRUCTICN VCLUME USING MULTIPLE REGRESSION E . 14:11

PROCECURE REGR S € CATA=QFF3LDGZ 3

MCDEL CCN58DOL = GNP580D0L FIX58DCL JCCUPNCY CORPBOND FEDFUNDS / P CL!I
MCDEL CCN58D0OL = GNPS58CCL FIXSBCCL OCCUPNCY CLERKEMP FEDFUNDS / P CLI
MOCEL CONS8D0L = GNPS5EDOL OCCUPNCY BIDS8DOL FIX58DOL GOVSECUR / F CLI
MCDEL CCNS8DCL = GNPSEDCL PRCFITS58 FIX58COL OCCUPNCY FEDFUNDS / P CLI
MCDEL CONSBDOL = GNP58DCL FIXS58CCL BIDSBDOL OCCUPNCY FEDFUNDS / P CLI

MOCEL CONS58D0L = GNP58DOL CCCUPANCY BIDS5BDOL PLANSS58 CCRFBCNL PROFITSS
FIX58LCL FEDFUNDS GOVSECUR CLERKEMP / P CLI 3

WECNESCAY,

SEPTEMBER 11,

1974

gl
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: FRCC REGR : COFFICE BUILDING CONSTRUCTION VOLUME USING MULTIPLE REGRESSICA :
: CATA SET ¢ OFFBLDG3 NUMBER OF VARIABLES = 11 NUMBER OF CLASSES = 0 :
; VARIABLES ¢ CLERKEMP CCN58DGL CGRPBCND GCVSECUR FECFUNDS OCCUPNCY GNP 58DCL PROFITES :
: FIX58COL BICSBDCL PLANSS8 :
:****##*$$***#**##****************#*****#***#*************#********#*t**#*******#**#****#***#*:

8hL



N= 22
VARIABLE
CLERKEMP
CCA58DCL
CORFBOND
GOVSECUR
FEDFUALS
oCCUPNCY
GNPSBDCL
PROFI 158
£IX58DCL
BIDESEDCL

PLANSSE

SU¥
42%4160CCCCC
22562,00000000
235.8€C0CC0OC
134.31000000
171.25000000
2528.64C0CCCC

23445,60000000

1218.00CCCCCC

852,73008000
77€6.7C000000

1615690003000

CFFICE

BUILCING CONSTRUCTIGN VOLUME USING MULTIPLE REGRESSION

MEAN

13,28€2¢€000
705.06375C0¢C
7.37125000
€.0721€75¢
535156250
$1.52003000
722.675CGCCC
38.0625000C
26,678125G0
243,33437500

504090312500

SIMPLE STATISTICS
UNCORRECTEEC SS
5674.,03670800
1€627139,76CGCCG0
1777.00940000
1205.450366C0
1000.3105006¢
268250,68880000
172769884 516999569
46873.84000000
22667, 83CC00GO
2101219.23000080

€608571.23000000

CORRECTED ¢SS
25425465800
71810%. 47875C01
38427895C0C
25456354688
83.85542187
221455600000
58583, 54000C01
513.71500000
192.71468750
206447. 45218750

450901.92968751

VARIANCE
0481466639
23164.8218951¢
1l.22480484
0482463054
2.7C£501361
T.14696774
3193.01741936
16.571451¢€1
6421660282
6659, 59523185

14545.22353821

STANDARD CEV
0.90258871
152419934052
1e11121772
0.90809170
1.64469256
26732328133
56450679091
4.0i080479
2449331162
81.60634209

120. 60358012

6L



OFFICE BUILCING CONSTRUCTION VOLUME USING MULTIPLE REGRESSION

N = 22 CORRELAYICN COEFFICIENTS / PROB > [R{ UNCER HO: RHO=0
CLERKENP CONS8CCL CORPBONC GOVSECUR FEDFUNDS QCCUPNCY GNP58DOL PRCFITS8 FIX58D0L BID58 COL
CLERKEMP 1. 6C0000 Ce5132(C9 0,781821 0676569 06271704 -0.490613 0.937483 -0,418765% 0.838877 -0.100252
0.0000 0.0027 €. 000! 0. 0CC! 0.1325 0. 0044 0.0001 0.0170 0.0001 045517
PLANSSS
0.241857
0.1823
CLERKEMP CONS8DCL CDRPBC‘ND GCYSEGUR FEOFUNDS CCCUPKCY GNP58LCOL PROFITSS FIX5800¢t BiDsSapaL
CCAS8DCL 0.512209 1,€C0000 0.624149 04584890 0.05€038 0.211€33 0.409471 0056737 0.264320 ~0.0057€2
C. 0027 . 0000 0.0001 0.0004 0.7524 042463 0.0200 0.7578 0. 14328 0.9750Q
PLANSS8
0472552
Q0.0062
CLERKEMP CON58D0L CORRBCND GOV SE CUR FEDFUNDS OCCUPNCY GNPSEDOL PROFITS58 FIX58DCL BIDS8COL
CCRPEOND 0.781821 Ce €£2414G 1,€C0000 0.879083 0.513352 0.094152 0.565825 0. 013186 0.519530 0.236146€
0.0001 0.0001 Q0.Q000 Q. 0001 0. 0027 0.6083 0.0007 049429 0.0023 0.1932
PLANSSS
Qe4403¢&4
0.0117
CLERKEMP - CONS58D0L CORPBOND GCVSECUR FEDFUNDS OCCUPACY GNP5800L PROFITSS FIX58D0L BID58D0L
GOVSECLR 0.676569 0584890 04879083 1.000000 Q.160982 0.CB8S411 04504779 0.085881 0.55841¢ 0.305228
. 0,0001 Ce 0004 0.0001 0.0000 0.3788 066265 0.0032 04 6402 0. 0009 0.0894
PLANSSS
04222542
Ce 22CS
CLERKEMP CON5800L CORPBGND GOVSECUR FEDFUNDS OCCUPNCY GNP5800L PROFITSE FIX5800L B1058D0L
FEDFUNCS 0.2717C4 C. (58038 e £13352 0.160982 1.000000 00194255 04129706 Qe 016654 0.082354 0.139251
0.1325 0.7524 0.0027 0.3788 0. 0000 0.2867 0.4792 0.9277 0.6541 O.4465
PLANS58
0. 4E5478
040049

0§l



8ID58DOL

CLERKEMP  CONSEDCL  CORPBOND  GCVSECUR  FEDFUNDS  CCCUPNCY  GNPSBDOL  PROFITS8  FIXS8DOL
CCCLPNCY 204490613  0.211033 04094152  0.069411.  0.154255  1.0CCCOC  =0.700933  0.722367 -0.641471  0,456667
G. 0064 0.2463 0.6083 06265 002867 0.0000 0.0001 040001 0.0001 0.0086
PLANSES
0.350908
Ca C4ES
CLERKEMP  CON58DOL  CORPBEND  GOVSECUR  FEDFUNDS  OCCUPNCY  GNPSBDOL  PROFITS8  FIX58DCL  BIDSBDOL
GNPEBLCL 04637482 © Ca4CS4TL  0.565825 04504779 04129706 —-0.700933  1.000000 -0.583355  0.907317 -0.287526
0.0001 040200 0. 0007 0. 0032 0. 4792 0. 0001 00000 0.0005 0.0001 0.1106
PLANSSS .
04105755
045499
CLERKEMP  CON58DOL  CORPBCND  GCVSECUR  FEDFUNDS  CECUPACY  GNPSBDOL  PROFITSB  FIXS8DOL  B81D58DOL
PRCFITS8 ~0.418795  0.056737  0.012189  0.085881  0.016654  0.722267 -0.583355  1.000000 -0.615765 04706297
0.0170 C.7578 0.9429 0.6402 0.9277 0.0001 0.0005 0.0000 0.0002 9.0001
PLANSSS
04110548
CE4TC
CLERKEMP  CONSBDOL  CORPBCND  GOVSECUR  FEDFUNDS OCCUPNCY  GNPSBDOL  PRCFITS8  FIX58D0L  BIDSBCOL
FIX£8DCL 0. E2EETT  Cs26432C  0.519530  0.558416 04082354  -0.641471  0.907317 -0.€157¢5  1.000000 ~0.339293
0.0001 0.1438 000023 €. 0009 0. 6541 0.0001 0.0001 0.0002 040000 0.0575
PLANSSS '
0.004171
0.9819
CLERKEMR - CON58DOL  CORPBOND  GCVSECUR  FEDFUNDS  GECUPNCY - GNP580OL  PROFITS8 - FEXS8DOL  BIDS58DOL
81D580CL -0.109252  -0.005762 04236146 04305228  0.129351  0.456&67 =0.287526  0.706297 ~-0.339293  1,000000
0. 5517 6.9750 0.1932 00894 0.4465 0.0086 0.1106 040001 0.0575 0.0000
PLANS58
0.161339
€.3777
CLERKEMP  CONSB0OL  CORPBCND  GOVSECUR  FEOFUNDS  OCCUPNCY  GNPSEDOL  PROFITS8  FIX58DOL  BIDSBOCL
PLANSSE 00241857  Co472552 0. 440364  0.222542  0.485478 04350908 04109755 0. 110548  0.004171  0.16133¢
0.1823 .0063 0.0117 G. 2209 0.0049 0.0489 0.5499 045470 0.9819 0.3777
PLANS58
1.000000
0.0000

LSL.



CFFiCc BUILCING CONSTRUCTIGN VOLUME USING MULTIPLE REGRESSION

ANALYSIS OF VARIANCE TABLE

SCLRCE
REGRESSION
ERRCR

CCFRECTEC TOTAL

SCURCE

GNPSEDCL
FIX580CL
CCCUFRMCY
CCRPEBONC
FECFUNES

SOLRCE

INTERCEPT
GNP5800L
FIX58CCL
OCCUPNCY
CCRPRGNC
FECFUNCS

CF

w
P

DF

- 2 2 s

8 VALUES

-8580.15839993
5326445026
-38437447956
72.88625199
-17.25868000
-30,77213837

SLM CF SQUARES
589987. 28657706
128122.19217292

T1€1C9.,47875CC1

SEQUENTIAL SS

120403.06772709
46683.,174C1231
345602.8436435S
23150.8985704S
54147,352€232¢C

T FCE HO:E=0
-6.00611

~3.1€163

-3.31484

REGRESSICN COEFFICIENTS

117997.45731542

6455C73

602799
Cs63C03

FEAN SCUARE

4927. 77662264

F VALUE

24.43355
9447347
70.13362
4469804
10. 58818

F VALUE PROB > F
23.94537 0.0001
PROB > F PARTIAL SS
0.0001 211460.86975403
0.0049 49266.98442299
0.COC1 179053.21544816
0.0395 1956.03650815
0. G027 54147.25262320
PROB > T STD ERR B
0.0001 1427.86451047
0.0001 0.81850915
0. 0040 12,13640372
0.0001 12. 09129413
0.5342 27.39331582
0. 0027 928313292

» AND STATISTICS CF FIT FCR CEPENDENT VARIABLE CONSB8DOL

R-SQUARE

0.82158404

STD DEV

70.19812406

F VALUE

- 42491202
$.96781
36433672
0435694
10.98819

STD B VALUES

Q.0

1.991642€0
~0.62864371

1.260241%32
-0412600630
~0.33252777

CeVe

9.9558¢€¢ 2

CONSBDOL MEAN

705.09375

PROB > F

0.0001
0.0040
0«0001
0.5342
0.0027

2ql



0oBsS
NUMBER

GO~V P w N

47650000000
524.80000000
5 (4450000000
476.3C000000
492.10000000
635,50000000
561.30000000
581,00000000
525450000000
733.,70000000
716460000000
849. 70000000
$63.300C0000
1125.16G6C0000
796,40000000
920.60000000
854. 00000000
724460000000
833.40000000
574, 0C003000
779.30000000
7(9.30000000
715, 30000000
621.00000000
676.10000000
711.30000000
761.00000000
767. 10600000
748.50000000
69030000000
853.60000000
656490000000

SUM OF RESIDUALS

PREDICTED
VALUE

4344174504272
525413592084
517.73110887
5084 (1741503
490475608204
574,08088570
£87., (C704435
613448072195
556, 66239989
715.22782854
772425268465
505, 52043548
875461012774
1006417438397
925. 17463232
878, 76716121
857469599631
T€7. 41232406
788469460343
£38. (6134727
£GG. £€7056576
675.,26202223
T16. 58884499
638415745744
675.45061166
645, 40485456
757.39802230
1584 69649488
777. 25363935
711.50301785
706.27540111
815, 20062148

SUM OF SQUARED RESIDUALS

SUM OF SQUARED
FIRST ORDER AUTCCCRRELATION OF RESIDUALS

CURBIN-WATSON

RESICUALS -~ ERROR S5

D

RESICUAL

42415495728
-4 33292084
-13,2311C887
-31.71741503
14343291766
65441911430
=25.70704435
-32.48C72195
-71.16236989
18037217146

-55.65268465

-55,82043548
87. 68587226
118.92561603
-128.77463232
41,83283€76
~3,69599631
-42,81232409
44,70539657
-64,09134727
79, 62543424
34,03797777
-1.,68884499
-17.15745744
0.64938834
6548951 4544
3.6019777C
8410350512
~28. 75363935
-21.20301785
144 .32459889
-158,40092148

LGWER 95% CL

FOR INDIVIDUAL

269.53373314
372,41307548
361,70064058
354,82750583
335,58510026
420454759535
433,97997205
456, 53843312
447, 75054074
561,69306972
617.18260068
746,06625360
722.10821392
842453293511
766424539488
723.13129694
701.05706924
599,70528460
632,59809889
477,78982383
535,00430473
516.76175881
56052499978
483,54366460
524437049371
491,24683574
600, 28025868
604495430934
6214685308442
555,34672168
543.36704907
652466407357

=0.00000000

128122.19217343

0. 0GCC0OC50 -

~0.39467522

245322767

_UPPER 95% CL

FOR INDIVITUAL

59%.9563522¢%
685.,85876619
673. 7€157715
661.20732424
645.,92706282
727. 61417204
740.03411€65
770.02301078
745457425904
868.96258735
927.32276861
1064.97461736
1029.11204156
1165.,81£83284
1084.10386976
1034.40302548
1014, 334592339
935411936359
9444 791107%¢€
798.39287071
864433682679
8332, 762285€5
873.45269020
792.77125028
8264 53072961
799456287338
914451574592
912403868042
932465419429
867, 65931401
875.18375315
977.93776939

€ql



ANALYSIS QOF VAR

SCLRCE
REGRESSION
ERROR

CCRRECTEC TCTAL

SCURCE

GNP58COL
FIX580CL
OCCUPACY
CLERKEMP
FECFUMNCS

SCURCE

INTERCEPTY
GNP580CL
FIX58CCL
OCCUPNCY
CLERKEMP
FEDFUNDS

GFFICE BUILDING CONSTRUCTICN VCLUME USING MULTIPLE REGRESSION

1ANCE TABLE

DF

2¢

31

CF

e 4

B VALUES

~8341.47743C85
600664356
-40.00503956
714657785282
 ~53,25755316
-31.18843695

KEGRESSICN COEFFICIENTS o AND STATISTICS CF FIT FCR DEPENDENT VARIABLE CONS8DOL

F VALUE

SUM CF SGUARES MEAN SGUARE PROB > F
592499,491€2552 118499, 89832518 24452828 0.0001
1256C9.98712409 4831,15335093
718109.,47875001

SEQUENTIAL SS F VALUE PROB > F PARTLAL SS
120403, 0€7727CS 24,92222 0.0001 122663,96575887

46683,12401231 9466294 0. 0045 53822.41516780
345602484364359 71.53630 0.0001 311193.32845412

168632, 50348042 3,45058 0.0730 4468424155699

62946,95276210 13, 02938 0.G013 62946495276210

T FCR HO:B=0 PROB > T STD ERR B
-8452895 00001 978401922569
503687 040001 1.19206180
-34331777 0.0C2¢ 11.98556537
8402583 0.0001 8496828002
-C.9€171 0e 3451 55437813165
~3,60962 0,0013 8464035659

R=-SQUARE

0.82508240

STD DEV

69. 50649862

F VALUE

25439020
11.14070
64e 41388
0.92488
13.,02938

STD B VALUES

0.0

2423006757
-0.65535525

1.2€4285%6
~0431583236
-04337026325

CeVe

9.85777 %

CON&BDOL MEAN

705. 09375

PROB > F

0.0001
0.0026
0. 0001
043451
0.0013

ral



QGBS
NUMBER

OVO~NoOV PN

OBSERVEC
VALUE

476430000000
524.80000000
£C4, 50CCC5000
4760320060000
452.10G6C0000
62G,50000000
561.30000000
581.000C0000
525,50000000
733.70000000
716.60000000
849.79000000
963.30000000
1125.10000C00
796.40000000
$2C.6€000000
854,00003000
72460000000
833,400G60000
574,00000000
179.30000000
7(9.30000000
715.30000000
621.00000000
676010000000
711.30000000
761+ C2000000
7¢7.10000000
74850000000
65C.36000000
853.60000000
656490000000

SUM OF RESIDUALS

PREDICTED
VALUE

441415625C57
538419094993
521+ 62131095
5044 36352433
482435011772
570.37700751
588446896411
612.49566343
585, 40883554
719+ 37907442
176444309629
913, £204G090
876 .65990409

1007. 58158390

92216602797
875.95548787
840, 40546961
768, £8209888
7964 94504057
6324 £7027248
702. 26593704
€89,25267304
T23. 19€86689
63755911696
€53, 72699555
636445264166
749.37535784
757. 43748111
784424189605
718. 58933927
Tl6e €3167565
€1 3. 88992979

SUM OF SQUARED RESICUALS

SUM OF SQUARED RESIDUALS - ERROR SS
FIRST ORDER AUTOCGRRELATION OF RESIDUALS

CURBIN-WATSCA

]

RESIOUAL

35, 74074943
-13,39094992
~17.4213109¢%
-284 09352433

Ge 74988228

69.,12295249
=2Ts16ES5¢€411
-31.49566343
-63.90883954

14,32C92558
~59.84309629
-64412C4C090

86464009591

" 117.51841610

-125.76£02797
44,64451213
13.59053039

~44.26205888
36445495943
-58.57C27248
77.03406296
20.04732696
~8,49886689
-16455511696
22437300445
T4e 84735631
11. 62464216
9.66251889
-35,74185¢05
-28.28933927
136, 76832031
-156.98992979

LCWER 95% CL

FOR INDIVIDUAL

276461644920
380492639922
367.10867825
352.40527087
329.46464(91
418.10201899
437.28473276
458.87156063
441,59836909
567.02966C85
622447494764
754419613994
124,78010542
846470714910
765092114913
721.70841510
678445766742
613.,20627168
647,85175583
474443015633
541,91515712
527.85082405
567.68484253
484.6C155658
501.85621899
481. 70264374
592.18570802
604.87746078
629.11725852
563.,274711725
554.17882594
654417958453

-0.00000000

125609. 98712484

0.00000075
-0436770930

2+ 44655503

UPPER 95% CL

FOR INDIVIDUAL

605470205192
695, 45550063
6764732943¢€5
656,38177780
635, 23559454
722.65199¢€03
739.65319546
766411976623
737.21931000
871.72648800
920, 41124463
1073.44466185
1028453969875
1168.45601871
1078441090682
1020, 20255662
1002.36127180
924455792609
9464 03832531
790.71038863
862.61671696
850065452203
879.91289125
790. 51667435
805.59777211
791420263964
906. 56500766
905.99750143
936,36653357
873.90296128
87G.48453344
973.60027506

qS1



ANALYSIS OF VAR

SCURCE
REGRESSICN
ERRQOR

CORRECTED TOTAL

SOURCE

GNFSSCCL
OCCUPNCY
BIC58CCOL
FIX58LCL
GOVSECLR

SCURCE

INTERCEPT
GNFSBDCL
OCGUPNCY
BICSBLCL
FIXSBLCL
GOVSECUR

OFFICE BUILDING CONSTRUCTICN VOLUME USING MULTIPLE REGRESSICN

TANCE TABLE

DF

e b g

B VALUES

-5450.811245€2
4423757160
46,(03(34720
-0.68612363
-57.70196944
55,57365868

REGRESSICN COEFFICIENTS o

SUM OF SQUARES
561855.,26597451
15€254421277550C

718109.47875001

SEQUENTIAL SS

120403,0£7727CS
350163.31980529
17278.961€€1¢S¢E
560¢1.7064€7E3
17348.18011261

T FOR

MEAN SQUARE F VALUE PRCB > F
112371.05319490 18. 65804 0. 0001
6009.77741444

F VALUE PROB > F PARTIAL SS

204 03453 0. 0001 230975.39856875

58.26561 0.0001 107405, 44145415

2487515 0.1019 49108.83439961

9.32842 0. CO52 73387.98213606

2.98650 0.0958 17948.18011261

HO ¢ B=0 PROB > T} STD ERR B
4. CHEQ0 0.0004 1339.92423442
6419546 0. 0001 0.68352913
4,22750 0.0003 11.356139809
2. 85658 0.0083 0.24002239
3549449 0.C017 16.51229188
1.72€15 0.,0958 34447256098

AND STATISTICS OF FIT FCR DEPENDENT VARIABLE CCNS8DOL

R-SQUARE

0. 78240893

STD CEV

7752275417

F VALUE

38443327
17.87178
8417149
12.,21143
20 98650

STD B VALUES

0.0
1.57326981
0.84364970
0436788477
-0.94526312
0.35544286

CeVe

10.99467 %

CCNE8DOL MEAN

705. 09375

PRCB > F

0.0001
0.0003
0.0083
0.0017
0.0958

961



GBSERVED PRECICTED RESIDUAL LOWER 95% CL UPPER 95% CL
VALUE VALUE FOR INDIVIDUAL FOR INDIVIDUAL
1 476,90000000 4124 €0649587 €442635C413 221458740862 593.62558282
2 524. 80000000 532. 56923335 -7.76923335 358,16352623 T0€.97494047
3 5€4.50000000 £43, 46758391 -38, 96796391 368.74105583 716419491198
4 476430000000 538.£9743998 -62.56742968 367.95540132 709.83947863
5 4624100000C0 47G. 55685277 12.54014723 307.20146619 651.91823934
6 629.50000000 524e 1505€572 115, 34543428 352.58320488 695471792656
7 561.30000000 533.77360321 27.52626679 359,47235823 T08,07484819
8 581, 00009000 651406089713 -70.06089713 475.78110806 826434068619
9 52550000000 556412361566 -30.623€156¢ 386.59830908 725.64892231
10 733. 700C0000 657.71104275 75.98895725 480.14787386 8354 27421165
11 11€6.6C000000 722+ CE41G6365 -5.45410369 551.,10844877 892.99975861
12 842,70000000 863433742735 ~12.62742735 6900 34532610 1036432951 660
13 963436600000 845, 13549506 117.56450494 677.94193598 1013. 52605414
14 1125.10000000 SE7. (5812208 168, 04187792 781.38169349 1132.,73455068
15 796.40000000 193.19970625 3.20029375 6144 41548€75 971.98292576
16 920. 60000000 909.23118126 11.36881874 733.47061164 1084.99175089
17 854,00000000 B6€s £4485657 =124 54485697 692.15136955 1040.93834439
18 724.60600000 76079594880 ~36419594880 £83.41524577 938+ 17664783
19 823,4006000¢C 8T€e. 34028487 -42.94028487 701.10754102 1051.57302873
20 574.,00000000 €94,11569906 -120.1156¢€506 527.76788510 860446351302
21 175430000000 796.99059118 -17.69059118 616441548091 977. 56570145
22 709.30000000 758, CT78367¢C -48477783670 591.43558611 924472008730
23 715.30000000 766.13188728 ~50.8318£728 600. 61365404 931,65012052
24 621, 00000000 106457003045 -85.57003045 540.80859749 872.32146341
25 676.10000000 654, Q773842 -18, 70773942 524413318317 865.48229566
26 711.30000000 T25,34230084 -14.04230084 553, 73491453 896094568714
27 761. 00003000 770431564800 -9.31564800 597.44936237 9432,181933¢€2
28 T67.,10000000 738, 13475454 286 36524546 569.08913660 908.38037248
29 T74845C000000 815.14624183 -66.64624183 642038942675 987+ 903056%2
30 65C.30000000 720. 54876588 -30.24876588 546432997027 894,76756150
21 853460000000 €54.€1381608 198.98€1€392 471.19573365 838.03189850
22 656496000000 697.38683202 -40.48683202 513.42368024 881. 34998380
SUM OF RESICUALS . = -0.00000000
SUM OF SQUARELC RESICUALS = 156254421277589
SUM OF SQUARED RESIDUALS - ERROR SS = 0.00000039

FIRST ORDER AUTOCORRELATION OF RESIDUALS

0.17589960

DURBIN-WATSCN D ' = 1.61776568

L§1



OFFICE BLUILCING CONSTRUCTION VOLUME USING MULLTIPLE REGRESSICN

ANALYSIS OF VARIANCE TABLE ,

SCLRCE
REGRESSION
EFRCR

CCRRECTEC TOTAL

SOURCE

GNFS5BCLL
PRCFITSE
FIX58CCL
CCCUPNCY
FECFUNCS

SOLRCE

INTERCEPT
GNPSEDCL
PROFITES
FIX58LCL
OCCUPNCY
FECFUNDS

DF

1 et s

B VALUES

~8298.67152093

5.22731491
~84456577342
-45,98967064
75.56(26503
-35,68541981

REGRESSICN COUEFFICIENTS

SUM OF SQUARES
603455,12448577
114€654.3542€424

11810%. 47E75CC1

SEQUENTIAL SS

120403,067727CS
95118,75227C320
2033E8.,044242C5
282712.19840787
84883,0€1€8372¢

T FCFR HO: E=0

-9,94713

9. 08809

-1.87C20
~3.83572

9.11052

MEAN SQUARE F VALUE PROB > F
120691,02489715 27436893 0.0001
4405, 78285632
F VALUE PROB > F PARTIAL SS
27.30362 0.C0C1 364219.07416768
21.56994 0.0001 15423.87441683
44612C3 0.0412 64880,08358273
64411023 0.0001 36€£015.26107496
19,24881 040002 84883,0618373¢
PROB > IT| STD ERR B
0. 0001 834,27813521
0.0001 0.57518284
0.0728 44564484641
0. 0607 11,98983486
0.0001 8429373625
0.0002 8.13462565

-4, 28735

AND STATISTICS OF FIT FOR DEPENDENT VARIABLE CGN58DCL

R-SQUARE

0484033861

STD DEV

66440619592

F VALUE

82.59343

3.49765
14.71276
83.00165
15.24881

STD B VALUES

0.0

1.94072869
-0.2273385¢8
~0.753359428

1.32721113
-0.385€6456

CeVe

9.41807 %

CCGNSB8DCOL MEAN

705.093275

PROB > F

0.0001
0.0728
0.0007
0.0001
0. 0002

89l



cBs
NUMBER

OO gD W

CBSERVED
VAL UE

475490002000
524.80003000
5C04+50000000
476.300C0C00
492,10000000
629,50000000
561« 30000000
581.00000000
525.50000000
733. 70000000
716.60000000
849, 70000000
962.30000000
1125.10000000
756440000000
920.60000000
854 .00000000
724+ 60003000
833.40000000

574,00000000

775. 20000000
709.30000000
715.30000000
621.00000000
676,10000000
711. 20000000
761.00000000
767.10000000
748. 50000000
690,30000000
8534.6CC00000
656.90000000

SUM OF RESIDUALS

PREQICTED
VALUE

448,71646418
552, 42633425
545, 24459481
502.10212675
473, 322316795
573.67886612
573 72186497
589, E0385755
555451864464
689, £4953376
748405975558
914.50823278
881, €3378146
1021. §7€48875
912.29202077
885+ $8710C65
859437835321
774.€9535846
781. 26771751
644446351729
678, 81309966
€75.70010712
736458327384
¢57, €8129119
693,85388768
656, 39210140
808 1934117¢
786424791970
178. 3970914
104, €9356384
694.23776297
755. 58609022

SUM OF SQUARED RESICUALS

SUM OF SQUAREC RESIDUALS - ERROR SS
FIRST ORDER AUTCCCRRELATICN OF RESIDUALS

CURBIN-WATSON D

RESTCUAL

28.183532582
=27.62633429
=40, 74456481
-25.80212675

18.77683205

65,52113388
-12.42186497

~8480385755
-30.41864464

44,05046624
~3l. 45575558
-64,80822278

81.66621854

" 103.22351125

-115.89202077
34.61289935
-5,37835321
-49.49535846

52. 10226245
-70,46351729
100,48690034

33,55585287
-21.68327384
-36468129119
-17.753€€768

51.,90789860
-47.19341176
-19,14791970
-30,43970914
-14, 59356384

. 15936222703

-102.68609022

LOWER 95% CL
FOR INDIVICUAL

292417621794
401.78072212
394, 46783196
357.26521781
326.78552708
4284 714506788
428.17862285
440409017850
408e 76662732
541.56922414
600,50994386
T764.,37346515
T736.44855672
86727327677
762497245312
739423957963
7124 6171S74C
630477294459
637.42805458
4G7.54682%29
529452461392
526.58782051
587.43982266
509.63692314
549, 671275747
515.28929834
654019448213
637« 47635621
633.,09516529
556498410904
536494371041
598457514500

-0. 8CCOGCO0

114654,35426480

0.00000056
-0.37752427

2.61809985

UPFER 953 CL
FOR INDIVIDUAL

605, 25671042
703,07194646
696402135765
64¢€4 83503570
619.86080881
719.21266436
719, 26510710
739.51753660
703.0706619¢
837,72984338
895.60956731
10644 64300041
102€.81500621

1176.47970072
1061. 61158842
1032473462166

100613550902
917,41777232
925.16738044
790, 97720520
828.10158541
824.81239274
886. 52672502
80572565925
838.03501790
803, 49490446
962,19234139
935, 01548219
924478425259
852.80301864
851. 53181553
920.59703542

651



OFFICE BUILGING CONSTRUCTICN VOLUME USING MULTIPLE REGRESSION

ANALYSIS OF VARIANCE TABLE . REGRESSICN COEFFICIENTS 4 AND STATISTICS CF FIT FCR CEPENDENT VARIABLE CONS58DCL

SCLRCE
RECRESSION
ERRCR

CCFRECTEC TOTAL

SCURCE

GNP5EDCL
FIXS8DCL
BICSECCL
OCCUPNCY
FECFUNLS

SCLRCE

INTERCEPT
GNP58DCL
FIX58CCL
BID5EDCL
OCCUPNCY
FECFUNES

DF

OF

-t

B VALUES

~8371.45746955
5427675847
-45,11604216
-0.42972811
73.11545€56

" -32,63658705

SUM OF SQUARES MEAN SQUARE F VALUE PROB > F
€16871.96181865 123374.39836373 21,68524 0.0001
101237,4869313¢ 3863, 7454673¢
7181(05.47875CC1

SEQUENTIAL SS F VALUE PROB > F PARTIAL SS
1204C3.,067727G9 30.92214 0.0001 374188,57444652
46683.12401221 11. 98925 0.0019 66081 ,48841492
3376455854977 0. 86718 0.36C3 26840,74174971
373444,29557273 95.90866 0.0001 445803,9474509S
72964,90555675 1 6. 73858 0.0002 72964.90595675
T FCR HO:g=0 PROB > |T| STD ERR B
-10.79528 0.0601 775. 15016434
9. 80305 040001 0.53848119
-4411661 0. 0003 10455226560
=2.72157 0.0114 0.15789725
1C.70C10 040001 6083352841
0, 0002 7453931219

-4432€85

R-SQUARE

0.85902221

STD CEV

62439991 584

F VALUE

S6e 09981
16497117

T.40692
114, 45220
18.73898

STD B VALUES

0.0

1.95982797
-0.73913191
-0.23041099

1.,28423815
-0435267525

CeVe

8. 84988 %

CONEBDOL MEAN

705.09375

PROB > F

0. 0001
0.0003
0.0114
0. 0001
0.0002

091l



oB

S

56 SE
VA

FVED
Ly

m<

4764900007000
524,80000000
5C44.5C000000
47¥6. 30300000
492.10000000
63%.56003000
561.30000000C
581.,00000000
525.5C000000
733.70000000
71€.,60000000
849, 70003009
963.30000000
1125.1C000000
766.400G2000
920.60000000
854. 0C000000
724460000000
833.40000000
574. 00000000
779.30000000
709.30000000
715. 30002000
621.00000000
676.1G000000
711.300C0000
761.00000000
767.10000000
748,50000000
690430000000
853, 60002000

65690000000

SuM OF RESICULALS

PREDICTED
VALUE

437. ELTL7783
5580 712356482
542.20481095
523. €0€£76338
502, £2192395
554413659161
543, 16201532
613, 22845501
551.10€71265
€EQ. 256€7496€
757069414935
$33,.08941038
9064 E2374901
1036456751290
873, 48092652
890 57750146
853,41911748
73L. CE4E4336
812+ 64000493
€18. 35553321
7414 2111 3€08
682455137497
669. 41676189
€45.733285536
688.82714833
€83,51258762
791.053236536
T6le 14949361
TG 44 £€9493555

709.00277916

682451556852
777. £1035372

SUM OF SQUARED RESIDUALS

SUM OF SQUARELC RESIDUALS - ERRIR 55
FIRST ORDER ALTCCCRRELATICA GF RESIDUALS

DURBIN-WATSCON

C

RESICUAL

39.08282217
-33.9235¢€482
=37.70481055
-4T7.60676338
-10.42162365

85.36040809

18.12798468
-32.32845501
~25.60671265

732. 40332504
-41.09414935
-83,38941038

S5€s 47€25059

88,53248710
-77.08692652

30.02245854

-0.58088252
-10.46464339

20475999507
-44435553321

37.9888¢€392

26.74862503

15.88323811
~244 73385536
-12472714833

27.38701238
~30,0£33€536

5.95050639
-46419493595
-18.70277916
170.68443148

-126.6103£8272

#

LOWER ©5% CL

FCR INDIVIDUAL

292010496127
417.808413212

402.23636107

288.03279416
364,81219691
416480070093
402.87793667
47606567271 6
414.75430228
517.51319230
620, 3161€463
790.56021642
768424956781
850.49356404
729.18391011
752.59734059
715435919492
595.,08390954
6784 84474C(96
478465609567
594.88681478
5424236305965
561.28811439
508,25135402
554.93498655
546466491991
651.92351174
624420982234
656471394566
570.17989536
534,72046337
632.80576¢62¢

-0.0CCO0000

101237.48693194

0.00000058

~0.356678232

2449634140

UPPER S65% CL
FOR INDIVICUAL

582,52635440
699,638716¢1
682417326084
659,780732€0
64G.231650S6
691, 478482 89
683.44609357
750.0001828¢
687.45512301
'803.,080157¢€2
895. 07213406
1075.61660434
1045.39793021
1182, 64146177
1017.77794292
1028,55766222
991. 47504005
875.,04537724
946,43526891
758. 05497076
887.73545738
822.8664426%
837.54540%40
783.21635670
822. 71931012
821.16105524
93C.18321898
898, 08916488
932.67592¢€23
847, 82566296
831,110673¢7
922.21494107

L9l



GFFICE 301

ANALYSIS OF VARIANCE TABLE

SOURCE
REGRESSICN
ERRGR

CCRRECTEL TCTAL

SCURCE

GNPSBLOL
CCCUFNCY
8I0560CL
FLANSSE

CCRPBCAND
PROFITSS
FIX58CCL
FECFUNLCS
COVSECLR
CLERKEMP

SOURCE

INTERCEPT
GNP58LOL
CCCUPNCY
BIDSEDCL
PLANSES
CCRPBCND
PRCFITES
FIX58DCL
FELCFLANLCS
GOVSECUR
CLERKENF

o
B

ot et 1 e b S b g e

"B VALUES

-7025.69058393

560442717
63.83212372
-0.4€172677

0.07482277
26+C5430706
-1.£1444270

~-51433767432
-34,21084434
1€.€155C€228

-61,88758864 -

\

LDING TCNSTRUCTICN VCLUME US ING MULTIPLE REGRESSION

SLM CF SQUARES

6225384554€33€5

'65570.88411636

718109.473875001

SEQUENTIAL SS

120403.0€7727CS
350163.31980529
17276.95186168
27.562C2%5%
15297.57277087
50364 714650744
48530.470324C¢
€2241.88687726

1502.00505345 .

2056 5€7226€2

T FGR HO:8=0

-3.98134

4036726

4415737
~1l.77271

0465565

0434553
-J.29883
-2.531739
-2.15C65

0.28E14

MEAN SCUAFRE F VALUE PROB > F
€2253, 85946337 13,6791 8 0.0001
4550.99448173
F VALUE PROB > F PARTIAL SS
26445643 0.0001 86801,03071395
76494215 0, 00C1 76658.07675692
3,79675 0.0648 1430153625200
0. 00€1 4 0.9383 1136435249904
3,36137 0.C810 543,34292134
1.10674 0.3047 40643961493¢
10,6637 040037 39267.21956164
13.67655 0.,0014 1210494 75324471
0.33004 045717 377.84817924
Q. 451 86 0.5088 2056456722662
PROB > |TI STD ERR B
0.0007 1765. 65785067
0.0002 1.28328153
Q. 0C04 15.35421403
0.0508 0.26046349
046225 0.14975946
0. 7331 75.40422401
0.7680 6407185819
0. 0079 17.47729713
040433 15.90718S06
0.7761 64,61934901
0. 5088 92,06302917

~0s67222

REGRESSICGN COEFFICIENTS , AND STATISTICS GF FIT FCR DEPENDENT VARIABLE CONS8DCL

R-SQUARE

0.86691321

STD DEV

67+ 4€105900

F VALUE

19.07298
17.28371
2.,14251
0.24969
0.11935
0. 089320
8462827
4462531
0.08303
Q.4518¢

STD B .VALUES

0.0

2.0807379¢

1.12122436
~0.2475679¢
0.05929845
0419022352
-0.0485298¢
-0.84100440
~0.36968688
0.11109214
=0 36701091

CeVe

9.56T67

CCNE8DCL MEAN

705.09275

PRCB > F

0. 0003
040004
0. 0908
0.6225
0.7331
0. 7£80
0.0079
0.0433
0. 77€1
0.5088

%

29l



o8BS CBSERVED PRECICTED RESICUAL LOWER 65% CL UPPER 95% CL
NUMBER VALUE VALUE FOR INDIVIDUAL FOR INDIVIDUAL
1 476456002000 4354 5E91173 40.94108827 268437281910 603.5450043¢
2 524480000300 £73., 40027562 =48.60027962 414,£685972114 732411083806
3 504450000000 55042B437045 ~45.78437045 3924 53843260 7080 02520830
4 4764 2C000009 525475139654 ~49445139694 372416527687 679433751702
5 492,10000000 450411595505 14984044655 328467053265 65156137745
6 635.50800000 545,56176916 93.93822084 361.89605049 699, 22744784
7 561430000000 539. 19065063 - 22410934907 383414165032 695423965154
8 58100000000 618432306312 -37.323C¢€312 457.71402718 778.93209906
9 525.5GC000000 535486204730 -10.36204730 377.21045137 6944 51264322
10 733,700C0000 €€Ce 150268556 73.5096C444 501411322917 819,2675619¢€
11 T16,60000000 757. 18063570 ~40.58062570 601. 85758369 912.46368770
12 84S, 70000000 92Ge £7015522 -80.17015522 767415166907 109z.5886412€
13 963.30000000 917, 712365915 4557604085 754.84381287 1080.60410542
14 1125.10000000 1030460209788 94449790212 868. 89201345 1192.31218220
15 7564 40002000 870,46648127 -74.06648127 703.06200851 1037.87095403
16 920.,60000000 899, 719197645 20.80802355 740489959627 1058.684356¢€3
17 854, GC0O00000 828483025241 25416574759 653,01938120 1004, 641122€2
18 724460000000 751s ¢5€09621 ~26465609621 581437566331 921.13622911
19 §33.40000000 829, 26414946 4413E585054 666427127682 992425702211
20 5744 CCCGO000 621,03605389 -47,03605389 459426974026 782, 80236752
21 779.30000000 721. £G05632C - 58429943670 549.64007373 89243610528¢
22 7G9.20000000 691. 83654646 17.46345354 530. 50206513 852.17102380°
23 7154300G2000 723452C37683 -8.22037683 552426424219 894,77651148
24 621.000000060 €454 £390455¢ - 244 53504556 492.64733562 7986443075550
25 676.1G6000000 563413510361 12.96486639 455456123560 830 67696762
26 711.300003000 6794 35400067 31.94599933 521.65544209 837.0525592°%
27 761.00000000 "801, 24522915 -40.24522515 635.43810410 967.05235419
28 767.10000000 757.86766897 9.23233103 599473824400 915, 99709364
29 7484500092000 795, €4558179 -51.14558179 636.05048437 963,24067921
30 6504300000060 723.50876659 -332,20€7€656 565.34063706 88l.67689612
21 853, 6CGCO000 700454858094 153,05141906 532.71803813 868437512374
32 656,90000000 745.12783863 -88,23783863 566.9T7141964 923430425763

SUM COF RESIDUALS = 0. 0C000000

SUM OF SQUARED RESIDLALS = 9557088411713

SUM OF SQUAREC RESIDUALS - ERROR SS 0. 00000077

FIRST CRDER AUTCCCRRELATICN GF RESICUALS -0.27748977

DURBIN-WATSON D = 2442820205

€9l
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