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ABSTRACT

PRODUCTION FUNCTION ESTIMATIONS AND POLICY IMPLICATIOIS

The main purpose of the dissertation is to provide the decision makecsli
governments in Colorado with a information regarding the economic characsenfst
industries and firms they need to attract to their regions tmatet the inverse
impacts of job loss, and local government revenue decreases dcoimgnec down
turns. The dissertation estimates four different production functiassified in two
groups; homogeneous functions, and non-homogeneous functions. The estimation is
held at the industry level using firm level data for six majounties in Colorado.
This is the first empirical study that explores the imporanfcland in the production
process, in addition to the primary inputs of capital stock and laborsflidg also
determines the production function that best fits the data strucistesad of other
studies which assume in priori the type of production function. In additierstudy
will explore the returns to scale and elasticity of substitst for the three input
variables (land, labor, and capital) at the industry and firm leffeidhermore, the
dissertation explores the convergence of total factor productivibyrmindustry and
among counties, and within county and among the different industries sathe
county.

The main findings of the study are: (i) local governments hbaagtract the
industries or firms with low elasticity of substitutions betw&dor and capital from
one side; and industries or firms with low complementarity betwand and labor,

and capital and land; (ii) land is an important input variable iptbduction process,



especially in Denver County; (iii) local government has to d@ttfams with
increasing returns to scale because of their positive impachplogment, economic
growth, local government revenues, and competitiveness outside thg; ¢agriocal
governments have to encourage firms with high k/l ratio accompanitd lov
elasticity of substitutions; and (v) the negative relation betweatal factor
productivity and partial scale elasticity, leads to the conclusianthe industries or
firms either substitute TFP with RTS or firms with high RTS delay applgtwanced

technology.
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Chapter One: Introduction

The study estimates four different production functions at 2-NigiCS codes for 6
counties in Colorado by using firm level data. For each firmsecaor, data is available
on output, capital, labor (wages and workers), and land (values andTdreaccess to
land data per firm is not common in the literature which allows»amination of the
role of land in a production function. The number of workers and wagastamed
from Quarterly Census of Employment and Wages (QCEW); cagitdlland data are
obtained from County Assessor’s data; and output is estimatedfatrtievel based on
literature reviewed outlined in chapter 3.

This study estimates four types of production functions for the tprisector at the
firm level and data for 2-digit NAICS industries for major Caldw counties; Arapahoe,
El Paso, Denver, Larimer, Boulder, and Weld. The four production funai@isobb-
Douglas, new CES as a homogeneous production function; and translog and non-
homogeneous Cobb-Douglas functions. The objective is to determine which tpmoeduc
function specification best fits the data for a group of firms paricular 2-digit NAICS
classification. The purpose of estimating four different production tifume is to
understand the behavior of the real economy and how the available resourcezede util
Contrary to most previous studies which assume a priori as tlee afyproduction
function, this study attempts to let the data determine the prgeeifisation of a
production function for an industry. Batten et al (2009), Dobbelaere @06@8B), and
Segal (1976) estimated production with Cobb-Douglas function; O’'Dbeanal (1979),

Sveikauskas (1975) estimate using CES function; Bairam (1989, 1991)dapple
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CES; Ringstad (1974) applies the mixed model with left-hand sideewf CES and
right-hand side of Standard Cobb-Douglas. Other types such as nondrmuog
models are also used. In this case, Christensen et al (1973) apmtigldg; and Vinod
(1972) applied non-homogeneous Cobb-Douglas function.

Furthermore, the study investigates the economies of scaleglabtcity of
substitution between factors, and total factor productivity for @agdigit NAICS sector
to obtain important information about characteristics for each couarttyei study. The
returns to scale in the production function reveal the relative ecoredfitiency of the
industry. Increasing returns to scale means that doubling inputseviékase output by
more than double while other industries may experience decreastinmgs to scale.
Decreasing returns leads to inefficiency or misuse of fadtfopsoduction. These types
of estimates provide the policy maker with information about the typ#éans to attract
in order to be more competitive in today's economy. Industries with increagingsre
scale could provide a county with a greater likelihood of reaching hilgimgrrun
growth rates. On the other hand, a county with many decreasioms to scale
industries will have to employ mark up prices at higher leves tconstant return to
scale in order to survive. Thus, raising the price level for a camdyhurting economic
growth. This could affect investment in infrastructure projeatshsas roads or the
quality of education.

In addition, the study estimates the elasticity of substitutmmfiris in a county.
The elasticity of substitution accompanied by the intensity pftaldabor ratio is a
priority of planners and decision makers to keep unemployment aei@is |during the

hard economic times. Thus, to encourage firms and industries in a cequises a full
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understanding of the economic characteristics of firms and inekustrgarding capital
intensity and elasticity of substitutions. An industry charaadriay low elasticity of
substitutions and high capital intensity may benefit a county beeeuserease in idle
capital would be accompanied by a small reduction in employnt&minties dominated
by high elasticity of substitutions and low capital-labor ratidustries will experience
larger fluctuations in employment during the business cycle.

Another part of the study focuses on estimating total factmtyativity (TFP)
for industries. The differences in TFP among industries helpdbisidn makers attract
firms that enjoy higher total factor productivity because atieffit use of resources and
their ability compete at the domestic and the international expeets. In addition,
these firms can increase the level of county revenues becabgghaflages paid to the
workers since wages are related to productivity. This wslb gdrovide the county with
the flexibility to use its revenue more effectively. The impuore of estimating the
production function stems from different points of view. First, therreto scale in the
production function reveals the relative economic efficiency of imgéssbperating in
the county, region, state, or nation to produce at economies of scadasingrreturns to
scale means producing more output with the same amount of input.ithstries may
experience decreasing returns to scale which means using more togubduce the
same amount of output. The decreasing returns lead to ineffrooenuisuse of factors
of production. In addition, the estimation of production function provides the acisi
maker with information about which industries are more competitiveanaffer these

industries incentives to stay in the state, region, or county. Thighey competitive



industries can grow steadily and export to other regions, statedewrationally, which
increases production and employment.

The prominent feature of this study, compared to other studies, f@mshe
fact that it is the first empirical study that introducasd as one of the explicit variables
in determining the production function in the economic empirics. Previtudies
include land in the theoretical model and estimate this variabBneomitted variable
under constant return to scale, and the land variable refleatshall variables except
labor and capital (Nakamura 1985).

Unlike other studies, this study is the first to estimate tbdymtion function at
the county level, in particular for counties in Colorado. This studyg aelimates
production function at the industry level using intensive cross-secti@natldhe firm
level. The literature is full of research that estiradte production function at different
aggregate levels. Dobbelaere et al (2008) estimates the prodiwctaion at the firm
level for manufacturing industries in France. Dobbelaere eichlde capital, labor, and
intermediate inputs in when estimating production function. Nakam@&b] estimates
the production function at the city level in Japan to study the ingfagglomeration on
labor productivity. Chow et al (2002) estimate standard production functidhea
national level for China. A study by Hsing (1996) conducted astae and national
level regarding manufacturing industries in USA.

Estimating different production functions that fit the data streciar highly
important for the planner, decision makers, and researchers. Babaupeoduction

function reflects the real economy and the extent that the proddatiction linkages



interact or become more complicated. A summary of each chaphleded in the study
follows:

Chapter 2 reviews literature on production function estimatesifetdssto five
main groups. These groups are: 1) production function according to eicdewet, such
as firm, industry, county, state, or national, 2) production functidisplaying
homogeneity; 3) perfect or imperfect competitiveness functions handput elasticity
impact on output and their revenue shares; 4) aggregation of datasstinehdifference
in estimating production function using output or value added; and 5) deatmmsbf
some theoretical models.

Chapter 3 discusses data sources and problems. The data on landnthbor
capital is available, but the data for output at the firm leveprablematic or not
available directly at the firm level. Thus, the research @atimate output at the firm
level following previous research in this regard (Basu eil@96, 1997). The data on
labor and wages are available from Quarterly Employment of Wagel Salaries
(QCEW). Data on capital and land (value, and area) is availaime &ach County
Assessor Office. In addition, the study merges these twotdilasalyze and explore the
hypotheses of the study.

Chapter 4 depicts the most prominent production functions in economic theory
and empirical research. The study classified the researctihamogeneous functions,
which include Cobb-Douglas, CES, and the new CES production functions. ddrelse
group is the non-homogeneous production function such as nonhomogeneous Cobb-
Douglas production function, and translog function. Results of the edfirpadduction

functions are illustrated in this chapter. The study exploreprtduction function that
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fits the data structure best. For this purpose, the study followed nednksest. The
main result of this test shows evidence of inconclusiveness ofmadgl to any other
model. Therefore, the analysis in the following chapters regandihgns to scale,
elasticities, and total factor productivity will be based on this result.

Chapter 5 illustrates the returns to scale for the three produittnctions that the
study continues to investigate (Cobb-Douglas, nonhomogeneous Cobb-Douglas, a
translog functions). The main results show that the high serunckstries mostly
behave as increasing returns to scale in the three functions. Tidas&ies include the
NAICS industries from 51 to 56. There are other non-common indudtiaebe¢have as
increasing returns to scale especially in Arapahoe and El@asdties. In addition, the
magnitude of returns to scale in nonhomogeneous Cobb-Douglas functiogisasthan
that of standard Cobb-Douglas function. This suggests that to double tegpuhan
double input combination is needed according to Cobb-Douglas, and less th&n tha
needed in non-homogeneous function. Also, the proportion of the input combirgation i
changed by using non-homogeneous function while it is fixed in standard Cobb-Douglas

Chapter 6 explores the patrtial elasticity between capitallaat, capital and
land, and land and labor. According to Hicks (1970) the elasticity betwamary
inputs, labor and capital, is a substitute. But for more than two infh&selasticity
between the third factor of input or more is either a substitusecomplement between
that input and the primary ones. Thus, the elasticity between laiubicapital is a
substitute and on average is greater than 1 in most of the industeash county. The
best plan for local governments is to encourage firms with lagtieity of substitution

between labor and capital to limit the impact of job loss during ecendawn turns.
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The elasticity between labor and land is small and in most melsisbn average, is
around zero. This means that the elasticity between these two isgiks Leontief.
Thus, these two inputs are expected to be reduced in the same proghring
economic downturns.

Chapter 7 explores the total factor productivity at the industryfiemdevels in
the six counties included in the study. This chapter has two nais. prhe first
discusses convergence of TFP according to Bernard and Jones @ré®@xplores
Jacobs' effect. The results show evidence that there is conveiedaeobs' effect in
TFP in different industries in the county. Knowledge spillover flowsubh different
industries because of proximity and expected high education ofaitkers in Colorado.
The second concept explored is convergence within industry and amongsaonritFP

and atthe same time a test for Porter effect in TFP. The sthdws that there is

convergence in TFP.



Chapter Two: Literature Review

This Chapter discusses the economic literature reviewed retatde research
topic. This section divides the production function literature review $etven groups.
The first group deals with production function according to economic leweth as firm,
industry, county, state, or national. The second group of production fundigpiays
the homogeneity of production functions. The third group depicts perfeotparfect
competitiveness functions and the input elasticity impacts on outputhair revenue
shares. The fourth section reviews competitiveness. The fifthr@aews the type of
aggregation of data such as the difference in estimating produatiction by using
output or value added. The sixth part reviews international tradpraddctivity. The
seventh group demonstrates some theoretical models.
2.1. Levels of Production Functions
Production functions are estimated at different levels such ms ifdustry, city, or
nation. Here is a partial illustration on the literature thenapts to shed light on this

part.

2.1.1. Hsing, Yu (1996)

Hsing examines five different types of production functions to tny&te which
production function best fits the data for the manufacturing industppenU.S. In
addition, the paper explores the economies of scale at the natrahakate level. The
author uses cross-sectional data from the Census of Manufadanrei887. He uses

value added as a representative to output. For capital data, hbaiskesa from the US



Department of Commerce. For value added and number of employeeauthos
employs the census data.

This study applies five different production functions: Cobb-Doudlaanslog,
CES of Arrows et al (1961), new CES of Bairam (1989) function, and r&leresl
Leontief Production function. In the estimation, the researcher uses added, net
structures and equipment, and total number of workers to represent caiutdl|, and
labor. The data is from the 1987 Manufacturers Census. He defldted agded and
structures and equipment by producer price index for manufacamohgnplied deflator
for structures and equipment to express these variables in real terms.

The main results of the study at the national level are: toatis¢ production
function estimate is inconclusive because the negative is insamifof the term R°
L% while Translog and CES reveal heteroskedasticity. Theretoeeresearcher used
WLS to correct for heteroskedasticity for Cobb-Douglas, CES, andQteS. The CES
has correct signs but the elasticity of substitution is negathe v@lue of return to scale
which is 1.01 suggests that the economy is operating within constam te scale
under CES estimates. Also, the manufacturing sector exhibitsacbnsturn to scale
within Cobb-Douglas estimates. In the new CES, at the mean, thet @lsticity of
labor and capital are 0.78 and 0.23. The elasticity of substitutidn5& which is
different from unity as suggested by Cobb-Douglas.

At the state level, the economies of scale ranged between Od853A@shington
DC and 1.12 for New Mexico. The main conclusion of the study is thateéheCES

production function is the most appropriate function that fits the data under study.



2.1.2. Ryohei Nakamura (1985)

Nakamura studies the impact of agglomeration economies producfivities
manufacturing industries at a two-digit SIC level in Japan. & gtiudy, the researcher
uses a cross-section data of Japanese cities in 1979. The stuslgsfon the impact of
urbanization and localization in agglomeration as an important stiftrfdn the paper,
the author adopted a firm-level production function with localization wbdnization
affects. The form of the production function is:
v;i=9; ) fj(kij.lij.eijiV;)

Wherev;;, k;;,1;;,e;; are value added, capital, labor, and land input of firmcity i, and

Vj is total value added of the industry in which fifns included in cityi. The function
g;(p;) is the firm-specific function assumed to be independent of the production
technology in firmj, andp; is the urban population of ciiy The urbanization economies
assume to be in the fog}(pi)zalPi“”. The urbanization occurred i, is positive
because firms in large cities experience productive advantage.

The main assumptions of the study are that the firms in theryndwst
competitive and that production function is constant return to satieregard to three
inputs, namely capital, labor, and a composite input, land. The land vanelobiges all
other inputs except labor and capital. In the estimation of the produanction, the
author treats land as an omitted variable. The estimated ceeffu land is computed
asl —ax —a;.

In the estimation, the author uses iterative three-stagjsdeare technique to

simultaneously estimate the translog production function and thesltaxst equation of

labor. The instrumental variables are: city populatioty total employment city
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population density city total land area and total tangible capital stock of all
manufacturing industries in the city. The researcher esdnattranslog production

function and a share equation of the following forms:

Vi _ ao Aem Ap | Ak 1~ Ki ar 1 Bkk Ki\2
—=—+ im T Inp; + In— + INL;+= =) .
In L 1-ag X 1—a5|nC‘m 1-ag ne; 1-ag nLi 1-ag ni; 2 1-aq (In LL-) (2.1)

My=a+ B In7 e (222)

Where: C;,, are the city-specific characteristics such as densitypat#é, and a dummy
variable to reflect the metropolitan area, anw the parameter of localization anduif
is positive then the industry exhibits increasing return to scale.

The main findings are that Cobb-Douglas function does not fit thetdatture
of Japanese industry: population density which reflects urbanizatgignificant in 14
out of 19 industries included in the estimation; the urbanization pteamg is
significantly greater than zero to reflect urbanization in 9 itrgassbut its value is small
(0.0336). This means that the productivity of labor increased by Bi% doubling the
population size. The light industries experience more urbanization enstadistically
significant in large cities (0.06); this is in furniture andunes, printing and publishing.
While heavy industries experience more localization experience. pleviously
mentioned, the study assumed a constant return to scale. Thus Hrehseomputed
the elasticity of land indirectly &; — «;. The results show that the elasticity of land is

significant in 10 industries and it ranges between 0.186 for SIC 39 and 0.458 for SIC 30.

2.1.3. Leo Sveikauskas (1975)
In his article titled ‘“The Productivity of Cities,” the authexplores if city size

affects productivity. He argues that as a city grows in gipgluctivity is expected to
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increase. In this case, the big city permits more spedialivand a greater division of
labor and this will lead to higher productivity. In the study, the autises a two-digit
SIC for 14 industries covering 1967 data. He assumes that eschnciounters the

following CES production function of the following form:

Q= gi(dKt + (1 —d)L7t) Voo (2.3)

Where: Q=Output value, K = Capital input, L= labor input, d=distribution parametér, a
the elasticity of substitution is computed as s= 1/ (1+t), gkddneutral productivityi=
city number.

The author assumes that d and t are the same for allbciti¢ése cities are
different ing; , e*ei is the disturbance term. The impact of city size entdredguation
through the Hicks neutral productivity term. This type is expressed forimally
Log (g;) =atb log (POp +W...eevvvvvnvnnnn.n. (2.4)

Where: Pop= population of the SMSA.
The capital data is not available for SMSAs, therefore, thefraddequation estimated
is:
Log ¢7);= s log (1-d) +(s-1 + (s-1) b logPop; + (1-s) logw;+ random term
Where s is the elasticity of substitution, s=t / (1+t).

To avoid biased estimation as a result of expected correlatioeebetwandy;,
the author estimates the impact of city size in productivityctdiran the following
equation:

Log (%)L:a + b logPop; + ¢ logEduc; + random term.
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Where: Educ; is the median years of education completed to reflect the ehffes in
labor quality among cities.

The estimation results show population size is significant in 11nedudthis
means that the city size has a great effect on productiMiy results show that as city
size doubles productivity of labor increases by 6.4%. Education pasiteve impact on
labor productivity and is statistically significant in 6 out of 14 manufacturing tndss

The author investigates another hypothesis regarding city isipest on the
wages. He finds that if the city size is doubled the wageci®ased by 4.8%. Also, the

author investigates the impact of city size on the capital-ledi@r between two cities.
o S : K/
For this investigation, the author uses the following forrréibgé)'—“ -1=(1 - b)* - 1.
L/p

Where: b is the coefficient of population impact on wages,eigstimated elasticity of
substitutions, and (K/ly) and (K/L)y are capital labor ratio in city A and city B. By
applying this formula, the researcher find that the higher wagas in cities will

increase K/L by about 2-6% as the city size doubles. This ntbahgity size has an

important effect on the increase in labor productivity.

2.1.4. Chow et al (2002)

The authors estimate the standard Cobb-Douglas production function mar'sChi
economies. In the regression, they add time to reflect the tetipnagress. The purpose
of the paper is to shed light on the forecast of China’s GDP up to 26d @ &stimate
economies of scale for China’'s economy. In this paper, the auttpoit @nnual data
that covers the period 1952-1998, excluding the data for the period 9898Data for

capital stock and GDP are in real terms, while labor dataraptoyee numbers. In this
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model, the authors add time to control for technical progress. The fofjoisi the

estimated production function:

Ln GDR =0p + aulnK; + azlnL¢ +agt ...coevvvvvevnennenn.. (2.5)

The researchers use OLS statistical technique to estithatgrevious model. The
estimation shows that the Cobb-Douglas production function is constam to scale
in both inputs of labor and capital together. The elasticitpuwput with respect to
capital is 0.6136 and for labor is 0.4118. The technical progress shovikdteais an

average annual technical progress in the Chinese economy of 2.62%deritite1978-

1998.

2.1.5 Segal, David (1976)

The author’s paper titled, ‘Are There Returns to ScaletynSze‘investigates the
hypotheses that wages and output per worker in large citiegreater than in small
cities. The estimated sample size is 73 SMSAs, which is thbemoh areas represented
in at least 4 consecutive censuses of manufactures. The sanmepleasizeduced to 58
SMSAs because data was lacking in several observations. OéSinsated using the
logarithmic form. The author assumes that the aggregate urban outpgityi is
determined by the following production function:

Q; =ASYCO K 1ZkPraik e (2.6)
Where:
Q;= real output or value added in production

K;= the city capital stock
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L;=employment
q:.= vector of labor quality reflected the composition of education, age, sex, and race
C;= Vector of site characteristics
&= elasticity ofC; characteristics
A= transformation coefficient
S= dummy variable for size with s its elasticity

Segal finds that the largest SMSAs with populations of 2 mdlianore had a
return to factors 8% higher than the SMSAs with populations less thaitliéh. The
author attributes these differences to the differences in capitalftimrwhere this ratio
increases with city size; the possible explanation of economissaté may exist with
the city size and the possibility of differences in the constant term antio@dSMSAS

although the difference of labor and capital coefficients are not staftigsaynificant.

2.1.6 Leon-Ledesma Et al (2010)

In this study, the authors explore different types of estimait CES functions.
These types of estimation are a single equation and system equation. Thigahwass
confined to US manufacturing industries. They estimate a noedallES production
by the geometric mean of output, labor and capital. The estimated mddees three
equations: the output equation, marginal product to labor, and marginal fptoduc
capital. The main finding is that “the jointly modeling of the peidun function and
first-order conditions is superior to single equation approachesrinstof robustly
capturing production and technical parameters, especially when ednevgth

”

normalization".
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2.1.7 Lynch et al (2011)

In their study, the authors investigate whether industries zceesnge
subsidies perform better than industries operating out of such zones.tédtethe
hypotheses in Colorado enterprise zone programs (EZP). The authdetaisé ES202.
The main results are: EZs have no effect on monthly payroll pekewoin
establishments with more than 10 employees. Also, workers in small establistraee
reductions in their payroll per worker. The authors attribute thiké substitute of low
skill workers to high skill workers. In addition, EZs have positive agdifscant impact
on small firms' employment. Furthermore, only manufacturing ineéssin EZs have

positive effects on employment compared to non EZ areas in Colorado.

2.1.8 Baldwin et al (2010)

In their research, the authors examine the impact of co-looatiproductivity
of labor. In this paper, the authors follow Rosenthal and Strangegsp€2001, 2003) to
measure the concentration of own industry impacts on productivityrindaa The main
findings are productivity of labor increases with the number of plants in own industry
(MAR effect) and within a nearby distance. Also, they find tihat plants within 5
kilometers exert positive and significant effects on labor prodiytiwihile the impact
of farther distances is insignificant.

2.2. Production Function Homogeneity

2.2.1. Edwin F. Ulveling and Lehman B. Fletcher (1970)
The authors suggest in their study titled ‘Cobb-Douglas Produe€tiantion with

Variable Return to Scale’ that different production techniquesl léo different
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production elasticities and scale of return. In this study, thearelsers include land,
labor, and capital to estimate a nonhomogeneous Cobb-Douglas production function with
variable elasticity of substitution for farm land in Mexico. Téstimated production
function is:

InY=InA + B;(I)InX; + B,()InX, + Bs(DInX3 .vivivnninnnn.n. (2.7)

Where: X1=Land, X2=Labor hour, X3=Capital, | = a quantitative variable &t leas
has two derivatives. This variable may be the size, managéiidy, type of capital, or
different quality of labor. In this study | variable is capital servicedpetare of land.

The main finding of the study is that the production elasticityapital decreases
as the capital-to-land ratio increases. At the same time)dké&city of labor increases as
the ratio of capital to land ratio increases. Also, as moreéatapiensive techniques are

exploited in the production process the economies of scale increase by levels.

2.2.2. Green, Alison; and Mayes, David (1991)

The study tests the hypothesis of technical inefficiency imui@aturing
industries in the United Kingdom. The sample includes 19,023 estabhighinel51
industries from the 1977 Annual Census of Production. The study applrestotra
stochastic frontier production functions. The residuals where divided two
components, one to measure inefficiency and the other to measure thervatmbse
random effects. The estimated equation is:

INQ= atalnL+anK+ag (InL) *+a, (InK) >+as (INLINk) +X a5 Xi + €
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Where: L=Labor, K=Capital, Q=Output, e=u+v, u= Random effect, and echrical
inefficiency effect. X= vector of variables reflect theustural characteristics of the
establishment.

The main finding of the paper is that the measure of techinietiiciency shows
48 industries have positive skewness which means these industriegeregrbriow
inefficiency. Also, the study shows that 31 industries experienigd levels of
inefficiency in UK. Other industries are not used for the ingfficy study because of

lack of data.

2.2.3. Vinod (1972)

Under the title ‘Nonhomogeneous Production Function and Application to
Telecommunication,” Vinod (1972) applies a non-homogeneous quadratic Cobb-©ougla
production function to estimate the elasticity of substitution and ecesoofiiscale for
Western Electric Company. In this production function, the author &#dproduct of
the logs of the capital and labor inputs. Thus, the expected type ofcpardfunctions
has variable elasticity of substitutions (VES), and variable return l®. sca
The non-homogeneous production function is of the following form:

y= ea0X1a1+a3'”XZX2a2

InY = g + (ata&lInXy) InX+&InX,

=@+ a InX1 + alnXs, + &lnX;InX;
The scale elasticity then:
€ = a+ a + aln(X2X1)

And the elasticity of substitution is:
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o= (at & + aln(X2X1))/ (aat & + & [IN(X2X4) +2])

Based on 59 observations, the author conducted estimation for Westenic Eifter
adding an engineer variable. The estimation result is the following:
INY="-11.577-4.918%+1.999%+11.820%+ 0.976%x2+0.583%x3+1.93%X3
(7.29) (2.56) (6.27) (3.56)  (2.6) (5.97)  (2.96)

Where: x=Capital, = Labor, %= Engineering

Another aggregate production function is conducted for the Bell Systethd period
1947-1970. In this estimation, the author includes labor, net capital, and thetpbduc
them as input variables and value added as a proxy for output. Theimdamgd are
that the elasticity of substitution varies and is not unity akerstandard Cobb-Douglas

production function, and the predicted scale of return also varies and is not fixed.

2.2.4. Ringstad (1974)

Ringstad writes an article regarding the decreasing returecéte in non-
homogeneous Cobb-Douglas production function. The author applies the stindy at
establishment level. The study includes two types of data. ifdted across sectional
data of 20,994 of Norwegian establishments for mining and manufactaduogtries.

This data is from the 1963 Census of Norwegian Mining and Manufactditregsecond
set of data includes 907 large establishments in Norwegian mamiehgnanufacturing
for the period 1959-1967. The second set of data includes only largeefinpieying at
least 100 workers.
The author is testing whether the conventional Cobb-Douglas production function

fits the data under study or the non-homogeneous Cobb-Douglas productitanfunc
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best fits. The researcher uses both direct and indirect cost poydfwsiction. He uses a
nonlinear maximum likelihood estimate method by using Cox-Box tamstion for
the left-hand side only, while the right-hand side is of conventi@ab-Douglas
production function. The form of the production function is:

INVi=pInLi+ B In (K/IL) { + u

Where: V=Value added, L=Labor, K=capital, U= Disturbance tekmCox-Box
transformation.

The study finds that the mining and manufacturing industries ext@breasing return to
scale for the time series data. For census data, the studyHatds0 out of 15 industry
groups exhibit decreasing return to scale and conventional Cobb-Ddogksot fit the

data under study.

2.2.5. Laurits R. Christensen, Dale W. Jorgenson (1973)

In their article about ‘Transcendental Logarithm Production Errtie authors
say that “constant elasticity of substitution has to be fuupbint of departure for the
analysis of production function with one output and two factors of pradycéis in
Arrow, Chenery, Minhas, and Solow. For more than one product or more than two
factors of production, constant elasticity of substitution and tramstoon is highly
restrictive (Uzawa, 1962, and McFadin, 1963)".

The objective of the study is to develop tests of the theory of poodinat

don’t employ additives and homogeneity. Their purpose is to representoitheciion
frontier quadratic in the logarithmic of the quantities of inputsartguts. The resulting

frontiers permit a greater variety of substitution and transittan patterns than frontier
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pattern based on constant elasticity of substitution and transfonndtherefore, the
authors apply a translog production function. The authors apply time seti@sfor
private US economy covering the period 1929-1969. The main finding of thg stud
rejects the homogeneity and additively hypotheses in production froakiergtinto
account two inputs and two outputs.

2.3. Estimation of Unobservables

2.3.1. Blundell and Bond (1998)

The authors apply GMM estimation on panel data to Cobb-Douglas production
function at the firm-level. The authors apply the technique ofdiffgrence method of
GMM to eliminate the unobserved specific-effects. The papé¢s ths Griliches and
Mairesse statement regarding the application of panel dakee ahitro-level. In 1997
Griliches and Mairesse said “in empirical practice, the appbbn of panel methods to
micro-data produced rather unsatisfactory results: low and ofségnificant results of
capital coefficients and unreasonable low estimates of return to scale.”

The authors apply the following Cobb-Douglas production function:
Yit = B + Pukie + vie + (e + vie + My)

Vit=p Vi1t € pl<1

&, Mg ~ MA (0)

Where:

Y = log sales of firms.

ng= log employment.

ki= log capital stock.
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vi= year specific intercept.
1= an unobserved firms specific effects.
vi¢= a possibly autoregressive shock.

my=serially uncorrelated measurement error.

The researcher used annual balanced panel data for 509 R&brpayf US

manufacturing companies for the period 1982-1989. Capital stock and emptoyme
measured at the end of firm’s accounting year. Sales used as a proxy to output.
The main findings are: (i) in the presence of firms-specific eff@itsS levels give a bias
estimate of the coefficient in the lagged dependent variable. Adsopnstant returns to
scale appear under OLS; (ii) The Difference GMM revealsamstant return to scale
and thepy is weak and statistically significant at 10% level; and) (ni the system

GMM, Bk is higher and reasonable than the difference GMM.

2.3.2. Wooldridge, Jeffrey (2009)

This paper estimates firm-level production function using proxie®mtra for
unobservables. To do this, the author suggests a theoretical geaenaethod of
moments to be estimated instead of two step estimation for the weldtdsevariables as
applied by Olley and Pakes (1996); and Levinshon and Pertin (2003). @depakes
applied investment in their research to represent the unobserviibts,ewhile
Levinshon and Pertin apply intermediate goods. According to the auth@ettezalized
GMM estimation method provides robust standard errors, and eliminsgeal

correlation problems.
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2.4. Competitiveness

2.4.1. Dobbelaere, Sabien; and Mairesse, Jacques (2008)

The authors write a paper titled ‘Panel Data Production function raxdd® and
Labor Market Imperfection’. In this paper, the researchergnebed Hall’'s (1988)
microeconomic model of estimating price cost margin. For thipqsa;, they used two
types of imperfect labor markets. The first is the effitibargaining model and the
second is the monopsony model. The aim of the paper is to investigatalifct and
labor market imperfection show differences between the estimadefficients of the
production function and their related share revenue. Because in pesfapetition
markets of product and labor, the output elasticities of each proddiattor equal its
revenue share.

To test the previous hypothesis, the authors used annual unbalancedgtanel
for 10,646 French firms in 38 manufacturing industries. The data cibveperiod 1978-
2001. They classified this data into six groups according to the typ@afict and labor
market competitiveness.

In their work, they estimate the Cobb-Douglas production functiompgsing
and non imposing constant returns to scale. They use data on output,, capital
intermediate inputs, and average number of employees during th@yeach firm. The
estimation is conducted at the manufacturing and industry levéls. alithors use
different methods of estimations, namely, OLS level, OLS diflere@®MM difference,
GMM system, dynamic GMM difference, dynamic GMM system.

The main findings are that the OLS results show a constant tetaoale, while
other methods of estimate show decreasing return to scaleggngm 0.688 in GMM
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difference and 0.969 for GMM system method. Furthermore, they findhabutput
elasticity of inputs is different than their revenue shares Theans that the output

market is working under imperfect competition in France.

2.4.2. Basu and Fernald (1995)

The authors investigate if imperfect competition is one way odiexpd increasing
return to scale and differences of input use. The authors empkwida4 industries on
US private economy at two-digit level manufacturing indust@s.average, they find
that a typical industry has a constant or decreasing retural® #dso, they investigate
the hypothesis for durable and nondurable industries. The main findingsof &d
Fernald is that durable manufacturing industries exhibit inergasiturn to scale, while
non-durable industries exhibit decreasing returns to scale.

2.5. Data Aggregates

2.5.1. Basu et al (1997)

They investigate return to scale in private US industries. Ingheer, the authors
explore the impact of different levels of aggregation on retustate. For example, the
paper tests economies of scale at the industry level, manufacturingaledébtal private
economy. Furthermore, the paper tests the impact of data sourcenmmées of scale,
such as using gross output, direct value added, or computed valuetaddédct the
bias of estimation from omitted variables when applying firmellgoroduction function
for different level of data aggregations. In this study, the asithpply a firm-level
production function to estimate higher aggregate data. The fueh-lproduction

function is:
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Y=F(K, L, M, T)

Where:

Y= output or value added.

K= capital, L= labor, M= intermediate inputs and energy, and T= state of tegiynol
The data used by the authors covers the period 1959-1989. This data cotstalthe
private industries in US economy at 2-digit SIC, of which 20 manwfgng industries.
The data contains information regarding primary inputs (labor antabamtermediate
inputs, gross output, and direct value added data.

The researchers estimated the return to scale by using@l 3SLS weighted and
not weighted by the relative importance industry. They estirhateeturn to scale at the
total private economy, total manufacturing, and divide manufactunitogdurable and
nondurable. The main findings reveal that there is a bias inastgreturn to scale
from direct value added data; the return to scale for gross ostpigiher than the direct
value added estimate, but less than computed value added which takascmiot
omitted variables; and the return to scale is constant fdrmavate sector for computed
value added, increasing for durable manufacturing, and decreasing for at@adur
manufacturing.

2.6. International Trade and productivity

2.6.1. Taymaz, Erol and Yilmaz, Kamil (2007)
The authors investigate the impact of trade policy reform on prodyctivowth in

Turkey. Turkey started trade reform in the 1980s to the early 1990suihers divided
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the economy into three sectors: the import-competing, export oriemedaa-traded
sectors. The data covered 51 four-digit SIC industries during the period 1984-2000.
The study applies Cobb-Douglas production function in log levels. Tudy st
includes labor, capital, material inputs, electricity, fuel, and prtpdty term observed
by econometricians. The main findings are: productivity gairrgee$t during periods of
rapid decline protection rates, and productivity gain is higher inoimpompeting

industries than in export-oriented and non-traded sectors.

2.6.2. Kasahara, Hiroyuki and Rodrigue, Joel (2008)

Their paper titled, ‘Does the Use of Imported Intermediateedse Productivity?,’
explores the impact of importing intermediate goods on plant penfmend he expected
reason behind improving plant performance is due to technology diffusrongh
internationalization by adoption and imitation of imported technologg. atthors used
data at plant level for Chilean manufacturing panel data. Theyedp@lobb-Douglas
production function by employing GMM method of estimation. The mainrdmaif the
study is that importing foreign intermediate inputs improve produgtivit Chilean

manufacturing industries.

2.6.3. Harrigan, James (1999)

Based on the international trade theory about differences in TRéhga
countries, the author tests two hypotheses, the first one is rétuseale with country
specific technology differences, while the second hypotheskeisntlustry-level scale

economies with identical technology in each country.
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In his estimate, he used feasible generalized least st@te&s estimator, a

weighted regression given lgly The author estimates the following production function:
ij

Y.: Kcj
In( Cjt/LCjt)'ln Hee = Boc + il + o +ay ln(rjj-:) tyjInLeje +€ce

u.: = GDP gap = (actual GDP/ Potential GDP) which is a measure of captizigtion.

The main findings are that constant return to scale is suppgriecreasing return
to scale for the same technology hypothesis, and there aredadgeersistent TFP
differences among industrialized countries in the 1980's.

2.7. Theoretical Models

2.7.1. Mundlak (1996)

The author introduces a statistical model to estimate the producinction at
the firm-level by applying the concept of duality or the indirestimate of production
function through cost function. The researcher suggests that thisftgséimation will
give consistent and more efficient estimates than the direduption function. The

reason behind that is the input variables may be determined endogenously.

2.7.2. Klump, Rainer and Preissler, Harald (2000)

The researchers’ paper titled, ‘CES Production Functions and Econ@nowth’
theoretically examines the consistency of using different @E8uction functions in
growth models. The authors find that a higher elasticity of subsefitleads to a higher
steady state and possible permanent growth in the economso Ip@hted out that the
effect of higher elasticity of substitution on the speed of connesgelepends on the
relative scarcity of the factor of production.

27



The authors examine the following 4 variant linear homogeneous CES moduct

function:
1. Pitchford (1960): Y& + bL?]e
2. Arrow et al (1961) YHEK? + (1—a)L?]e

3. David and von de Klundert (1965) MBK)? + (AL)?]e

4. Barrow and Sala-i-Martin (1995) ¥R (BK)Y + 1—a)[(1— B)L]‘P]%

Where:p="—>

In equation 2, they assume substitution parametar restricted distribution
parameter a, and efficiency parameter C which is consideredaheutthe sense of
Hicks. There is restriction on the technical progress. Intemua, in order to introduce
the nature of technical progress, restricted or unrestrictadd Rad Klundert introduce
A and B for the efficiency of capital and labor. The authors firad the first model is
unstable, the second model is stable and moves toward a steadyhstahird moves to
permanent growth, while the fourth results from the fact that aithgh elasticity of
factor substitution §>0 or 0>1) the marginal product of capital bounded away from
zero. The existence and stability of the steady state reghaeboth factors are essential

for production.
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Chapter Three: The Data

To construct a data set that permits an estimation of productioticiuret the
industry level, data for land, capital, and labor are availalkdégkt the firm level to the
researcher. While determining a measure to output or proxy futoig the main
challenge that faces the research. Thus, the researcllisallss literature survey to
estimate a measure to output that permits an estimate pfddaction function at the
industry level for major counties in Colorado. The rest of the chaptetake into
account the sources of data availability, brief reviewhef autput definitions and their
proxies in empirical work, and the processes to estimate outfhé atrh level for each
industry in each county.
3.1 Data Availability

There are two sources of data regarding land, labor, and capi&lffir$his the
Quarterly Census of Employment and Wages (QCEW). In this cetimu<olorado
Department of Labor collects data on the number of workers in #a&achand the
corresponding wages paid the workers. This data is collected tyiaffeom theoretical
point of view, every firm irrespective of its size, by law,required to provide the
Colorado Department of Labor such information.

The second source for the data is the County Assessors OfficeOffitis keeps
records on the use of each parcel of land in the county because ptagegydiffer
between commercial and residential properties. Each countysasdess codes that
identify commercial parcels for most producing sectors and regtenousing

categories. In each parcel the data includes land area in dgearer acres, market
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values for land, and the capital structures (machines, equipment, anmgd)xon the
land. The County Assessor provides excellent data on land and capital.

These two sources collect information for different purposes. bat§¢ Assessor
collects data on firms and residential areas for the purpopeopérty taxes for local
governments. While QCEW collects data from the firm level naigg labor subjects
such as wages, employment, unemployment, and unemployment insurance, etc.
Theoretically, the numbers of firms in the two sources are eeghéatbe equivalent. But
when the two files were merged according to address and busarmass,rthe number of
observations reflects about 20% of the QCEW observations. This isoddifetrent
business names and address registration between these two sources.

3.2 Output in Literature Survey

Based on reviewing the economic literature that applies to produatictiioh, this
research will use better and more comprehensive data on output conpdhe data
used by previous research to estimate production function. For instabée, 3.1
illustrates that most other research use value added as atproutput at the industry
level, not cross-sectional firm level data to estimate indystogluction function. In
addition, most of the estimated functions are confined to manufagindastries, while
this study will estimate the production function for all private sector indsstrie

This is the first empirical research study that incorporates variable as one of
the factors determining production function which no other empiricglareh includes.
For instance, Nakamura (1985) conducted a study on Japan to examingdot of

agglomeration economies on productivity for manufacturing industriespgnése cities
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in 1979. As a consequence of lack information on output data, the author adbpted a
level production function using value added as a representative to output.

Table 3.1. Summary of Output and Proxy to Output in Different Research

Researcher Output andProxies to Homogeneity Level of

Output Estimation

1 Hsing (1996) Value added Homogeneous Manufacturing

2 Ringstad (1974) Value added Nonhomogenekstablishment

: us

3 Basuetal (1997) Gross output Homogeneous US industry
Y=f(K,L, IM, E,T) K= capital
Value added L=Labor

Computed value added IM=
Intermediate

inputs
E= Energy
4 Basu (1996) Output K,LLM,E, T US industry
5 Chow et al (2002) GDP Homogeneous National
: (China)
6 Bernard and Jones Value added 14 OECD
. (1996) country
7 Dobbelaere etal  Output from firm Homogeneous French firms
. (2002) statements
8. Blundell and Bond Sales

9. Cutler and Davies (2007, 2009) y=f (K,L, La, IM, M) Homogeneous
CGE Model

10. This study y=f (K, L, La) Industry and
Firm Levels

Largely due to lack of data on output, other research genenaiioged proxies
to output in estimating production functions or productivity movement. Thealtgtic
the proxies to output are sales, revenues, and value added. Foreinstsing's (1996)

work estimated five different production functions for manufacturimgUsS at the
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regional and national level using the data from the Manufactigesus 1987. Because
the output data is not available, the author uses value added assaméguive to output.
In this context, Ringstad (1974) estimates a nhon-homogeneous productibonfatche
establishment level for 20,994 Norwegian establishments. The dé@ study includes
value added as a representative to output.

Another study by Basu et al (1997) estimates return to sc&l8 iindustries.
The authors use gross output, value added, and computed value addedh&ibesact
of different output aggregation on economies of scale. The data incuoles output,
value added, capital stock, labor, intermediate input and energy. The foager
computed value added, not direct value added or gross output, is tliataekt reflect
economies of scale for US industry. In this paper, gross output i&lcafuck, labor
compensation, and intermediate inputs.

Also, Basu and Fernald (1996) investigate the impact of capitalla@od
utilization on productivity by applying production function using gross outpuhef
following formula: Y; = (Z;K;, C;L; ,M;, T;), where: Y= Gross output; K, and L are capital
and labor; M=material input: and T= technology status. C and tharkevels of capital
and labor utilization. He estimates the total derivative of thevipus equation by
exploiting unpublished data from Dale Jorgenson. The data covers USactanuaf
industries at 2-digit SIC for the period 1953-1984. The author finds libadlégree of
returns to scale is equal across industries and ranged betvid®eand 1.1. In addition,
Basu et al uses capital stock as representative for capdalise of data unavailability in

returns to capital. Also, as a result of lack of data on outpuhaBe&rand Jones (1996)
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use value added instead of output to test for the heterogeneityPofinTBix major
industries for 14 OECD countries covering the period 1970-1987.

At the macroeconomic level, Chow et al (2002) studied the estimatedction
function for Chinese economy. The purpose of the study was to investigat
economies of scale and more importantly to predict China’s ecorfatare until 2010.

In this study GDP was used as a representative of output. Foditee Dobbelaere et al
(2008), in their NBER paper, used panel data to estimate Cob@ld3oproduction
function for 10,646 French firms in 38 manufacturing industries covering thedpe
1978-2001. The data was collected from firm accounting information. ey current
output deflated by producer price index as a proxy to output. Accordlitige authors,
the output includes labor, capital, and intermediate inputs.

The CGE models used by Cutler and Davies (2007, 2009) sum intermediate
inputs, value added (labor compensations and capital), taxes, and impobs t
representative of output. Also, value of land is added to the output in these two studies.
3.3 Output Estimation

In this study outputs is not available at the firm level in the counties stude@or
a proxy to output such as sales, revenues, or value added. Therefangtptitewill be
estimated at the firm level by using value added of laoonpensation, capital of the

firm, and the value of land.
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Chapter Four: Exploring Model Fitness

This chapter consists of three principal parts. The first parpbdstrates the main
prominent production functions in the economic literature. These funarendassified
into two groups: homogeneous and non-homogeneous production functions. The
homogeneous group includes Leontief, Cobb-Douglas, CES, and new CES functions
The nonhomogeneous functions include the translog and non-homogeneous Cobb-
Douglas functions. The second part of the chapter discusses thefeatiures of
estimating results of the four production functions at the industey fer six counties in
Colorado. The third part is about hypothesis exploration regardingddelritness. In
this part, the J-test of nonnested hypothesis will be implementedetermine the
direction of nesting functions, whether the two functions nested each o#ither, or
one function nested the other.
4.1. Prominent Production Functions

This part discusses the most prominent of the two groups of productiorofisnict
the theoretical and empirical economic literature. The homogeneous productieonsinct
main characteristics are homothetic, the elasticity of substit and fixed returns to
scale. This group includes Cobb-Douglass production function with um@isfiaty of
substitution, general Leontief production function with zero elastigftysubstitution
irrespective of change in the price ratio of the factorprofiuction; and two types of
CES functions, the CES of Arrow et al (1961) type, and the new CBSii@m (1989,
and 1991). The second group is the non-homogeneous production function. The main
characteristics of this group are varying scales of ecorardyelasticity of substitution

according to the input combinations. These functions include the non-homogeneous
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Cobb-Douglas function of Vinod (1972), and Ringstad (1974), and the translog
production function with varying elasticity of substitutions, and soéleconomies. In
this study, only Vinod (1972) nonhomogeneous Cobb-Douglas function will be subject
to different tests, such as economies of scale and elasticity of substitutions

In addition, the research will explain the different charatteiof each model.
For instance, the elasticity of substitution is unity in Cobb-Daugtaduction function,
constant in CES, and varies in translog production functions. Furthermenettrns to
scale are different in their computation among different typgsraduction functions.
The return to scale in standard Cobb-Douglas is summing thecoeets$i of inputs, but
it is different in other types of production functions. For exampleh @agdel has its
own characteristics either from economic or statistical pamhtgew. In addition, the
paper attempts to empirically estimate four production functiongesbwhich one is
more appropriate for the industries in the different counties. Thenviah is a detailed
discussion of the two different groups of production functions.
4.1.1. Homogeneous Production Functions

This type of production functions includes Cobb-Douglas, Leontief, CES)eand

CES. The following is a detailed explanation of these production @nsctand their
characteristics.
4.1.1.1. The Leontief production function

The general formula for Leontief production function is as follows:

Qr=v1 + VoK y3Le ¥ VaKPPLO5 4+ 6p i (4.1)

Where:

Q.= output or value added at time t.
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K.=capital at time t.

L.=labor at time t.

g.=disturbance term, which represents all other factors of production not

mentioned in equation 4.1.

Y's= parameters to be statistically estimated.

This type of production function concerns the minimum combination ar fact
inputs to produce a certain amount of output. This means that, evéinnif iacreases
one of the inputs while the other input remains unchanged, then the outpunotwill
increase. The main drawback in such models is that they don't dgerrsitbstitutions
among the factors of production even if the price ratios among taesers of
production change (Nicholson, 2005). In other words the isoquants of thi®fuact L
shaped (Lau et al, 1972). In addition Basu (1996) said a reasonable idfecade
happened when the material inputs used in strict proportion to value added”.
4.1.1.2. The Cobb-Douglass Production Function

The Cobb-Douglass production function enjoys several advantagesunttisnf
is widely used in economic literature and econometric applicatidnsong these
advantages, thiunction is flexible in the number of input variables that the aedeer
uses to explore their effects on the production process. In additide,afceconomies
can be estimated as restricted input coefficients that semetor without this restriction
to reflect the type of scale for the economy, industry, staite, &nd so on. The other
main characteristic is that the elasticity of substitut®runity. While keeping other
inputs constant, the known formula of the production function in the econadenatuire
is:
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Q. =AKZLE e e (422)
Where: Q, K, and L, are output, capital stock, and labor. A is techori¢athnological
level, or total factor productivity. The parametersandp are the elasticities of output
with respect to capital and labor, respectively. Also, theseicieetts reflect the share of
capital revenue in total production under perfect competition (Dobbettaie2008). In
the case of estimating equation 4.2 without any restrictions, thka sum ofa, andp
coefficients equal one, it is called constant return to scalgtediter than one it is
increasing, and less than one it is decreasing return to scale.
4.1.1.3. The CES production Functions

There are two general types of CES production functions. Thetyfrstis the
production function used by Arrow et al (1961), Pitchford (1960), David and de Ktunde
(1965), and Barro and Sala-i-Martin (1995). The second type is the n8vwp@Huction
functions used by Bairam (1989, 1991). This part will discuss the ¢tbastics of each
type and its limitations.
4.1.1.3.1. Linear CES Production Functions

The following table shows the linear CES production function as shotie iKlump
et al (2000) paper pertaining to the CES production function and economic growth.

Table 4.1, the Linear CES Homogeneous Production Function

1

1- Pitchford (1960): MEY + bL?]e

Arrow et al (1961) YmE? + (1—a)L?]e

N
]

3- David and von de Klundert (1965) YEBK)? + (AL)?]e

»

Barrow and Sala-i-Martin (1995) ¥Yfe (BK)Y + (1 —a)[(1—
B)Ljply
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Where:p="—>

In table 4.1, equation 2 reflects the assumed substitution parantbterestricted
distribution parameter among factor inpuighe technology or efficiency parameter C.
Equation 3, introduces the nature of technical progress, David and Klimtdadtice A
and B for the efficiency of capital and labor. Klump et al (268@ws mathematically
that the first model is unstable, while others are stable and move toward st¢ady st

The CES production function enjoys some unique characteristics, sutke a
elasticity of substitution among factors of production is fixed| & may deviate from
one. It takes any value. For example, the elasticity of sulstitig unity in Cobb-
Douglass, while it varies in the translog function. The main otistni to CES production
function is that the researcher is restricted to two varidbldse estimated at once in
CES production functions (Diewert, 1971). There is some attemptntovee this
restriction by Uzawa (1962), McFadden (1963), and Sato (1967). In reagki w
Kemfert (1998), estimated nested CES production function by includirg timput
variables, labor, capital, and energy. The nested CES function is of the form:
Q={[ak? + (1 — a)EP]%/P + pLI}/®
Where: Q= output, K= accounts of capital services, E= energy, and L=labor.
4.1.1.3.2. New CES Production Function

The second type of CES production function is non-linear. This typengoned
in Hsing (1996) as well as in Bairam 1989 and 1991. This function hasltbeihg
form:

(QF - D)h=ay +ap(K2 - D) +az (L} - D) +vp oo (4.3)

Where:
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Q.= output or value added
K.= capital stock
L.= Labor
a,= parameters to be estimated for technical progress
A = Box-Cox transformation Parameter for the right hand side variables.
6 = Box-Cox transformation parameter for the dependent variable dat&. And
may equak as in Hsing (1996) work.

The new CES production function is more flexible than the previousdy#sS
discussed regarding the number of input variables that can bg ifnekided in the
estimation of empirical work. The new CES production function is redjuoesstimate
the transformation parameter by maximum likelihood methods. Theelais&city of
substitution can be computed by the forms#al/ (1-1). The scale economy is the sum
of estimated input coefficients. Furthermore, this function @pply Box-Cox
transformation to the left-hand side of the equation and leavingliee sitle, as Cobb-
Douglas (Ringstad, 1974).

4.1.2. Non-homogeneous Production Function

Griliches and Ringstad (1971), Berndt and Christensen (1973), and Chnishedse
Lau (1973) introduce the translog production function; Vinod (1972), and Rihgsta
(1974) introduce non-homogeneous Cobb-Douglas functions.
4.1.2.1 The Translog Function

Griliches and Ringstad (1971), Berndt and Christensen (1973), ance@erstand
Lau (1973) introduce this type of production function. The main charstatsriof this

type of production function are that the elasticity of substitutions varies éefaetors
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4.2. Capital-Labor, Capital-Land, Land-Labor Ratios
This section describes capital-labor, capital-land (area iadedt and land-labor
ratios to provide in depth analysis of the estimation resuifardeng the independent

variable coefficients that will be discussed in the following part.

4.2.1. Capital-Labor (K/L) Ratio

Table 4.2 shows that high services industries have the highetstl-¢aipor ratio
in all counties. The K/L ratio is highest in Arapahoe County condgpr@ther counties.
At the same time, the K/L ratio in high services industry inpahoe in any industry is
several times that of any other county. For instance, the Kib ma finance and
insurance is 12.3 times that of the same industry in El Paso Cotiheysecond highest
K/L ratio is in the industries that operate in Denver County.

Table 4.2, Capital-Labor Ratio by Industry and County

Weld Boulder Larimer Denver El Paso  Arapahoe
27,500 68,367 22,923 23,832 27,649 79,00623
42,462 45,077 51,494 29,358 25,000 83,3331
39,063 84,397 47,589 43,326 48,468 105,15%42
36,842 41,121 50,185 91,056 48,780 65,8974
40,005 33,678 39,678 69,684 80,477 88,0348

157,982 99,398 23,820 52,304 43,366 82,053%1
40,737 54,182 97,293 141,584 24,748 304,323%2
81,155 143,868 117,797 364,583 191,937 720,733B3
94,872 98,575 64,748 135,556 59,681 395,9954
52,754 194,446 58,294 13,068 41,721 290,52%5
27,283 40,838 19,081 21,958 39,577 141,633H6
39,312 64,519 38,024 72,315 5,761 154,1961
34,682 38,889 41,182 57,180 27,132 137,2062
13,237 16,043 30,156 39,522 39,130 71,45271
52,808 40,220 38,922 37,335 50,752 93,04072
52,551 28,678 105,508 85,003 55,556 357,471
39,907 57,628 47,601 55,522 38,112 174,276Avg.
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4.2.2. Capital-Land (K/LA) Ratio

Table 4.3 shows that the capital-land ratios vary among industriesoanties
except in Larimer County which is stable around two dollars per sdoat. The highest
capital-land ratio is in Boulder County, followed by k/la ratiosihdustries in Arapahoe
County and then Denver County.

Table 4.3, Capital-Land Ratio by Industry and County

Weld Boulder Larimer Denver ElPaso Arapahoe NAICS

1 95 2 17 3 61 23

5 54 3 15 4 o7 31

2 93 2 14 7 62 42

8 54 2 21 10 66 44

3 67 2 7 1 34 48
19 123 2 141 21 81 51
11 111 2 32 12 87 52

8 45 3 58 3 112 53

6 116 2 44 10 74 54

8 143 3 25 12 82 55

4 93 2 23 3 77 56

14 104 3 17 6 68 61

14 94 3 28 15 80 62

0 40 2 2 1 55 71
20 67 2 32 5 98 72

1 76 3 35 10 81 81

2 79 2 19 5 79 Average
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4.2.3. Land-Labor (LA/L) Ratio

The land-labor ratio reflects the area in footage requestertkabeca new job
opportunity. The least ratio is in Boulder County where 731 squarerieeéguired to
create a new job. This may attribute to the high cost of lambulder, while the highest

ratio is in Larimer and Weld counties. In these two counties, on average, oajehat

Table 4.4,Land-Labor Ratio by Industry and County

Weld Boulder Larimer Denver El PasoArapahoe
20,352 907 22,208 3,115 7,317 1,702 42
4,379 762 27,865 4,292 4,821 1,006 44
12,172 506 20,011 10,094 62,883 2,607 48
8,168 810 9,937 371 2,060 1,013 51
3,790 487 45,582 4,389 2,151 3,513 52
10,527 3,215 44,209 6,282 61,613 6,428 53
16,408 851 25,948 3,083 6,072 5,331 54
6,905 1,359 19,305 530 3,511 3,559 55
6,738 439 7,659 950 14,220 1,848 56
2,844 621 13,059 4,142 949 2,278 61
2,483 412 13,858 2,025 1,838 1,722 62
325,581 401 13,984 22,243 42,199 1,293 71
2,576 605 21,053 1,176 9,660 949 72
21,414 731 21,989 2,864 7,648 2,214 Average

require 22 thousand square feet.
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4.3. Estimating Production Functions Results

The data in this study is collected at the firm level foheadustry in all counties
studied from two different types of data files. The first dadgais the QCEW (Quarterly
Census of Employment and Wages). In this file, by law, alldirmColorado have to
provide the Colorado Department of Labor with quarterly data regpetimployment,
their corresponding wages, unemployment insurance, address, and thef iaenérm.
This file also includes information about the economic activity tha firm practices
through the NAICS codes. The second file is provided by County #@se®ffice. The
Assessors Office keeps records regarding each parcel of lartdeatyghe of use for that
parcel, residential or commercial, because of different pippex rates. The data
provided by such offices are the land variable (value, and areadhestiucture on the
parcel of land including the value of machines and equipment in thaingsi, or in
other words the capital value. The research merges the datattem® two files
together. In addition, the research estimates the data conceutpwg by adding wages,
capital value, and land value. This is the minimum data required timags the
production functions.

This study estimates four different types of production functioreafdr industry
in each of the six counties. These functions are Cobb-Douglas, ie8y @on-
homogeneous Cobb-Douglas, and translog functions. This part introdudestthier
of choosing the production functions that fit the data structure in ith€aorado

counties that are incorporated in the study. The first filtecigrion depends on the

conditions if the production function realizes the non-homogeneous production

functions, i.e., if the production function satisfies the conditions to bénaomegeneous
Cobb-Douglas function by testing the sum of the product input variaibles,is

statistically zero or different than zero (L*K+L*LA+K*LA When the sum of product
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input variables is not different than zero, then the production functidrsatikfy the
standard Cobb-Douglas function.

In the case of translog production function, there are two simultanendgions
required to consider the production function is a translog model or nate Toaditions
are: (i) the sum of the input product variables have to be statisticalificagt (different
than zero) or the production function will be Kementa approximationhef CES
production function (Kim, 1992); and (ii) the sum of the square input valueshand
product variables have to be different than zero or the functiorbwiitandard Cobb-
Douglas according to the second condition.

The analysis of the research depends on the following NAICS 25 @and their
corresponding industry labels. This part will explain the resultdiftdrent production
functions mentioned in the previous paragraph.

Table 4.5, the NAICS Codes and Their Corresponding Industry Label

Codes Industry

23 Construction

31-3 Manufacturing

42 Wholesale Trade

44-5 Retail Trade

48-9 Transportation and Warehousing

51 Information

52 Finance and Insurance

53 Real Estate and Rental and Leasing

54 Professional, Scientific, and Technical Services
55 Management of Companies and Enterprises
56 Administrative and Support and Waste Management and Remediation
61 Educational Services

62 Health Care and Social Assistance

71 Arts, Entertainment, and Recreation

72 Accommodation and Food Services

81 Other Services (except Public Administration
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4.3.1. Cobb-Douglas

In general, the Cobb-Douglas estimation results seem tefdata structure of the
industries for the six counties. The following is a brief explanafor the results of this
type of estimation, specifically at the county level. In paréicuthe impact of input
variables on output industry will be explained at the county level.

Arapahoe County

1- Land: Except the real estate and construction industries whicigaiéicant at 95%
and 90%, respectively, table 4.6 shows that the area of land meassdhre feet
is essential, and highly significant in all other industries at.9Bbe elasticity of
output with respect to land ranged between 0.4255 in the transportaitbn a
warehousing industry and 0.0777 in real estate and leasing. Faorcmstais means
that if the area of land area increased on average by 1% in the trafispondustry,
then output in that industry is expected to increase by 0.4255%.

2- Capital: Except for transportation and warehousing industry whiatsignificant, the
capital is significant at 99% level in all other industries nosetd in table 4.6. The
elasticity of output with respect to capital ranged between 0.#DQ@de real estate
industry and 0.3309 in management of companies and enterprises. In adb#ion, t
elasticity of output with respect to capital is almost highantthat of land and labor

variables.
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3- Labor: Without exception, the coefficient variable is sigaific at 99% level in all

industries in Arapahoe County. The output elasticity of substitution regpect to

labor ranged between 0.41 in constructions industry and 0.15 in education services.

Table 4.6, Estimating Cobb-Douglas Function For Arapahoe County at the
Industry Level

LK LL LA Constant R2 No. F-test

23 0.3976*** 0.4067*** 0.3362*** 5.,1546*** 0.8823 305 760.96
(0.0385) (0.0206) (0.0347) (0.2902)

31-33 0.6217** 0.2797** 0.1044* 4.6129*** 0.9071 90 127.43
(0.0572) (0.0422) (0.0597) (0.5493)

42 0.4538*** 0.3177** 0.2858*** 5.0854*** 0.9071 250811.81
(0.0325) (0.0220) (0.0311) (0.2688)

44-45 0.5692*** (0.3094*** (0.1252*** 5.05838*** (0.8534 256495.7
(0.0267) (0.0231) (0.0273) (0.2777)

48-49 0.2141 0.2715***  0.4255*** 6.8217*** 0.8982 29 83.34
(0.1564) (0.0676) (0.1268) (1.0788)

51 0.5098***  0.3103*** 0.2445*** 4.7609*** 0.9267 74 308.63
(0.0801) (0.0343) (0.0767) (0.5770)

52 0.6355***  (0.2388*** 0.1149*** 4.4741*** 0.9298 302 1330.85
(0.0252) (0.0177) (0.0261) (0.1894)

53 0.7004***  0.2779*** 0.0777**  3.7753*** 0.9236 153613.51
(0.0287) (0.0359) (0.0318) (0.2805)

54 0.4993***  (0.2726*** 0.292***  4,4803*** 0.9318 523 2376.79
(0.0211) (0.0174) (0.0204) (0.1610)

55 0.3309***  0.2047** 0.4507*** 5.4697*** 0.956 47 334.31
(0.0302) (0.0353) (0.0419) (0.3574)

56 0.4851*** 0.2876*** 0.2989*** 4.4735*** 0.9194 213807.44
(0.0419) (0.0228) (0.0401) (0.2886)

61 0.6389*** (0.1522*** (0.2486*** 3.0571*** 0.9032 51 156.55
(0.0745) (0.0504) (0.0729) (6006)

62 0.6124***  0.2269*** 0.1741*** 4.0882*** 0.9184 242 904.6
(0.0307) (0.0183) (0.0314) (0.2336)

71 0.4645**  0.2074*** 0.3462*** 4.3777*** 0.8955 29 80.98
(0.0521) (0.0626) (0.0652) (0.6330)

72 0.5696*** 0.2136*** 0.1919*** 4.6060*** 0.873 164 374.36
(0.0301) (0.0279) (0.0329) (0.3006)

81 0.6004***  (0.2223*** 0.2149*** 3.9140*** 0.8935 166 462.34
(0.0389) (0.0351) (0.0414) (0.2996)

*** Significant at 99% level.
*  Significant at 95% level.
Significant at 95% level

*

*
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El Paso Countythe analysis of the impact of variable inputs in El Paso County

industries relies on table 4.7.

Table 4.7, Estimating Cobb-Douglas Function For El Paso Counigt the Industry

Level
LK LL LA Constant R2 No. F-test

23 0.5767*** 0.6315***  0.0511*** 4.5503*** (0.8458 297 542.22
(0.0269) (0.0188) (0.0129) (0.3280

31-33 0.4523*** 0.4796**  0.1538*** 5.2753*** (0.9115 93 316.91
(0.0352) (0.0348) (0.0295) (0.4449)

42 0.4867*** 0.4107***  0.0741* 5.8778*** 0.8818 104257.03
(0.0389) (0.0358) (0.0291 (0.4570)

44-45 0.4068*** 0.3373***  0.2489*** 52411*** (0.8881 378 998.59
(0.0197) (0.0179) (0.0189) (0.1932

48-49 0.4183*** 0.4812**  0.1234*** 509912** (0.8818 53 130.28
(0.0454) (0.0512) (0.0338) (0.5256)

51 0.7315*** 0.4676***  -0.1179 4,7498*** 0.897 45 128.7
(0.1055) (0.0436) (0.1043) (0.6742

52 0.3897*** 0.6388***  0.1275*** 6.3181*** 0.8898 125 334.82
(0.0354) (0.0264) (0.0355) (0.3859)

53 0.6655*** 0.3409***  0.0964***  3.4988*** (0.9288 134 565.45
(0.0266) (0.0273) (0.0209) (0.2622)

54 0.6503*** 0.6236***  0.0343* 3.9832***  (0.8689 243535.87
(0.0298) (0.0251) (0.0212) (0.3185)

55 0.4385** 0.2723 0.1325 6.3627* 0.253 11 2.13
(0.1768) (0.1693) (0.1081) (2.8755)

56 0.553*** 0.4812***  0.0983*** 4.4661*** 0.8587 167 337.24
(0.0345) (0.0277) (0.0267) (0.3663)

61 0.4221*** 0.6246**  0.1235* 5.6733** 0.8578 51 101.53
(0.0724) (0.0450) (0.0665) (0.8739)

62 0.3432*** 0.4904***  0.1949***  6.3663*** 0.5135 193 252.4
(0.0378) (0.0271) (0.0381) (0.3968)

71 0.2893*** 0.2458**  0.3869*** 5.1663*** 0.8659 35 74.15
(0.0678) (0.0636) (0.0445) (0.7323)

72 0.5101*** 0.4083***  0.1257***  4.9458*** 0.8322 271 447.46
(0.0234) (0.0239) (0.0236) (0.2536)

81 0.4269*** 0.4843**  0.1407*** 5.7947** (0.8182 166 248.59
(0.0369) (0.0334) (0.0359) (0.3697)

*** Significant at 99% level.

**

* Significant at 95% level

Significant at 95% level.
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1- Land: Table 4.7 shows that land variable is significant at 99% ievid industries
out of 16. The output elasticity with respect to land rangedd®1v0.389 in arts,
entertainment, and recreation industry on one side, and 0.05 in the comstruc
industry. The table shows that the magnitude of the land coefficieablain El
Paso County is less than that of the land variable coefficientsofoesponding
industries in Arapahoe County.

2- Capital: Except for the management of companies and entenpisessry which is
significant at 95% level, the estimated coefficients of teapariable in all other
industries are significant at 99% level. The elasticity ofpoutwith respect to
capital ranged between 0.73 in the information industry, and 0.29 t&) ar
entertainment, and recreation industry.

3- Labor: The coefficients of labor input are significant in all iridas in El Paso
County at 99% level except for management of companies and entekphieh is
insignificant. The elasticity of output with respect to labogethbetween 0.64 in
finance and insurance industry, and 0.25 in arts, entertainment, and ioecreat

industry.

Denver County the analysis of the impact of input variables on output by industry is
based on table 4.8.
Land: The magnitude of the land variable coefficients in mosteoirtdustries in Denver
County is the highest compared to other counties included in the stutlys tounty, 15
out of 16 industries the land coefficient variable is significant at 99% level.
Capital: The coefficients of capital inputs are significant at betéer #9% in all

industries in Denver County.
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Labor: The labor input coefficients are significant at 99% @ itidustries operated in
Denver County.

Table 4.8, Estimating Cobb-Douglas Function For Denver County at the Indusyr
Level

LK LL LA Constant R2 No. F-test
23 0.2389*** 0.4534*** 0.2519*** 7.381*** 0.8225 154 237.31
(0.0298) (0.0265) (0.0467) (0.4422)
31-33 0.3326*** 0.3328***  0.3028*** 5.9144** (0.9204 100 382.6
(0.0502) (0.0284) (0.0386) (0.5146)
42 0.4373*** 0.3315***  0.1388*** 6.2741** (0.9138 117 410.81
(0.0405) (0.0223) (0.0325) (0.4142)
44-45 0.2066*** 0.3019***  0.4636*** 6.089*** 0.8351 143240.67
(0.0251) (0.0337) (0.0373) (0.3226)
48-49 0.3605*** 0.2334***  (0.2852** 5775*** (0.9869 18 426.49
(0.0495) (0.0373) (0.0477) (0.3781)

51 0.4877*+  0.4293** 0.1537+** 5261** 0982 15 256.23
(0.0829)  (0.0749)  (0.0740)  (1.0929)

52 0.3519%*  0.2902%* 0.3826*** 5.2052%* 08818 29 62.18
(0.0694)  (0.0744)  (0.0857)  (0.7057)

53 0.3557**  0.2261** 0.3852** 53100** 0.7673 54 59.26
(0.0563)  (0.0817)  (0.0977)  (0.7751)

54 0.3092%%*  0.2944*** (0.3204**  6.3826** 0.6789 197 139.15
(0.0311)  (0.0338)  (0.0455)  (0.4419)

55 -0.0334 0.1681 0.6729 7.8884 04137 7 241
(0.1809)  (0.4021)  (0.6166)  (4.9290)

56 0.2167*+  0.3122%* 0.3250%*  7.2423** 0.6339 84 48.9
(0.0415)  (0.0464)  (0.0722)  (0.7832)

61 0.6875%*  0.1985**  0.1137 3.4291%* 0.9623 35 290.01
(0.0757)  (0.0463)  (0.0791)  (0.5269)

62 0.2686**  0.2718** 0.4558** 55767** 0.8484 134 249.09
(0.0346)  (0.0299)  (0.0470)  (0.3674)

71 0.4697**  0.0415 0.2387**+ 53342%* 09317 19 82.81
(0.0777)  (0.0845)  (0.0611)  (0.8313)

72 0.0949%*  0.3694** 0.3944*** 80288  0.6308 13778.46
(0.0224)  (0.0369)  (0.0419)  (0.4348)

81 0.1748**  0.3149%*  0.4514**  6.6417** 0.7212 125 107.91

(0.0326) (0.0455) (0.0534) (0.4617)
*** Significant at 99% level.
**  Significant at 95% level.
* Significant at 95% level
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Table 4.9, Estimating Cobb-Douglas Function For Larimer County at the Indusy

Level
LK LL LA Constant R2 No. F-test

23 0.357*** 0.5004***  0.1512*** 6.5640*** (0.9051 82 258.6
(0.0331) (0.0350) (0.0277) (0.4432)

31-33  0.6359*** 0.3396***  0.0660*** 4.1537** 0.9172 69 251.94
(0.0471) (0.0342) (0.0353) (0.4395)

42 0.4344*** 0.3406***  0.1714*** 5.7497*** 09171 80 292.27
(0.0302) (0.0333) (0.0308) (0.3968)

44-45  0.3961*** 0.3025***  0.1986*** 6.0254*** (0.8957 310885.97
(0.0188) (0.0222) (0.0181) (0.2202)

48-49  0.4442*** 0.3393***  (0.1652*** 5,6089*** 0.9492 30 181.66
(0.0447) (0.0536) (0.0422) (0.5108)

51 0.4832*** 0.4309***  0.0949 5.7506** 0.9211 28 106.01
(0.12077) (0.0599) (0.0616) (0.9911)

52 0.2775** 0.2950***  0.4071*** 5.7417** 0.8869 116 301.63
(0.0227) (0.0313) (0.0311) (0.3052)

53 0.6212*** 0.1567**  0.1063*** 4.3800*** 0.86 72 146.38
(0.0429) (0.0392) (0.0372) (0.4684)

54 0.7465*** 0.3212**  0.0056 3.5115*** 0.903 117361.03
(0.0382) (0.0249) (0.0267) (0.3684)

55 0.4812* 0.2777** 0.1775 5.5308 0.999 5 1274.13
(0.0406) (0.0182) (0.0503) (0.3255)

56 0.5057*** 0.3421***  0.1332* 5.2501** 0.8681 36 77.76
(0.0600) (0.0556) (0.0677) (0.7453)

61 0.6511*** 0.0854** 0.3318***  1.5804** 0.975 14 169.66
(0.0627) (0.0379) (0.0763) (0.6805)

62 0.3270*** 0.4053***  (0.1949***  6.8013*** 0.837 134 228.72
(0.0366) (0.0337) (0.0409) (0.4037)

71 0.3654*** 0.1997**  0.1868*** 6.6942*** 0.8492 33 61.05
(0.0305) (0.0651) (0.0428) (0.6611)

72 0.5182*** 0.2359***  (0.1150*** 5.3766*** 0.8385 251 433.61
(0.0204) (0.0186) (0.0169) (0.2474)

81 0.4872*** 0.3394***  (0,1745***  5.040*** 0.8665 121 260.55
(0.0362) (0.0324) (0.0329) (0.3504)

*** Significant at 99% level.
Significant at 95% level.
Significant at 95% level

**

*
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Boulder County

1- Land: The magnitudes of the land variable coefficients in severstimnek in

Boulder County are significant at 90% level and higher. Also, thenitualge of

the land coefficients ranged between 0.22 in retail and other egmvidustries

and 0.69 in education services.

Table 4.10, Estimating Cobb-Douglas Function For Boulder County at the Industry Level

LK LL LA Constant R2 No. F-test

23 0.2314*** 0.3119*** 0.3997*** 6.9010**  0.5958 104 51.6
(0.0639) (0.0378) (0.0832) (0.6546)

31-33  0.4317** 0.2191*** 0.2931* 5.3633**  0.913227 92.23
(0.1588) (0.0788) (5.3633) (1.2588)

42 0.7493 0.2133*** 0.0797 3.1975***  0.7953/8 100.7
(0.0970) (0.0404) (0.1033) (0.7600)

44-45 0.0264 0.3179*** 0.2215** 11.0156*** 0.521%41 15.53
(0.0569) (0.0680) (0.0901) (0.8005)

48-49 0.4426 0.4926** -0.194 8.8775 0.827® 9.02
(0.3345) (0.0960) (0.2022) (5.1019)

51 0.8172** 0.3789*** -0.1817 4.5415%* 0.606526 13.85
(03169) (0.0902) (0.3602) (1.8593)

52 0.7664*** 0.4319*** -0.3561 6.3076***  0.792125 31.48
(0.1691) (0.0898) (0.2451) (1.4021)

53 0.3131 0.3085*** 0.2504 7.1376***  0.860@5 50.52
(0.2046) (0.0919) (0.1682) (1.5572)

54 0.3131 0.3085 0.2504 5.2213**  0.680328 162.02
(0.0559) (0.0274) (0.0671) (0.4927)

55 1.0007 0.5452 -0.2896 2.9032 0.38¢1 2.26
(0.5454) (0.4722) (1.2255) (6.3359)

56 0.7380*** 0.2111*** 0.0995 3.1107***  0.665971 47.5
(0.1411) (0.0392) (0.1386) (1.0103)

61 0.0417 0.1903* 0.6939* 7.1665***  0.470£21 6.92
(0.2760) (0.0989) (0.3408) (0.1.8423)

62 0.3407** 0.2352*** 0.2684** 6.8330** 0.666365 43.6
(0.1326) (0.0447) (0.1308) (0.9836)

71 0.1729 0.2683*** 0.2634** 8.8971***  0.886515 37.46
(0.1680) (0.0727) (0.1043) (1.8463)

72 0.4472** 0.3021*** 0.207 5.5399***  (0.932220 88.02
(0.1702) (0.0568) (0.1438) (1.1063)

81 0.3172*** 0.3479*** 0.2223* 7.2812**  0.7894 35 43.48
(0.1097) (0.0629) (0.1251) (1.0251)

*** Significant at 99% level.
Significant at 95% level.
Significant at 95% level

**

*
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2. Capital: The capital coefficients are significant at 95%elleand higher in 8
industries.

3. Labor: The coefficients of labor variable show significancallnindustries at
least at 90% level (14 industries), except in industries 54 and 55.

Weld County
1- Land: The magnitude of the land variable coefficients is significant in 5 induatrie
90% level or better. These industries are 23, 44, 53, 56, and 81.

Table 4.11, Estimating Cobb-Douglas Function For Weld County at the Indstry Level

LK LL LA Constant R2 No. F-test

23 0.4147*** 0.5005***  0.0792***  6.4194*** (0.8358 115 194.47
(0.0448) (0.0291) (0.0214) (0.5357)

31-33 0.5200*** 0.4645**  (0.0368 5.6762** 0.9705 38 406.99
(0.0408) (0.0307) (0.0304) (0.4239)

42 0.5348*** 0.4774**  -0.0146 6.2519*** 0.7389 46 43.45
(0.0752) (0.0506) (0.0393) (0.9594)

44-45 0.6083*** 0.3458***  (0.1319** 3.7172*** 0.9413 31 161.49
(0.0619) (0.0569) (0.0578) (0.7122)

48-49 0.5189*** 0.5362***  -0.0206 6.175*** 0.8877 37 95.89
(0.0660) (0.0457) (0.0357) (0.7294)

52 0.5916*** 0.4528***  (0.0283 5.1381** 0.8886 27 70.1
(0.0793) (0.0461) (0.0601) (0.8255)

53 0.4085*** 0.3264***  0.2966*** 4,7939*** (0.8383 21 35.55
(0.1116) (0.0905) (0.0845) (0.9517)

54 0.6289*** 0.2968***  0.0253 4.6872** 0.7883 91 107.96
(0.0398) (0.0364) (0.0209) (0.4972)

56 0.4814*** 0.3643**  0.0765* 5.799*** 0.409 48 11.84
(0.1254) (0.0654) (0.0480) (1.5415)

61 0.7156** 0.2614* 0.082 3.1329 0.9298 31.91
(0.1831) (0.1087) (0.1974) 1.8373)

62 0.6125*** 0.3254**  -0.0214 5.255*** (0.925527 108.61
(0.0845) (0.0469) (0.0806) (0.7838)

71 0.6425* 0.4607* 0.0687 3.8932 0.9599 32.29
(0.0786) (0.0874) (0.0454) (1.3889)

72 0.8020*** 0.2575* 0.0613 1.9906** 0.944413 68.98
(0.1264) (0.0865) (0.1338) (0.8237)

81 0.6134*** 0.3216***  0.0854***  4.2116*** 0.8107 43 60.96
(0.0606) (0.0453) (0.0307) (0.7749)

*** Significant at 99% level.
**  Significant at 95% level.
* Significant at 95% level
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2. Capital: The capital coefficients are significant at 90% or bettel imdaistries.
3. Labor: The coefficients of labor variable show significamcalli industries at least at
90% level.

4.3.2. New CES Function

The new CES function of Bairam (1989, 1991) is estimated for US mamufgcat
the national and state level by Hsing (1996). The results otuldg show that the New
CES function best fits the data structure for the manufactunithgstry for 1987 data.
The study finds that the Box-Cox transformation paramet@r36 is greater than 0 and
less than one. Thus, the elasticity of substitution is positive and teqlL&l6. But ifA is
greater than 1, then the elasticity of substitution will be negative acgdalthe formula
of computing this concepts:él—f/_l), and therefore, this will be contrary to the economic
theory of production function literature.

According to equation 4.3, the transformation parametan take any real values
(Hossain, 2011), but the value of the dependent variable has to be gneaterero.
According to Hsing (1996), the value of the transformation pararhateto be restricted
between zero and one to satisfy the elasticity of substitutidmseée capital and labor
(Hicks, 1970) and Hsing (1996). In addition, " Hossain and King (2003) develop a new
form of model selection by using the Box-Cox transformation teclenguere the Box-
Cox transformation parameteis restricted to be in the range [0, 1]" (Hossain 2011).

This study attempts to estimate new CES production functionadionredustry at

the firm level using data for 6 major counties in Colorado. The main results lsabtle
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estimated\ value of Box-Cox transformation parameter either is grehin one and
then the elasticity of substitution will be negative, or less thabut statistically
insignificant for all industries in all counties without exceptidimus, the new CES
function will be excluded from the research in the next steps and investigations.

4.3.3. Non-homogeneous Cobb-Douglas Function

The non-homogeneous Cobb-Douglas function is characterized by vengtigity
of substitutions, and varying economies of scale. In addition, the proddatiction is
not an array from the origin, nonhomothetic. The Cobb-Douglas functiamons
homogeneous if the sum of product input variables (L*K, L*LA, and K*L&k
statistically significant, that is £f;#0, Kim (1992), and Vinod (1972). Therefore, the
research will be analyzed according to Kim (1992) criteri@dgnomic activity for the
Colorado counties under study. The analyses will concentrate on ahsticsl
significance of the product of the input variables. In this cagbeisum of the product
variables is not different than zero, then production function supportsatigasd Cobb-
Douglas function with three input variables. But if the sum of tleymt input variables
is significantly different than zero, then the production function is hmnegeneous
Cobb-Douglas function for that industry in that county. The resealiels @ F-test to
prove the homogeneity of the production process for each industry amoogutitees
incorporated in the study. Hereby is a glance at the resugiafations. The study uses
OLS technique for estimating this type of production function. Thé/sisadepends on

table 4.12 and for more detail (look at tables 4.13-4.18, chapter 4 appendix).
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Construction The construction industry, in Weld, El Paso, and Arapahoe counties
follow the non-homogeneous Cobb-Douglas function, while other counties, in
construction industry show that this industry is not different tham zem a statistically
significance point of view. For example, in Denver county, although egut product
variable is significant, the sum of the product variables revaahsignificancy because
the coefficients of K*L product variable are positive and equivaléotthe negative
magnitude of K*LA product variable, while the third product variablgmtude, L*LA,
is small although it is statistically significant. Regardthg construction industry in
Boulder County, there are opposite forces and high equivalents in magimtive
product inputs, K*L coefficients is negative and approximatelyabqo the product
variable with positive impact of L*LA.

Manufacturing Industry: Only the manufacturing industry in Arapahoe County
shows that the data for this sector behaves as non-homogeneous ColasRmaion
and at 95% level significance. In other counties, data reveathisaéstimation is not
different than standard Cobb-Douglas function with multi-input factorprofluction.

The main reasons for these results maydbe to equivalent magnitude and opposite
forces for these product variables as tables 4.10 to 4.15 reveahstorce, the sum of
product variables of K*L+L*LA with negative impact are closetqual to K*LA
product variable with positive impact. Also, manufacturing in Der@eunty has the

same behavior with difference in the product variables, K*LA+L*vkh negative
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coefficients are near to the positive impact of K*L. Initreer, Weld, and Bounder
counties in the manufacturing industries, the estimation of the prodtieblea are
insignificant.

Wholesale Trade The wholesale industry shows that the non-homogeneous Cobb-
Douglas functions, in all counties, are not different than zero extépapahoe, which
is significant at 90% level, table 4.12. The main reason beglue to the original
estimations which show that the product variables are insignificanBoulder,
Arapahoe, Weld, and Larimer counties. EI Paso and Denver counties csbsev
opposite coefficients in the estimated product variables, tables 4.13-4.18.

Retail Trade the retail trade production function, as table (4.12) shows, behaves as
non-homogeneous Cobb-Douglas in both Arapahoe and El Paso counties. In other
counties, the production function is not non-homogeneous Cobb-Douglas function. The
main reasons for this behavior may dee to insignificance of the estimated product
variables in retail industry for Larimer and Boulder countiesamproximate equal,
significant and opposite in parameters sign of the product variables the estimated
functions for Denver and Weld.

Transportation and warehousing Except in Larimer County, this industry behaves
as not non-homogeneous Cobb-Douglas production function because of two main
reasons. The first one is that in both Arapahoe and Weld couniiesitesn of product
variables are close in magnitude and different in their signs.eyMiié second reason

may be attributed to the insignificance in the estimating paiers of the product
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variables of the non-homogeneous Cobb-Douglas functions as in ElRaseer, and
Boulder counties.

Table 4.12, Non-homogeneous Cobb-Douglas Functions tests by County and

Industry

El Paso Arapahoe Denver Boulder Weld Larimer
-0.209***  -0.0712*** 0.030 0.182 -0.112**  -0.027 23
(44.03) (17.3) (0.78) (2.18) (21.86) (0.87)

0.023 -0.083** 0.008 0.016 0.002 0.011 31
(0.89) (4.14) (0.12) (0.06) (0.00) (0.10)

-0.035 -0.026* 0.031 -0.033 -0.112 0.033 42
(2.40) (2.75) (2.01) (0.20) (2.45) (1.92)
-0.063***  -0.103*** 0.011 -0.082 -0.060 0.014 44
(35.69) (39.08) (0.17) (0.44) (1.35) (1.44)

-0.058 -0.1138 0.003 -0.051 0.084*** 48
(2.34) (2.86) (0.02) (0.90) (5.01)

-0.033 -0.083*** 0.300 -0.146 -0.041 51
(1.21) (13.47) (1.34) (0.48) (0.71)

-0.057***  -0.065*** 0.073 0.057 -0.085 -0.076** 52
(8.09) (45.11) (2.80) (0.06) (0.45) (5.04)
-0.103***  -0.109*** 0.021 -0.073 -0.249** 0.030 53
(27.99) (29.96) (0.08) (0.49) (4.91) (0.67)
-0.078***  -0.08*** -0.001 -0.126**  -0.303***  -0.0004 54
(7.63) (79.96) (0.00) (4.91) (19.96) (0.00)

0.516 -0.011 -4.288 55
(0.09) (0.21) (0.43)

-0.104***  -0.061*** 0.115* -0.034 -0.494***  0.1476 56
(44.64) (19.97) (4.74) (0.07) (24.29) (0.38)
-0.181***  -0.076** -0.035 0.766** 0.980 0.019 61
(8.25) (4.81) (1.78) (5.79) (6.78) (0.07)

-0.036 -0.074*** 0.054** -0.188**  0.002 0.006 62
(2.29) (28.92) (3.43) (4.79) (0.00) (0.07)

-0.107** -0.107 -0.029 0.009 -0.151** 71
(4.43) (2.39) (0.46) (0.00) (7.16)

-0.105***  -0.074*** -0.101**  -0.102 -0.114 0.0008 72
(42.93) (10.31) (4.95) (0.99) (0.66) (0.00)

-0.042* -0.110%*** 0.046 0.117 -0.084 -0.080** 81
(3.74) (28.09) (1.54) (1.59) (2.00) (14.02)

F-Ratios are in parentheses.
*** Significant at 99% level.

** Significant at 95% level.

*  Significant at 90% level.
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Information Industry: The information industry is significant as non-
homogeneous Cobb-Douglas function in Arapahoe County. The production function is
not behaving non-homogeneous Cobb-Douglas Function in other counties dineto ei
insignificant estimated parameters as in Denver, Boulder, eariamd Weld counties, or
significant and equivalent opposite forces of signs of the product variablésieo&f as
in El Paso County. In this case, the product variable of K*L whiak & negative
significance parameter is near the positive and significancamader of K*LA
parameter variable.

Finance and Insurance Industry Table 4.12 shows that the finance industry’s
production function in Arapahoe, El Paso, and Larimer counties behavesnas
homogeneous Cobb-Douglas function, hence the sum of the product vatigbles
statistically significant at better than 95%. On the other ghie,sum of the product
variables in other counties reveal that non-homogeneous Cobb-Doug&®ri is not
working because of insignificant estimated coefficient of producthblasaas in Boulder,
and Weld counties.

Real Estate Industry:El Paso, Arapahoe, and Weld counties behave in their
production function as non-homogeneous Cobb-Douglas function because of the
significance of the sum of the product variables in these countid3etver County,
although the industry estimated parameter for each individual producible is
statistically significant, the sum impact of these varialslppears to be insignificant
because of opposite and equivalent forces of the variables coeffidtentsistance, the
sum of K*L + L*LA variables coefficients which exert negetiimpacts are near to

positive impact of K*LA product variable coefficient with positivenpact. Other
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counties’ production functions are not behaving as non-homogeneous production
function because of insignificant estimated parameters for idissiry product input
variables as in Boulder and Larimer counties.

Professional and Scientists IndustryArapahoe, ElI Paso, Weld, and Boulder
counties show a significant production process of non-homogeneous Cobb<Dougla
function for professional, scientists, and technical services indi3&gpite statistical
significance of each individual product variable parameter m itidustry in Denver
County, the sum effect of such variables canceled their impactid®ecéd opposite and
closes impact of such variable parameters. For examplei kthich exerts negative
impact in the production process is close in its magnitude to y3{tiLA variable
parameter. In Larimer County, the sum of the product variable coefficerdal that the

production process is not non-homogeneous function because of opposite and equal

parameters of the product variables, K*L+L*[ZA K*LA.

Management of Companies and Enterprise IndustryAll counties show that
industry management of companies and enterprises is not behaviog-aemogeneous
Cobb-Douglas function.

Administrative and Support and Waste Management and RemediatioServices
Industry : Arapahoe, El Paso, Denver, and Weld counties production functions process
behave like non-homogeneous Cobb-Douglas function because of the dtgtistica
significant sum of the parameters of the product variables imeémehomogeneous
function in these counties at better than 95%. The rest of the coanée't revealing
non-homogeneous production function process because of insignificance afthed s

the product variable coefficients.
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Education ServicesThe non-homogeneous Cobb-Douglas production function
for education industry fits the data structure for Arapahoe, Eb,Pasd Boulder
counties, while other counties’ production functions are not behaving as non-
homogeneous production function in education services.

Health Care ServicesThe data structure for health services industry in Arapahoe,
Denver, and Boulder counties appears to be non-homogeneous Cobb-Doudlas.func
Other counties’ data are not behaving non-homogeneous function. There asasos
for not behaving as non-homogeneous functions. The first is the close udagaitd
opposite impact of the product parameters as in Larimer County, KLA=L*LA,
and in El Paso County (K*LA=K*L+L*LA). The second reason is theignificance of
the estimated parameters of the product variables in healtlteseimdustry for Weld
County.

Arts, Entertainment, and Recreation Industry This industry reveals non-
homogeneous Cobb-Douglas function process in Larimer and El Pascesaaintietter
than 95%. The production functions in this industry in other counties aleehaving as
non-homogeneous Cobb-Douglas production function.

Lodge and RestaurantsThe lodge and restaurants industry data behaves as non-
homogeneous Cobb-Douglas function in Arapahoe, EI Paso, and Denver counties.
Boulder and Weld counties’ production function in this industry are not behavimgra
homogeneous function because the sum of the product parameter vamalvles i
significant. In Larimer County, the magnitude of the K*L coeffitigariable is negative

and proximate to K*LA parameter with positive effect on the production process.
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Other Services Industry This industry behaves as non-homogeneous Cobb-
Douglas function at better than 99% significance, and at 90% level in El Paso.County
4.3.4. The Translog Production Function

The translog production function is characterized by varyingatasif substitutions
and varying economies of scale. In addition, the production function anrertray from
the origin, nonhomothetic. The translog function is behaving as non-homogeneous
production function if two conditions are satisfied at the same fithese conditions
are: the sum of product input variables (L*K, L*LA and K*LA) ar¢atsstically
significant and the sum of product input estimated parameteadsarsignificant, that is
if ;20 (where #), andf;#0 Kim (1992), and Vinod (1972). EB;=0 (where #),
then the production function is Kementa approximation of CES (Kim, 1992)efbhhey
according to Kim’s (1992) criteria, this research part is analyzed by m@orctivity for
the Colorado counties under study. The analyses concentrate on atisical
significance of the product of the input variables, and the parasraténe product and
square input variables. In this case, if the sum of the product variatdethe square of
the input variables are not different than zero, then production funstipports the

standard Cobb-Douglas function with three input variables.
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Table 4.19, Translog Test by County and Industry
Arapahoe Elpaso Denver Boulder Larimer | Weld
2By, i# | IB; 2By, i# | 2B 2By, i# | 2By zBij,i¢j| IB; | 2By, i¢j| By Iy i 2By
N ] bl
23 -0.365***0.025  -0.172***0.002  -0.179***0.035  -0.055 0.30*** -0.194* -0.029 -0.216*'0.009
b ] b b bl b | b | ] bl ] b bl
(62.04) "(259) (5261) (0.00) (20.94) "(139) (0.07) ((8:33) (54.39) (253) _(111.8) (0.08) -
31 -0.327**%0.028  -0.1789**-0.004  -0.249*** 0.071*** -0.998 0.048 -0.114* 0.053  -0.119* 0.024
h | h | h | h | - h | h | h | bl - h | -
(35.86) "(0.84) (85.16) (0.1)  (42.55) (11.62) (1.90) (021) (3.48) "(257) _(7.65) (1.35)
42 -0.350***0.019 -0.241***0.013  -0.188*** 0.062*** 0.043 0.087  -0.168*-0.002 -0.048  0.255**
(114.49) " (2.41) " (42.82) (0.38) (15.76) (11.28) :(0.00) :(0.46) :(14.22)‘(0.01) :(0.71) " (8.4) )
44 -0.236*** -0.064*** -0.146*** -0.036*** -0.187*** -0.0005 0.045 0.105  -0.172* 0.007  -0.313*'-0.028
(134.26) " (18.86) :(100.54) "(13.2) :(37.96) :(0.00) :(0.05) " (0.56) '(90.71):(0.63) "(14.8) " (0.39) :
48 -0.811** -0.003 -0.256***0.008  -0.191  0.015 -0.098 " 0.103** -0.171*0.077
(4.6) (0.00) (48.91) :(0.07) :(1.49) :(0.42) : . _(1.26) " (8.33) :(10.43)‘(2.81) N
51 -0.358***-0.047***0.013  0.022  -1.093 0.042 -2.91 0.086  -0.566* 0.0002
(28.59) " (9.48) :(0.02) T0.67) (2.18) :(0.02) :(1.94) :(0.13) :(9.27) *(0.00) " ] ]
52 -0.194***-0.032  -0.059***-0.037** -0.226 0.068  0.462 0.039  -0.235*-0.039* -0.139 0.110
(125.29) " (11.44) " (40.49) (4.61) :(2.86) :(1.66) "(0.23) "(0.02) :(47.21)'(2.84) 7 (0.53) "(0.53) :
53 -0.219%** -0,059*** -0.136*** -0.007  -0.138  0.145** -1.54**0.077  -0.173* 0.081** -0.507*’0.326
h | ] - h | - - h | - - - h | -
(34.15) "(479) (2234) (0.07) (225) (61)  (16.34) (0.15) "(15.31) (6.41) _(13.61) (1.63) _
54 -0.178*** -0.031*** -0.161*** 0.019 -0.158***0.049  -0.615*'-0.139**-0.130* 0.041  -0.293*-0.054
b | ] b | b | hl b b | h ] hl b ] h | hl
(220.99) (10.89) "(24.84) (0.61) (13.64) (219) (37.86) (6.48) "(7.52) "(2.46) "(2L.55) (0.37)
55 -0.048 -0.025 1.764  2.317
b ] Al -
0.03 1.14 1.01 2.38
(003) “(114) (101 (238 | e )
56 -0.301***-0.013  -0.149%**-0.004  0.108** 0.187*** -0.149 -0.037 -0.177*'0.005  -0.269* -0.175
(47.31) " (1.09) :(56.25) " (0.05) :(5.34) :(25.05) :(0.05) ¥ (0.07) " (4.40) :(0.01) :(3.12) Y (0.45) *
61 -0.372***0.006  -0.204***-0.021 0.083 -0.027  -4.680* 0.557** -0.043 0.002
(13.32) "(0.03) (21.38) (0.28) (0.13) (0.71) (4.24) (5.08) :(0.00) *(0.00) " ) .
62 -0.263*** -0,047*** -0,213*** -0,037** -0.116*** 0.086*** -1.623*'0.007 -0.126%' 0.05*** -0.031 -0.016 _
(27.63) :(13.26) :(52.43) Y (4.62) :(7.89) :(13.44) :(19.24):(0.01) :(18.46)‘(7.72) :(0.05) *(0.19) °
71 -0.186 -0.104 -0.207***-0.028  -0.154 -0.004 -0.095 0.143  -0.176*-0.006
h | h | - h | - - b | h | - -
(053) "(L16) (23.04) (0.22) "(0.36) (0.00) (0.03) (031) (15.47) (0.02) | .
72 -0.213***-0.03 -0.111%**0.038*** -0.196 0.027  -0.318 -0.036 -0.132*-0.003  0.550
h | ] - h ] - - b | h ] - - -
(39.03) (1.8) (72.31) "(7.13) (47.62) _(0.89) (0.14) (0.13) 1(43.08) (0.05) (0.85) .
81 -0.273***-0.044** -0.168***-0.015 -0.116 0.023  -0.324 0.103  -0.208* 0.048** -0.178*0.041
b | ] h | h ] hl b b | h ] bl b ] h |
(33.38) (4.14) (31.33) (0.57) (9.81) (1.00) (2.52) (1.68) (39.25) (4.59) (18.87) (0.7)
F-Rtios are in parantheses.
*** Significant at 99% level.
** Significant at 95% level.
* Significant at 90% level.

This part of the analysis depends mainly on table 4.19, and taP(:4.24 in the
chapter appendix. Table represents the test of data for each industfgllows the
translog behavior or not. Here is the analysis of data behavior byrinduthe counties
of Colorado under study. The analysis depends mainly on table 4.19.

Construction Industry: Although all counties, except construction industry in
Boulder County, meet the first condition of translog function, i.e., theafuhe product
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variables coefficients are statistically significant at 9@%el, this industry fails to meet
the second condition which requests that the sum of both the product inpinlevamnd
square variable input coefficients be statistically significdhus, this industry doesn’t
follow the translog production function in all counties under study.oAtling to the
previous part Weld, Arapahoe, and El Paso counties follow the non-homog&uwuats
Douglas function.

Manufacturing Industry: Only manufacturing industry in Denver County shows
that the data for this sector behaves as translog production funtt@@?mlevel of
significance. The manufacturing industry in Denver meetsweréquested conditions
at the same time for the production function to be consideredregddg. Other counties’
data reveal that their estimations meet the first condition duhecsecond condition to
consider the estimation of translog function. Also, as previously showly
manufacturing industry in Arapahoe meets the criteria of non-homoggn€obb-
Douglas production function.

Wholesale Trade The wholesale industry shows that only Denver County meets
the two conditions to reflect the data structure for this industrigehave as translog
production function. The wholesale trade industry in other counties doespbthmse
conditions at the same time. As non-homogeneous Cobb-Douglas function, only
Arapahoe meets this condition at 90% level.

Retail Trade The retail trade data shows that production function behaves as
translog function in both Arapahoe and El Paso counties. In other couriges, t
production function is not translog function. In addition, in these two cayrttie
production process is non-homogeneous Cobb-Douglas functions.

Transportation and warehousing The production process in this industry is

not translog function in all counties.
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Information Industry: Only in Arapahoe County does the information industry
production process follow the translog function. In other counties, the proayctcess
is standard Cobb-Douglas function.

Finance and Insurance Industry The finance industry in El Paso follows the
translog production function and meets the two conditions at better #an/Aso, the
production process follows translog production function at 99% for thtecfirsdition
and at 90% for the second condition in Larimer County. In Boulder, Weld, andeD
counties, the production process is of standard Cobb-Douglas function vehitiput
Variables.

Real Estate Industry:In real estate industry, the production process is translog i
both Arapahoe and Larimer counties. The production process is rafastiia Cobb-
Douglas function in Boulder and Denver counties.

Professional, Scientific, and Technical Services Industry The production
process in Arapahoe and Boulder counties follows the translog productidiofuat
better than 99%. But the production process in Larimer and Denver colatites the
standard Cobb-Douglas function. Furthermore, the production process indhsiry
both in Weld and ElI Paso counties follows the non-homogeneous Cobb-Douglas
function.

Management of Companies and Enterprises IndustnAll counties show that
this industry process is not behaving as translog production function.

Administrative and Support and Waste Management and Remediain
Services Industry. Although most counties realize the first condition of translog
production function, the industry is not meeting the second condition ofldgans
production function in all counties included in the study. Thus, the production function in
this industry is not translog in all counties.

Education ServicesOnly education services in Boulder meet the two conditions

simultaneously to produce translog function, while in Arapahoe andakb Phe
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production process in education services is of non-homogeneous production function
type. In the remaining counties, Larimer, Weld, and Denver, the produgtocess
follows the standard Cobb-Douglas function.

Health Care ServicesThe data structure for health services industry in Arapahoe,
Denver, El Paso, and Larimer counties appears to be translogofun@ther counties’
data in Heath services are not behaving translog function (Boulder and Weld Qounties

Arts, Entertainment, and Recreation Industry This industry reveals that the
production process of translagesn’t followtranslog in any of the counties included in
the study.

Lodge and Restaurants The lodge and restaurants industry data behaves as
translog function in EI Paso County. In other counties the production protésdge
and restaurants does not meet the two conditions of translog production at thiengame t

Other Services Industry This industry behaves as translog production function at
better than 99% level of significance in Arapahoe County, and iearCounty at
better than 95% level.

4.4. Model Fitness Exploring

This part focuses on exploring the hypotheses that will be examitieslempirical
work concerning the model fitness for the firms’ data structureach private sector
industry among Colorado counties under study. There are six hypotbdsetested for
each industry in each county. The hypothesis tests are doesolifreDOuglas, non-
homogeneous Cobb-Douglas, or Translog production function fit the datéusrfmr
each industry better than other models, or do all, or part, or none ofatlels fit the
data structure.

For the purpose of fitness model, the research estimates tlfeeentliproduction
functions for each industry in each county. They are: translog, and non-¢éecog
Cobb-Douglas functions; and Cobb-Douglas. The former two functiondamsfied as

non-homogeneous production functions, while the latter function is classifse
65



homogeneous production functions. A comparison among the results of the three
production functions will be conducted at the industry level for thecebnties in
Colorado to choose the function that fits the industry in each countyn@heCES
production estimate results are contrary to economic theory of piraadenction, since

the elasticity of substitutions is negative as a consequentiee adstimated Box-Cox
transformation parameter being greater than one. Therefore, thles reE new CES
estimation will not be displayed in this research.

The homogeneity or non-homogeneity of production function refleetddgree of
complication and interrelationship among factors of production requirgaraduce
output. For instance, the homogeneous production function assumes a cetstartbr
scale Cobb-Douglas function, then to double output the firm needs to ddwble t
proportion of inputs. But under non-homogeneous function, the relation among factors of
production is more advanced, interrelated, and complicated. Thereforxt paaisticity
of substitution is not available. Thus to produce output, any factor of grownld@s to
be greater than zero. Also, to double output under non-homogeneous production
function, even under constant return to scale, may not double the inpis same
proportion.

The production function models provide an excellent portrayal of the advantem
production process in one county compared to another. Also, the productiomrfuncti
reflects the extent of interaction and interrelationship betwsauts to produce output.

For example, if one homogeneous production function is prevalent in coufitgng\
industry, while non-homogeneous function is prevalent in county B fimhsstry, then
the production function in county A reflects the traditional relatignsl@tween factors
of production. On the other hand, if the non-homogeneous functigerssive in
county B, then this reflects the advanced and complicated intesredaip between

factors of production.
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4.4.1. Nested Models

Before investigating the comprehensive J-test, the reseastribes the nested
relations among the different production functions; the translog, nowdemous
Cobb-Douglas, CES, and standard Cobb-Douglas functions. According t¢1R88),
translog functions nested all other functions. For example, assuraastéog function
with three input variables; capital (K), labor (L), and land (LAhe following is the
formula for this translog function:

InY = ay + ayInK + ayInl + azInLA + a,(InK * InL) + as(InK * InLA) + a¢(InL * InLA)
+ ay;InK? + aglnl? + aqglnLA?

In the previous function, i,, as, ag are statistically not different than zero, then
the production function is of Kementa (1967) CES function (Kim, 1992). It ctses,
if a;, ag,ay are not statistically different than zero, then the functionnds-
homogeneous Cobb-Douglas function. In addition, if the coefficients opitheuct
variables and the square of the input variables are not stalystidé&rent than zero,
then the production function is standard Cobb-Douglas function.

Also, the standard Cobb-Douglas is a special case of non-honoage@obb-
Douglas function. Therefore, Cobb-Douglas function is nested in non-homogeneous
Cobb-Douglas function and translog function. Also, the nonhomogeneous Cobb-Douglas
function is nested in the translog function.

4.4.2. Nonnested Tests

In this study, the comprehensive J-test will be adopted to compé&seedif models
of production function that will fit the data structure better thanrsthased on testing
nonnested hypotheses. There are different approaches to conductsthig) téhe

comprehensive approach-the J-test; (ii) Voung and Kullback-taiflermation criterion
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(KLIC) is a measure that provides a test between the true raodethe hypothesized
model. This type of test depends on the likelihood ratio. The main drawb#uis test
is requested time series data; and (iii) Akaike informatiterion and Bayesian
Information Criterion. The main drawback with this type of testhat these tests are
biased toward small models (Green8 é8lition, 2007).

This part of the chapter will adopt the second filter to choosenttael or models
that fit the data structure for each industry in each county,-test.JAdopting this test
helps choose the best model that fits the data structure in Colaradbes, either the
Cobb-Douglas, non-homogeneous Cobb-Douglas, or translog production function. The J-
test is introduced by Davidson and MacKinnon (1981). According to tslistteere are
four possible outcomes: (i) rejecting both the null and alternatipethgses where none
of the models perfectly fit the data structure; (ii) neitbfethe model hypotheses, null or
alternative, are rejected. This means both models are accegiethe data; (iii) if the
null model is accepted; (iv) if the alternative model is ptexd The last two outcomes
means that either the null hypotheses model or the alternatigiel rhetter fits the data
structure under study, but not the other way. This means the rhatélest fits the data
structure moves in one direction but not the other (Gre8melifion, 2007).

The two hypotheses must have the same dependent variable. The ralleerative
hypotheses can be written as follows:

Ho: y= XB+¢o , and the alternative model hypothesis is:

Hi: y= Zo+e;

The test suggests estimating the alternative hypothesid. 8y Then estimating the
null hypothesis model by including the fitted data of y from thera&tive model, also
by using OLS technique. If the coefficient of y is signifiahen the model in the null
hypothesis fits the data. In the second step, the null and &lerhgpothesis must be
altered. In thiscaseif the estimated coefficient of the fitted values from thf model,
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which are included in the alternative model, is significant, thealtkenative model also
fits the data structure. Therefore, two models have to be accapdetthe results of the
two models explained accordingly. In this study, 6 estimategdoh industry in each
county will be conducted. These estimates will reflect the titre®f the hypotheses
relations between Cobb-Douglas and non-homogeneous Cobb-Douglas, Cobb-Douglas
and translog, and non-homogeneous Cobb-Douglas and translog production functions,
and the reverse of these production function hypotheses. For exampligetition of
the relation between non-homogeneous function and Cobb-Douglas hypotHeaésowi
be tested.

Hereby the research displays the results of the model fitioesthe estimated
different production function models for the private sector indusinesx Colorado

counties. The analysis of this part will rely on tables 4.25-4.30.
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Table 4.25, Testing Fitness Model by Industry and Production Functions in
Arapahoe

Between Cobb Douglas Between Cobb Douglas Between Translog

and Non-homogeneous and Non-
CD and Translog homogeneous
HO H1 HO H1 HO H1
23 Dropped 0.999***  Dropped 1.000*** Dropped 0.621***
(0.092) (0.053) (0.075)
31-33 Dropped  0.999*** Dropped 1.000*** Dropped 0.864***
(0.353) (0.089) (0.215)
42 Dropped  0.999*** Dropped 1.000*** Dropped 1.000***
(0.252) (0.065) (0.0698)
44-45 Dropped  0.999*** Dropped  1.000%*** 1.088***1.000***
(0.121) (0.070) (0.096)  (0.097)
48-49 Dropped  0.999*** Dropped 1.000*** 0.802**  0.999***
(0.318) (0.146) (0.306)  (0.209)
51 Dropped  0.999*** Dropped 1.000*** 1.154*** (0.999***
(0.129) (0.059) (0.163)  (0.094)
52 Dropped  0.999*** Dropped  1.000%*** 0.915*** 1.000%***
(0.094) (0.057) (0.081) (0.086)
53 Dropped  0.999*** Dropped  0.999*** 0.995***
(0.152) (0.114) (0.156)
54 Dropped 1.00*** Dropped 1.00*** 0.805*** 1.00***
(0.099) (0.051) (0.081) (0.065)
55 Dropped  1.000*** Dropped 1.000*** 1.114***1.000***
(0.266) (0.168) (0.250)  (0.260)
56 Dropped  0.999*** Dropped  1.000%*** 0.936*** 1.000***
(0.122) (0.068) (0.093) (0.094)
61 Dropped  0.999*** Dropped  0.999%** -0.317 0.999***
(0.354) (0.165) (0.727)  (0.209)
62 Dropped  0.999*** Dropped 1.000*** 0.940*** 1.000***
(0.142) (0.080) (0.126)  (0.107)
71 Dropped  1.000*** Dropped  0.999*** 0.707 0.999
(0.206) (0.192) (0.6490 (0.805)
72 Dropped  1.000*** Dropped  1.000%*** 0.761***1.000%***
(0.123) (0.083) (0.110) (0.137)
81 Dropped  1.000*** Dropped  1.000%*** 0.751*** 1.000%***
(0.163) (0.075) (0.122)  (0.096)

Standard errors are in parentheses.
*** Significant at 99% level.
**  Significant at 95% level.

Significant at 90% level.
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Table 4.26,Testing Fitness Model by Industry and Production Functions inlE

Pasc
Between Cobl Between Cobl
Dougla: Douglas Between Translc
and Nor-
homogeneous C and Translo and Noi-homogeneol
HO H1l HO H1 HO H1
23 Droppec  1.000*** Droppec  0.999*** 0.643**  (0.999***
(0.103 (0.049 (0.0702 (0.0648
31-33 Droppec  1.000*** Droppec 1.000*** 1.932**  1.000***
(0.2088 (0.0544 (0.1292 (0.0644
42 Droppec  1.000*** Droppec  0.999*** 0.007 0.999***
(0.2696 (0.1182 (0.4807 (0.1425
44-45  Droppet  1.000*** Droppec  1.000*** 0.8596*** 1.000***
(0.0593 (0.0430 (0.0507 (0.0835
48-49  Droppet  1.000*** Droppec  1.000*** 1.609***  (0.999***
(0.2663 (0.0883 (0.1880  (0.1100
51
52 droppet 0.999*** droppet  1.000*** 0.917**  1.000***
(0.1109 (0.0652 (0.0695 (0.1057
53 droppet 1.000*** droppet  1.000*** 0.777**  1.000***
(0.153 (0.0964 (0.125 (0.1447
54 droppel 0.999*** droppec  1.000*** 1.026***  1.00(
(0.2075 (0.0791 (0.139 (0.0901
55
56 droppet 0.999*** droppet  1.000*** 0.773**  (0.999***
(0.1188 (0.0718 (0.0928 (0.1090
61 droppe 0.999*** droppet  1.000*** 0.635***  1.000***
(0.247 (0.0772 (0.121 (0.097
62 droppet 0.999*** droppet  1.000*** 0.833***  1.000***
(0.1176 (0.0526 (0.0702 (00696
71 droppet 0.999** droppet  1.000*** 0.99¢ 1.000***
(0.443 (0.151 (0.732 (0.183
72 droppet 1.000*** droppet  1.000*** 0.5383*** (0.999***
(0.0729 (0.0372 (0.0612 (0.0569
81 droppet 0.999*** droppet  1.000*** 1.017**  1.000***
(0.107) (0.0623) (0.0988) (0.0953)

Standard errors are in parentheses.

*** Significant at 99% level.
**  Significant at 95% level.

*Significant at 90% level.
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Table 4.27, Testing Fitness Model by Industry and Production Functions in
Denver

Between Cobb

Between Cobb

Douglas Douglas Between Translog
and Non-
homogeneous CD and Translog and Non-homogeneous
HO H1 HO H1 HO H1
23 Dropped Dropped  0.999*** 1.5003*** 0.999***
(0.0971) (0.3581) (0.1067)
31-33 Dropped 1.000*** Dropped  0.999*** 0.937***  (0.999***
(0.2971) (0.1026) (0.3138) (0.1175)
42 Dropped 1.000*** Dropped 1.000*** 0.999***  1.000***
(0.3093) (0.1093) (0.294) (0.124)
44-45 Dropped 0.999*** Dropped 0.999*** 1.161**  (0.999***
(0.174) (0.073) (0.197) (0.0905)
48-49
51
52 Dropped 1.00*** Dropped 0.999*** 0.2440 0.999*
(0.255) (0.169) (0.5878) (0.493)
53 Dropped 1.000*** Dropped  1.000*** 0.825 0.999***
(0.2253) (0.102) (0.529) (0.140)
54 Dropped 1.000*** Dropped 0.999*** 0.864**  1.000***
(0.222) (0.085) (0.249) (0.097)
55
56 Dropped 1.000** Dropped 0.999*** 0.431 0.999***
(0.384) (0.086) (0.525) (0.094)
61 Dropped 0.999 Dropped 1.000*** -1.184 1.000**
(0.639) (0.295) (1.162) (0.365)
62 Dropped  1.000*** Dropped 1.000*** 0.512 1.000***
(0.212) (0.091) (0.366) (0.110)
71
72 dropped  1.000*** dropped  1.000*** 0.557**  1.000***
(0.0.174) (0.049) (0.1077) (0.058)
81 dropped  1.000*** dropped  1.000*** 0.659***  (0.999***
(0.154) (0.057) (0.167) (0.073)

Standard errors are in parentheses.

*** Significant at 99% level.
**  Significant at 95% level.
Significant at 90% level.
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Table 4.28, Testing Fitness Model by Industry and Production Functions in

Larimer

Between Cobb

Between Cobb

Douglas Douglas Between Translog
and Non- and Non-
homogeneous CD and Translog homogeneous
HO H1 HO H1 HO H1
23 Dropped 1.000** Dropped 1.000*** 1.881*** 1.000***
(0.409) (0.076) (0.208) (0.083)
31-33 Dropped 0.999 Dropped 1.000*** Dropped 1.000***
(0.752) (0.181) (0.194)
42 Dropped 1.000** Dropped 0.999*** Dropped 0.999***
(0.382) (0.134) (0.153)
48-49 Dropped 0.999***  Dropped 1.000*** Dropped 1.000***
(0.346) (0.064) (0.066)
51 Dropped 1.000** Dropped 0.999*** -0.223 0.999***
(0.417) (0.223) (0.800) (0.313)
52 Dropped 1.000** Dropped 0.999*** 2.261**  0.999***
(0.423) (0.208) (0.822) (0.287)
53 Dropped 1.000***  Dropped 1.000***  1.305*** 1.000***
(0.334) (0.081) (0.209) (0.087)
54 Dropped 1.000** Dropped 1.000*** (0.999*** 1.000%***
(0.396) (0.123) (0.205) (0.138)
55 Dropped 1.000***  Dropped 1.000***  1.000*** (0.999***
(0.227) (0.131) (0.207) (0.176)
56 Dropped 0.999 Dropped 0.999*** Dropped 0.999***
(0.620) (0.151) (0.171)
61
62 Dropped 0.999***  Dropped 1.000***  1.156*** 1.000***
(0.188) (0.066) (0.174) (0.079)
71 Dropped 0.999***  Dropped 0.999***  1.036*** (0.999***
(0.322) (0.099) (0.301) (0.128)
72 Dropped 0.999***  Dropped 1.000*** Dropped  1.000***
(0.200) (0.063) (0.070)
81 Dropped 1.000***  Dropped 1.000***  0.849*** 1.000***
(0.171) (0.082) (0.134) (0.108)

Standard errors are in parentheses.

*** Significant at 99% level.
**  Significant at 95% level.
e Significant at 90% level.
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Table 4.29, Testing Fitness Model by Industry and Production Functions in

Boulder

Between Cobb
Douglas

and Non-
homogeneous CD

Between Cobb
Douglas

and Translog

Between Translog

and Non-homogeneous

HO H1 HO H1 HO H1

23 Dropped 0.999*** Dropped 0.999*** -0.189 0.999***
(0.215) (0.107) (0.432) (0.138)

31-33 Dropped 1.000* Dropped 1.000** 0.466 1.000*
(0.554) (0.367) (0.445) (0.567)

42 Dropped 1.000 Dropped 0.999** -2.44 0.999*
(0.663) (0.409) (2.102) (0.539)

44-45  Dropped 1.000 Dropped 0.999*** 0.578 0.999**
(0.785) (0.315) (0.834) (0.367)

48-49

51 Dropped 1.000** Dropped 0.999** 0.524 0.9999**
(0.352) (0.226) (0.530) (0.374)

52 Dropped 0.999 Dropped 1.000** 1.354 1.000
(0.862) (0.453) (1.854) (0.596)

53 Dropped 1.000 Dropped 0.999*** 1.681 0.499*
(1.186) (0.198) (1.707) (0.269)

54 Dropped 0.999*** Dropped 0.999***  1.425** (.999***
(0.273) (0.122) (0.267) (0.141)

55

56 Dropped 1.000*** Dropped 1.000*** -1.451 1.000***
(0.293) (0.192) (2.966) (0.282)

61

62 Dropped 1.000** Dropped 0.999***  4.766*** (0.999***
(0.421) (0.127) (1.212) (0.143)

71

72

81 Dropped 0.999 Dropped 1.000*** Dropped 1.000***
(0.687) (0.187) (0.212)

Standard errors are in parentheses.

*** Significant at 99% level.
**  Significant at 95% level.
e Significant at 90% level.
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Table 4.30, Testing Fitness Model by Industry and Production Functions in We

Between Cobb

Between Cobb Douglas Douglas Between Translog
and Non-homogeneous and Non-
CD and Translog homogeneous
HO H1 HO H1 HO H1
23 Dropped 1.000*** Dropped 0.999*** 1.723***  0.999***
(0.099) (0.057) (0.194) (0.097)
31-33  Dropped 1.000 Dropped 1.000*** Dropped 1.000***
(0.971) (0.181) (0.196)
42 Dropped 0.999*** Dropped 1.000*** 1.147**  1.000***
(0.231) (0.119) (0.282) (0.175)
44-45  Dropped 1.000*** Dropped 1.000*** 2.787**  (0.999***
(0.316) (0.153) (0.871) (0.219)
48-49  Dropped 1.000*** Dropped 0.999*** 0.917**  (0.999***
(0.282) (0.101) (0.181) (0.134)
51
52 Dropped 0.999** Dropped 0.999*** 1.195** 0.999***
(0.433) (0.197) (0.477) (0.265)
53
54 Dropped 0.999*** Dropped 0.999*** 1.054***  (0.999***
(0.195) (0.132) (0.247) (0.209)
55
56 Dropped 1.000*** Dropped 0.999*** 0.458 1.000***
(0.114) (0.095) (0.288) (0.304)
61
Negative
Land
62 Coefficient
71
72
81 Dropped 0.999*** Dropped 1.000*** -1.042 1.000***
(0.198) (0.090) (0.522) (0.136)

Standard errors are in parentheses.
*** Significant at 99% level.
**  Significant at 95% level.

*

Significant at 90% level.
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The research starts clarifying some of the results in #séiseations, in particular,
the meaning of dropped terms. The first dropped term appears estthreation because
of high multicollinearity between the fitted values of Cobb-Daagiunction and the
translog function. In addition, the second dropped term appears becausghof hi
multicollinearity between the fitted values of Cobb-Douglas fonctand translog
production function. Accordingly, the research accepts these relaticnsholds
irrespective of the term dropped that appears in the different estimations.

The main results of the estimations show that the results adiffegent
hypotheses and the reverse of their directions are inconclusiveediies of testing the
model fithess mostly agree with Mushinski et al (unpublished papet)Pasaran and
Deaton (1978) that is the research left without satisfactory imbde following are the
main results of these estimations according to industry in each county:

Construction Industry. The results of the estimated direction hypotheses between
Cobb-Douglas and non-homogeneous Cobb-Douglas, and its reverse direction are
inconclusive at better than 99% level of significance in all coumstiegpt for Larimer
County which is significant at 95% level of significance. Also, thkeults of the
estimated direction hypotheses between Cobb-Douglas and translogtipmuactions
and their reverse direction are inconclusive at better than 99%irtea#t counties. In
addition, the relation between non-homogeneous Cobb-Douglas function ardgtrans
functions are inconclusive and statistically significant at 99% level.

Manufacturing Industry: In the six tests, it appears that the model fitnessgdest i
inconclusive for different production functions in Arapahoe, Denver, and Boulder

counties at better than 99% level of significance. On the othret, the model fitness
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direction is from Cobb-Douglas to non-homogeneous Cobb-Douglas functieloh
and Larimer counties, while other tests for fitness modelsaamclusive in Weld and
Larimer counties at better than 99% level of significance.

Wholesale Trade IndustryThe results show that the production function that fits
the data in wholesale trade industry is inconclusive in Arapaheé],\#| Paso, and
Denver counties at better than 99% level of significance. InmeariCounty, this
industry production function is inconclusive, but it is significant dételpéhan 95% level.
The production function that fits the data structure in Boulder Courdgas, where the
direction is from Cobb-Douglas to non-homogeneous Cobb-Douglas functiothédout
reverse is insignificant. Also, in Boulder County, this industry divacts insignificant
from translog to non-homogeneous Cobb-Douglas function. Therefore Boulder @ounty
governed by non-homogeneous Cobb-Douglas function in wholesale trade industry.

Retail Trade Industry: The retail trade industry production function fitness test
shows inconclusive results regarding the direction of the production prdatsin five
counties; El Paso, Arapahoe, Denver, Larimer, and Weld. The prodluittnction
fitness is obvious in Boulder County; the non-homogeneous Cobb-Douglas production
function is the best fit for the data.

Transportation and Warehousing Industry The direction of production
function fitness in transportation and warehousing industry is incanelus four
counties; El Paso, Arapahoe, Larimer, and Weld Counties at bedi@r99% level of
significance. In other counties (Boulder and Denver), there@mesults because of the

small number of observations in this industry in these counties.
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Information Industry: The fithess model tests results for information industry
show that the direction of the fithness model is inconclusive atrb#tés 99% of
significance level in four counties: El Paso, Arapahoe, Larimer, and Wderiver and
Boulder counties, there are no results due to a small number of observations.

Finance and Insurance Industry The test of fitness model results of this test for
finance and insurance industry is inconclusive in five countieetérbthan 95% in
Larimer and Weld counties, while at better than 99% of signifeanc EI Paso,
Arapahoe, and Denver counties. In Boulder County, the tests of fithes$ shodethat
the results do not hold in any direction.

Real Estate Industry The results of the fitness model indicate are inconclusive in
three counties at better than 99% of significance level (E,Paspahoe, and Larimer).
In Denver and Boulder counties these tests reveal that the non-homagenpreferred
to standard Cobb-Douglas, and translog to non-homogeneous production function. That
translog is preferred to any of the fitness models in re@teesndustry in Denver
County.

Professionals, Scientists, and Technicians Servic@$e fitness model results
reveal that the direction of fitness model in five counties initidgstry is inconclusive
at better than 99% level of significance in Denver, Arapahoe, Boudtel Weld
counties, while at better than 95% level in Larimer County. IndSoPCounty, the
direction of fitness model is clear from standard Cobb-Douglagranslog to non-

homogeneous Cobb-Douglas function.
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Management of Companies and Enterprise$his industry shows that the fitness
model tests are inconclusive in Arapahoe County for the six e@iffezstimates, while
other counties show no results because of small number of observations.

Administrative and Support and Waste Management and Remediation
Services Industry: The testing hypotheses results of model fithess show differences
among counties. For example, this industry in El Paso and Arapahoeesoshtw
inconclusive direction and significance at better than 99% level. IndBgwVeld, and
Denver counties the tests show that the direction of test is ingivelbetween Cobb-
Douglas and non-homogeneous Cobb-Douglas, and between translog and Cobb:-Dougla
But the fitness results in these three counties obviously determine theodifeatn non-
homogeneous to translog. The results of the test regarding Latmerty are from
Cobb-Douglas to non-homogeneous Cobb-Douglas function. In other testaptied
fitness tests are inconclusive at better than 95%.

Education servicesThe results of the fitness test for this industry can be divided
into three groups. The first group is the inconclusive result&lfétaso and Arapahoe
counties at better than 99% level of significance. The second growgh widludes
Denver and Boulder counties shows the results from standard Cobb-®aoghan-
homogeneous Cobb-Douglas function and from Cobb-Douglas to translog tpoduc
function and their reverse direction tests are inconclusive trtiban 99% level. But
the direction of the fitness is from non-homogeneous Cobb-Douglasamsidg.
Regarding the third group, the number of observations is not enough to cdmeluct

estimations.
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Health Care ServicesThe three production function models show inconclusive
results to satisfy certain production functions. Thus, the threelshadder study can
represent the data structure for health services at bette®#8arievel in all counties
except Weld.

Arts, Entertainment, and Recreation Three groups of results appeared. The
first group includes the inconclusive results of fithess estimadt better than 99% of
significance in this industry in El Paso and Larimer counfiés. second group includes
the industry in Arapahoe County where the fitness test revealthéhtst from standard
Cobb-Douglas to non-homogeneous Cobb-Douglas, and from standard Colasioug
translog and the reverse direction is inconclusive at better tharle9@% The translog
and non-homogeneous test reveals no relation between these twtmnsinn this
industry for Arapahoe County. The third group shows no results because shdtle
number of observations in this industry in Weld, Denver, and Boulder counties.

Accommodation and Food ServicesThe fitness tests for this industry are
inconclusive in their direction at 99% level in El Paso, Denver, #rap, and Larimer
counties. The other counties show no results due to small number of observations.

Other Services (except Public Administration)The results of model fithess for
other services industry can be classified into three groups. M&tegfoup, the main
group, shows inconclusive direction of the fitness test hypothedesttar than 99%
level of significance in El Paso, Denver, Arapahoe, and Larimer esunfthe second
group, Boulder County, reveals that the result is from Cobb-Douglas te non
homogeneous Cobb-Douglas, but the reverse is insignificant. Thetwth@arts of the

test between Cobb-Douglas and translog, and translog and non-homog@udinis
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Douglas functions are inconclusive at better than 99% level oifismnce. The third
group, Weld County, shows obvious direction from non-homogeneous to translog
direction, but not the other way around, while the other two partsnefsé test reveals

inconclusive results.

4.5. Summary

The research estimates four different production functions. Theyae-Douglas, new
CES, non-homogeneous Cobb-Douglas, and translog function. The new CERdg&@xc
from any hypotheses testing due to contrary results to econdenatdre regarding the
production function, where the elasticity of substitution is negativgafdeng the model
fitness, J-test is conducted. The main conclusions to this chapter are:

(1) Land is an important and significant variable in the production process.

(i) The magnitude of land variable is different among counties, but as Cobb-
Douglas production function reveals, Denver County has the highest land
coefficients in all industries among the counties under study.

(i)  Model fitness tests are mostly inconclusive to determine the best production
function that fits the data structure for each industry in each county. Thus,

there is no satisfactory model.
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Chapter 4, Appendix

Table 4.13, Non-homogeneous Cobb-Douglas
estimation in Arapahoe County

K L LA KL L*LA Cons. R2

23 0.2603**  2.474%*  0.B1M*  -0.226%* 0.0977** 8.591**  0.91
(0.1066)  (0.2153)  (0.1443) (0.0277) @®2 (1.278)

31 0.605%*  1.4747** 0.0195  -0.0726* -0.0204 3.8427 0.82
(0.2827)  (0.4337)  (0.3820) (0.0393) (6M3 (3.6705

42 0.2162*  0.9670** -0.1152  -0.0223 -0FB  8.0477%* 0.91
(0.1292)  (0.2137)  (0.1824) -0.026 (0.0245 (1.6159)

44 0.5551%* 1.8901+* -0.1011  -0.091** -0355%  4.4904**  0.88
(0.1249)  (0.2075)  (0.1784) (0.0183) (@Dl  (1.5378)

48 0.5285 3.3252%  -0.9330* -0.3639** 048  7.2268* 0.91
(0.4300)  (1.219) (0.5323)  (0.1636) (0910 (4.0981)

51 0.2043 1.2390%* 0.1658  0.0508 -0.156*%6.7907*  0.95
(0.2515)  (0.2803)  (0.2754) (0.0358) (@m3  (3.0664)

52 0.4709%* 1.6057%*  -0.32%% -0.075%* -0.0217  6.5953**  0.94
(0.0769)  (0.1438)  (0.1036) (0.0175) (@DL  (0.9497)

53  0.5968** 1.8231** -0.2194  -0.0586 -q6*  4.8727*  0.93
(0.1488)  (0.3053)  (0.2208) (0.0381) (613  (1.8858)

54 0.6560%* 1.4546%*  0.1984* -0.085* @019 2.9110*  0.94
(0.0698)  (0.1336)  (0.1009) (0.0158) @91 (0.8707)

55 -0.0678  1.2333** -0.3106 -0.0791 0.016 11.3867** 0.96
(0.2861)  (0.3383)  (0.3198) (0.0613) @96 (3.4799)

56 0.4807** 1.4745%*% -0.1108  -0.083** 0.0031  5.0843** 0.93
(0.1391)  (0.1677)  (0.1510) (0.0245) (B%)2  (1.5488)

61 1.3057** 0.7142*  0.8594* -0.0764 005  -5.1388 0.91
(0.2955)  (0.4452)  (0.3929) (0.0567) @De  (3.6721)

62 0.6576%* 1.1762** 0.1405  -0.0344 0.5 2.9865**  0.93
(0.1131)  (0.1713)  (0.1526) (0.0212) (002  (1.3817

71 0.4705 0.1941 1.3717%  0.1277% -0.187* -0.1343 0.94
(0.3423)  (0.5453)  (0.5614) (0.0421) @04 (4.8527)

72 0.8469%* 1.8502%* -0.3109  -0.176%** 0BA6**  3.2126%*  0.90
(0.1311)  (0.2170)  (0.2036) (0.0257) @®2  (1.7129)

81 0.7099%* 1.9029%* 0.0575  -0.135** 0.a1 2.6270*  0.91
(0.1266)  (0.2912)  (0.1785) (0.0378) WH  (1.5299)

Standard errors are in parentheses.
*** Significant at 99% level.

** Significant at 95% level.
*Significant at 90% level.
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Table 4.14, Non-homogeneous Cobb-Douglas
estimation in El Paso County

K L LA K*L K*LA L*LA Constant R2

23 0.6497** 3.5473** .0.3068  -0.23** 0.0307* -0126 3.4571 0.88
(0.1923)  (0.3135)  (0.2045)  (0.0247) (0.0167) (@M1 (2.3355)

31  -0.5549%*  1.2313** -0.80** -0.0129  0.0850** 0.05** 16.6141** 0.92
(0.2667)  (0.2671)  (0.3024) (0.0228) (0.0229)  (OF)L (3.4212)

42 0.8293**  0.0463 0.8599*  0.1049* -0.0479* -O%  -0.3044 0.89
(0.2648)  (0.4646)  (0.3494)  (0.0441) (0.0276) (093 (3.2101)

44 0.0348 1.9523%*  0.47%*  -0.11%* 0.0575** -00107 9.62** 0.93
(0.0984)  (0.1088)  (0.0944)  (0.0119) (0.0075) (AL (1.1584)

48  0.0014 1.7726%* -0.411* -0.0663  0.0469*** -0890 10.5770** 0.90

(0.2311)  (0.4884)  (0.1950) (0.0476) (0.0148) (A} (2.5821)

51 -0.3571 2.2376%* -1.31%*  .0.098* 0.1054** -041  16.8073** 0.94
(0.4284)  (0.2929)  (0.3986) (0.047)  (0.0319)  (01)48(4.8003)

52 -0.1052 2.3492%* 085+  -0.14%* 0.0762** 00008  12.6684** 0.93
(0.1829)  (0.2038)  (0.2192) (0.0178) (0.0165) (@M1 (2.3518)

53 0.5355%* 1.9366%* -0.2002* -0.09%* 0.0257** -0.035* 4.7523**  (0.94
(0.1121)  (0.2573)  (0.1146) (0.0259) (0.0086)  (A%)2 (1.3305)

54  0.3073*  2.0333** -0.4171* -0.070* 0.0419% -05*  7.5028**  0.87
(0.1920)  (0.3479)  (0.2125)  (0.0350) (0.0165) (682 (2.3511)

55  -0.7854 -3.3270 -2.0544  0.0414  0.1376 0.3376 943 0.03
(5.6159)  (13.5392) (7.2917  (0.6199) (0.5313)  (B)72 (76.2492)
56  0.5796%* 2.3114** -0.404* -0.16** 0.0382* 00199) 4.3830 0.89

(0.1998)  (0.2411)  (0.1938)  (0.0211) (0.0172)  03)19 (2.2177)

61  1.4219%  2.4026%** 0.6009  -0.14*** -0.0423  -0.8¢ -6.4015 0.88
(0.6291)  (0.4862)  (0.6331) (0.0367) (0.0495)  (88)2 (7.7910)

62 -0.4991*  2.0711%* -0.94%*  -0.07*** 0.0976** 0.06** 15.8161** 0.85
(0.2615)  (0.2000)  (0.2771) (0.0201) (0.0223) (612 (3.1256)

71 0.9409%*  1.1162*  0.9164** -0.0433 -0.0391  -0.824 -3.5382 0.87
(0.4257)  (0.5996)  (0.3576)  (0.0459) (0.0298) (093 (4.9323)

72 0.1955%  2.3761%* -0.51%*  -0.12%* 0.0581** -0.1** 7.7664**  0.90
(0.0935)  (0.1902)  (0.0977) (0.0187) (0.0066)  (8)01 (1.1423)

81  -0.453**  1.0668*** -0.88* -0.0342 0.0926%* ©.1** 15.2857** (.88
(0.1449)  (0.2472)  (0.1564) (0.0225) (0.0121) 269 (1.7412)

Standard errors are in parentheses.
*** Sjgnificant at 99% level.

**  Significant at 95% level.
*Significant at 90% level.
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Table 4.15, Non-homogeneous Cobb-Douglas estimationDenver County

K L LA KL K*LA  L*LA  Constant R2
23 -0.2806  0.991%*  -0.6564* 0.0603* 0.0700*  0.0205  14.2276** 0.83
(0.2806)  (0.3159)  (0.3598)  (0.0294) (0.0297)  (8D3 (3.3195)

31 0.8852%* -0.8219* 1.3186%* 0.099%* -0.0722** -0.0184  -1.9489 0.92
(0.3494)  (0.3615)  (0.4866)  (0.0321) (0.0360) (B2 (4.5754)

42 -0.0490 0.8678** -0.7640* -0.08*  0.0607*  0.048 13.6808** 0.91
(0.2673)  (0.3425)  (0.3877)  (0.0314) (0.0285) (991 (3.5633

44 -055%*  0.952%* 04729 0.0079  0.0770** -@74** 15.1412 0.86
(0.1561) (0.2515)  (0.2136)  (0.0227) (0.0153) (92 (2.0638)

48  -0.0030 0.3287 0.0908 0.0446  0.0267 -0.0681* 849+  0.98
(0.2127) (0.4806)  (0.3027)  (0.0478) (0.0224) (@3 (2.4395)

51 -3.2803  2.1625 -5.8838  -0.1301  0.4496 -0.0194 178 098
(4527)  (2.7003)  (6.3442)  (0.0837) (0.5125)  (0B)27 (56.0281)

52 -1.036%* 1.2250% -1.722%* -0.0433  0.1506** -0341  24.4686** 0.91
(0.4472)  (0.4894)  (0.5895)  (0.0821  (0.0431)  (0Z)90 (5.8184)

53 -1.29%* 1.8354** -1867%* -0.0363  0.1682%* -Ql111  27.1254** 0.82
(0.3836) (0.8828)  (0.5859)  (0.0736) (0.0404) (619 (5.3349)

54 -0.88%*  1.462%*  -1.137%* -0.0034  0.1254%*  -Q12%* 20.1942%* 0.71
(0.2862)  (0.4201)  (0.3850)  (0.0346) (0.0305)  (8D4 (3.5631)

55

56  -0.7486* 0.3783 -1.1367*  -0.0473  0.1043*  0.0584 20.6825** 0.65
(0.4260) (0.4779)  (0.5982)  (0.0362) (0.0448) (@4 (5.5704)

61  1.149%* 0.2928 0.5839 -0.0390  -0.0394 0.0435 .1323 0.97
(0.3747) (0.5113)  (0.4911)  (0.0644) (0.0381) (%5 (4.4697

62 -0.95%* 1.075%* -1.136%* -0.0225  0.1249%* -00486  20.9816** 0.86
(0.2767) (0.2982)  (0.4131)  (0.0347) (0.0290 (02)36 (3.7483)

71 1.0378  -0.5053  1.2293 0.0673  -0.0657 -0.0311 35 0.93
(0.6535) (1.1317)  (0.9296)  (0.093)  (0.0714) (041 (8.2455)

72 03534  1.901** -0.0337  -0.0281  0.0543*  -0.}83* 11.2879** 0.69
(0.2329)  (0.3517)  (0.3128)  (0.0190) (0.0222) (@3 (3.1545)

81  -0.676% 1.3831%* -1.212%* -0.12%* 0.1162%* 0.0539  19.1462** 0.78
(0.2633) (0.3259)  (0.3440)  (0.0311)  (0.0258) 40%) (3.3287)

Standard errors are in parentheses.
*** Sjgnificant at 99% level.

**  Significant at 95% level.
*Significant at 90% level.
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Table 4.16, Non-homogeneous Cobb-Douglas estimationLarimer County

K L LA KL K*LA L*LA  Constant R2

23 01263  1.2935** -0.2815 0.0677** 0.0348 0.0058  9.4109%*  0.91
(0.3088)  (0.3920)  (0.3586) (0.0283) (0.0306) (8DL (3.5825)

31 02940  0.5451 -0.2924 0.0048  0.0315 -0.0250 8882 0.92
(0.2822)  (0.4692)  (0.3359) (0.0465) (0.0265)  03)35 (3.3833)

42 03727  -0.1645  0.2087  0.0545* -0.0005  -0.0208 .2486* 0.92
(0.2495)  (0.3017)  (0.3082) (0.0239) (0.0239) (B2 (3.1514)

44 00771  0.4405* -0.1418 0.0045  0.0289* -0.01909.7775**  0.89
(0.1135)  (0.1863)  (0.1438) (0.0168) (0.0111) (B}L (1.399)

48 06821* -1.1701 05397 0.0906  -0.0379  0.0306 9B.6 0.95
(0.3469)  (0.7382)  (0.3889) (0.0535) (0.0349) (68} (3.6564)

51  0.0609  1.1919 -0.1555 0.0227  0.0376 -0.1018 579  0.92
(0.7603)  (0.9365)  (0.7887) (0.0864) (0.0680)  (94)% (8.1638)

52 0.0753  1.3603** 0.2607 -0.0119  0.0206 -0.0846 .0591 0.89
(0.1852)  (0.3658)  (0.2284) (0.0209) (0.0171)  (84)3 (2.3551)

53  0.0837  0.6179 -0.6812 -0.0586  0.0573 0.0316  1BE7* 0.86
(0.2984)  (0.4071)  (0.3512) (0.0364) (0.0266) (AFM (3.8056)

54 02373  0.9008%* -0.6** -0.0149  0.0517** -0.02* 9.5281 0.91
(0.1722)  (0.3232)  (0.2192) (0.0353) (0.0158) (B2 (2.1790)

55

56  0.3557  0.3435 -0.3223 -0.0415  0.0247 0.0533 4850 0.86
(0.5091) (0.7362)  (0.7052) (0.0565) (0.0542) (693 (6.4502)

61  1.3302  -0.6683  0.8950 -0.0201 -0.0619  0.1015 863% 0.97
(0.9477) (1.0196)  (1.3511) (0.0988) (0.1064) (047 (11.7209)

62 -0.79%*  1.3206%* -0.9%* 0.0278  0.1024** -0.D** 18.7245** 0.86
(0.2697) (0.3262)  (0.3338) (0.0341) (0.0253) (@3 3.2735)

71  0.8156* 2.0805* 04114 -0.0966  -0.0103  -0.0444-0.4664 0.87
(0.3347) (0.9261)  (0.3207) (0.0664) (0.0258)  (6D5 (3.2705)

72 0.0499  0.9681%* -0.6** -0.05%* 0.0566 -0.0029 11.3724** 0.85
(0.1267) (0.2487)  (0.1563) (0.0195) (0.0119) (@®1 (1.5710)

81  -0.0975  2.1117%* -0.6** -0.12%* 0.0694** -00331  11.7557** 0.89
(0.1706)  (0.3267)  (0.1766) (0.0353) (0.0151) 837 (1.8952)

Standard errors are in parentheses.
*** Significant at 99% level.

**  Significant at 95% level.
*Significant at 90% level.
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Table 4.17, Non-homogeneous Cobb-Douglas estimationBoulder County

K L LA KL KA L*LA Constant  R2
23 -0.794  1.807%* 2595 -0.302%* 0.1987* 0.283%* 23.7296** 0.65
(0.6776) (0.6295)  (1.1671) (0.0666) (0.0891) (@O  (8.6962)

31 1.3576  -0.4927  1.1486  -0.0465  -0.09422 0.1569 .63} 0.91
(0.8432) (1.6125)  (1.5378) (0.2314) (0.1036) (@39  (10.4186)

42 1.3409*  0.3617 0.6754  -0.0833  -0.0600 0.1098 963 0.79
(0.7393)  (1.0626)  (1.1108) (0.1007)  (0.0909) (6@M7  (8.8465)

44 06377  -0.0514 15276  0.0703 -0.0916  -0.0612 8810  0.50
(0.7547) (1.1274)  (1.2272) (0.0962) (0.0955) (QZP  (9.552)

48

51 01962 52908 -2.0846  -0.6030* 0.1231  0.3337 5.1756 0.67
(1.1589) (2.2482)  (1.7573) (0.3427) (0.1196) (A2  (14.9892)

52 02726  1.7492 -1.6072  -0.2322  0.0879  0.2019 426 077
(1.8091) (1.8072)  (2.9837) (0.2136) (0.2403) (08  (22.163)

53  0.8123  2.0252 0.4404  -0.2868  -0.0966  0.2432 1530  0.84
(1.1045)  (3.0426)  (1.5969) (0.4038)  (0.1293) 0833 (12.7017)

54  0.9461** 1.8480** 05334  -0.171*** -0.0337 0.61 0.4633 0.69
(0.3896)  (0.4851)  (0.6028) (0.0570) (0.0479) (086  (4.7534)

55  19.3846 28.7091  3.2457 -2.3027  -5.2313 -228.4020.44
(18.6239) (30.5129) (11.711)  (2.3491) (19.5464) 241(5154)

56  -0.6479  1.7686 -1.4061  -0.0189  0.1570  -0.1726 .84B® 0.70
(0.9275) (1.2070)  (1.3356) (0.1623)  (0.1109) (62  (10.7214)

61 -4.9893 3.5178 -10.0134 -0.7757* 0.7688  0.7734**78.7493 0.58
(3.2276) (3.0746)  (5.8111) (0.3785) (0.4525) (0B4  (41.1633)

62  1.7517** 0.9940 2.0437* -0.0982  -0.1512  0.0609 9.8590 0.67
(0.7416) (0.8426)  (1.1683) 0.1043)  (0.0913) (0%)99 (8.8881)

71  0.0023  0.5388 -0.0633  -0.0366  0.0242  0.0216 2662  0.84
(1.9947) (1.4667) (2.8306) (0.1020) (0.2390) (080  (23.8010)

72 1.3925  3.1246 -0.6398  -0.4293  0.0076  0.3196 4812  0.93
(1.0396) (1.7888)  (0.8964) (0.2756)  (0.0751) (@22  (9.9917)

81 -0.1087 0.2811 -0.9541  -0.0765  0.0694  0.1247  OSIB 0.78
(0.8793) (0.9591)  (1.6551) (0.1111) (0.1235) 103)  (11.4961)

Standard errors are in parentheses.

*** Significant at 99% level.
** Significant at 95% level.
*Significant at 90% level.

86



Table 4.18, Non-homogeneous Cobb-Douglas estimationWeld County

K L LA KL KA L*LA Constant R2
23 0.9887** 1.6947** 0.1924 -0.147+* .0.0189  03B8** 0.7096  0.91
(0.2015)  (0.4248)  (0.2657)  (0.0358)  (0.0217) (0ODL  (2.4464)

31 0.3349 0.6802 -0.1895  -0.0153  0.0187  -0.0017 8418 0.97
(0.2312)  (0.3681)  (0.2325)  (0.0358)  (0.0197) (84)2  (2.6336)

42 0.4412 2.1984** -0.3580  -0.203** 0.0260  0.0847 7.6715  0.81
(0.6401)  (0.6499)  (0.7206)  (0.0514)  (0.0592) (B3  (7.7842)

44 1.0921*  1.1607 0.1973 -0.1699%* -0.0216  0.13F1*-0.2586  0.95
(0.5434)  (0.7835)  (0.6578)  (0.0737)  (0.0559) (845 (6.3163)

48 -0.8279  2.9242%+ .1.8553* -0.1775% 0.1598** 0.0338 215919  0.91
(0.5398)  (0.7712)  (0.6909)  (0.0718)  (0.0588) (A®3  (6.3221)

51

52 0.7728 1.6845%  -0.0046  -0.1784* -0.0003  0.0937 3.2692  0.89
(1.2525)  (0.7982)  (1.7471)  (0.0909) (0.1392) (88  (15.6685)

53 0.8912 2.7758%* 0.6043 -0.1449% -0.0255 -0.a79 -1.0306  0.93
(0.6003)  (0.6313)  (0.7709)  (0.0543) (0.0583) (8M6  (7.6874)

54 1.5057** 2.9857** (.9287** -0.1825* 0.073** -0.0475 -6.1234  0.82
(0.2482)  (0.8163)  (0.2906)  (0.0697)  (0.0242) (BD3  (2.9744)

55

56 1.6951* 5.3919%* (0.8788 -0.442%* -0.0684  0.63 -8.5756  0.77
(0.7870)  (0.6473)  (0.9178)  (0.0522)  (0.0751) (BD3  (9.6038)

61 -05974  -45615  -4.0047  -1.0001  0.1379  1.8422 4MB 0.98
(3.1286)  (1.2213)  (4.5097)  (0.2875)  (0.3335) (99)4  (42.2453)

62 -0.2757  1.5984** -13363  -0.0896  0.1074  -0.0159 16.0985* 0.93
(0.6705)  (0.5570)  (0.8966)  (0.0566)  (0.0725) (B4  (8.1686)

71

72 -0.1803  2.7666 -0.9309  -0.1320  0.0997  -0.0814 6405  0.93
(1.5154)  (2.3558)  (1.4201)  (0.1089)  (0.1402) (@21  (15.2441)

81 1.3632%* 0.7932 0.7815*  -0.1504** -0.0648* (B14** -3.9848  0.87
(0.3435)  (0.6876)  (0.3825)  (0.0576)  (0.0326) 32%)  (4.0379)

Standard errors are in parentheses.
*** Sjgnificant at 99% level.
**  Significant at 95% level.

*Significant at 90% level
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Table 4.2C, Estimation of Translog Production Function by Industry in Arapahoe County
2

LK L LA LK2 LA2 LKL LKLA LA R2
23 | -2.256"* | 1.5372"* | 1.5106™* | 0.1854"* | 0.1008"* | 0.1039"* | -0.084"* | -0.0230"* | -0.051% | 0.9/
(0.2933 (0.1872 (0.2488 (0.0225 (0.0094 (0.0257 (0.0252 (0.0453 (0.0224
31 [ -1.946% | 1.2747" | 0.8119° 0.1676™ | 0.0612"* | 0.0127"* | -0.035 -0.2145"* | -0.78%* | 0.9
(0.5333 (0.3177 (0.4318 (0.0198 (0.0179 (0.0422 (0.0273 (0.0433 (0.0276
472 [ -1.577%* | 1.0568"* | 1.3569"* | 0.1618"* | 0.0878"* | 0.1197"* | -0.012¢ -0.2395"* | -0.10™* | 0.9¢
(0.2393 (0.1599 (0.2429 (0.0149 (0.0093 (0.0227 (0.0201 (0.0311 (0.0208
44 [-1.285% | 2.05/77* | 0.91517* | 0.1102** | 0.0328® | 0.0288" | -0.138"* | -0.0931"* | -0.005; 0.22
(0.2368 (0.1825 (0.2270 (0.0114 (0.0132 (0.0123 (0.0169 (0.0177 (0.0139
48 | -4.4965" | 2.66627 | 3.057¢ 0.4216 0.1180%* | 0.269: -0.2455" | -0.603¢ 0.037¢ 0.9t
(2.0309 (1.0204 (1.8797 (0.2063 (0.0373 (0.1962 (0.1423 (0.3962 (0.1095
51 [ -0.412¢ 1.4308"* | 1.2603"* | 0.1173" | 0.0721"* | 0.1220"* | -0.043: -0.2336"* | -0.08%* | 0.9¢
(0.3863 (0.2024 (0.3808 (0.0308 (0.0076 (0.0411 (0.0307 (0.0647 (0.0298
57 [-0.942%* | 1.4704* | 0.9398"* | 0.0921"* | 0.0445"* | 0.0261~ | -0.081%* | -0.0917"* | -0.021L: 0.9¢
(0.1642 (0.1294 (0.1708 (0.0100 (0.0069 (0.0105 (0.0155 (0.0182 (0.0143
53 | -0.400¢ 1.8137"* | 0.318¢ 0.07627* | 0.0247 0.0592% | -0.108"* | -0.0949"* | -0.015: 0.97
(0.3166 (0.2857 (0.2756 (0.0153 (0.0259 (0.0272 (0.0386 (0.0349 (0.0394
54 [ -0.405* | 1.1709"* | 0.7777" | 0.0595* | 0.0636"* | 0.0239" | -0.008: -0.06517* | -0.10™* | 0.0¢
(0.1453 (0.1186 (0.1427 (0.0048 (0.0096 (0.0108 0.0146 (0.0104 (0.0144
55 [ -0.9758° 1.3745"* | 0.676¢ 0.0324 | 0.024. -0.071; -0.099¢ 0.0703 0.019" 0.97
(0.5074 (0.3083 (0.6156 (0.0089 (0.0199 (0.0585 (0.0755 (0.0440 (0.0851
56 | -0.169"* | 1.3812"* | 1.6874™ | 0.1565"* | 0.0654"* | 0.0661"* | -0.104™* | -0.1979"* | 0.000¢ 0.9t
(0.313 (0.1386 (0.2706 (0.0239 (0.0093 (0.0251 (0.0212 (0.044 (0.0219
61 | -0.414¢ 0.574 1.4003% | (0.14617* | 0.0584* | 0.1738" | -0.018: -0.3159"* | -0.038¢ 0.97
(0.9493 (0.4181 (0.6041 (0.0421 (0.0252 (0.0854 (0.0568 (0.1042 (0.0565
62 | -0.879"* | 1.1060™ | 1.4158"* | 0.1157"* | 0.0372"* | 0.06320° | -0.0312" | -0.1712"* | -0.06™* | 0.9¢
(0.2248 (0.1486 (0.2087 (0.0150 (0.0098 (0.0286 (0.0189 (0.0391 0.0189

71 [ 0.540¢ 0.681 0.970 0.034- -0.008¢ 0.056¢ 0.047¢ -0.108¢ -0.126¢ 0.9%
(0.7361 (0.7467 (0.8914 (0.0294 (0.0403 (0.1054 (0.0816 (0.1127 (0.0829

72 | -0.4806° 1.40727* | 0.7828 | 0.0861* | 0.0462* | 0.0503** | -0.115"* | -0.1158* | 0.017¢ 0.97
(0.2738 (0.2036 (0.2490 (0.0129 (0.0149 (0.0159 (0.0241 (0.0247 0.0266

81 | -1.684"* | 1.4289"* | 1.8918"* | 0.1396** | 0.0616™* | 0.027: -0.0711% | -0.15317* | -0.0488 | 0.97
(0.2736 (0.2319 (0.2480 (0.0146 (0.0212 (0.0239 (0.0302 (0.0316 (0.0304

*** Significant at 99% level.
**  Significant at 95% level.

*Significant at 90% level.
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Table 4.21, Estimation of Translog Production Function by Industry in El Paso County

LK L LA LK2 L2 LA2 LK*L LK*LA L*LA constant R2

23 -1.86%**  2.2814*** (0.8072*** 0.1032***  0.1086***  -0.037***  -0.158***  0.0076 -0.0225% 14.7204*** 0.93
(0.3410)  (0.2491)  (0.2038) (0.134) (0.0091) (0.0056) (0.0190) (0.0128) (0.0087)  (2.4765)

31 -1.53%**  2.3785%** (0.4605**  0.0895***  0.1042***  -0.0188**  -0.171***  0.0074 -0.0157  14.1376*** 0.98
(0.1885)  (0.1591)  (0.1932) (0.0078) (0.0099) (0.0076) (0.0179) (0.0144) (0.0147)  (1.8687)

42 -0.7507  2.0372*** 0.0066 0.0664**  0.1497***  0.0375** -0.0295 -0.0299 -0.18%**  12.0267*** 0.92
(0.6707)  (0.5202)  (0.4134) (0.0256) (0.0253) (0.0167) (0.0464) (0.0234) (0.0311)  (4.2876)

44 -0.38%*%*  1.6782%** (0.5778***  0.0494***  0.0674***  -0.0060 -0.108***  -0.0164 0.021**  6.8110***  0.95
(0.1150)  (0.0991)  (0.1388) (0.0064) (0.0092) (0.0066) (0.0103) (0.0265) 0.0113)  (1.0200)

48 -2.23%**  2.8525%%*  (04232**  0.1331***  0.1363***  -0.0045 0.219***  -0.0199 -0.0180  18.6004*** 0.96
(0.3759)  (0.3333)  (0.1739) (0.0179) (0.0297) (0.0119) (0.0343) (0.0210) (0.0263)  (2.1144)

51  -0.4333  1.8063*** -1.0167 -0.0226) 0.0816***  -0.0498 -0.0548 0.1675 -0.099** 16.0970*** 0.96
(0.8626)  (0.2713)  (0.7301) (0.0610) (0.0170) (0.0434) (0.0393) (0.1009) (0.0400)  (4.4116)

52 -1.06%**  2.1533*** (.5915* 0.0687***  0.0751***  -0.0224**  -0.132***  0.0048 -0.03***  11.0956*** 0.96
(0.2313)  (0.1632)  (0.3094) (0.0137) (0.0089) (0.0112) (0.0139) (0.0208) (0.0116)  (1.8534)

53 -1.19%**  1.5061*** 0.4835***  0.0842***  0.0459***  -0.0014 -0.078***  -0.0239 -0.0338* 12.9302*** 0.95
(0.2836)  (0.2429)  (0.1502) (0.0155) (0.0172) (0.0103) (0.0225) (0.0227) (0.0189)  (1.7043)

54  -0.71**  2.0866*** 0.1899 0.0603***  0.1289***  -0.0082 -0.155***  0.0028 -0.0091  10.9139*** 0.91
(0.3403)  (0.2837)  (0.3135) (0.0195) (0.0120) (0.0105) (0.0296) (0.0252) (0.0223)  (2.0627)

55  -2.0788  -14.6479  -9.5018 -0.0844 0.4970 0.1405 0.4084 0.4574 0.8981  76.19 0.61
(28.956)  (10.005)  (30.4206)  (1.3329) (0.3166) (0.8393) (1.5093) (0.9406) (1.9307) (82.06)

56  -0.5512*  1.7883*** 0.3012 0.0634***  0.0876***  -0.0051 -0.165***  -0.0112 0.0256*  8.7523***  0.93
(0.3394)  (0.2145)  (0.2001) (0.0132) (0.0118) (0.0095) (0.0179) (0.0188) (0.0158)  (2.3487)

61  0.0544 1.5251%**  0.5276 0.0597***  0.0998***  0.0242 -0.091***  -0.0682* -0.045**  3.7467 0.96
(0.4894)  (0.2917)  (0.4092) (0.0144) (0.0108) (0.0213) (0.0213) (0.0365) (0.01720  (4.5955)

62 -0.84%**  1.7249%** 1.1087***  0.0848***  0.0969***  -0.0059 -0.086***  -0.0582**  -0.07*** 7.1473***  0.92
(0.2601)  (0.1454)  (0.2878) (0.0097) (0.0099) (0.0186) (0.0141) (0.0279) (0.0186)  (2.3004)

71 -1.2926  1.1976**  1.1149**  0.1318***  0.0123 0.0345%* -0.0656 -0.129***  -0.0127  9.6331* 0.93
(0.9464)  (0.5066)  (0.45890  (0.0345) (0.0418) (0.0163) (0.0464) (0.0283) (0.0405)  (5.6241)

72 -0.99%**  12793*** (0.4519%**  0.0617***  0.1059***  -0.018***  -0.093***  0.0122 -0.03***  11.8383*** (.95
(0.1263)  (0.1456)  (0.1077) (0.0066) (0.0078) (0.0048) (0.0137) 90.0104) (0.0115)  (0.8369)

81  -1.67***  2.0013*** 0.9901*** 0.0986***  0.0907***  -0.0366**  -0.133***  -0.0044 -0.0309  12.6473*** 0.92
(0.2023)  (0.1944)  (0.2784) (0.0148) (0.0127) (0.0155) (0.0203) (0.0253) (0.0201)  (1.3923)

Standard errors are in parentheses.

*** Significant at 99% level.
** Significant at 95% level.
*Significant at 90% level.
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Table 4.22, Estimation of Translog Production Fundbn by Industry in Denver County

LK L LA LK2 L2 LA2 LK*L LK*LA L* LA R2

23 -0.4622 1.4862%* -0.0217 0.0558% 0.1145% 0446* -0.06% 0.0427 -0.072* 0.8920
(0.3246) (0.3547) (0.4371) (0.0145) (0.0192) oY (0.0319) (0.0323) (0.0292)

31 -1.872% 0.3535 1.2368%+ 0.1652%+ 0.0669*** @885+ 0.0388 -0.202%* -0.09%+ 0.9575
(0.7503) (0.4722) (0.4138) (0.0271) (0.0189) (643 (0.0494) (0.0505) (0.0264)

42 -2.26% 2.0871% -0.1788 0.1242%+ 0.0984*** 00275* -0.15%+ -0.0235 -0.0158 0.9479
(0.6638) (0.3298) (0.5587) (0.0404) (0.0141) (661 (0.0276) (0.0511) (0.0187)

44 -0.574%* 1.1050%+ 0.6298** 0.0845%+* 0.0519%*  0.0504* -0.06%+ -0.103* -0.0183 0.927
(0.1703) (0.1881) (0.2768) (0.0081) (0.0184) (0n2 (0.0181) (0.0244) (0.0242)

48 0.0911 1.4569* -0.7343 0.0051 0.120%+ 0.0810 0.0589 -0.0049 -0.244% 0.9942
(1.0894) (0.7581) (0.4744) (0.0748) (0.0315) (698 (0.1066) (0.1398) (0.0884)

51  -5.3509 9.5533 -14.8645 0.2469 0.0121 0.8759 2321 -0.0214 -1.1947 0.9852
(5.9351) (4.5891) (9.7784) (0.2436) (0.1161) (831 (0.3410) (0.5537) (0.8014)

52 -0.8326 1.714* -0.4202 0.0628 0.1658 0.0655 1440 -0.0367 -0.1750 0.9289
(0.7922) (0.8455) (1.0122) (0.0513) (0.0975) (67 (0.1233) (0.1272) (0.1065)

53 -1.413%* 1.3031* -1.5398 0.0784%+ 0.1123%+ 0922 -0.0453 -0.0096 -0.0828 0.9106
(0.4088) (0.7131) (0.9886) (0.0124) (0.0384) @37 (0.0538) (0.0542) (0.0879)

54 -1.264%* 1.2626%+ -0.0131 0.0847*+ 0.0813**  0.0416 -0.0351 -0.0394* -0.0839 0.8072
(0.3259) (0.3449) (0.4826) (0.0088) (0.0297) (@3 (0.0288) (0.0385) (0.0385)

55

56  -3.067%* 0.4536 -0.4904 0.1013%* 0.0365 -0.059 -0.0481* 0.1205%+ 0.0356 0.8700
(0.4256) (0.3417) (0.5967) (0.0111) (0.0224) (@93 (0.0259) (0.0337) (0.0361)

61 -1.3607 0.0363 2.3539% 0.0968 -0.0832 -0.1242  0.1555 -0.0206 0.2591* 0.9661
(1.3347) (0.5631) (0.9310) (0.1028) (0.0556) (642 (0.0974) (0.1967) (0.1287)

62  -1.338%* 1.2562%+ -0.5815 0.0944 %+ 0.0536*  0.0553* -0.12%% -0.0360 0.0453 0.9181
(0.3227) (0.2467) (0.3813) (0.01146) (0.0137) 709) (0.0358) (0.0401) (0.0387)

71 0.3416 -0.7348 1.6845 0.0665 0.0246 0.0596 0.137  -0.1796 -0.1126 0.9368
(1.3973) (2.4153) (1.3046) (0.0698) (0.2483) (@%)5 (0.1286) (0.1104) (0.2358)

72 -0.647%* 1.0596++ 0.3907* 0.0798%+ 0.0862**  0.0568** -0.04%+ -0.087** -0.063*** 0.9057
(0.2003) (0.2047) (0.2195) (0.0061) (0.0159) (a1 (0.0109) (0.0178) (0.0198)

81  -1.075%* 0.9122%+ 0.6654** 0.0840%** 0.0454*+  0.0101 -0.05%+ -0.0497* -0.0118 0.9160
(0.1979) (0.2308) (0.2983) (0.0064) (0.0191) 183 (0.0209) (0.0247) (0.0340)

Standard Errors in Parentheses.
*** Significant at 99% level.
** Significant at 95% level.
*Significant at 90% level.
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Table 4.23, Estimation of Translog Production Fundbn by Industry in Larimer County

LK L LA LK2 L2 LA2 LK*L LK*LA L*LA constant  R2

23 -1.393%* 2.4329%%  0.8342%*  0.0868**  0.1119%%  -0.034*** -0.18%+ 0.0008  -0.0104  11.7441** 0.96
(0.2534) (0.26947) (0.2642) (0.0116) (0.0170) (1)) (0.0195) 0.0198)  (0.0175)  (2.2731)

31 -1.4128% 1.4212%+ 05321 0.0908** 0.0957**  .0203 -0.14%+ -0.0059  0.0267 13.8572%* 0.93
(0.5599) (0.4376) (0.4482) (0.0373) (0.0238) (881 (0.0488) (0.0538)  (0.0320)  (3.2364)

42 -1.371% 1.8923**  0.4516* 0.1021%*  0.0605* 00039 -0.16%+ -0.0392  0.0273 14.0373%* 0.94
(0.4939) (0.4418) (0.2861) (0.0179) (0.0258) (831 (0.0464) (0.0279)  (0.0326)  (3.4214)

44 -0.867%* 1.3205%*  0.7868%*  0.0842**  0.0889"*  0.0059 -0.09%+ -0.06** -0.031**  9.3665**  0.94
(0.1179) (0.1696) (0.1503) (0.0064) (0.0126) (69)0 (0.0152) (0.0121)  (0.0141)  1.0749)

48 -1.0079 0.2613 0.9722* 0.0989** 0.1078** -0.0058  -0.089 -0.0716  0.0634 10.3217**  0.96
(0.6513) (0.9363) (0.5519) (0.0434) (0.0435) o2 (0.0834) (0.0622)  (0.0454)  (4.1566)

51  -5.8889* 2.6948* 3.1089%  0.4148* 0.0621* 0900* -0.2298* -0.3788*  0.0419 28.7997*  0.94
2.3494) (0.9804) (1.5569) (0.1563) (0.0357) (0043  (0.1096) (0.1826)  (0.0800)  (10.3229)

52 -0.3025 1.7751%*  0.5106™  0.0663**  0.0830%*  MA60* -0.07%+ -0.08%*  -0.08%*  7.2587%*  0.95
(0.2631) (0.2853) (0.2058) (0.0074) (0.0157) (0n2 (0.0155) (0.0263)  (0.0305)  (1.8129)

53 -1.0483* 1.6886**  -0.2880 0.0932%*  0.1215**  0.0392%*  -0.19%* -0.0472  0.0734*  16.4066** 0.92
(0.4444) (0.3465) (0.3705) (0.0228) (0.0248) (@@L (0.0350) (0.0307) (0.0332)  (3.1495)

54  -.6977 1.4877**  -0.0564 0.0655* 0.0941**  0.081 -0.10%% 00131  -0.0146  12.4373** 0.93
(0.6560) (0.3091) (0.3940) (0.0383) (0.0168) (@n1 (0.0352) (0.0400)  (0.0214)  (3.0863)

56 -1.1092* 1.3919* 0.9821 0.1037**  0.0794* -0008 -0.113** -0.0673  0.0031 9.3379* 0.93
(0.4839 (0.6626) (0.8418) (0.0274) (0.0368) (0)050  (0.0430) (0.0592) (0.0612)  (4.9107)

61  -0.2058 0.0739 1.8024 0.0725 0.0173 -0.0447 1611  -0.0747  0.1482 -0.1101 0.96
(3.6729) (3.4479) (5.0654) (0.2094) (0.0725) (@85 (0.2135) (0.5099) (0.1481)  (18.514)

62 -1.159%* 1.5378**  -0.2011 0.0622%*  0.1041**  0.0096 -0.056** 0.0172  -0.09**  16.687**  0.93
(0.2708) (0.2321) (0.2415) (0.0077) (0.0135) (831 (0.0261) (0.0295)  ((0.0222)  (2.3940

71 -0.873%* 2.1561%*  -0.6145* 0.0634*+*  0.0715*  0.0347* -0.107** 0.0062  -0.0749  15.6687** 0.95
(0.3009) (0.6266) (0.3623) (0.0094) (0.0315) (61 (0.0387) (0.0157)  (0.0455)  (3.1064)

72 -1.426% 1.8660**  0.5109%*  0.0806**  0.0800%  -0.033** -0.14%% 0.0229* -0.0144  13.5378** 091
(0.1632) (0.2006) (0.1612) (0.0089) (0.0097) (6m0 (0.0173) (0.0120) (0.0116)  (1.2346)

81  -1.269%* 1.7948**  0.6436™  0.1069**  0.1343"*  0.0152 -0.17%+ -0.068*  0.0300 12.6397%* 0.93
(0.3243) (0.2837) (0.2746) (0.0201) (0.0184) 60 (0.0294) (0.0323)  (0.0268)  (1.6179)

Standard errors are in parentheses.
***Significant at 99% level.
**Significant at 95% level.
*Significant at 90% level.
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Table 4.24, Estimation of Translog Production Function by Industry in Larimer County

LK L LA LK2 L2 LA2 LK*L LK*LA L*LA constant R2

23 -1.3932%**  2.4329%** (.8342*** (.0868*** 0.1119*** -0.0338***  -0.1846***  0.0008 -0.0104 11.7441***  0.9680
(0.2534) (0.26947)  (0.2642)  (0.0116) (0.0170)  (0.0079) (0.0195) 0.0198) (0.0175) (2.2731)

31 -1.4128** 1.4212%**  0.5321 0.0908** 0.0957***  -0.0203 -0.1345%**  -0.0059 0.0267 13.8572***  0.9381
(0.5599) (0.4376)  (0.4482)  (0.0373) (0.0238)  (0.0186) (0.0488) (0.0538)  (0.0320) (3.2364)

42 -1.3713***  1.8923*** (0.4516* 0.1021%*** 0.0605**  0.0039 -0.1565***  -0.0392 0.0273 14.0373***  0.9482
(0.4939) (0.4418)  (0.2861)  (0.0179) (0.0258)  (0.0183) (0.0464) (0.0279)  (0.0326) (3.4214)

44 -0.8673***  1.3205%** (0.7868***  (0.0842%** 0.0889***  0.0059 -0.0847***  -0.056***  -0.0309**  9.3665***  0.9406
(0.1179) (0.1696)  (0.1503)  (0.0064) (0.0126)  (0.0069) (0.0152) (0.0121)  (0.0141) 1.0749)

48 -1.0079 0.2613 0.9722* 0.0989** 0.1078**  -0.0058 -0.089 -0.0716 0.0634 10.3217**  0.9633
(0.6513) (0.9363)  (0.5519)  (0.0434) (0.0435)  (0.0292) (0.0834) (0.0622)  (0.0454) (4.1566)

51 -5.8889** 2.6948**  3.1089**  0.4148** 0.0621*  0.0900* -0.2298* -0.3788*  0.0419 28.7997**  0.9473
2.3494) (0.9804)  (1.5569)  (0.1563) (0.0357)  (0.0431) (0.1096) (0.1826)  (0.0800) (10.3229)

52 -0.3025 1.7751%**  0.5106**  0.0663*** 0.0830***  0.0460** -0.0712%**  -0.083***  -0.0807***  7.2587***  0.9500
(0.2631) (0.2853)  (0.2058)  (0.0074) (0.0157)  (0.0201) (0.0155) (0.0263)  (0.0305) (1.8129)

53 -1.0483** 1.6886***  -0.2880 0.0932%** 0.1215%**  0.0392***  -0.1993***  -0.0472 0.0734** 16.4066***  0.9226
(0.4444) (0.3465)  (0.3705)  (0.0228) (0.0248)  (0.0146) (0.0350) (0.0307)  (0.0332) (3.1495)

54 -.6977 1.4877***  -0.0564 0.0655* 0.0941***  0.0116 -0.1024***  -0.0131 -0.0146 12.4373***  0.9325
(0.6560) (0.3091)  (0.3940)  (0.0383) (0.0168)  (0.0121) (0.0352) (0.0400)  (0.0214) (3.0863)

55

56 -1.1092** 1.3919**  0.9821 0.1037*** 0.0794**  -0.0008 -0.1130**  -0.0673 0.0031 9.3379* 0.9327
(0.4839 (0.6626)  (0.8418)  (0.0274) (0.0368)  (0.050) (0.0430) (0.0592)  (0.0612) (4.9107)

61 -0.2058 0.0739 1.8024 0.0725 0.0173 -0.0447 -0.1161 -0.0747 0.1482 -0.1101 0.9603
(3.6729) (3.4479)  (5.0654)  (0.2094) (0.0725)  (0.5546) (0.2135) (0.5099)  (0.1481) (18.514)

62 -1.1591***  1.5378*** 02011 0.0622%** 0.1041***  0.0096 -0.0559**  0.0172 -0.0871***  16.687***  0.9378
(0.2708) (0.2321)  (0.2415)  (0.0077) (0.0135)  (0.0183) (0.0261) (0.0295)  ((0.0222) (2.3940

71 -0.8726***  2.1561*** -0.6145*  0.0634*** 0.0715%*  0.0347** -0.1071**  0.0062 -0.0749 15.6687***  0.9586
(0.3009) (0.6266)  (0.3623)  (0.0094) (0.0315)  (0.0151) (0.0387) (0.0157)  (0.0455) (3.1064)

72 -1.4263***  1.8660*** 0.5109***  0.0806*** 0.0800***  -0.0325***  -0.1400***  0.0229**  -0.0144 13.5378***  0.9181
(0.1632) (0.2006)  (0.1612)  (0.0089) (0.0097)  (0.0050) (0.0173) (0.0120)  (0.0116) (1.2346)

81 -1.2685%**  1.7948*** 0.6436**  0.1069*** 0.1343***  0.0152 -0.1709***  -0.0677**  0.0300 12.6397***  0.9380
(0.3243) (0.2837)  (0.2746)  (0.0201) (0.0184)  (0.1610) (0.0294) (0.0323)  (0.0268) (1.6179)

Standard errors are in parentheses.
*** Significant at 99% level.
** Significant at 95% level.
*Significant at 90% level.
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Table 4.25 , Estimation of Translog Production Function by Industry in Boulder County

LK L LA LK2 L2 LA2 LK*L LK*LA L*LA constant R2

23 -4.709%** 0.4554 0.4927 0.235***  0.115***  0.0044 -0.0928 -0.0518 0.0873 35.98%** 0.771
(0.9623) (0.5512) (1.1212)  (0.0461)  (0.0325)  (0.1331)  (0.0818) (0.1569) (0.1224)  (7.6058)

31 -3.1109 -0.5545 4.3999 0.4159 0.1644 0.4666 0.2627 -0.8885 -0.3726 10.9392 0.912
(5.8214) (2.5521) (3.0250)  (0.2953)  (0.1456)  (0.4449)  (0.4484) (0.6517) (0.5249)  (31.6266)

42 -3.2726 -0.8032 3.4175 0.1892 0.0019 -0.1459 -0.0151 -0.0916 0.1493 15.695 0.794
(2.8181) (1.2381) (2.9906)  (0.2504)  (0.0590)  (0.3519)  (0.1396) (0.6106) (0.1677)  (13.8533)

44 -1.5237 -0.4685 0.8843 0.0626 0.0435 -0.0469 0.0732 0.0091 -0.0367 17.4756 0.553
(1.1911) (1.1837) (1.2753)  (0.0307)  (0.0629)  (0.1081)  (0.1406) (0.1352) (0.1611)  (11.3824)

51 -20.7422* 2.7758 17.7066*  1.7449* 0.1719* 1.0803 -0.4506 -2.8027 0.3432 69.4335**  0.720
(10.1506) (2.8051) (9.3801)  (0.9302)  (0.0940)  (1.2096)  (0.3324) (1.9899) (0.3477)  (31.9336)

52 -3.5851 2.3697 2.2899 0.0515 0.0624 -0.5376 -0.5120 0.4393 0.5353 21.9749 0.765
(4.0679) (3.2424) (7.4155)  (0.3135)  (0.1159)  (0.7075)  (0.2901) (0.8020) (0.5799)  (25.9817)

53 -13.19304  3.4035 8.4382 0.9662 0.1527 0.4995 -0.3444 -1.3010 0.1041 57.5648 0.914
(9.6649) (3.4568) (3.7881)  (0.3974)  (0.0822)  (0.2697)  (0.4377) (0.4753) (0.3965)  (53.1270)

54 -4.0064%**  2.634%%* 3.914%%*  0.303***  0.123***  0.0485 -0.1382%** 0.3651%**  -0.1123*  18.007***  0.748
(1.3691) (0.4942) (1.0397)  (0.0567)  (0.0259)  (0.0863)  (0.0581) (0.0829) (0.0701)  (6.5599)

56 -2.2917 1.4587 2.0408 0.1127 0.122***  -0.1231 -0.0627 0.0202 -0.1066 13.8706 0.740
(3.7898) (1.2433) (41712)  (0.3365)  (0.0359)  (0.3416)  (0.1551) (0.6805) (0.1241)  (13.5375)

61 -18.357***  1.9087 11.8618*  2.2516**  0.0984 2.8868* -0.3872 -4.6332* 0.3402 74.3374**  0.805
(4.2188) (2.2188) (6.6082)  (0.7100)  (0.0987)  (1.5301)  (0.2982) (2.2283) (0.3036)  (31.5825)

62 -8.7977** 0.0662 9.740%**  0.848***  0.145***  0.631***  0.0598 -1.545%%* -0.11381  26.6211* 0.817
(3.3948) (0.6833) (2.4772)  (0.2341)  (0.0293)  (0.1789)  (0.0939) (0.3752) (0.0933)  (13.9819)

71 -12.8854 4.5865 2.5193 0.4665 0.0721 -0.3002 -0.4638 0.2256 0.1431 78.0764 0.917
(12.3738) (2.9077) (3.0536)  (0.6281)  (0.0769)  (0.1832)  (0.3301) (0.4392) (0.1974)  (68.077)

72 -0.2949 4.7767** -0.8665 0.1029 0.1418**  0.0376 -0.618** -0.0399 0.3398 9.2344 0.947
(5.7356) (1.7915 (5.3512)  0.5038) (0.0557)  (0.3776)  (0.2586) (0.8977) (0.1976)  (17.8000)

81 -4.7873%**  2.1629** 1.6097 0.279***  0.1133**  0.0345 -0.2401* -0.1707 0.087 31.416%**  0.865
(1.5509) (0.9087) (1.6277)  (0.0762)  (0.0417)  (0.1626)  (0.1175) (0.1941) (0.1202)  (9.9845)

Standard errors are in parentheses.
*** Significant at 99% level.
** Significant at 95% level.

*Significant at 90% level.



Chapter Five: Exploring Returns to Scale (RTS)

In this chapter, economies of scale will be measured based endifferent
estimated production functions. These production functions are: the stafidbid
Douglas, the non-homogeneous Cobb-Douglas, and the translog fundti@snain
feature of the first function is that the economies of scake$iaed, while the latter two
functions are characterized by varying economies of scaterding to the input
combination. This measure will be conducted at the industry and firel fer each
industry in each county studied.

The returns to scale is an important indicator of measuring fiiogerey of
exploiting input factors in the production at the firm level for tHegte sector industries
within the same county, and within industries across different @sunfihus, this
measure is essential for decision makers to assist thehoosing the type of industries
or firms to attract in their regions. Furthermore, the RT$ égplores the relationship
between the changes in input and output. Furthermore, it willftdst returns to scale
are fixed or vary by the input combinations. In this trajectory,hdlgon (2005)
mentioned that Adam Smith identified two counter forces to deterthenéevel of scale
for the firm. The division and specialization of labor, and this is expected tool&aghter
labor productivity and more output, while the firm size is wilkeffefficiency. In this
case the manager will face difficulties as the firm simeases. Therefore, which of
these forces dominate will affect the results of economiesadés of the firm In this
regard, local governments will encourage industries that eximtieasing returns to

scale which may increase the potential of exports as esftigi increases, and thereby
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increasing production, and then raising the employment level. Itiaddhe hypotheses
will be tested within the same county among different industmes tasted within
industry among different counties.

The rest of the chapter will discuss the potential impactl@ Rithin the county
among different industries and within the same industry among ehtferounties. In
addition, this chapter displays the estimated results by the bfpesstimated

aforementioned production functions.

5.1 Potential comparison of RTS impact
Here are the potential impacts of RTS within the county and anmolugtries, and

within industry and different counties:

5.1.1. Within county and among industries

Suppose there are two industries in county A, X and Y. Industry X extul@asing
returns to scale (IRTS), while industry Y exhibits decreasin§ FDRTS). To maximize
the industries profits, this requires that the mark-up pricdightly higher than the
average cost because of efficient use of resources by indudtryndustry Y, in order to
continue in the market and realize profits, it must charge higlaek-up prices than
industry X. Therefore, industry Y is expected to initiate higheceptevel and cause
higher inflation as a result of inefficient use of economic ressu(Basu et al, 1996).
Industry Y is expected to exert inverse impacts on the poor arabtimty by increasing
expenses of local governments to the entitlement purposes instdiaglcting the money

to investment projects such as roads, education, and so on. As a consegoenties
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have to attract industries and firms that exhibit increasimn® Rr firms that exhibit
constant returns to scale.

5.1.2. Within industry and among counties

Comparing the impact of RTS within the same industry and amoregediff
counties, suppose the state or nation consists of two counties A and R & the
common industry. Assume in county A, X industry exhibits IRTS, whiklustry X
exhibits DRTS in county B. In order to maximize profits in the itgus the two
counties, industry X in county A requires slight mark-up prices tiveraverage cost
compared to industry X in county B. Thus, the price level in counis/ é&pected to be
higher than county A and this may lead county A to export to county B if the difference i
prices has a relative advantage for county A or B. In addition, owpuytloyment, and
local government income will increase in A, relative to countp®a result there will be
improvement in county A investments in infrastructure, education, and,sehile these
services are expected to stay the same or deteriorate in county B.

The two explicit hypotheses tested are if the industry eshibied returns to
scale or the economy of scale varies. This hypothesis is cdmepaiih the studies of
U.S. economy. For instance, Hsing (1996) finds that the US manufectundustry
enjoys constant return to scale. The output elasticities of kfmbrcapital are 0.78 and
0.23, respectively. At the same time he estimates the retucaleofer the manufacturing
industry in 50 states and Washington DC by using new CES productionofunigie
finds differences in economies of scale among the statesnnfatduring industry. He
finds that New Mexico exhibits increasing return to scale. Time of labor and capital
coefficients is 1.12. While Washington DC exhibits decreasingndi0.85), and other

states reveal constant return to scale. The author attributeiffdrence in these results
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to the capital labor ratio. The states with high capital laliars§0.55) are more efficient
than states with low capital labor ratios (0.30). Another reasosuggested by the
author, is the declining average cost of production.
5.2. Measuring Scale of Economies

This section discusses whether or not the return to scaleed &s in Cobb-
Douglas or varies as in non-homogeneous functions of translog function, and non
homogeneous Cobb-Douglas production functions. As known in the literature, the
measurement of economies of scale can be calculated based oiothimdolormula in

regard to production functions incorporated in the study:
al
ziiyi i (B21)
For Cobb-Douglas function, the economies of scale are the sum ioptiteparameters.

For non-homogeneous Cobb-Douglas function model with three input varitddes

economies of scale are computed by summing the partial economies of scdtevas fol

The scale elasticity of, (Capital)e;= a; taulnX, + aglnX; ........ (5.2)
The scale elasticity of, (Labor) &, =a,+ a,InX; + aglnXs ........ (5.3)
The scale elasticity of; (Land)e; =as+ aginX, + aglnX, ........ (5.4)

And the total scale elasticity is:
eEn=6+&+e  ciiiiin.... (6.5)

Also, the economies of scale for translog production function with timge
variables will be computed. The scale economy for translog sutineof the partial scale
elasticities. The following are the formulas for computingebenomies of scale for the

three input variables.

The scale elasticity of, (Capital)e,= ay +a,lnX, + aslnX;+2 * a;....(5.6)

97



The scale elasticity of,(Labor) &5 =a,+ a,lnX, + aglnXs +2 xag .... (5.7)
The scale elasticity of; (Land) 5 =az+ aslnX; + aglnX,+2 * aq....... (5.8)
And the total scale elasticity is:
Er =&+ +e (5.9)

Therefore, the scale elasticity varies according to the cwhbn of input
variables. This research will extend the method of computing non-honmgene
functions to include three variable inputs; land, labor, and capitalrefhen to scale for

translog function will be computed for each firm in the industry.

5.3 The results of scale of economies

This part is divided into two subparts. The first discussesilteeof economies of
scale within the county among different production functions and indaistiiie second
subpart will examine the economies of scale within industry but anaffigrent

counties.

5.3.1 Economies of Scale within County and Among Industries

This section compares the economies of scale results of the different
estimations of production functions; standard Cobb-Douglas function, noogem®ous
Cobb-Douglas, and translog functions. These comparisons are shownres Sabland
5.1A to 5.6A.

Arapahoe County. Table 5.1A shows the economies of scale of the three
production functions for different industries in Arapahoe County. The main results are:

1- Cobb-DouglasFive industries in Arapahoe County show evidence of increasing

returns to scale. Construction industry has the highest scalelviith The other
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industries with increasing returns to scale are high service metustich as information,
real estate, professional, scientist, and technical sendodsadministrative, and waste
management industries. The scales in these industriesosee ahd equal to 1.06. The
industries that exhibit increasing returns to scale are botittg around 32.7% of total

estimated output (table 5.1).

Table 5, The Distributions of Relative Importance of Output by Industry
in Major Counties in Colorado

El
Weld Boulder Larimer Denver Paso Arapahoe Industry
182 8.1 4.2 57 4.5 3.7 23
215 8.1 3.3 10.7 6.1 2.2 31
6.5 7.6 4.4 9.5 2.8 5.3 42
9.3 5.3 25.3 8.6 17.0 6.2 44
4.1 0.7 1.9 2.4 2.0 0.5 48
0.2 6.1 3.9 5.6 3.8 7.3 51
3.9 3.1 8.5 2.3 7.8 20.3 52
3.0 6.3 4.7 5.7 5.0 5.7 53
8.8 23.7 6.0 7.0 7.4 17.7 54
2.1 0.7 1.0 0.8 0.1 3.8 55
5.7 5.3 2.8 3.7 5.7 8.4 56
1.8 2.0 0.6 5.0 7.6 1.8 61
6.4 8.6 11.2 16.0 9.6 7.8 62
0.8 3.4 2.7 1.9 1.6 0.5 71
2.4 4.1 14.4 6.5 13.0 4.2 72
5.4 6.7 5.2 8.5 5.8 4.5 81

100.0 100.0 100.0 100.0 100.0 100.0 Total

Also, table 5.1A shows evidence that the other industries exhibit constams
to scale. In 1996 Basu et al found that private sector revealecacbnsturns to scale,
while manufacturing durable goods exhibited increasing returns #be,sand

manufacturing nondurables exhibited decreasing returns to scale.
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Also, the table illustrates that economies of scale in two irehkisiie not revealed
in table 5.1A. The main reason is negative partial elastéipne of the input variables.

The two industries are education services and other services.

Table 5.1 A, Economies of Scale by Production Function

Type
In Arapahoe County.
Translog  Nonhomogeneous Cobb-Douglas
Cobb-Douglas
1.01 1.12 1.14 (1) 23
0.94 1.00 1.01 (C) 31
0.98 1.07 1.06 (C) 42
1.01 1.06 0.90 (C) 44
0.91 (C) 48
1.04 1.23 1.06 (1) 51
1.01 1.05 0.99 (C) 52
1.04 1.19 1.06 (1) 53
1.09 1.13 1.06 (1) 54
1.01 0.99(C) 55
1.02 1.12 1.07 (1) 56
1.07 1.09 1.04 (C) 61
1.03 1.06 1.01 (C) 62
1.02 (C) 71
0.95 0.92 0.98 (C) 72
1.05 1.12 1.04 (C) 81

(I) Increasing Returns to Scale.
(C) Constant Returns to Scale.
(D) Decreasing Returns to Scale.

2. Non-homogeneous Cobb-Douglas: In this function, the economies of scale are
computed at the firm level for each industry in each county. The results in table 5.1A
reveal the arithmetic average of the firms' scale of economy in the industry operating in
Arapahoe County. In this table, the non-homogeneous function magnitude in scale of
economy for the industries in Arapahoe is higher than the Cobb-Douglas estimation
function. For instance, the economy of scale in information industry is 1.23 according to

non-homogeneous estimation function compared to 1.06 with regard to standard Cobb-
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Douglas function. The main differences in scale of economy are due to higher magnitude
of partial scales that pertain to both capital and labor beyond the decrease in land

partial economies of scale.

Also, two industry results of economies of scale are not revaaladle 5.1A. The
main reason is negative partial elasticity of one of the blmsa The two industries are
transportation and warehousing, and lodge and restaurants.

Table 5.1B provides information on the distribution of the economies laf scaon-
homogeneous functions in each industry in Arapahoe County. Although, theofathge
distribution of economies of scale (measured as the differencediedfirm maximum
scale and Y firm minimum scale) is the highest in ratadustry (1.07), followed by
professional, scientist, and technical services industry (1.05)tdhdasd deviation in
these two sectors is high, but the ratio of range relative tedhresponding standard
deviation is still wide. This means that to attract or keepetfieient firms operating in

Arapahoe County has a high cost to the county.

Table 5.1B, The Distribution of Scale for Non-

homogeneous

Cobb-Douglas Function in Arapahoe County
Range/ SD Range SD Min  Max
6.2 0.76 0.12 082 157 23
4.3 0.73 0.17 059 131 31
5.2 0.39 0.07 0.78 117 42
4.8 1.07 022 049 156 44
4.0 0.83 021 0.72 155 51
5.1 0.83 0.16 049 132 52
3.7 0.68 0.18 0.79 146 53
55 1.05 0.19 054 159 54
4.8 0.48 0.10 084 131 55
5.4 0.79 0.15 056 135 56
3.9 0.79 020 059 138 61
4.3 0.71 0.16 065 136 62
4.8 0.78 0.16 059 137 72
4.8 0.85 0.18 069 154 81
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Table 5.1B shows that there are tremendous differences in the exoobatale in
each industry in Arapahoe County. The maximum scale column showsi@vittet part
of the firms are operating with increasing returns to sea@e the minimum scale for
the same industry shows evidence that other firms are opewating decreasing returns
to scale. This means that there is heterogeneity in the’ feconomies of scale operating
within the same industry. Furthermore, these differences in ecesarh scale appear
among different industries. For instance, the highest scale of ecolmomyaximum
scale is 1.59 in professional, scientist, and technical servicesriydwsile the lowest
maximum scale is 1.17 in wholesale trade industry. The maindatigln of this result is

that more firms that exhibit increasing returns to scale need to beeattract

Table 5.1C, The Distribution of economies of scale for

Translog
Function in Arapahoe County
Range/ SD Range SD Min Max
5.9 0.41 0.07 0.87 1.28 23
55 0.33 0.06 0.81 1.14 31
5.0 0.30 0.06 0.8 1.1 42
4.9 0.73 0.15 0.55 1.28 44
48
2.9 0.52 0.18 0.78 1.3 51
4.8 0.43 0.09 0.83 1.26 52
5.0 0.55 0.11 0.68 1.23 53
4.0 0.52 0.13 0.78 1.3 54
55
4.3 0.34 0.08 0.84 1.18 56
4.3 0.34 0.08 0.92 1.26 61
4.0 0.52 0.13 0.74 1.26 62
71
5.1 0.36 0.07 0.78 1.14 72
4.2 0.59 0.14 0.71 1.3 81

3-Translog function: The economies of scale in translog function are computed at the

firm level. The results in the table are the arithmetic average of economies of scale for
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the firms operating in the industry. Except for the professional, scientist, and technical
services, and health care services industries which exhibit increasing returns to scale,
other industries exhibit constant returns to scale (table, 5.1A). In addition, the magnitude
of scale of economies in translog function is less than that of Cobb-Douglas function
estimates.

Concerning the distribution of firms scale economies within the industry, table 5.1C
reveals substantial differences among firms within an industry. Table 5.1C has two
indicators that show evidence of scale differences. The first indicator is that the
maximum scale of firms shows evidence of increasing returns to scale in all industries.
While the firms minimum scale shows evidence that part of the firms in each industry are
operating within decreasing returns to scale. The second indicator is the standard
deviation (SD). The table shows evidence of homogeneity and heterogeneity of this
indicator in the distribution within industry. For instance, manufacturing industry and
wholesale trade industry show evidence of small differences among their firms' standard
deviation, 0.06. Thus, firms operating in such industries are highly homogeneous. Other
industries show that their firms' scales are heterogeneous. In these industries, the
standard deviation is high as in information industry (0.18). In addition, the table shows a
wide distribution as measured by the range relative to standard deviation. This means

that local governments have to pay attention to attract efficient firms.

El Paso County The analysis of the economies of scale in the industries ransl fi
in El Paso County is based on tables 5.2A, 5.2B, and 5.2C. Following ar@éle ty
of economies of scale that firms exhibits within each industry,amnadng three

types of production functions.
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Table 5.2A, Economies of Scale by Production Function
Type in El Paso County

Non- Cobb-
Translog homogeneous Douglas
Cobb-Douglas

1.36 1.2593 (1) 23
1.09 1.0857 (1) 31
1.05 0.9684 ( D) 42
1.05 0.993 ( C) 44
1.04 1.0229 ( C) 48
1.20 1.081(N/A) 51
1.23 1.1561 (1) 52
1.14 1.1028 (1) 53
1.40 1.3082 (1) 54
0.8433 (D) 55
1.28 1.1324 (I) 56
1.48 1.1701 (1) 61
1.10 1.0285( C) 62
1.05 0.9219 (C) 71
0.99 1.0441 ( C) 72
1.13 1.052 ( C) 81

(I) Increasing Returns to Scale.
(C) Constant Returns to Scale.
(D) Decreasing Returns to Scale

1- Cobb-Douglas In El Paso County, table 5.2A shows three different groups of
industries in the economies of scale according to Cobb-Douglasaéssi The first
group is the increasing returns to scale industries which consigt mit of 16
industries, of which 4 are within high service industries. The induwsiity highest
scale is the professional, scientist, and technical services (l.8®wed by
construction with 1.259 of scale economies. The second group of six iedustthe
constant returns to scale; retail trade, transportation, heaffcese lodges and
restaurants, arts and recreation, and other services (except.plibdichird group of
industries exhibit decreasing returns to scale and include whmléssde, and

management of companies and enterprises.
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2- Non-homogeneous Cobb-DouglaJable 5.2A reveals that the economies of
scale in this type of functions are greater than that ofespanding industries of
Cobb-Douglas. For example, the economies of scale for professiodoatry is 1.40
in non-homogeneous Cobb-Douglas function compared to 1.308 in standard Cobb-
Douglas estimates.

The economies of scale in non-homogeneous Cobb-Douglas are computed at
the firm level. Therefore, the distribution of economies of scdlects the firms'
behavior in the industry. Table 5.2B shows a remarkable heterogansityg firms
in each industry. The SD of firms' scale economy is high andaihge between
maximum and minimum scale in each industry is high. The maxinnomoenies of
scale shows evidence that part of the firms are exhibitingasicrg returns to scale
in all industries. The highest maximum scale of economies ésluication services
(1.94), followed by construction (1.93). The minimum scales show evideatpdrt

of the firms are operating within decreasing returns to scale in all industrie

Table 5.2B, The Distribution Of Non-homogeneous

Cobb-Douglas Function in El Paso County

Range/ SD Range SD Min Max
5.2 1.41 0.27 0.52 1.93 23
5.8 0.58 0.10 0.86 1.43 31
5.8 0.89 0.15 0.52 1.41 42
5.7 0.92 0.16 0.58 1.50 44
0.15 0.68 1.28 48
3.6 0.79 0.22 0.74 1.53 51
5.9 1.00 0.17 0.62 1.62 52
5.0 0.78 0.16 0.62 1.40 53
5.9 0.61 0.10 0.93 1.54 54
6.4 1.31 0.21 0.54 1.86 56
3.6 1.21 0.34 0.73 1.94 61
5.1 0.94 0.19 0.61 1.54 62
0.26 0.39 1.47 71
5.4 1.01 0.19 0.48 1.49 72
5.3 0.66 0.12 0.76 1.41 81

3- Translog function: The translog estimation is not applied to all industries in El

Paso County because of negative partial elasticities of the firms innstry.

105



Denver County: The analysis of economies of scale with different types of
production functions will be explored in Denver County. The analysisrefil on
tables 5.3A, 5.3B, and 5.3C. The first table provides a glance &ctmmies of
scale according to different production functions, while the lasttaltes provide
the distribution of the economies of scale in each industry fondghehomogeneous
group of production functions. Here is a brief analysis of the econmhesles by
production function.

1- Cobb-DouglasIn Denver County, within Cobb-Douglas production
function, none of the industries exhibit increasing returns to sadlo, this table
shows evidence of decreasing returns to scale in five industriedesale trade,
transportation and warehousing, lodge and restaurants, administrative sted wa
management, and art, entertainment, and recreation industries. i@thstries in
Denver County operate within constant returns to scale.

Table 5.10 A, Economies of Scale by Production Function Type in
Denver County

Translog Non-homogeneous Cobb-Douglas
Cobb-Douglas
0.93 0.95 0.9442 (C) 23
0.97 1.00 0.9682 ( C) 31
0.89 0.89 0.9076 (D) 42
0.99 0.93 0.9721 (C) 44
0.8791 (D) 48
1.0709 (C) 51
0.84 1.0247 (C) 52
0.80 0.967 (C) 53
0.83 0.90 0.9241 (C) 54
0.808 (N/A) 55
0.72 0.8549 (D) 56
1.04 0.9997 (C) 61
0.97 0.97 0.9962 (C) 62
0.7499 (D) 71
0.94 0.84 0.8588 (D) 72
0.96 0.90 0.9411 (C) 81

(D) Increasing Returns to Scale.
(C) Constant Returns to Scale.
(D) Decreasing Returns to Scale

2- Non-homogeneous Cobb-Douglas Functio®ll the applied 12 industries

within this estimation show evidence of non-homogeneous Cobb-Dougiasoh.
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The economies of scale in the 12 industries are either constardreasiag return to
scale. The other four industries don’t apply to this type of funchi@nto small sample
or the partial scale of the input variables is negative.

3- Translog function The translog function applies only for 8 out of 16
industries included in the study; economies of scale for these 8riedusmte constant
or decreasing returns to scale. Other industries are not apphed lgecause of the
small number of firms in the industry (small sample) or of negatartial scale of the
input variables.

The distribution of firms' economies of scale operating in Denver @oundicates
there is a wide distribution, as measured by the ratio @eraalative to SD which
shows that the range is more than four times the standardideviBlis means that
the county has to implement policies to keep or attract firmshmxhibit increasing
returns to scale.

Table 5.3C, The Distribution Of Translog
Function in Denver County

Range/ SD Range SD Min Max

4.2 0.40 0.10 0.80 1.20 23
4.4 0.62 0.14 0.64 1.26 31
4.6 0.57 0.12 0.63 1.19 42
5.1 0.11 0.02 0.93 1.04 44
7.6 0.65 0.09 0.53 1.18 54
4.4 0.77 0.17 0.72 1.49 62
4.7 0.30 0.06 0.78 1.08 72
6.2 0.38 0.06 0.81 1.18 81

Larimer County: The analysis of economies of scale and the firms' scale
distributions for Larimer County depends on tables 5.4A, 5.4B, & Fere
is a summary of the analysié the scale of economies for industries operating in

Larimer County by the type of production function.
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1. Cobb-Douglas Only professional, scientist, and technical services indulsthw s
increasing returns to scale (1.07). The other industries arebdistt between
constant returns to scale (9 industries), and decreasing returns to scale (&8)dust

2. Non-homogeneous Cobb-DouglasThe magnitude of economies of scale in
non-homogeneous functions is close to the standard Cobb-Douglas in ntiost of
industries. The non-homogeneous estimation shows the same industry of

professional, scientist, and

Table 5.4 A, Economies of Scale by Production
Function Type in Larimer County

Translog Non-homogeneous Cobb-Douglas
Cobb-Douglas
1.03 1.01 1.0088 ( C) 23
1.03 1.04 1.0415 ( C) 31
1.02 0.95 0.9464 (D) 42
0.95 0.88 0.8972 (D) 44
0.91 0.9487 (C) 48
1.009 (C) 51
1.01 0.98 0.9796 ( C) 52
0.97 0.89 0.8842 (D) 53
1.13 1.0733 (1) 54
0.9364 (C) 55
1.00 0.981 (C) 56
1.0684 ( C) 61
0.89 0.94 0.9272 (D) 62
0.88 0.752 (D) 71
0.97 0.86 0.8691(D) 72
1.00 0.92 1.0011 ( C) 81

() Increasing Returns to Scale.
(C) Constant Returns to Scale.
(D) Decreasing Returns to Scale

technical services exhibit increasing returns to scale slitihtly higher magnitude
(1.13). Table 5.4A also shows evidence of three industries that arppi@dato non-
homogeneous function either because of small number of observatioregative

partial scale of elasticities. The non applied non-homogeneous indusiciese
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information, management of companies and enterprises, and educatiacesser
industries.

The statistical distribution of the firms in this function as appe table 5.4B
indicates that there is high homogeneity among firms in 5 indasthie SD is less than
0.10. At the same time, according to SD standards, the table alassta high
heterogeneity in scale economies in art, entertainment, areatien, with SD 0.32.
Additionally, the range (the difference between maximum andnmoim scale in the
industry firms) is at least 4.4 time of SD for the same ingiugthis means that the
county has to adopt policies to attract efficient firms in d#férindustries to operate in

Larimer County.

Table 5.4B, The Distribution Of Non-homogeneous
Cobb-Douglas Function in Larimer County

Range/ SD Range SD Min Max
5.3 0.41 0.08 0.85 1.26 23
5.0 0.19 0.04 0.97 1.16 31
7.4 0.54 0.07 0.60 1.14 42
8.0 0.38 0.05 0.68 1.06 44
0.18 0.60 1.29 48
51
4.8 0.66 0.14 0.58 1.24 52
4.8 0.57 0.12 0.67 1.24 53
5.2 0.24 0.05 1.03 1.28 54
55
4.4 0.42 0.09 0.81 1.23 56
61
5.9 0.60 0.10 0.74 1.34 62
0.32 0.33 1.34 71
5.9 0.59 0.10 0.66 1.25 72
5.5 0.75 0.14 0.52 1.26 81

3. Translog Function Only 9 industries pass the test of behaving translog functions,
of which 8 industries are operating within constant returnscédes The translog
function is not applied to 7 industries due to small sample siaegative partial scale

of economies for the firms operating in that industry.
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Statistical firms' distribution for translog function (tabldC) shows evidence of
heterogeneity except for wholesale trade industry. The raatygeen maximum and
minimum scale is 0.04 in the wholesale trade industry. To atirdceeep the efficient
firms in these industries, the county has to provide incentives fms fihat are

operating within increasing returns to scale.

Table 5.4C, The Distribution of Translog

Function in Larimer County

Range/ SD Range SD Min Max

4.5 0.34 0.08 0.87 1.21 23
4.0 0.42 0.11 0.82 1.24 31
4.9 0.05 0.01 1.00 1.04 42
6.8 0.57 0.08 0.64 1.20 44
5.1 0.41 0.08 0.83 1.24 52
3.4 0.43 0.13 0.80 1.24 53
4.1 0.37 0.09 0.73 1.10 62
5.7 0.32 0.06 0.80 1.11 72
5.4 0.52 0.10 0.80 1.32 81
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Boulder County: The analysis of economies of scale in Boulder County depends
on tables 5.5A. The firms' statistical scale distribution amalgedies on table 5.5B for
non-homogeneous Cobb-Douglas function, and table 5.5C for the translog function.
Here is a description of the economies of scale according toypiee of estimated
production function.

Table 5.5 A, Economies of Scale by Production
Function Type In Boulder County

Translog Non-homogeneous Cobb-Douglas
Cobb-Douglas

0.94 0.95 0.943 ( C) 23
0.90 0.99 0.9445 ( C) 31
0.93 1.03 1.0423 ( C) 42
0.93 0.71 0.5658 (D) 44

0.7412 (N/A) 48
1.0144 (N/A) 51

0.94 0.84229 (N/A) 52
0.97 0.872 ( C) 53

0.93 1.05 1.0181 ( C) 54
1.2563 (N/A) 55

1.09 1.0494 ( C) 56

0.926 ( C) 61

0.93 0.94 0.8443 (D) 62
0.7046 (D) 71

0.92 0.9563 ( C) 72
0.94 0.90 0.8874 ( C) 81

(I) Increasing Returns to Scale.
(C) Constant Returns to Scale.
(D) Decreasing Returns to Scale
1. Cobb-Douglas According to economies of scales, the industries in Boulder
County can be divided into three groups. The first one includes 9 indugteesting
within constant returns to scale; the second group includes 3 industriegirgpe

within decreasing returns to scale. And the third group of indasivi@ch are not

applied because of negative partial scale of one of the input variables.
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2. Non-homogeneous Cobb-DouglasThis type of production functions
applied only to 9 industries in Boulder County, table 5.5A. On averagectheraies
of scale for these industries are either constant (7 industolesjecreasing (2
industries, retail trade (0.71), and other services, (0.90)).

Although the average scale economy shows constant or decreasings rtet
scale, the distribution of firms scale economies within industrgws a high
heterogeneity of scales among firms (table 5.5B). For instaxcept for the firms of
retail trade industry which operates within decreasing retarrsedle, the maximum
economies of scale show evidence that part of the firms aratimgewith high levels
of increasing scale of economies in other industries. For examplajgthest firms’
maximum economies of scale are in construction (1.69), and the lovestum
scale is in manufacturing and wholesale trade industries, 1.14 tor Haerefore, for
long run planning and raising the advantage of the industry in the countyleBbials
to submit incentives for the firms that are operating withingasing returns to scale,
or at least the firms of constant returns to scale.

Table 5.5B, The Distribution Of Non-homogeneous
Cobb-Douglas Function in Boulder County

Range/ SD Range SD Min Max

5.2 1.12 0.21 0.57 1.69 23
3.1 0.36 0.12 0.77 1.14 31
4.6 0.20 0.04 0.94 1.14 42
4.7 0.45 0.10 0.49 0.94 44
4.6 0.58 0.13 0.71 1.29 53
6.6 0.91 0.14 0.54 1.46 54
4.1 0.73 0.18 0.74 1.48 56
4.5 1.00 0.22 0.37 1.37 62
3.4 0.76 0.23 0.60 1.36 81

3. Translog Function The translog production function is applied to 9

industries in Boulder County, table 5.5A. The firms operating in Boulder €ount
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industry under such function reveal constant economies of scale. Buatisécal
distributions as measured by the difference between maximum amchum
scales depict high heterogeneity in economies of scale witusiry among the
firms. The maximum scale points out increasing returns in all indsiswhile the
minimum scales indicate decreasing scale for the other dfirthe. The scale
range is 0.85 in finance and insurance industry, and 0.42 in health setaltes,

5.5C.

Table 5.5C, The Distribution Of Translog
Function in Boulder County

Range/ SD Range SD Min Max

5.9 0.74 0.13 0.53 1.27 23
5.2 0.54 0.11 0.63 1.17 31
4.5 0.49 0.11 0.73 1.21 42
4.8 0.50 0.10 0.69 1.19 44
4.1 0.85 0.21 0.64 1.49 52
5.3 0.63 0.12 0.63 1.26 54
4.6 0.42 0.09 0.74 1.17 62
4.5 0.51 0.11 0.68 1.19 72
5.5 0.56 0.10 0.62 1.18 81

Weld County: This part describes the results of three different production
functions conducted to estimate the firm data in Weld County riegattie
economies of scale.

1. Cobb-Douglas Table 5.6A showsvidence which indicates that the industries

in Weld County are behaving as constant returns to scale in 11 iadu$tie

estimation is not applied to information, and management of companies and

enterprises industries due to small number of observations. The 4ther
industries are not applied as a result of negative partial staleonomies of

one of the input variables.
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2. Non-homogeneous Cobb-Douglasrhis type of functionis applied to 7 out

of 16 industries. The magnitude of scale of economy in these 7 industrie

higher than the corresponding Cobb-Douglas estimation.

The statistical distribution of the firms in these industrié®ws high
heterogeneity, table 5.6B. The maximum scale indicates thatopahe firms
operate within increasing returns to scale, except manufagtumiustry (1.08).

The highest maximum scale is 1.69 in retail, while the lowegtrman is 1.52 in
construction industry. In addition the minimum scale shows evidence of
decreasing returns to scale in all industries that apply tehaorogeneous Cobb-
Douglas function. Thus, the county has to attract or keep efficians fby

providing incentives to such firms.

Table 5.6B, The Distribution Of Non-homogeneous
Cobb-Douglas Function in Weld County

Range/ SD Range SD Min Max

5.8 0.93 0.16 0.59 1.52 23
4.3 0.12 0.03 0.97 1.08 31
4.4 0.91 0.21 0.77 1.69 44
3.5 0.78 0.22 0.81 1.59 48
4.7 0.80 0.17 0.79 1.59 54
4.0 1.31 0.33 0.33 1.64 56
3.9 0.76 0.19 0.82 1.58 81

5.3.1. Economies of Scale within the Industry and among Counties
The analysis of this part will display the economies of scale within indastty

among counties for the three different estimated production functions.

5.3.1.1. Cobb-Douglas Function
The literature is vast in estimating the Cobb-Douglas functitimereiat the

national, state, industry, or firm level for the purpose of measucdogoenies of scale.
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For example, Basu et al (1996, 1997) conduct studies at the levelma&acturing
industries, Dobbelaere et al (2008) applies a study for 38 manufacindustries at
the firm level, while Chow et al (2002) commissioned a studettacroeconomic
level to China's economy. This part will talk about the resugiarceng the estimation
of standard Cobb-Douglas function in the six counties. This parbwillivided into
two subparts to explore the economies of scale and comparing #seses mmong
counties within the same industry, and within the county among different industries.
The analysis also, will depend on table 5.7 and tables 5.1-5.6. Hehe is t
description of scale of economies for each industry among all ceumtie results of
Cobb-Douglas function by industry and among the counties under studybewill

analyzed.

Table 5.7, Return to Scale by Industry and Major Counties in Colorado \

Weld Boulder Larimer  Denver El Paso Arapahoe
CRTS CRTS CRTS CRTS IRTS CRTS 31
N/A CRTS DRTS DRTS DRTS CRTS 42
CRTS DRTS DRTS CRTS CRTS CRTS 44
N/A  NotApply CRTS DRTS CRTS CRTS 48
Not Apply CRTS CRTS N/A IRTS 51
CRTS NotApply CRTS CRTS IRTS CRTS 52
CRTS CRTS DRTS CRTS IRTS IRTS 53
CRTS CRTS IRTS CRTS IRTS IRTS 54
Not Apply CRTS Not Apply DRTS CRTS 55
CRTS CRTS CRTS DRTS IRTS IRTS 56
CRTS CRTS CRTS CRTS IRTS CRTS 61
N/A DRTS DRTS CRTS CRTS CRTS 62
CRTS DRTS DRTS DRTS CRTS CRTS 71
CRTS CRTS DRTS DRTS CRTS CRTS 72
CRTS CRTS CRTS CRTS CRTS CRTS 81

CRTS= Constant Return to Scale.
IRTS =Increasing Return to Scale.
DRTS= Decreasing Return to Scale.
Construction Industry: The construction industry is efficient in Arapahoe and El

Paso counties. In these two counties, the production process exezésiing returns

to scale. While in other counties, construction is exerting constant returns tolecsle
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designates that construction in these counties can produce for thedonamy and
export to other counties at competitive prices because the edpe@rkup output
prices are lower compared to other counties. In addition, it is edehbat this
industry can grow and employ more in Arapahoe and El Paso countigareahto
other counties included in the study.

Manufacturing Industry: Only manufacturing industry in El Paso shows evidence
of increasing return to scale, while in other counties this ingdpstrduces at constant
return to scale. This means that this industry is efficient iRdso compared to other
counties incorporated in the study.

Wholesale trade:Not one county shows evidenedich indicates that this industry
Is operating within increasing return to scale. The wholesalesiry shows constant
return to scale in two counties, Arapahoe and Boulder. In other couthtie industry
operates within decreasing return to scale.

Retail Trade Industry: This industry behaves as constant return to scale in four
counties; Arapahoe, El Paso, Denver and Weld. On the other hand, thdraetil
industry behaves as decreasing return to scale in Larimer and Bouldeesounti

Transportation and Warehousing Industry: This industry behaves as constant
return to scale in two counties, Arapahoe and El Paso, while decreasing tescale
in Denver and Larimer.

Information Industry : In Arapahoe, information industry is efficient. It is
characterized by increasing return to scale. Thus, Arapahoe Cisueipected to
produce and export to other counties or even to international matketsnaeting
prices. The industry can also grow naturally and expand employm#ns isector. In

addition the local government can introduce projects with high quality tcatbe
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because of expected high local government revenues as a consequieigteladal
economy income.

Finance and InsuranceThis industry is highly efficient in EI Paso County. In
this county the industry production behaves as increasing returrtaleo 1 other
counties, the finance and insurance industry is behaves as consiamd tetscale,
which is the least requirement to use inputs in the production process without waste.

Real Estate and Leasing IndustryThis industry scale of economies varies
among the counties included in the study. For example, the real estate ibehsivegs
as constant return to scale in three counties (Denver, BouldeYyeld. In addition,
it exhibits increasing return to scale in Arapahoe and El Rastties. The last county
is Larimer where this industry is inefficient in its prodaoatiprocess and behaves as
decreasing returns to scale.

Professional, Scientist, and Technical ServiceJhis industry, in three
counties, behaves as increasing returns to scale; Arapahoe oEbRdd arimer. The
industry in the other three counties is behaving as constant retusosalé. Therefore,
the local governments in Denver, Boulder, and Weld counties haveilitafa this
type of industry for the reasons mentioned previously in the introductiotieof
subsection.

Management of Companies and EnterpriseOn average, this industry is
behaving constant return to scale in Arapahoe and Larimer coumtigs,decreasing
return to scale in El Paso County, but local government has to encosuwabe
industries because of expected high wages of the employeess@éititistries. To
raise the local county income, local governments have to attifesierg firms to

operate in their areas.
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Administrative and Waste Management Servicesn Arapahoe and El Paso
counties, this industry shows evidence of increasing return to. sdaleLarimer,
Boulder, and Weld this industry exhibits constant returns to scaleg whiDenver
County, the industry exhibits decreasing returns to scale.

Education Services:In all counties, the education services industry shows
constant return to scale except in El Paso County, where thetiedussrvices reveals
increasing returns to scale.

Health Care serviceslt appears that this industry exhibits constant returns to
scale in three counties (Arapahoe, El Paso, and Denver), whilenthistry shows
decreasing returns to scale in Larimer and Boulder counties.

Art, Entertainment, and Recreation Servicesin this industry, there are
three different types of economies of scale that the productiongsréakowed. For
instance, the production function reveals constant returns to sc&éecounties;
Arapahoe, El Paso, and Weld. In addition the production function followsatecg
returns to scale in Denver, Larimer, and Boulder counties.

Lodge and RestaurantsTwo types of economies of scale production process
appear in this industry. The economies of scale are either corettamt to scale as in
Arapahoe, El Paso, Boulder, and Welddecreasing return to scale as in Denver and
Larimer.

Other Services (Except Public Services)n all counties without exception,

the production process in this industry follows the constant returns to scale.

5.3.1.2. Non-homogeneous Production Function
This part is divided into two parts. The first discusses non-honeogesnCobb-

Douglas function, while the second part reviews the translog functioa. nain
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characteristics of these two parts are that they havesvadenomies of scale and
varies elasticities of substitutions. In addition, the economiesaté sce computed at
the firm level. This type of production function reflects the complexity and advances
the economy.

Non-homogeneous Cobb-Douglas function

The analysis of this subsection depends on the arithmetic medres efdnomies of
scale for the firms operating in the industry. As an example, \([ih®d2) examines
economies of scale for a certain firms. The researcher commpotehomogeneous
Cobb-Douglas function for telecommunication. He finds that economiesatd are
cyclical and increasing over time. Here, the economies ¢&¢ sta computed at the
firm level in each industry (the arithmetic means of firms operatinigenndustry).

Construction Industry: This industry is operating within increasing returns to
scale in El Paso and Arapahoe (1.36, and 1.12, respectively), whilecanstant
returns to scale in the rest of the counties studied.

Manufacturing Industry: In EI Paso County only is this industry operating as
increasing returns to scale, while in the rest of the coumieemtinufacturing industry
IS operating within constant returns to scale.

Wholesale Trade In Weld County, this industry shows no evidence of
economies of scale because of negative partial economiesl@f lscArapahoe, this
industry is operating within increasing returns to scale, whils operating within
decreasing returns to scale in Denver County. Otherwisecdnstant RTS in other
counties.

Retail Trade It shows increasing returns to scale in Weld and Arapahoe
counties, constant in El Paso, and decreasing return to scaesrafmy in Denver,

Boulder, and Larimer counties.
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Transportation and Warehousing: This industry shows three different
results for economies of scale. For instance, it is increastogns to scale in Weld
County, constant returns to scale in El Paso, and decreasing tetsoade in Larimer
County.

Information Industry: The information industry, on average, follows the
increasing returns to scale in Arapahoe and El Paso counties,itnkihot applied to
other counties due to small number of observations or negative psctbd of
economies.

Finance and InsuranceThis industry exerts increasing returns to scale in El
Paso County, constant in Larimer and Arapahoe counties, and degreztsirns to
scale in Denver County.

Real Estate and LeasingTwo groups of economies of scale appear in this
industry, the increasing returns to scale in Arapahoe and El Pasdespuard
decreasing return to scale in Larimer and Denver counties.

Professional, Scientist, and Technical Servicebhis industry, on average, is
behaving as increasing returns to scale in El Paso, 1.40. In Weldahd® and
Larimer this industry is behaving as increasing returnsdtedxy 1.19, 1.13, and 1.13,
respectively. In Boulder and Denver counties, this industry is behasgimpcreasing
returns to scale.

Management of Companies and EnterprisesThis industry is constant
returns to scale in Arapahoe County. No results show for other coletasise of
small number of observations or negative partial economies of scale.

Administrative and Waste Management: Tis industry behaves as

increasing returns to scale in El Paso and Arapahoe countiesl\@Bhand 1.12,
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respectively. Also, this industry behaves as decreasing returssate in Weld and
Denver, while it is constant returns to scale in Larimer County.

Education ServicesThe education services industry shows three different
groups. The first group of efficient education services is irP&o and Arapahoe
counties where this industry is behaving as increasing retussate. In the second
group, the economies of scale are constant in Denver County. The thial igrnot
shown because of either small number of observations or negative gladtalities of
one of the estimated coefficients.

Health Care ServicesThis industry is operating at increasing returns to scale
in El Paso and Arapahoe counties with 1.10 and 1.06, respectively. Incotiwdres,
this industry is behaving as constant returns to scale.

Art, Entertainment, and Recreation ServicesAlthough this industry shows
increasing returns to scale under SCD estimations for Denver youonh-
homogeneous function for this county is invalid. Also, the non-homogeneousfuncti
is decreasing in Larimer County, while it is constant retumscale in El Paso
County.

Lodge and RestaurantsWithin non-homogeneous Cobb-Douglas function,
this industry is constant returns to scale in El Paso County, vihigedecreasing
returns to scale in Arapahoe, Denver, and Larimer counties. In atheties, this
function is not working, because of negative partial economies of scale.

Other Services (Except Public Services)This industry shows increasing

returns to scale in El Paso and Arapahoe counties with 1.13 and 1pEgtiregy. In
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Weld County it is constant returns to scale, while in the refteotounties it shows

decreasing returns to scale.

5.3.1.2.1.The Translog Function

Economies of scale for translog production function will be analygeddustry but
among different counties.

Construction Industry : Construction industry shows evidence of IRTS only in Weld
County. This industry exhibits CRTS in Larimer and Arapahoe, WRIRTS in
Denver and Boulder Counties.

Manufacturing Industry : All counties in this industry are exerting constant returns
to scale in manufacturing. The economies of scale are between (A¢dpehoe and
1.03 in Larimer County. The economy of scale is not applied to Weld Zbeonause
of negativepartial economies of scale.

Wholesale Trade The translog estimation is not applied to Weld County in the
wholesale trade industry. But it is constant returns to soalaiimer and Arapahoe
counties, while decreasing return to scale in Denver and Boulder County.

Retail Trade: This industry is working within constant returns to scale inpArme
(2.01), Denver (0.99), Larimer (0.95), and Boulder (0.93). It is working nvithi
increasing returns to scale in Weld County with 1.13.

Transportation and Warehousing ServicesThe translog function is not applied in
any of the counties for transportation and warehousing industrysecd negative

partial economies of scale in this industry, or a small number of observations.
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Information Industry : The translog function is applied only to this industry in
Arapahoe County with constant returns to scale, 1.04.

Finance and Insurance On average, this industry is working within constant returns
to scale in Larimer and Arapahoe counties with 1.01 for each, and 0.94 cheBdit
this type of functions is not applied to other counties in finance and insurance industry.

Real Estate and Leasing ServicesThis type of function, on average, exhibits
constant returns to scale in Arapahoe (1.04), and Larimer (0.97). Gibertve
translog function is not applied to other counties.

Professional, Scientist, and Technical ServiceShis industry exhibits increasing
returns to scale in Arapahoe County (1.09), but it exerts decreasurgs to scale in
Boulder (0.93) and Denver (0.83). In other counties, this type of functiom®ti
applied because of negative computed partial economies of scales.

Management of Companies and EnterprisesThe economies of scale regarding
translog function are not applied to this industry in any of the counties under study.

Administrative and Waste Management The economies of scale regarding
translog function are applied only to Arapahoe county with constant returcesl¢o Is
other counties, the economies of scale of this industry are not applied.

Education Services In Arapahoe, the education services exert increasing returns t
scale (1.07), while this type of function is not working for other counties.

Health Care ServicesOn average, the translog is exerting constant returns to scale
in Arapahoe (1.03), Denver (0.97), and Boulder (0.93). Regarding Larimer County,

this function exhibits decreasing returns to scale (0.89).
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Lodge and Restaurants Only in ElI Paso County, is this industry operating within
constant returns to scale (0.99), while in other counties the indigstigcreasing
return to scale.

Other Services (Except Public Services): In this industry, on average, the
economies of scale for translog estimation appear to be condtamisre scale. The
economies of scale range between 0.94 in Boulder and 1.05 in Arapahoe.

5.4. Summary:

Table 5.8 shows that industries with increasing returns to sqgdear only in 3
counties. These counties are: Arapahoe County with 5 industries agctoditandard
Cobb-Douglas, and 2 more industries in non-homogeneous Cobb-Douglas fuinction;
El Paso county 7 industries exhibit increasing returns to sc#nvatandard Cobb-
Douglas function, and 3 more industries according to non-homogeneous Cobb-
Douglas function; Larimer County with one industry operating witmaraasing
returns to scale; and in other counties, on average, there is no evidencesasing
returns to scale at the industry level. But at the firm lelvetet is evidence which
shows that part of the firms exhibit increasing returns to scale, tables 5.1-5.6.

In addition, table 5.8, shows only the industries that exhibit inogeasturn to
scale in the counties included in the study. This table reveatisim general, although
the partial scale of land in non-homogeneous function in each indsid&ysi than the
corresponding partial scale in standard Cobb-Douglas and as apptarei5.8, the
total economies of scale in most of the industries is higher inhooregeneous
function compared to conventional Cobb-Douglas. The higher scale of ecanomy
non-homogeneous function may be attributed to the increase in peallod capital
and labor more than the reduction in land scale. Thus, 1% increasetimebanput

variables leads to more than 1% in output according to Cobb-Douglas pooduct
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function. Also, the growth in output as a consequence of 1% growth in therpute

is higher in non-homogeneous Cobb-Douglas compared to standard Cobb-Douglas
Therefore, a 1% growth in output required less than 1% growth in &gpegouts in

the estimated Cobb-Douglas equation. And on average, the 1%hgroadtput needs

less growth in input in non-homogeneous than the standard Cobb-Douglagpafis

of the firms as revealed in previous tables need much smalletigtioan the industry
average. This means that economies of scale in some industries vary with input

combinations.

Table 5.8, Comparison of Increasing Returns to Scale Between CobBlwuglas
and Non-homogeneous Cobb-Douglas Among Industries

Non-homogeneous Cobb- Cobb-

Douglas Douglas NAICS County

er ELA EL €K er ELA EL €K

1.12 0.23 0.44 0.44 1.14 034 0.41 040 23 Arapahoe
1.23 0.32 0.45 0.46 1.06 0.24 0.31 051 51

1.19 0.07 0.35 0.78 1.06 0.08 0.28 0.70 53

1.13 0.23 0.33 0.58 1.06 0.29 0.27 050 54

1.12 0.22 0.33 0.56 1.07 0.30 0.29 0.49 56

1.09 0.27 0.16 0.66 61

1.03 0.21 0.21 0.61 81

1.36 0.06 0.61 0.69 1.26 0.05 0.63 0.58 23 El Paso
1.09 0.21 0.52 0.35 1.09 0.15 0.48 045 31

1.20 0.13 0.38 0.69 N/A 51

1.23 0.16 0.57 0.50 1.16 0.13 0.64 0.39 52

1.14 0.10 0.33 0.71 1.10 0.10 0.34 0.67 53

1.40 0.08 0.64 0.68 1.31 0.03 0.62 0.65 54

1.28 0.10 0.51 0.66 1.13 0.10 0.48 0.55 56

1.48 0.07 0.70 0.71 1.17 0.12 0.62 042 61

1.10 0.22 0.50 0.38 62

1.13 0.18 0.48 0.47 81

1.13 0.05 0.30 0.77 1.07 0.01 0.32 0.75 54 Larimer

In addition, table 5.8 shows that some industries are increasintg 1® scale
in non-homogeneous but not applied to Cobb-Douglas such as information industry i
El Paso County. Also there are industries that are, on averageasimg returns to

scale in non-homogeneous function, while these industries are eitheantoost
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decreasing returns to scale as in education services, and atheesén Arapahoe
County; and health care

services and other services in El Paso County.
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Chapter Six: Exploring the Elasticity of Substitutions

This study has data on capital, labor, and land at the firm levallfimdustries in six
counties of Colorado; Arapahoe, El Paso, Denver, Larimer, Boulder, artd \@&lapter
six will explore the type of elasticity among these inputalaés at the industry and firm
levels. In the production literature, the elasticity betwedond and capital is substitute.
But for more than two input variables, as in this study, the tygheoklasticity will be
either substitute or complement (Hicks, 1970). This is the first 8lasticity for land will
be investigated to determine whether it is substitute or complerpenith capital and
labor. Previous studies have found that the elasticity between Icapdaenergy is
complementary, as in Thompson et al (2001), and Olson et al (2002). Asalya
conducted by Henderson (2009) finds the elasticity between capdaslall labor is
complementary

The rest of the chapter will discuss the following sections. fifbesection reviews
the potential impact of elasticity of substitutions within a cguaitd among industries,
and within an industry among counties. The second part discusses thdidhlearel
display parts of the empirical studies regarding elastmiitgubstitution. The third and
fourth parts discuss the results of partial elasticitiehatindustry and firm levels. The

final section will be the conclusions.

6.1. Introduction
One of the greatest advantages of the production function is how eagy
substitute one factor of production for another factor by keeping the olépei
unchanged. Nicholson (2005) said that “if the rate of transformatiantichanged as a
result of changes in the ratio of the factors of production, ttetwo factors are easy to

substitute”. This means that the higher the elasticity of dubetis the easier to replace
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one input factor of production for another, i.e., replace capital bmrlarhis may help
local governments adopt different economic policies during economiai doms to
encourage industries that are characterized by low substitutiavedretfactors of
production. But if the level of output changes, then the degree oélcaypénsity and low
elasticity of substitution best determine the extent to whichgsdin an industry/firm is
a result of reducing output during reverse economic periods.

Theoretically, the elasticity of substitution is differentvi®en homogeneous and
non-homogeneous production functions. In homogeneous functions, the elasticity of
substitution is unity in standard Cobb-Douglas function; fixed wathstant elasticity of
substitution (CES), and new CES. In the latter two functions, tisécia of substitution
may deviate from unity, Kim (1992) and Hsing (1996). In the non-homogeneous functions
like translog, and non-homogeneous Cobb-Douglas functions, the elastitity
substitutions varies according to the combinations of the input variables.

In this chapter, two groups of production functions are estimatedfirShgroup is
the homogeneous function which includes the standard Cobb-Douglas, and 8ewof CE
Bairam (1989, 1991). The second group is the non-homogeneous functions which include
the translog, and non-homogeneous Cobb-Douglas functions of Vinod (1972). The
standard Cobb-Douglas and new CES include three input variables;l,cigiita as
number employed, and land in square feet. The non-homogeneous Cobb-Douglas funct
includes the above three variables and their product variables (LKA Bhd K*LA),

while the translog function is:
InQ;=ay + X7, ocixi+% Yiz1 2j=1 By InxiInx; . (6.1)
This function includes the three input variables, their products, and the square of the

input variables.
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To support the above argument, the potential importance of the &lastici
substitutions accompanied by capital intensity are displayed iniays. The first is
within the county and among different industries; and the second hyothiisibe
within an industry among different counties. Here is a potentistrggion of the two
ways:

6.1.1 Within County and Among Industries

Assume there are two industries X and Y operating in county AdMsitry has low
elasticity of substitutions and a high degree of capital intelisity ratio) compared to
industry Y. Suppose the economy experiences a slowdown in econoimityaten
output in both industries is expected to drop back from its previous ksel result of
the drop in output, the two industries lay off workers because of thevposlation
between output and jobs. The number of jobs lost will be different imthentlustries as
a consequence of the difference in elasticity of substitution gmthkkbor ratio. For
instance, the number losing jobs in industry X will be less tharothatustry Y because
of the high cost that will be assumed by the firms in industgsX result of huge idle
capital and low loss of jobs related to the output shrinking. Thus, iirmslustry X will
try not to be that far from the output level by replenishing tiventories. On the other
hand, industry Y is expected to lose more jobs due to little igh¢ataTherefore, firms in
industry Y will benefit by minimizing the cost of labor through high layoffs.

6.1.2 Within Industry and Among Counties

Assume there are two counties A and B. There is a common indosting two
counties called X. Industry X’s elasticity of substitution betwiadsor and capital is low
in county A while it is high in county B. Also, suppose industry Xoarty A is more
capital intensive than industry X operating in county B. Now, asst@economy in

both counties is in a down turn period, and therefore, both counties ar¢eeuesuffer
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from unemployment as a result of reduction in output in industry X. ¢$ncése, county A
suffers less job loss because of the high cost burden the fiams’assume as a
consequence of large amounts of idle capital. Therefore, theifirmdustry X operating
in county A will attempt to minimize the reduction in output assalteof high capital
cost. On the other side, firms in county B can lose more jobs and izeniheir costs of
production. Therefore, county B will suffer a higher unemploymer catmpared to
county A. Thus, county B will direct more of its revenues towardecirexpenditures
compared to county A. This may lead to deterioration of the |gocalernment’s
investment even in already existing projects. As a consequenceiesoneéd to attract
firms that are characterized by high capital intensity.

The rest of the chapter is organized as follows, section teousies
elasticity of substitution from Hicks’ (1970) point of view; the rthisection will
demonstrate the elasticity of substitution in non-homogeneous Cobb-Baamlang
industries and firms in each county; the fourth part illustrabes type of elasticity
between factors of production according to translog estimatiopsodfiction functions;
the fifth part examines the capital land ratio; the sixth getusses land-capital ratio;
the seventh section is covers the elasticities in the tégdiar ratio; and, the last section

is the summary.

6.2. Elasticity of Substitution

Measuring the elasticity of substitutions for more than two kbesain a translog or
non-homogeneous production function is a tedious process. Hicks (1970) isribenest
who discusses the measurement of elasticity of substitutiapraduction function with
more than two factor input variables in the production function. In this ppeks wants

to complete the idea of elasticity of substitutions betweenripuat variables discussed in
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his doctrine in the theory of wages (1932). In the 1970 paper, Hicks extendencept
of elasticity of substitution to include three or more input vargbénd investigates
whether the third input variable is a substitute or complement. diogpto Hicks, if the
partial elasticity between the third input and the first inpyttositive, then the two inputs
are substitutes. But if this partial elasticity is negatikien the relation between the two
inputs is complementary.

This study computes the partial elasticities among capitadr,land land variables in
private sector industries in six counties in Colorado at the diftendustry levels for
non-homogeneous production function. The computed elasticity of substitution is
computed at the mean, maximum, minimum, and standard deviations. Theafased

to calculate this concept is from Sato et al (1973). The general formula is:

_ X Xkfk % Fij
o = 5 * ?’ ......................... (6.2)
Where:

o;; = Allen Partial elasticity of substitution (AES) between inputnd;.
fi= Marginal product of input
F;;= The cofactor determinant of Hessian matrix for inpugsd;.
F= The border determinant of the Hessian matrix.
To compute the partial elasticity of substitution for differempiuits, Hessian matrix
is needed. The following is the derivative of the Hessian matrxponents according to
non-homogeneous Cobb-Douglas and translog functions:

1- The non-homogeneous components in Hessian Matrix:

1 —a—y=1[a1+a4lnX2+0(51nX3] ........... (63)
0xq X1

€1= aq + Ay lnX2 + (243 lnX3 .................. (6.4)
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Fz =;_.:2=X12[a2 +0(41nX1+0(61nX3] ......... (65)
EZ= 0(2 + 0(4 1nX1 + ae lnX3 ................... (66)
ay Y
3 =a—x3=X—3[a3+0(51nX1+0(61nX2] .......... (67)
E3= 0(3 + 0(5 1nX1 + ae lan ................ (68)
_ 0%y _ Ye[e,-1]
Fa==rnl i (69)
_ az_y _ Yeyle-1]
Py = 5% =12 (6.10)
_ 0%y _ Yezles-1]
Py = 53 =T (6.11)
_ 9%y Ylastese]
Fio=gram=ttaal (6.12)
_ 0%y _ Y[aste€s)
Fia = geae =Hotasl (6.13)
_ 0%y _ Y[agtezes)
Py = gop=Totesl (6.14)
2- The translog components in Hessian Matrix:
ay Y
F, =a—xl=x—1[a1+a4lnX2+a51nX3 +2a;] o (6.15)
E4=a’1+a’4lnX2+a51nX3+2a’7 [ (6.16)
ay Y
2 =§=X—[a2+a’4lnX1+a’6lnX3+2a’8] ......... (6.17)
2 2
€5= a’z + a’4 lnX1 + a6 lnX3 + 20!8 (6.18)
dy Y
F3 =§=X—[a3+a’5lnX1+a’6lnX2 +2a’9] .......... (6.19)
3 3
€6= a’3 + a’5 lnX1 + a6 lan + 20!9 (6.20)
_ 0%y _ Ye4[e4-1]
Pa=gZ=teal L 620)
_ 0%y _ Yes[es—1]
P = 55 =155 ... (6.22)
2 —
Fyy = 2% = Yeelem1] .- (6.23)

2 2
0x% X3
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F, =2y _Yateel (6.24)

= 9x,0%, X1 X,
_ 0%y _ Y[as+eseql

Fj3 = T AR 7 AR AR (6.25)
_ 0%y Ylagteseg)

Fpp =g =tetesd (6.26)

In this part, the research explains the results of the computtdl gdasticities of

substitutions for different private sector industries in the counties of Coloradedstudi

6.3. Non-homogeneous Cobb-Douglas Function

The partial elasticities are computed at three levelsdon endustry in each county.
These levels are: (i) capital and labek(); (ii) capital and land areas{ ) and (iii)
labor and land areas(.a). This part depicts the type of elasticities at the county.leve
Also, the distribution of the partial elasticities will be explained.

6.3.1. Arapahoe County

Table 6.1A shows the average of partial elasticity of substituéibtige industry level
for non-homogeneous Cobb-Douglas estimation. The partial elasticisphstitutions
between labor and capital is computed at the firm level. Baeahtustry level it reflects
the arithmetic average partial elasticities for the $iimthe industry. According to Hicks
(1970), the partial elasticity of substitution for the third input amghdri may behave as
substitute or complement. Hicks’'s study determines the substitotiocomplement
between input variables by the price or quantity. In the priceriesitd the partial
elasticity is negative (positive), then the relation between itipeits is substitute
(complement). In the quantity criteria, if the value of etatstis negative (positive), then
the partial elasticity between these two inputs is comple(sabstitute). This study takes

into account only the quantity side because of lack of dakedirm level concerning the
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prices of inputs, in particular the capital input. The prices of ingiutise firm level can be
calculated for labor and land, but not for capital.

According to the previous information, table 6.1A shows evidence thabattel
elasticity between the primary inputs of labor and capdtal X is substitute which is in
accord with the production economic literature on this point. Theap&fasticity of
substitution between labor and capital is different among induska@sinstance, it is
inelastic in information (0.51); constant in wholesale trade (1.0@);a&tate industries
(1.05); and health care services (1.01). At the optimal point, this nieatni$ the capital
use is reduced by 10%eteris paribusthen jobs are expected to decrease by 5.1% in
information industry, and 10.1% in health services. In other industriesldls#city of
substitution between labor and capital is greater than 1, andchesabout 1.82 in
education services.

Table 6.1B shows the distribution of the elasticity of substitutimte/een labor and
capital among firms in the same industry. The table shows akabba difference in the
elasticity of substitutions among firms. For instance, thedsgrange in the elasticity of
substitution between labor and capital is in the health servicestmddsAl). In the
health services industry, the minimum elasticity reveals fihet of the firms have zero
elasticity of substitutions, and the maximuga,. is 2.41 which reveals that other firms,
have high elasticity of substitution, on average, for the whole indiddyis the unit of
elasticity of substitution between labor and capital inputs.

The distribution of thex . among firms as measured by the ratio of range relative to
standard deviation shows that the narrowest ratios are in artaemteent, and recreation
(1.78), followed by lodging and restaurants (2.42), and in administratide waste

management industries (3.97). This ratio is wide in other industri@gshwneans that to
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attract or keep firms with low elasticity of substitutions,order to stabilize jobs in
reverse economic periods, local government needs long-run planningtraaidiction of

incentives for these firms.

Table 6.1A, Average Partial Elasticity of
Substitution in Arapahoe County by Non-
homogeneous Function

OK.L OK.LA OLLA NAICS?2
1.99 0.83 -0.92 23
1.21 -0.16 -0.17 31
1.07 0.01 0.19 42
1.35 -0.61 -0.88 44
0.51 0.30 -0.51 51
1.21 -0.65 -0.61 52
1.05 -0.60 -0.88 53
1.46 0.13 0.35 54
1.79 -0.07 -0.54 55
1.45 0.05 0.39 56
1.82 0.41 -0.62 61
1.01 -0.54 -0.62 62
1.13 -0.06 -0.01 71
1.66 0.98 -0.25 72
1.59 0.04 0.23 81

Table 6.1B , The distribution of the Elasticity of Substitutions
Between Labor and Capital in Arapahoe County

Range/SD Range SD Min Max NAICS2
5.65 2.27 0.40 0.23 2.50 23
9.28 1.56 0.17 0.01 1.57 31
9.11 0.98 0.11 0.73 1.72 42
9.63 2.41 0.25 0.00 2.42 44
4.21 1.60 0.38 0.01 1.62 51
10.09 2.35 0.23 0.11 2.45 52
4.30 2.41 0.56 0.01 241 53
4.24 1.41 0.33 0.05 1.46 54
4.24 1.90 0.45 0.49 2.39 55
3.97 1.33 0.33 0.13 1.45 56
5.85 1.71 0.29 0.78 2.49 61
7.11 2.41 0.34 0.00 241 62
1.78 1.13 0.63 0.00 1.13 71
2.42 1.59 0.66 0.07 1.66 72
4.74 2.37 0.50 0.04 241 81
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2- The Partial Elasticity between Capital and Land

Tables 6.1A and 6.1C show that the relation of elasticity betweg®talcand land
is mixed between complement and substitute. In all industries wiéxaeption, the
minimum elasticity shows that some firms are operating witbimplement elasticity
between capital and land variables. This means to increaseedde) output, both
jobs and capital have to move in the same proportion and direction of output.

Table 6.1C , The distribution of the Elasticity of Substitutions
Between Land Area and Capital in Arapahoe County

Range/SD Range SD Min Max naics2
6.25 2.99 0.48 -0.20 2.79 23
4.56 0.75 0.16  -0.67 0.08 31
6.19 0.49 0.08 -0.37 0.12 42
5.86 4.00 0.68 -4.01 0.00 44
4.53 4.05 0.89 -1.58 2.46 51
10.62 18.85 1.78  -12.56 6.30 52
5.85 14.88 254 -8.91 5.98 53
3.05 0.49 0.16 -0.36 0.13 54
4.44 0.52 0.12 -0.40 0.12 55
2.82 0.34 0.12 -0.29 0.05 56
5.60 1.11 0.20 0.20 1.31 61
6.99 8.69 1.24 -6.78 1.91 62
1.44 1.34 093 -1.40 -0.06 71
1.88 3.06 1.63 -2.08 0.98 72
5.89 1.23 0.21 -0.87 0.36 81

Table (6.1C) shows that the maximum elasticity is positivdl im@ustries except
71 (around zero elasticity of substitution). This means thatrefetion between
capital and land is substitute. The maximum elasticity is 2.7%hencbnstruction
industry. While the average elasticity values in table 6.1A rareed among
industries. For instance, on average,dRea is positive in construction, information,
professional, scientists, and technical services, lodging and re#®urand

administrative and waste management. This result reflectsethsticity between
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capital and land in the previous industries is substitute. While, on gavethe
elasticity between capital and land in the other industries is complement.

In addition, the lowest range as table 6.1C reflects is in whelésale (0.49),
followed by manufacturing (0.75), and high services industries. Thgeraf
distribution in high services is very narrow which indicates thatpolicy maker in
the county has to follow the same policies for attractinghgiworking in industries
56, 54, and 55. Other industries with high range in their elasticity, @hdigh ratio
of range relative to standard deviation, require the local governaieAitapahoe
County to offer incentives for the firms with low elasticity sf@ibstitutions or
complements to attract them to the area to mitigate thecingdajob loss during
reverse economic periods.

3- The Partial Elasticity between Labor and Land
This part explains the partial elasticity between labor and landdiogdo

the results in table 6.1D. The table shows evidence of mixed reslibstitution

and complementary. For instance, the minimum elasticities show

complementarities between labor and land in all industries. Whilgdbk#ive
maximum values show evidence of substitution between labor and c@pital.

the local government in Arapahoe County has to attract firmé& \atv

complement and substitute elasticities between land and labotigatenithe side
effects during reverse economic periods.

The distribution of the partial elasticity between land and labwide in
all industries (except industry 71). This means that policy mdiare to attract
firms by submitting incentives to the firms that have a low cempht between
labor and land to decrease job loss during economic down turns in Arapahoe

County.
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Table 6.1D , The distribution of the Elasticity of Substitutions
Between Land Area and Labor in Arapahoe County

Range/SD Range SD Min Max NAICS2
5.64 12.06 214  -9.61 2.46 23
7.36 8.45 1.15 -6.22 2.24 31
8.34 13.18 1.58 -10.89 2.29 42
5.92 10.65 1.80 -10.65 0.00 44
6.25 12.68 2.03  -10.99 1.70 51
7.06 12.63 1.79 -10.54 2.09 52
5.68 10.81 190 -8.86 1.95 53
3.90 2.64 0.68 -2.29 0.35 54
4.58 8.39 1.83 -6.51 1.88 55
6.33 5.29 0.84 -4.90 0.39 56
4.66 6.42 1.38 -5.79 0.64 61
7.49 12.92 1.72  -10.65 2.26 62
1.86 0.03 0.02 -0.04 -0.01 71
5.02 7.39 1.47 -7.65 -0.25 72
9.57 10.30 1.08 -7.91 2.38 81

6.3.2. El Paso County

1- The Partial Elasticity between Capital and Labor On average, table 6.2A,
shows that all industries, except wholesale trade (0.72), have dtagficity of
substitutions between labor and capital. But the minimum partidiogiasetween
these two inputs (table 6.2B) shows evidence that in most industeesasticity is
around zero, or a type of Leontief production function. This means teasecoutput,
the firm has to reduce the use of labor and capital in the production process ingdhe sam
proportion. While the maximum partial elasticity between labor eayital shows
evidence of more than 2 in all industries, table 6.2B. This meahsubatitution of
capital to labor is easy in some firms in El Paso County. Thadptal government in
this county has to attract firms with low elasticity betwésbor and capital for ease of
countering job issues during reverse economic periods.

Also, the range to standard deviation ratio shows evidence of vattddiion
among the firms' elasticity of substitution between labor andatafable 6.2B. Thus,
the local government has to offer incentives for firms with lolastecity of

substitutions to attract them to locate in El Paso County.
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Table 6.2A , Average Partial Elasticity of Substitution

In El Paso County by Non-homogeneous Function

OK.L OK.LA OL.LA NAICS?2
1.65 -1.10 -0.06 23
1.25 -0.54 0.00 31
0.72 0.51 0.05 42
1.56 -0.27 -0.03 44
1.38 -0.98 -0.02 48
1.11 0.81 0.01 51
1.55 -0.87 -0.02 52
1.23 -0.49 -0.10 53
1.24 -0.94 -0.16 54
1.44 0.15 0.04 56
1.50 -0.85 -0.05 62
1.55 -0.91 -0.04 72
1.25 -0.56 -0.04 81

Table 6.2B , The distribution of the Elasticity of Substitutions
Between Labor and Capital in El Paso County

Range/SD Range SD Min Max NAICS2
7.60 2.23 0.29 0.22 2.45 23
7.31 2.40 0.33 0.05 2.45 31
6.92 1.45 0.21 0.01 1.46 42
6.86 2.44 0.36 0.00 2.45 44
6.64 1.73 0.26 0.38 2.11 48
5.20 2.44 0.47 0.01 2.45 51
7.50 2.46 0.33 0.04 2.50 52
8.13 2.34 0.29 0.08 2.42 53
8.03 1.67 0.21 0.58 2.25 54
9.25 2.22 0.24 0.09 2.32 56
6.50 2.49 0.38 0.01 2.50 62
6.44 2.41 0.37 0.01 2.42 72
5.36 2.43 0.45 0.02 2.45 81

2-Partial Elasticity between Land and Capital The analysis of this part will be
based on two tables, 6.2A and 6.2C. On average, table 6.2A shows evidence that

all industries in EI Paso County have negative elasticity leetiand and capital.

139



Thus, the elasticity between these two factors at the inydusvel is
complementary, and less than 1. This means that El Paso needsotoagac
industries with low complementarities to stabilize jobs during reeveconomic
situations. Table 6.2C shows the elasticity between land and capita¢ firm
level. The table shows that the maximum elasticity is poswieh means that
there is elasticity of substitution between land and capitahgrpart of the firms.
Thus, if there is a low elasticity of substitution between lalmor @apital, the
local government has to encourage the firms that have low dlastit
substitutions to keep jobs during reverse economic periods. Furtherthere,
minimum partial elasticities between these two factors shewleece of
complementarities among these two factors of production. As a comsegue
authorities in El Paso County have to offer incentives to the inesistith low

complement elasticity to keep jobs in reverse economic periods.

Table 6.2C, The distribution of the Elasticity of Substitutions

Between Land Area and Capital in El Paso County

Range/SD Range SD Min Max NAICS2
5.95 8.68 1.46 -8.74 -0.06 23
9.49 12.10 1.28 -7.62 4.49 31
10.87 14.67 1.35 -9.83 4.84 42
8.69 2.57 0.30 -2.44 0.13 44
1.58 -6.64 4.44 48
5.07 13.44 2.65 -8.74 4.69 51
8.41 12.11 1.44 -8.52 3.59 52
12.88 14.53 1.13 -10.99 3.54 53
8.17 18.45 2.26 -13.48 4.97 54
7.90 1.84 0.23 -1.34 0.50 56
8.88 9.15 1.03 -4.85 4.30 62
7.03 11.79 1.68 -6.87 4.92 72
6.14 10.99 1.79 -5.99 5.00 81

3-Partial Elasticity between Labor and Land: The analysis of the elasticity
between labor and land is based on table 6.2A and table 6.2D. On average, table

6.2A shows evidence that the elasticity between labor and laong ismall and
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concentrated around zero, or Leontief elasticity of either substitute
complementarities. This situation at the industry level showsisasdory partial
elasticity in El Paso County. On the other hand, Table 6.2D showshthat t
maximum elasticity at the firm level is around zero in 7 indesstand more than
one in 4 industries. The distribution of the elasticity of substitutioograling to

ratio of range relative to standard deviation is very wideclvimeans that the
county has to attract firms or industries with low complementarities otitsiios

of elasticities to mitigate the loss in jobs and local government revenues.

Table 6.2D, The distribution of the Elasticity of Substitutions
Between Land Area and Labor in El Paso County

Range/SD Range SD Min Max NAICS2
8.58 1.65 0.19 -1.65 0.00 23
12.14 1.51 0.12 -0.30 1.22 31
7.53 1.26 0.17 -0.19 1.07 42
19.75 6.88 0.35 -4.42 2.46 44
0.06 -0.41 0.00 48
8.82 1.07 0.12 -0.33 0.74 51
15.58 3.94 0.25 -1.69 2.24 52
10.16 3.77 0.37 -3.75 0.01 53
9.51 4.82 0.51 -4.69 0.13 54
12.62 1.97 0.16 -0.35 1.62 56
7.36 1.16 0.16 -1.16 0.00 62
14.07 4.25 0.30 -3.85 0.40 72
6.84 1.36 0.20 -1.34 0.02 81

6.3.3. Denver County:

In Denver County, the partial elasticities discussion is based est&.3A to
6.3D. The following sections discuss these elasticities in Denver County.

1- The Partial Elasticity between Capital and Labor On average, at the industry
level, partial elasticity of substitution in Denver County is mibi@n 1 (table 6.3A),

except for 3 industries; manufacturing (0.52), transportation and wasielkyo(0.65),
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and information (0.68). While at the firm level, as shown in table @f&Bmaximum
and minimum partial elasticity is positive for all industriesisTmeans that the partial
elasticity even at the firm level between labor and capstaubstitute. Thus, because
of the wide range in elasticities between maximum and minimalwes, the local
government has to encourage firms with low elasticity of suwibisiits such as

manufacturing at the firm level.

Table 6.3A, Average Patrtial Elasticity of
Substitution in Denver County by Non-
homogeneous Function

OK.L OK.LA OL.LA NAICS?2
1.46 -0.29 -0.21 23
0.52 0.81 0.01 31
1.35 0.10 -0.05 42
1.22 -0.31 -0.24 44
0.65 0.02 0.07 48
0.68 0.23 0.03 51
1.40 -0.73 -0.16 52
1.15 -0.10 -0.11 53
1.46 -0.76 -0.56 54
1.79 -0.70 -0.07 56
1.39 0.68 -0.21 61
1.49 -0.36 -0.15 62
2.01 -0.80 -0.11 72
2.01 -0.43 -0.17 81

Table 6.3B shows the distribution of the elasticities of substitutimte/een

labor and capital at the firm level. The lowest elasticgyin transportation and
warehousing (0.72), followed by the manufacturing industry (0.80). The (rathge to
standard deviation) shows evidence that there is a wide distrillngtareen firms in the
same industry and among industries in the elasticity between dadocapital inputs.
The highest ratio is in the wholesale trade industry, while the lowest ratiogaliestate

(3.07). The policy implication to the wide distribution suggests tletvBr County has
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to adopt selective policies for attracting firms and industoei$s region characterized

by low partial elasticity of substitutions between labor and capital.

Table 6.3B, The distribution of the Elasticity of Substitutions
Between Labor and Capital in Denver County

Range/SD Range SD Min Max NAICS2
6.78 1.45 0.21 0.91 2.36 23
4.17 0.80 0.19 0.04 0.85 31
9.27 1.65 0.18 0.17 1.82 42
6.35 2.19 0.35 0.25 2.44 44
4.23 0.72 0.17 0.38 1.10 48
4.28 1.25 0.29 0.28 1.53 51
3.36 1.90 0.57 0.24 2.15 52
3.07 2.11 0.69 0.12 2.24 53
5.96 2.48 0.42 0.02 2.49 54
4.61 1.39 0.30 1.04 2.43 56
6.32 151 0.24 0.22 1.73 61
5.14 2.09 0.41 0.36 2.45 62
5.19 2.38 0.46 0.13 2.51 72
3.52 0.83 0.23 1.57 2.40 81

2-Partial Elasticity between Land and Capital The analysis in this part depends
on table 6.3A, and table 6.3C. On average, at the industry level, tablslt®A that in
9 industries the partial elasticity between land and capitabmsplementary and the
value of elasticity is less than 1 in absolute value. Also,ahle tshows that the partial
elasticity is positive (substitute) in 5 industries. While t&®C, which represents the
partial elasticity between land and capital at the firm leskbws that the maximum
value is about zero in other service industries, and positive lgs4 tihahree industries
(construction, transportation and warehousing, and information). On thehatferthe
minimum value of elasticity is positive and less than unity in 2 industriesgfiacturing
with (0.41), and education services (0.08). While in other industries, th€ firinimum
partial elasticity is negative. Such results suggest thalotteé government in Denver
County need to attract firms with low partial elasticityvietn land and capital in

absolute values to preserve jobs during economic down turns.
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The distribution of the partial elasticity of firms betweendaand capital in
Denver County is very wide according to the ratio of range talatd deviation, table
6.3C. The highest ratio is in construction (11.92), followed by retaiéteand wholesale
trade, 10.37 and 8.82, respectively. The lowest ratio is in financenamance, 2.51.
This means there is a high heterogeneity in partial elystieitween land and capital
within firms in the same industry and among industries. This disteibution requires
that the county adopt selective policies to attract firms Vawin partial elasticity, in
absolute value, between land and capital to minimize job loss iregien during
economic down turns.

Table 6.3C, The Distribution of the Elasticity of Substitutions
Between Land Area and Capital in Denver County

Range/SD Range SD Min Max NAICS2
11.92 5.70 0.48 -5.26 0.44 23
6.04 151 0.25 0.41 1.92 31
8.82 5.35 0.61 -4.00 1.34 42
10.37 4.83 0.47 -3.73 1.10 44
3.69 0.59 0.16 -0.33 0.26 48
3.86 1.55 0.40 -0.82 0.74 51
2.51 3.26 1.30 -1.95 1.31 52
4.32 6.89 1.59 -4.50 2.38 53
8.38 5.15 0.61 -2.88 2.27 54
5.54 3.23 0.58 -2.20 1.04 56
4.62 1.14 0.25 0.08 1.22 61
8.79 4.74 0.54 -2.58 2.17 62
7.77 4.60 0.59 -2.19 2.41 72
3.69 1.29 0.35 -1.24 0.05 81

3-Partial Elasticity between Land and Labor: The analysis of this part relies
on table 6.3A and table 6.3D. Table 6.3A, reflects the average passticey and
shows that the partial elasticity between labor and land isnmi@dl 81 absolute value in
all industries except 'professional, scientist, and technicalcesryi0.56). This means
that to reduce output during economic down turns requires proportionaiflfgss as
more land in the firms become idle. Thus, these values of pddsicgy are suitable
for policy makers at the county level because they will attract firloswatost.

On the other side, table 6.3D reveals that the maximum padsdlofly between

labor and land is around zero in 7 industries. Also, the minimum is around zero in

144



different 3 industries. Thus, the county has to adopt long-run plannirgeit the
firms with low elasticity of substitutions in absolute valuehe éxpected benefit during

economic down turns.

Table 6.3D, The distribution of the Elasticity of Substitutions
Between Land Area and Labor in Denver County

Range/SD Range SD Min Max NAICS2
7.91 4.26 0.54 -3.87 0.40 23
6.73 0.27 0.04 0.00 0.27 31
8.19 2.36 0.29 -2.09 0.27 42
8.12 6.18 0.76 -5.20 0.98 44
3.79 0.56 0.15 -0.16 0.40 48
3.36 0.17 0.05 -0.01 0.16 51
4.00 1.44 0.36 -1.40 0.05 52
5.02 2.06 0.41 -1.55 0.51 53
5.31 6.56 1.23 -6.46 0.11 54
6.79 2.85 0.42 -2.85 0.00 56
6.98 7.80 1.12 -6.04 1.76 61
7.66 3.87 0.51 -3.87 0.00 62
7.13 3.46 0.49 -3.46 0.00 72
5.51 3.37 0.61 -3.24 0.13 81

6.3.4. Larimer County: The following discusses the partial elasticities in Larimer
County at the industry and firm level.

1- Partial Elasticity between Labor and Capital: The partial elasticity between
labor and capital is positive and less than unity as shown in table B¥sAmeans that

these industries are different than standard Cobb-Douglas function.

145



Table 6.4A, Average Partial Elasticity of

Substitution

In Larimer County by Non-homogeneous
Function
OK.L OK.LA OLLA NAICS2
0.63 -0.37 0.00 62
0.61 0.05 0.03 72
0.84 -0.10 -0.87 81

Table 6.4B, The distribution of the Elasticity of Substitutions
Between Labor and Capital in Larimer County

Range/SD Range SD Min Max NAICS2
414 1.47 0.36 0.00 1.47 62
6.84 2.01 0.29 0.00 2.01 72
6.02 2.50 0.42 0.00 2.50 81

2-Partial Elasticity between Land and Capital Table 6.4A shows that the
partial elasticity between land and capital is small in absohatue. But table 6.4C
shows that this elasticity is widely distributed among firmghe industry. Thus, the
county has to attract firms with small value of elastibiégween land and capital. This

is expected to help the county during down turns in the economy by saving jobs.

Table 6.4C, The distribution of the Elasticity of Substitutions
Between Land Area and Capital in Larimer County

Range/SD Range SD Min Max NAICS2
6.31 3.93 0.62 -2.35 1.58 62
18.90 2.67 0.14 -1.21 1.46 72
8.89 1.23 0.14 -0.67 0.55 81

3-Partial Elasticity between Land and Capital Table 6.4A, at the industry
level, shows that the elasticity between labor and land is tieel#s education and
lodging and restaurants industries. Thus the county has to concemtrstieh industries

to keep the level of jobs during down turns.
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Table 6.4D, The distribution of the Elasticity of Substitutions

Between Land Area and Labor in Larimer County

Range/SD Range SD Min Max NAICS2
10.91 0.36 0.03 -0.15 0.21 62
15.61 5.20 0.33 -0.64 4.56 72
12.79 156.37 12.23 -130.62 25.75 81

6.3.5. Boulder County: The partial elasticities among the three input variables will
be illustrated in the following discussions.

1- Partial Elasticity between Capital and Labor: Table 6.5A shows that the
average partial elasticity between labor and capital is diffethanunity as supposed by
Cobb-Douglas in three industries. While it is around unity in two inigigstconstruction,
and manufacturing. In addition, table 6.5B shows a wide distribution irelt#sicity
between labor and capital among firms in the industry. The higlege ris 2.28 in other
services, followed by 2.22 in manufacturing industry. Thereforectiaty has to adopt
selective policies to attract firms with low partial eieisg of substitutions between labor
and capital.

Table 6.5A, Average Patrtial Elasticity of

Substitution

In Boulder County by Non-homogeneous
Function
OK.L OK.LA OLLA NAICS2
0.97 -2.06 1.04 23
1.10 0.92 0.06 31
1.95 0.67 -0.40 54
0.74 -2.54 -1.00 56
1.80 0.56 0.01 62
1.33 -0.44 0.37 81
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Table 6.5B, The distribution of the Elasticity of Substitutions
Between Labor and Capital in Boulder County

Range/SD Range SD Min Max NAICS2
2.95 151 0.51 0.21 1.71 23
4.41 2.22 0.50 0.21 2.44 31
5.87 1.93 0.33 0.55 2.48 54
2.49 151 0.61 0.05 1.56 56
4.07 2.20 0.54 0.31 2.51 62
4.97 2.28 0.46 0.22 2.50 81

Table 6.5C, The distribution of the Elasticity of
Substitutions

Between Land Area and Capital in Boulder County

Range/SD Range SD Min  Max NAICS2
2.82 241 0.85 -3.24-0.82 23
4.80 3.77 0.79 -1.352.42 31
3.88 1.42 0.36 -0.061.36 54
4.00 14.98 3.75 -13.61.43 56
4.78 5.81 1.21 -3.602.21 62
4.24 2.97 0.70 -2.270.69 81

2-Partial Elasticity between Land and Capital: The following table shows
that the partial elasticity between land and capital is widali industries except
construction. Thus, Boulder County has to adopt long-run planning to keepwfitims

low elasticity, in absolute value between land and capital.

3-Partial Elasticity between Land and Labor: Table 6.5A shows that the
average elasticities are substitutes in construction and othercese zero in
manufacturing and health services; and complementarities in atiaiivie and waste

management industry. On the other side, table 6.5D shows a wigke aarong firms.
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This suggests that the county has to adopt different policies raxtafirms to the

county.

Table 6.5D, The distribution of the Elasticity of Substitutions

Between Land Area and Labor in Boulder County

Range/SD Range SD Min Max  NAICS2
2.62 2.35 0.90 -0.01 234 23
3.10 0.40 0.13 0.00 040 31
4.77 4.49 0.94 -2.36 213 54
2.83 2.77 0.98 -2.41 0.36 56
4.22 4.37 1.03 -2.34 203 62
4.31 3.78 0.88 -1.33 245 81

6.3.6. Weld County
1-Partial Elasticity between Labor and Capital: The elasticity of substitution is

less than one in all estimations for Weld County. Thus, the etgsticsubstitution is

deviated from Cobb-Douglas. Table 6.6B shows that the range betvee@mum and

minimum elasticities is remarkable. Therefore, the local goaent has to adopt

selective policies regarding the firms that operate in its region.

Table 6.6A, Average Partial Elasticity of
Substitution

In Weld County by Non-homogeneous Function

OK.L OK.LA OLLA NAICS2
0.74 -0.38 -0.01 23
0.88 -1.31 0.03 48
0.74 -0.32 0.05 54
0.41 -0.10 -0.06 56
0.47 -0.18 0.00 81
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Table 6.6B, The Distribution of the Elasticity of Substitutions
Between Labor and Capital in Weld County

Range/SD Range SD Min Max NAICS2
8.27 1.27 0.15 0.13 1.40 23
4.38 2.19 0.50 0.10 2.29 48
9.23 151 0.16 0.09 1.60 54
5.07 1.21 0.24 0.02 1.23 56
3.25 1.17 0.36 0.01 1.18 81

2-Partial Elasticity between Land and Capital Table 6.6A shows that the partial
elasticity between land and capital, on average, is negative anth&es unity in all
industries as appeared in the regression of non-homogeneous Cobb-Dougfadd
County. Thus, the elasticity between these two variables is eamepk. Therefore, to
attract such industries or firms, the county has to choose the indukr low
elasticity between capital and land to lessen the job losses dexiagse economic

periods. Also, table 6.6C supports this direction.

Table 6.6C, The distribution of the Elasticity of Substitutions

Between Land Area and Capital in Weld County

Range/SD Range SD Min Max NAICS2
5.90 10.97 1.86 -8.42 2.55 23
4.30 14.99 3.49 -12.65 2.34 48
6.67 6.36 0.95 -3.99 2.36 54
4.58 1.49 0.33 -1.09 0.41 56
3.46 4.56 1.32 -2.96 1.60 81
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3-Partial Elasticity between Land and Labor

The distribution of the elasticity of substitution, according to rdite of range
relative to standard deviation, is very wide which means that theycbastto attract the
firms or industries with low complementarities or substitutionlaétecities to limit the

inverse effects on employment and local government revenues.

Table 6.6D, The distribution of the Elasticity of Substitutions

Between Land Area and Labor in Weld County

Range/SD Range SD Min Max NAICS2
8.90 0.53 0.06 -0.51 0.02 23
4.83 0.51 0.11 0.00 0.51 48
6.34 0.94 0.15 -0.14 0.80 54
7.24 2.72 0.38 -1.78 0.94 56
5.82 0.12 0.02 -0.08 0.04 81

6.4. The elasticity between Inputs by Translog Function

This part will display the type of elasticity at the indysand firm levels in the six
counties under study by applying translog production function. At thetnydasel, the
arithmetic partial elasticity between labor and capgalamputed. The second part will
discuss the analysis at the firm level by taking the maximumnandnum partial
elasticities. The third part examines the distribution of thréigbaelasticity within and
among different industries according to NAICS (2007) classifinasystem. The

aforementioned analysis will be examined at the county level.
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6.4.1. Arapahoe County:

The analysis of the type of elasticities in Arapahoe Couiltyely on tables 6.7A to
6.7D. The partial elasticities are: partial elasticity lmsw the primary inputs of labor
and capital; partial elasticity between capital and land vahédther this elasticity is
substitute or complement; and the partial elasticity betweem &imbland and whether
it is substitute or complement. The reason for such division is @estugolicies that
help the county in the long run to increase its revenue and providsdrestes foits
community, and reduce the job loss during economic down turns.

1- Partial Elasticity between Capital and Labor Table 6.6A shows that only
information industry exhibits as Cobb-Douglas with unity elastiotysubstitution.
Otherwise, the partial elasticity is deviated from unity aadges between 0.66 in
professional, scientist, and technical services industry to 1.27 nsptvgation and
warehousing industry. This means that if the cost of labor doubledofespronal
industry then the reduction in jobs will be less than 66% as a m@stdiplacing the
labor by capital. If the wages in transportation industry, onagegltincreased by 10%,
then loss in jobs will be estimated to be around 12.7 as a resuaisofgrthe use of
capital.

Table 6.7B shows the maximum partial elasticities between ktbrcapital varies
substantially. Also, the minimum values of these elastiaigesal that part of the firms
are operating as in Leontief production function as a consequesceatifelasticity of
substitutions. On the other side, the maximum elasticity valueslréhat other firms
have high elasticity of substitutions of greater than 1. Wheremthemum elasticity
ranges between 1.36 in other services industry and 3.3 in manufacturing industry.

The distribution of the partial elasticity between labor and it measured by the

range relative to standard deviation, is remarkably high. To Keepntustries with
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lowest elasticity of substitution in the counties regions havattoduce incentives for
these industries in order to mitigate the impacts of economic doms &and their
negative impact on jobs.

2-Partial Elasticity between Capital and Land On average, according to translog
function, in Arapahoe County, the partial elasticity between land apdalas
complementarities. This means as capital uses increase,etheofatand usage will
increase. The partial elasticity in all these industriésss than unity. This suggests that
the Cobb-Douglas function will not work. This elasticity rangesvbenh 0.61 in other
services to 0.90 in professional and scientist industry.

The distribution of the elasticity between land and capital shows evidencerthat pa
of the firms are working under Leontief production functions. Alsa, @lathe firms are
working with high elasticity of complementarities. In addition, th&oraf range to
Standard deviation shows heterogeneity among industries. For examplaatio
between 2.76 in other services, which require little intervention &yctdmmunity to
encourage such firms in the industry, and 10.20 in professional andsdieshistry,
which requires intervention in the market to attract the firms with low alsestic

3-Partial elasticity between Land and Labor By the same pattern, this part depicts
the partial elasticity between labor and land. Table 6.7A showsdhahverage, the
elasticity between land and labor is substitute in all indgswghout exception. Also,
the elasticity is less than unity in all industries rangetsveen 0.61 in other services to
0.90 in' professional and scientist industry.

At the firm level data, table 6.7D shows that there is a dnslous difference

between maximum elasticity for a firm and minimum value o$talay in the same
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industry. The minimum values indicate that some of the industreesvarking as
complement because of negative elasticity in all industries. eMhié maximum
elasticity shows that part of the industries are operating aststdss between labor and
land. Thus the county has to introduce incentives to the firms withelasticity of
substitutions and complementarities to stabilize the number of jolds lacal

governments' revenues in the region.

6.4.2. El Paso County:

In El Paso County, the analysis is based on tables 6.8A to 6.8D. Thsisna
includes the three partial elasticities in the study as omedi in Arapahoe County.
Also, the distribution of elasticities among firms and industries will be disclis

1- Partial Elasticity between Capital and Labor: On average, the elasticity of
substitutions between capital and labor is less than unity in alltrrehusT his elasticity
ranges between 0.47 in manufacturing to 0.77 in education servit#s.618.B shows
that there is substantial heterogeneity between maximum andnummivalues of
elasticity of substitution among the firms within the same ingiugtor example, the
minimum value of elasticity indicates that some firms are aipgy within Leontief
function with zero or around zero elasticity of substitution between labor and c@pital
the other side, the maximum value of elasticity shows evidentehtheelasticity is
greater than unity. Thus, to preserve the firms with low eiastf substitutions to save
jobs during economic down turns requires the county to introduce incefdiveach

firms.
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Table 6.8A, Translog Elasticity by Industry in

El Paso County.

OL.LA OK.LA OK.L NAICS
0.23 0.25 0.64 23
-1.08 0.76 0.47 31
-0.46 0.26 0.74 44
-0.99 0.59 0.49 48
-0.73 0.59 0.49 52
-1.35 0.81 0.68 53
0.19 -0.55 0.56 54
-1.13 0.89 0.64 56
-0.61 0.82 0.77 61
0.47 0.42 0.62 62
-1.33 0.95 0.61 72
0.19 0.36 0.64 81

The distribution of the firms in each industry as measured byatie of range
(the difference between maximum and minimum value) is highs $hpports the
previous policy that the county has to pay attention to the firntslowt elasticities of
substitutions.

Table 6.8B, Elasticity of Substitution between Capital and
Labor in El Paso County

Range/SD Range SD Min Max  NAICS
10.05 2.26 023 0.02 229 23
4.83 1.20 025 001 121 31
3.74 3.08 082 0.00 3.08 44
3.57 1.16 032 0.06 122 48
6.43 2.29 0.36 0.00 229 52
4.61 0.98 0.21 040 137 53
4.22 1.46 035 0.00 146 54
5.70 2.76 048 0.00 276 56
3.83 1.62 042 0.00 162 61
7.53 1.35 0.18 0.00 136 62
9.38 1.55 0.17 015 170 72
11.09 2.10 019 000 211 81
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2-Partial Elasticity between Capital and Land: Table 6.8A, on average,
shows there is substitute elasticity between land and capaélindustries except for
professional and scientist industry, which are complement. Also, ithbeterogeneity
in elasticity among industries. The lowest elasticity isanstruction (0.25), while the

maximum in lodge and restaurants is 0.95.

Table 6.8C, Elasticity between Capital and Land
in El Paso County

Range/SD Range SD Min Max NAICS
9.88 4.79 049 -195 284 23
5.18 3.70 071 -110 260 31
5.96 4.98 084 -265 233 44
3.29 2.05 062 -0.24 180 48
6.82 5.30 078 -244 287 52
4.56 3.76 083 -1.27 249 53
4.89 5.76 1.18 -292 285 54
6.05 6.50 1.07 -265 385 56
6.51 3.54 054 -1.01 253 61
6.92 2.59 037 -0.18 241 62
6.40 2.85 045 -025 260 72
8.09 2.57 032 -0.73 184 81

Table 6.8C reveals the distribution firms within the same industrng. table
shows that there is substantial heterogeneity in the firmsghbdisons of elasticities.
For example, the minimum elasticity values indicate, innalustries, that part of the
firms’ have complement effect in elasticity, while the nmaxim values point to the
elasticity of substitution for some firms in the same industigoAthe term ratio to
standard deviation provides an indication of wide distribution among firmss, the
county has to keep firms with low elasticity of substitutionsamnplementarities to

stabilize jobs in the region.

3-Partial Elasticity between Labor and Land: Table 6.8A shows that the partial

elasticity between labor and land among industries is mixed. In this caseyuctnst
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education services, and other services industries reveal that the elastieign labor

and land is complement, while in other industries the elasticity is substitute

Table 6.8D, Elasticity between Labor and Land

in El Paso County

Range/SD Range SD Min Max  NAICS
6.84 7.54 1.10 -3.62 392 23
4.99 6.58 1.32 -3.85 273 31
6.34 7.22 1.14 -3.28 3.94 44
3.63 7.90 2.18 -3.90 400 48
6.80 6.85 1.01 -3.38 3.47 52
3.39 7.86 232 -3.89 3.97 53
6.13 5.40 0.88 -2.09 331 54
6.49 6.21 0.96 -3.53 2.68 56
5.98 5.59 093 -3.52 2.07 61
4.70 7.58 1.61 -3.91 3.67 62
10.84 6.37 059 -3.63 274 72
7.74 7.12 0.92 -3.46 3.66 81

Table 6.8D shows evidence of heterogeneity in the firms' etgstdihin the

industry. For instance, the minimum values of elasticities agative in all industries.

This indicates that the elasticity among part of the fisnsomplement. On the other

hand, the elasticity appears to be substitute between land and labor when thammaxi

values of elasticity are taken into consideration. Thus, the distnbofi elasticities

among firms is very wide which requires attractive policies fions with low

elasticity of substitution or complementarities.

The distribution of the firms' elasticity as shown in table 6.8Rely wide, as

measured by the ratio of the range relative to the standardidesidn addition, there
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is substantial heterogeneity among industries in the previows Tdtis ratio ranges

between 3.39 in real estate and 10.84 in lodge and restaurants industry.

6.4.3. Denver County:
The analysis of the elasticity whether substitutes or camgaié is discussed for
industries and firms in Denver County. The partial elasticitiesveen labor and

capital, capital and land, and land and labor will be depicted.

1-Partial Elasticity between Labor and Capital: The partial elasticity between
the primary inputs, labor and capital, is substitute. The data inG&®esupports this
direction. In addition, the table shows that this partial el&gtd®viates from unity.
Thus, the elasticity is not of standard Cobb-Douglas function. Alsaable shows
that there is heterogeneity in this elasticity among indsstrin all industries, the
elasticity of substitution between labor and capital is less timity except for health

services (1.43).

Table 6.9A, Translog Elasticity by Industry
in Denver County.

NAICS OK.L OK.LA OL.LA
23 0.712 0.82 -0.87
31 046 0.84 2.1

42 0.96 0.86 -0.53
44 094 0.83 -0.82
54 0.6 0.89 -1.58
62 1.43 0.78 0.25
72 0.62 0.81 -1.35
81 0.85 0.62 0.59
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Table 6.9B, Elasticity of Substitution between Capital and
Labor in Denver County

23 1.68 0.41 0.14 1.27 9.39

31 27 0.03 0.36 2.67 7.33

42 1.56 0.65 0.11 0.9 7.93

44  2.81 0.14 0.25 2.67 10.73

54  1.56 0.04 0.16 1.52 9.77

72 2.19 0 0.33 2.19 6.72
81 2.09 0.71 0.16 1.38 8.42

Table 6.9C, Elasticity between Capital and Land in
Denver County

NAICS Max Min SD Range Range/SD

23 123 -007 032 13 4.13
31 217 -0.03 04 22 5.51
42 188 -0.03 034 191 5.69
44 287 -0.05 04 292 7.38
54 1.89 -0.02 035 191 5.47
62 247 -0.2 0.37 2.66 1.27
72 121 -0.14 033 135 411
81 194 O 0.33 1.94 5.86

2-Partial Elasticity between Land and Capital: Table 6.9A shows, on average,

that the partial elasticity between land and capital is positive and les$.tlhis means
that the elasticity, in general, in all industries is substitute. On ottertable 6.9C
shows that the minimum elasticity between these inputs is negative but reedraes,
part of the firms is operating within Leontief's assumption of no substitutioreleatw
land and capital inputs. While the maximum values of elasticity show thaagieiey

is substitute in all industries with elasticity greater than unity.

The distribution of these elasticities is substantially laxgeneasured by the ratio
of range to standard deviation. Therefore, the county has to ditrastwith small

elasticity in absolute value to lessen job losses during economic down turns.
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3-Partial Elasticity between Land and Labor. Table 6.9A, on average, shows that

elasticity between land and labor is substitute. While table 8t@&iws that part of the

firms operate with negative elasticity and the maximum veawegositive (means that

part of the firms are operating within positive elasticities).

Table 6.9D, Elasticity between Labor and Land

in Denver County

Range/SD Range SD Min Max  NAICS
19.24 5.41 0.28 -1.49 3.92 23
3.77 4.05 1.08 -3.77 028 31
9.12 6.16 0.68 -3.82 2.34 42
11.31 6.52 0.58 -3.88 265 44
10.71 6.21 0.58 -3.36 285 54
3.93 2.86 0.73 -2.31 0.55 62
9.09 6.02 0.66 -2.74 329 72
2.97 5.05 1.70 -3.93 112 81

The distribution of the elasticity among firms in the same imglustremarkable

as shown by the ratio of range relative to standard deviationshighest value in this

ratio is 19.24 in construction while the smallest value is 2.97 in strgices industry.

These huge differences in the ratio for the firms within thmesandustry or among

industries requires adoption of long range plans from the countyramtafitms with

small elasticity in absolute value.

6.4.4. Larimer County: Tables 6.10A to 6.10D depict the type of elasticity

between the three input variables; capital, labor, and land. Thalpaatsticity among

these inputs, at the firm level or industry level, is expectebet@ither substitute or

complement (Hicks, 1970). These partial elasticities are illustrated/bel
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Table 6.10A, Translog Elasticity by Industry in
Larimer County.

NAICS OK.L OK.LA OL.LA
23 0.41 0.59 -0.22
31 0.78 0.89 -0.53
42 0.86 0.78 -0.81
44 0.81 0.64 1.44
51 1.16 0.75 0.32
52 0.73 0.83 -0.8

53 1.42 0.64 0.64
62 0.63 1.01 -1.5

71 0.83 0.97 -0.67
72 0.74 0.67 -0.74
81 0.94 0.61 1.06

1-Partial Elasticity between Capital and Labor: Hicks (1932, 1970) said that the
relation between primary inputs, labor and capital, is substitutéy W&t third or more
input, the elasticity may be substitute or complement. On averag@rimer County,
the partial elasticity is substitute among all industries, hacelasticity is deviated from
unity. The table shows drastic differences in the elastiaiprey industries. This
elasticity ranges between 0.41 in construction industry and 1.42 iegtdé industry.
While table 6.10B, depicts the minimum elasticity is near zetbeafirm level in three
industries; construction, education services, and lodge and resta@antee other
hand, the maximum values show evidence that part of the firms amah elasticity
of substitution. This high elasticity is expected to exacerjostéoss during economic
down turns. Thus, for the benefit of the region, the county has to atieaitms with

low elasticity of substitution between labor and capital.
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Table 6.10B, Elasticity of Substitution between Capital and
Labor in Larimer County.

Range/SD Range SD Min Max NAICS
5.20 1.43 0.28 0.04 1.47 23
6.45 2.20 0.34 045 2.65 31
6.31 0.65 0.10 0.45 1.10 42
5.66 1.09 0.19 0.37 1.46 44
4.07 1.07 0.26 0.54 1.61 51
2.60 0.42 0.16 0.58 1.00 52
4.55 2.36 052 0.22 2.58 53
5.29 2.92 0.55 0.07 2.99 62
4.90 0.28 0.06 0.73 1.01 71
4.61 2.59 056 0.01 2.61 72
7.94 1.07 0.13 0.37 1.44 81

2-Partial Elasticity between Capital and Land On average, table 6.10A shows
that the elasticity between land and capital is substitutel imdustries in Larimer
County. While at the firm level, table 6.10C shows that the elgstigpe within the same
industry is mixed. For instance, the minimum values of elastigtgonstrate that part of
the firms have negative elasticity (complementarities), evlihe maximum value
provides substitute elasticity. Thus, there is heterogeneity iel#sticity between the
firms within the same industry. Therefore, to attract the fimith low elasticity in
absolute value, the county has to offer incentives to mitigate iefielets of job losses
during economic down turns.

Table 6.10C, Elasticity between Capital and Land
in El Paso County.

Range/SD Range SD Min Max NAICS
6.04 2.00 0.33 0.00 2.00 23
6.25 3.21 0.51 0.00 3.21 31
3.02 1.80 0.60 -0.31 1.49 42
8.59 3.99 0.46 -0.43 3.56 44
2.71 0.94 0.35 0.00 0.93 51
4.30 1.16 0.27 0.00 1.15 52
3.86 1.20 0.31 -0.18 1.01 53
5.25 2.37 0.45 -0.64 1.72 62
5.58 1.78 0.32 0.00 1.78 71
10.38 5.07 049 -1.61 3.45 72
7.73 2.47 0.32 -0.47 2.00 81
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In addition, table 6.10C shows the distribution of the partial elastigtyween
land and capital at the firm level. According to the concept nfeato standard
deviation, there is a tremendous heterogeneity between firms sathe industry and
among industries. In this context, the relative range to standeiatide is between 2.7
in information industry and 10.38 in lodge and restaurants industry.

3-Partial Elasticity between Land and Labor The results of partial elasticity
between labor and land are mixed either at industry or fiual.l&or example, at the
industry level part of the industries has negative values, while atdastries have
positive elasticities. The industries with positive elastsitare: retail trade (1.44),
information (0.32), real estate (0.64), and other services (1.06) iredusi the firm
level, table 6.10D shows that some firms have negative elasticity betvoeemta land
in all industries, while the maximum values show positive eltie8c Thus the county
has to be aware of which firms or industries to attract to Larimer County.

Table 6.10D, Elasticity between Labor and Land
in Larimer County.

Range/SD Range SD Min Max NAICS
5.89 3.84 0.65 -2.85 0.99 23
6.88 2.67 0.39 -2.11 0.55 31
3.43 8.82 2.57 -3.82 5.00 42
3.67 5.62 1.53 -0.77 4.85 44
4.13 5.70 1.38 -3.05 2.65 51
3.90 1.21 0.31 -1.22 -0.01 52
5.16 7.52 1.46 -3.45 4.07 53
4.57 8.58 1.88 -3.62 4.96 62
5.41 3.75 0.69 -1.01 2.74 71
4.56 4.93 1.08 -3.92 1.01 72
5.67 7.41 1.31 -2.66 4.76 81

6.4.5. Boulder County:
Tables 6.11A to 6.11D show that the elasticity between labor and Icapita

substitute. The values of elasticity at the industry levelgagater than 1 in health
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services and other services industries. The minimum value oftcélasfi substitutions

between labor and capital is less than 1. In addition, the elagietityeen land and
capital is positive and less than 1, and it is zero in othercestviable 6.11C shows
that the minimum elasticity between land and capital is zero., Ttheschange in

capital requires the same proportion change in land for eitlpanding or shrinking

the project. To attract such firms, the local government hasotoder incentives for

industries with low elasticity of substitutions.

Table 6.11A, Translog Elasticity by Industry in Boulder

County.

NAICS OK.L OK.LA OL.LA
54 0.54 0.88 -4.18
62 221 0.72 1.39
81 1.78 0 0

Table 6.11A and table 6.11D show evidence that some firms areiongeatt
high elasticity of substitutions or complementarities. Thus, Igogernments have to

attract firms with low elasticity of substitutions or complementaitie

Table 6.11B, Elasticity of Substitution between Capital and

Labor in Boulder County.

NAICS Max  Min SD Range Range/SD

54 1.67 0.16 0.15 151 10.02
62 316 0.6 0.82 2.55 3.11
81 281 0.75 1.46 2.06 1.41
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Table 6.11C, Elasticity between Capital and Land
in Boulder County.

NAICS Max Min SD Range Range/S
D
54 2.15 0 0.35 2.15 6.11
62 0.93 0 0.39 0.93 2.41

Table 6.11D, Elasticity between Labor and Land
in Boulder County.

NAICS Max Min SD Range Range/SD
54 2.29 -5.99 1.42 8.28 5.82
62 2.86 0 1.05 2.86 2.72
81 0 -0.01 0 0.01 1.41

6.4.6. Weld County. In Weld County 4 industries are under study

for the elasticity of substitutions as they appear in tables 6.12A-
6.12D. On average, the elasticity of substitution is less than 1 and
zero in wholesale trade. Also the elasticity between capital and land
is negative in all industries, table 6.12A.

Table 6.12A, Translog Elasticity by Industry in

Weld County.
OLLA OK.LA OK.L NAICS
0.00 -0.17 0.13 23
0.06 -0.18 0.52 31
-0.03 -0.05 0.01 42
0.01 -0.25 0.48 48

Table 6.12B, Elasticity of Substitution between Capital and
Labor in Weld County.

Range/SD Range SD Min Max NAICS
11.77 0.26 0.02 -0.09 0.18 23
4.85 0.94 0.19 0.02 0.96 31
3340.64 1.28 0.00 -1.27 0.01 42
5.22 0.98 0.19 0.00 0.98 48
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The distribution of the elasticities among firms in the same tngisvery wide,
tables 6.12B-6.12D. Thus, the counties have to attract firms with ksticly whether
substitute or complementarities.

Table 6.12C, Elasticity between Capital and Land
in Weld County.

Range/SD Range SD Min Max NAICS
10.68 2.36 0.22 -2.15 0.21 23
4.19 0.55 0.13 -0.39 0.16 31
7.65 0.27 0.04 -0.21 0.06 42
5.17 2.13 0.41 -2.11 0.02 48

Table 6.12D, Elasticity between Labor and Land in

Weld County.
Range/SD Range SD Min Max NAICS
8.69 0.88 0.10 -0.09 0.79 23
3.65 0.11 0.03 0.02 0.13 31
8.32 1.70 0.20 -1.27 0.44 42
5.28 0.10 0.02 0.00 0.10 48
6.5. Summary

In this chapter, the study computes partial elasticity of subetigifor three input
variables according to Hicks (1932, 1970). The partial elasticites@nputed at the
firm level in each industry for each county included in the study. stitremary and
policy implications only reflect the average of the partialtedéyg for the firms in the
industry. These partial elasticities include; the partialtieias between labor and
capital, the partial elasticity between land and capital, artthpalasticity of land and
labor. These elasticities will be illustrated according to nondganeous production

functions because the elasticity is unity in standard Cobb-Douglas production function.
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1-Non-homogeneous Production Function

a- Elasticity between Capital and Labor

On average, the elasticity between capital and labor is substitateindustries in
each county under study. The results show that the elasticitgd&etabor and capital
deviates from unity, i.e., is not standard Cobb-Douglas function.dtitien, the
elasticity between these two inputs is greater than 1. Trassbat if the wage rate is
increased by 10%, the capital will substitute labor by mone 1886, and in some cases
it will be double, 20% as in construction in Arapahoe County.

Furthermore, there is heterogeneity in the elasticity of gutishs between capital
and labor among industries in the same county. For instance, in Arapadeasticity
ranges between 1.01 in health services and 1.99 in construction. WhilenerDi
ranges between 0.52 in manufacturing and 2.01 in other servicesodge &nd
restaurants industries.

b- Elasticity between Capital and Land

The elasticity between land and capital is complement in mosttireduamong the
counties, except in wholesale trade, information, and education semwiceh is
substitute. This means that the employment of these two $aatqroduction in most
industries moves in the same direction. Also, the elasticitgsis than unity, which
means that the elasticity between these two factors is ddviedm standard Cobb-

Douglas function.
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Furthermore, there is heterogeneity in the elasticity betwleesettwo factors of
production in the same county among different industries. For instdsecelasticity in
most of the industries is less in Arapahoe County, and it mowesadrzero in 7
industries in Arapahoe County. This means that the elasticity between lanap#atlis
Leontief in these industries. Thus, the policy implication recommédradshie counties
have to encourage such industries to mitigate the economic flectsiatduring
economic down turns because of the relation between land and labappsats in the

next section.

c- The Elasticity between Labor and Land

On average, the elasticity between labor and land is zero imdabtries in El Paso
and Denver counties. This means that there is Leontief relatioredetthese two
inputs. That is to reduce the usage of labor during economic down turmsdtis&ies
have to reduce the use of land in the same proportion. The main policgaitiopl is to
encourage such industries to mitigate job reduction during tough ecopenods. In
addition, the elasticity between land and labor in Arapahoe Couctymglement and
less than unity. This elasticity, in Arapahoe County, rang®.&l in arts, recreation,
and entertainment and -0.92 in construction. Thus, Arapahoe County has toagacou
firms and industries with low elasticity of substitution or commata to reduce the
fluctuations in jobs during economic down turns, for instance, thesfithat are
operating in manufacturing, wholesale trade, art, recreation, r@edanment, lodge

and restaurants, and other services (except public services).
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6.5.1. Capital-Labor Ratio

In general, table 6.13A shows that the capital labor ratio in Arap@baaty is the
highest in all industries compared to the corresponding industrieshe@r counties.
Also, the table shows that there are substantial differeamoesg industries within the
same county, especially in the high services industry. These imsusticlude
information, finance and insurance, real estate and relegsfgssional and scientist,
and technical services industry. These industries are capgakive. Thus, on average,
it is expected that it is too costly for firms working rese industries to terminate their
labor force. Therefore, these industries are expected to poksas®st stable jobs, in
particular during inverse economic periods. Other industries, li@estaiction,
manufacturing and wholesale industries show evidence that these iexlase not
capital intensive.

Table 6.13A, Capita-Labor Ratio by County and Industry.

Weld Boulder Larimer Denver El Paso Arapahoe
27500.0 68367.3 22922.8 238315 27648.8 790055 23
42462.3 45076.6  51494.3 29358.4  25000.0 83333.3 31
39062.5 84397.2  47589.4 43325.8 48467.8 105155.2 42
36842.1 411215 50184.8 91055.6 48780.5 65897.1 44
40004.6 33677.8 39678.0 69684.2 80476.7 88036.1 48
157981.8 99397.6  23819.6 52304.1 43366.3 82053.0 51
40737.2 54182.0 97293.2 141584.2 24748.3 304323.1 52
81155.4  143867.9 117796.864583.3 191936.9 720730.4 53
94871.8 98575.1  64747.6 135555.6 59680.8 395996.5 54
52754.5  194446.2 58293.8 13067.9 41721.2 290524.7 55
27283.2  40837.7 19081.0 21957.5 39576.6 141633.1 56
393119 64519.4  38024.0 72315.0 5761.0 154197.1 61
34682.1 38888.9 411824 57180.0 27131.8 137201.6 62
13237.4 16042.6  30156.3 39522.1 39130.4 714524 71
52807.6  40220.4  38922.0 37335.2 50751.7 93040.3 72
52551.0 28677.8  105508.8B5003.5 55555.6 357469.5 81
38722.8 57932.6 474426 55547.6 38135.1 176844.4 Total
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Table 6.13B, Capital-Labor Ratio by County and Industry
(Standardized by Total Average of Each County)

Weld Boulder Larimer DenverEl Paso Arapahoe

0.7 1.2 0.5 0.4 0.7 0.4 23
11 0.8 11 0.5 0.7 0.5 31
1.0 1.5 1.0 0.8 1.3 0.6 42
1.0 0.7 11 1.6 1.3 0.4 44
1.0 0.6 0.8 1.3 2.1 0.5 48
4.1 1.7 0.5 0.9 11 0.5 51
11 0.9 2.1 2.5 0.6 1.7 52
2.1 2.5 2.5 6.6 5.0 4.1 53
2.5 1.7 1.4 2.4 1.6 2.2 54
1.4 3.4 1.2 0.2 11 1.6 55
0.7 0.7 0.4 0.4 1.0 0.8 56
1.0 1.1 0.8 13 0.2 0.9 61
0.9 0.7 0.9 1.0 0.7 0.8 62
0.3 0.3 0.6 0.7 1.0 0.4 71
1.4 0.7 0.8 0.7 1.3 0.5 72
1.4 0.5 2.2 15 15 2.0 81
1.0 1.0 1.0 1.0 1.0 1.0 Total

6.6. Capital-Land Ratio

Capital-land intensity measures the amount of capital in dokdasive to area of
land by square feet. The higher this indicasothe more capital needed per square foot
to invest in and the most intensive investment sector. In geradodd, G.14A indicates
that high services industry like information, finance and insuraneg, estate and
leasing, professional, scientist, and technical services, and magragefrcompanies

and enterprises industries have the highest ratio in all counties.
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Table 6.14A, Capital-Land Ratio by County and Industry.

Weld Boulder Larimer Denver El Paso Arapahoe

0.9 95.4 3.0 17.1 2.7 61.2 23
5.2 54.5 6.9 14.6 3.6 57.1 31
1.9 93.0 6.9 13.9 6.6 61.8 42
8.4 53.9 8.2 21.2 10.1 65.5 44
3.3 66.6 5.3 6.9 1.3 33.8 48
19.3  122.7 14.2 140.9 21.1 81.0 51
10.7 1114 16.7 32.3 115 86.6 52
7.7 44.8 10.5 58.0 3.1 112.1 53
5.8 115.8 9.2 44.0 9.8 74.3 54
7.6 143.1 25.4 24.7 11.9 81.6 55
4.0 93.1 111 23.1 2.8 76.6 56
13.8 103.8 18.4 17.5 6.1 67.7 61
14.0 945 15.1 28.2 14.8 79.7 62
0.0 40.0 1.4 1.8 0.9 55.3 71
205 66.5 6.2 31.8 5.3 98.0 72
1.0 75.6 7.3 35.0 10.1 80.8 81

1.7 79.2 6.6 19.4 4.2 78.7 Total
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Table 6.14B, Capital-Land Ratio by County and Industry.
(Standardized by Total Average of Each County)
Weld Boulder Larimer Denver El Paso Arapahoe

0.6 1.2 0.5 0.9 0.6 0.8 23
3.1 0.7 1.0 0.8 0.8 0.7 31
1.2 1.2 11 0.7 1.6 0.8 42
5.1 0.7 1.2 11 2.4 0.8 44
2.0 0.8 0.8 0.4 0.3 0.4 48
11.7 15 2.2 7.3 5.0 1.0 51
6.5 1.4 2.5 1.7 2.7 11 52
4.6 0.6 1.6 3.0 0.7 14 53
3.5 15 14 2.3 2.3 0.9 54
4.6 1.8 3.9 1.3 2.8 1.0 55
2.4 1.2 1.7 1.2 0.7 1.0 56
8.3 1.3 2.8 0.9 14 0.9 61
8.4 1.2 2.3 15 3.5 1.0 62
0.0 0.5 0.2 0.1 0.2 0.7 71
123 0.8 0.9 1.6 1.2 1.2 72
0.6 1.0 11 1.8 2.4 1.0 81
1.0 1.0 1.0 1.0 1.0 1.0 Total

6.7. The Relation between K/L Ratio and Elasticity of Substitution betwee
Labor and Capital:

The analysis of capital-labor ratio and varies elasticityswfstitutions are
confined for three counties. The elasticity of substitutions itables reflects the
average elasticities of the firms in each industry. As thealgti known, the
higher the capital-labor ratio is, the less job loss is exgextéhe firm level or at
the industry level, on average. In particular, when a high capiiai-leatio is
accompanied by low elasticity of substitution, the loss in joltisbe less during
economic down turns (Nicholson, 2005). In addition, the loss in local government
is expected to be less under the previous circumstances. The sanélyss issue

will be by county at the industry level, and within industry among counties.

172



6.7.1. Within County and among Industries
6.7.1.1. Arapahoe County:
This part is based on table 6.15A. The table shows that high semdestry

characterized by high K/L ratio; 52, 53, 54, and 55. But the correspondisticitles
are greater than one according to non-homogeneous Cobb-Douglas function, and
inelastic according to translog production function. Thus, the countyohastimate
the appropriate production function for each firm, and then selectrthe that are
characterized by low elasticity of substitution between dagitd labor accompanied

by high capital-labor ratio.

Table 6.15A, Elasticity and K/L Ratio in Arapahoe County.

(K/L) Ratio Elasticities of Substitution

(Standardized*) Translog  Nonhomogeneous

0.45 0.86 1.99 23
47 0.78 1.21 31
0.59 0.81 1.07 42
0.37 0.89 1.35 44
0.50 1.27 48
0.46 1.07 0.51 51
1.72 0.83 1.21 52
4.08 0.94 1.05 53
2.24 0.66 1.46 54
1.64 1.79 55
0.80 0.94 1.45 56
0.87 0.90 1.82 61
0.78 0.76 1.01 62
0.40 1.13 71
0.53 1.24 1.66 72
2.02 0.91 1.59 81

* Standardized by dividing the average of industry K/L ratio by
Average total industries K/L ratio in the county.

6.7.1.2. El Paso County:
Table 6.15B shows that the elasticity of substitutions computed by non

homogeneous Cobb-Douglas and translog production functions. Also, thehabie s
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the corresponding K/L ratio at the industry level. In El Paso Countyst of the
industries are characterized by high capital-labor ratio. ddmeesponding computed
elasticities of substitution are inelastic according to toang$unction. But by non-
homogeneous function, the elasticities of substitution, on averag@reater than
unity. The exception is in wholesale trade industry which has Kighratio and

inelastic elasticity of substitutions between labor and capital.

Table 6.15B, Elasticity and K/L Ratio in El Paso County.

(K/L) Ratio Elasticities of Substitution
(Standardized*) Translog Nonhomogeneous

0.73 0.64 1.65 23
0.66 0.47 1.25 31
1.27 0.72 42
1.28 0.74 1.56 44
2.11 0.49 1.38 48
1.14 1.11 51
0.65 0.49 1.55 52
5.03 0.68 1.23 53
1.56 0.56 1.24 54
1.09 55
1.04 0.64 1.44 56
0.15 0.77 61
0.71 0.62 1.50 62
1.03 71
1.33 0.61 1.55 72
1.46 0.64 1.25 81

* Standardized by dividing the average of industry K/L ratio by
Average total industries K/L ratio in the county.

6.7.1.3. Denver County:

On average, in eight industries, the K/L ratio intensity isihithese industries
include most of the high services industries (real estate, piwiaksscientist, and
technical services, and finance and insurance). In addition, reid, ttransportation,

education services, and other services have intensive capital -déiboOn the other
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hand, on average, the elasticities of substitutions between labarapidl for such
industries are elastic except in transportation industry. Thugireztafirms thatare

characterized by high K/L ratio and low elasticities of sasbn between labor and
capital, the local government in El Paso County has to introducetive for such

firms at the beginning of their operations.

Table 6.15C, Elasticity and K/L Ratio in Denver County.

(K/L) Ratio Elasticities of Substitution
(Standardized*) Translog Nonhomogeneous

0.43 0.71 1.46 23
0.53 0.46 0.52 31
0.78 0.96 1.35 42
1.64 0.94 1.22 44
1.25 0.65 48
0.94 0.68 51
2.55 1.40 52
6.56 1.15 53
2.44 0.60 1.46 54
0.24 55
0.40 1.79 56
1.30 1.39 61
1.03 1.43 1.49 62
0.71 71
0.67 0.62 2.01 72
1.53 0.85 2.01 81

* Standardized by dividing the average of industry K/L ratio by
Average total industries K/L ratio in the county.

6.7.2. Within Industry and Among County:

In this part, the analysis of elasticity of substitution and dapitansity will be
based on the level of industry and among 3 counties; Arapahoe, El Paso, and Denver.

6.7.2.1. Construction Industry:

The following table shows that capital-labor ratio is less ti@ average of total

private sector industries in each county. Also, the table showshinaglasticity of
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substitution is greater than unity as in homogeneous Cobb-DouglasmBains that
during reverse economic periods this industry will highly impactjdbs in all the
three regions. As a result, the local governments have to foll@etisel policies to

adopt the firms with low elasticity of substitutions with high K/L ratios.

Table 6.16, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Construction Industry by County

Nonhomogeneous Translog K/L Ratio  Counties
1.99 0.86 0.45 Arapahoe
1.65 0.64 0.73 El Paso
1.46 0.71 0.43 Denver

6.7.2.2. Manufacturing Industry:

In this industry, the K/L ratio, on average, is low, while thasttities of
substitutions between capital and labor are low in the translog, asticelh non-
homogeneous Cobb-Douglas. Thus, counties have to adopt selective polatiescto
firms to operate in their regions for the expected benefit frioenfirms that are

characterized by low elasticity of substitution and high intensive K/L ratio.

Table 6.17, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Manufacturing Industry by County

Average Elasticities

Nonhomogeneous Translog K/L Ratio Counties
1.21 0.78 0.47 Arapahoe
1.25 0.47 0.66 El Paso
0.52 0.46 0.53 Denver

6.7.2.3. Wholesale Trade Industry
In EI Paso County, the capital-labor ratio is high, while thestieity of

substitutions among these input variables is less than unity. Thushthesale trade
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in El Paso County is expected to have small negative impaadlotogs and local
government revenues. Therefore, it is to the benefit ofaSbRCounty to encourage

such industry to operate in its region.

Table 6.18, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Wholesale Industry by County

Average Elasticities

NonhomogeneousTranslog K/L Ratio Counties
1.07 0.81 0.59 Arapahoe
0.72 1.27 El Paso
1.35 0.96 0.78 Denver

6.7.2.4. Retail Trade Industry:
In this industry, the K/L ratio is highly intensive in El Pasw &enver Counties

but with high elasticity of substitutions. On the other hand, in Arapahoe, the K/Lsratio i

low with high elasticity of substitution.

Table 6.18, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Retail Trade Industry by County

Average Elasticities
Nonhomogeneous Translod/L Ratio = Counties

1.35 0.89 0.37 Arapahoe
1.56 0.74 1.28 El Paso
1.22 0.94 1.64 Denver

6.7.2.5. Transportation and Warehousing:

The following table shows that the K/L ratio is high for transgteon and ware

housing industry in El Paso and Denver Counties. But the elasticisplutitution
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between labor and capital is low in Denver according to non-homogefwemii®n. On
the other hand, the elasticity of substitution is low in El Paso @oaecdording to
translog function. Therefore, these two counties have to adoptiweledicies for

firms operating in their regions to mitigate job loss and local government resvenue

Table 6.19, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Transportation Industry by County

Average Elasticities

Nonhomogeneous Translog K/L Ratio Counties

1.27 0.50 Arapahoe
1.38 0.49 2.11 El Paso
0.65 1.25 Denver

6.7.2.6. Information Industry:

For El Paso County, the K/L ratio and elasticity are high. |1&Vini Denver, the
K/L ratio is unitary with low elasticity of substitution in infaation industry. Thus, this
industry in Denver County is better than in El Paso County becdulessinverse

impacts expected during economic down turns.

Table 6.20, the Average Elasticity of Substitution or Complementarity And K/L ratio in
Information Industry by County

Average Elasticities

Non-

homogeneous Translog K/L Ratio Counties
0.51 1.07 0.46 Arapahoe
1.11 1.14 El Paso
0.68 0.94 Denver
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6.7.2.7. Finance and Insurance Industry:

The K/L ratio is highly intensive in Arapahoe and Denver Counfldse
corresponding elasticity of substitution is low according to togn$unction, but
greater than unity in non-homogeneous function. Therefore, Arapahoe andr Denve
Counties have to adopt selective policies to attract firms hithelasticities and

high capital-labor intensity to mitigate job loss during inverse economic periods.

Table 6.21, the Average Elasticity of Substitution or Complementarity

And K/L ratio in Financial Industry by County

Average Elasticities

Nonhomogeneous Translog K/L Ratio Counties
1.21 0.83 1.72 Arapahoe
1.55 0.49 0.65 El Paso
1.40 2.55 Denver

6.7.2.8. Real Estate and Leasing:

This industry operates with high intensity of K/L ratio in abluaties.
Also, the elasticities of substitutions, on average, are around Uity type of
industry is good for the region with these economic charactsrigiilessen the

inverse impact of economic down turns periods in jobs and local govesiment

revenues.
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Table 6.22, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Real Estate Industry by County

Average Elasticities

Non-

homogeneous Translog K/L Ratio Counties
1.05 0.94 4.08 Arapahoe
1.23 0.68 5.03 El Paso
1.15 6.56 Denver

6.7.2.9: Professional, Scientist, and Technical Services Industry:

In this industry K/L ratio is highly intensive in the three coestibut the
elasticity of substitution between labor and capital is high greéter than one
according to non-homogeneous Cobb-Douglas function. While the elabttityeen
labor and capital is low according to translog function. Therefoeegahinties have to
study each firm’s production function. If translog is the dominanttioimcthen the
local government has to work toward keeping such firms operating in their regions

Table 6.23, the Average Elasticity of Substitution or Complementarity

And K/L ratio in Professional and scientist Industry by Couw

Average Elasticities

Non-homogeneous Translod</L Ratio Counties
1.46 0.66 2.24 Arapahoe
1.24 0.56 1.56 El Paso
1.46 0.60 2.44 Denver
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6.7.2.10. Management of Companies and Enterprises:
In this industry, only Arapahoe County is different tistandard Cobb-
Douglas. Also, the K/L ratio and the elasticity of substituti@ntagh as shown in

the following table.

Table 6.24, the Average Elasticity of Substitution or Complementarity
And K/L ratio in management of Companies Industry by County
Average Elasticities

Non-homogeneous TranslodK/L Ratio Counties

1.79 1.64 Arapahoe
1.09 El Paso
0.24 Denver

6.7.2.11. Administrative and Waste Management

The KI/L ratio is around unity in Arapahoe and El Paso Counties, while

it's low in Denver County. Furthermore, according to translog tfang the

elasticity of substitution is inelastic for EI Paso County a@hr unity in

Arapahoe. But, according to non-homogeneous functions, the elasticity of

substitution is high. Thus, the counties have to adopt selective policed ba

the firms' production function and the corresponding K/L ratio.

Table6.25, the Average Elasticity of Substitution or Complementarity

And K/L ratio in Administration and Waste Management Industryby County

Average Elasticities

Non-homogeneous Translog K/L Ratio Counties
1.45 0.94 0.80 Arapahoe
1.44 0.64 1.04 El Paso
1.79 0.40 Denver
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6.7.2.12. Education Services:

Because of the purpose of mitigating job loss during reverse economi
periods, the education services in Denver seem to be better thanoithéheéwo
counties. The main reason for that is the high capital-laboraat high elasticity
of substitutions, according to non-homogeneous function, between capital and
labor in this county. On the other hand, in other counties, the elasbicity

substitution is high while the K/L ratio is lower than in Arapahoe.

Table 6.26, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Education Services Industry by County
Average Elasticities

Non-homogeneous Translog K/L Ratio Counties

1.82 0.90 0.87 Arapahoe
0.77 0.15 El Paso

1.39 1.30 Denver

6.7.2.13. Health Care Services Industry:

According to translog function, the elasticity of substitutions o |
between labor and capital, but the K/L ratio is low. On the other héed, t
elasticity of substitutions is high according to non-homogeneous dancthus,
each county has to study the type of production function for eachdigubmit
incentives for firms with high capital intensity and low dlast of substitutions
between capital and labor to save jobs in the region.

Table 6.27, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Health Care Industry by County

Average Elasticities

Non-homogeneous Translog K/L Ratio Counties
1.01 0.76 0.78 Arapahoe
1.50 0.62 0.71 El Paso
1.49 1.43 1.03 Denver
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6.7.2.14. Art, Entertainment, and Recreation Industry:
In this industry, standard Cobb-Douglas is applied for El Pad®a&nver
Counties. In addition, the industry has low K/L ratio with high etdgt of

substitution. This situation will lead to more job loss during revexsEmomic

periods.

Table 6.28, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Recreation Industry by County

Average Elasticities

Non-homogeneous Translog K/L Ratio Counties

1.13 0.40 Arapahoe
1.03 El Paso
0.71 Denver

6.7.2.15. Lodge and Restaurants:

The following table shows that the lodge and restaurants indastharacterized
as follows: In El Paso County, high K/L ratio with high elasfi@f substitutions
between labor and capital, according to non-homogeneous Cobb-Douglas function.
On the other hand, the K/L ratio is low and the elasticity i&,hagcording to non-

homogeneous function. The latter result is not desirable becausgeatexk high job
loss in reverse economic periods.

Table 6.29, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Lodge Industry by County

Average Elasticities

Non-homogeneous  Translog K/L Ratio Counties
1.66 1.24 0.53 Arapahoe
1.55 0.61 1.33 El Paso
2.01 0.62 0.67 Denver
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The translog function is highly substituted in Arapahoe County with K
ratio, which is not desirable for the reasons mentioned previously. \Whité Paso
County the KJ/L ratio is high with low elasticity of substitutidrnis result is preferred

to other results because it helps to mitigate job loss during reverse economic periods

6.4.2.16. Other Services (Except Public Services):

The following table shows high K/L ratio with low elasticity etibstitution
according to translog function. However, the elasticity of substitution is bggrding
to non-homogeneous Cobb-Douglas function. Thus, any county has to skielct w
production function that best fits the data structure for the firmd.tAen accordingly
can attract the firms with high K/L ratio with low eladycof substitutions such as in
translog functions.

Table 6.30, the Average Elasticity of Substitution or Complementarity
And K/L ratio in Other Services Industry by County
Average Elasticities

Non-homogeneous  Translog K/L Ratio Counties
1.59 0.91 2.02 Arapahoe
1.25 0.64 1.46 El Paso
2.01 0.85 1.53 Denver
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Chapter Seven: Total Factor Productivity (TFP)

The purpose of this chapter is to explore the differences in dfBng
industries in the same county, and within industries among the couhtiesnain
reasons regarding this approach are the importance of total facwuctivity in
identifying the technological progress, the impact of TFP on econgrowth at the
macroeconomic level, and the output growth at the firm and industrys.leve
addition, the chapter will quantify TFP and examine whether thereliites in TFP
are statistically significant to provide policy advice for dem makers regarding
which industry to attract to operate in their regions. Also, @ff€tts the revenue of
local governments and the spending behavior for the revenue. In additisn, i
expected to affect employment and output growth through competittbtha ability

to export, in particular during economic down turns. In this chapter bathtefbf

Porter (1989), and Jacobs (1969) regarding TFP will be explored. Also, the

convergence of TFP within industry and among counties, and within countles a

among industries will be explored (Bernard and Jones, 1996).

7.1. Introduction

In the economic literature, there are three types of taterf@roductivity. The
first type is the Hicks total factor productivity. In thispgy as a result of
technological progress, the whole production function shifts up, incredseng
productivity of all factors of production in the same proportion. The setyoadof
TFP is related to labor savings or increasing the labor priedyctin economic
literature, this is referred to as the Harrod’s neutral effébts means that to produce

the same amount of output less labor is needée. third type is concerns the
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changes in productivity as related to the change in capital prediuciihis type is
prominent in the literature as Solow technical change. In additi@n.etonomic
literature has many studies on the effect of externaityofs on productivity such as
MAR effect (Marshal, Arrow, and Romer), Porter’s effect, and Jacolfg'stef

The importance of studying total factor productivity or technicafjress stems
from its impact on economic growth (Chow et al, 2002). Also, manyesudckle
the impact of technological progress on business cycle; most stodies dn the
impact of technology in business cycl&dland and Prescott, 1984h their study,
they show that productivity shock can produce business cycle compatiblésto
economy. In addition, studying TFP is important in the regional and rgount
economiesn explaining the growth and catch up in the economy between poor areas
and rich areas (Bernard and Jones, 1996).

In this chapter, the total factor productivity is assumed Haekgral. The study
of Bernardand Jones (1996) will be taken as a benchmark to compute TFP. The
Bernard and Jones study assumes constant returns to scaleandardgstCobb-
Douglas function. The study includes 6 broad economic sectors for 14 OEC
countries. In their paper, the authors argue that there is congergetechnological
progress, measured as TFP. This convergence examined within inalustng the
14 OECD countries, and within country among different industries.

In the study, they find substantial heterogeneity of productivity mewe
across sectors in the same country. In the movement within indarstt among
countries, they find convergence in TFP in services and utilitiosse but not in
manufacturing. The technological convergence is expected to happeamsdeata
technological transfer from advanced to less advanced countries.itAks expected

that international trade fosters the transfer of technologya asonsequence,
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manufacturing has to be more convergence (Bernard and Jones 1996). hidie aut
rely on the following general formula to compute TFP in countydustry; at time

t.

e (7.1)

For computing the differences among countries in the same economic sector,

they calculate TFP according to the following formula:

Where:4;;;: Ratio indicator of total factor productivity of country 1 ( trenbhmark

country with the highest TFP ) to the TFP of another county in the log form:
Ajjr = Agje — Aije oo e e (7.3)

In this chapter, formula (7.3) will be used to compute the signdeanof TFP

differences among industries in the counties incorporated in thig, stnd in the

same industries among counties.

As a result of economic externalities, and of competition wither gconomic
sector, it is expected that Porter's effect (1989) will doneinaithin the same
industry, i.e., the TFP could be assumed equal among different indus@ispecific
county from one side, and assumes the same TFP for the same imlustigrent
counties in Colorado. This can be due to easy mobility of labor anxihpty of the
counties in Colorado, and therefore, easy dissemination of knowledge same
industry. The main argument is that a higher TFP in an indugtansiproducing the
same level of output by fewer inputs, or more production and export byathe

level of inputs. Under competition assumption, the wage ratestréile increase in

productivity of labor. Thus, higher income for labor eventually will be reftectehe
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expenditures and tax revenues for the city or county. Also, Jaeidbst will be

explored; knowledge spillover among different industries. Thus TEpeceed to be

the same among different industries in each county. This happetigsnbecause of

proximity and easy moving of labor among economic sectors. In aadldithis

chapter attempts to explain the possible impact of different &REng industries

within a county, and the difference in TFP within an industry among counties.
7.1.1. The Potential Impacts of Differences in TFP within a County and among

Industries

Assume county A with two producing industries X and Y, and that TdfP f
industry X is twice that of industry Y. Also, assume all othetdiss are the same,
such as the production function and input variable coefficients. In thes wah the
same amount of inputs, the output will be expected to be twice asimunchustry X
than in industry Y. This means that industry X is more efficianising resources
than industry Y, highly productive both in labor and capital, is expectegport to
other counties or regions, and may increase employment. On tée hlahd, Y
industry needs twice the amount of inputs to produce the sameraki3try output;
the mark-up prices may be higher, wages are expected to le ¥egsdustry than X
industry, and accordingly, local government income is expected te@dsefiom
industry Y production.

7.1.2. The Potential Impact of TFP within Industry and among Counties

Assume two counties A and B with industry X common in both county
economies. Leaving all other factors the same in both countiegnTiR@ustry X in

county A is double that of industry X in county B. Then county A produgeet
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that of industry X in county B using the same amount of factorsaofugtion. This
means that county A is more efficient in producing X than B. This gesvielative
advantage for county A and mayport to county B. Also, wages in county A are
expected to be higher because of high labor productivity compared toeB, the
local government income will be higher in A than B which allowsAfdo raise the
quality of existing projects and execute new ones.

The rest of the chapter is organized as follows: the secondrsegamines the
convergence, Jacobs' effect hypotheses. Also, convergence ands Rdieet will
be explored. This effect expects that there are no differeamdd#sP within the same
industry among the counties under study in Colorado. The third selttisinates
the relation between TFP and RTS. This section depicts thiereiatsix counties

under study. The fourth section will be summary and conclusions.

7.2. Exploring Convergence, Jacobs’, and Porter’s Effects

Dekle (2002) studied the impact of dynamic externalities of Jaaathorter,
through TFP, on the growth of TFP in Japanese prefectures. Thersthdies the
nine main industries at one-digit level. The Jacobs’ effect cnadée prediction
that TFP among industries located in a region and highly diveassihould grow
faster. In this regard, Dekle examines the growth in TFP Ifan@dustries for all
prefectures. The author finds a negative and significant cagftidor the initial
TFP, which concludes the presencepotonvergence. At the industry level, the
author finds the absence of Jacobs' effect in all industries.

While, Porter argues that specialization and competition withinstrme
industry enhances innovation and the dissemination of ideas and knowledge
spillover. The knowledge spillover is a result of proximityeftabor movement

among jobs and industries, and openness. As a consequence, the knowledge and

189



innovations will spread among industries. The knowledge spillover wdt&affFP
in the industries. Thus, as a result of dissemination of this iafowm the TFP
within the industry is expected to be the same among industry in the same county.

In Dekle’s study, the author divides dynamic changes in TFP iptotd as in
the following equation:

9r(Ac—1) = g(po, Do, Co, (IC)) e (7.4)

Where: p,= Concentration,D, = Diversity, C,=Competition, andC= Initial
Conditions.

The main results are: In finance, wholesale and retail trade, and services
industries the Jacobs' effect do not exist.

On the other side, Porter's effect (represented,pyhows no existence in
finance industry. But in services, and wholesale and retail iratiestries some
Porter’s effect is evident.

In addition, the analysis will rely on Bernard’s and Jones’ (1996¢méor
computing the TFP. But due to the proximate magnitude and insignificant
difference of TFP in both cases, either estimated statigtica computed
arithmetically there is no difference. The analysis of Tri-Bhese parts depends on

the estimated constants for different production functions.

7.2.1. Convergence and Jacobs’ Effect

In this section, convergence and the Jacobs’ effect hypothesedinggTFP
are explored among industries in the same county. Jacobs' effestts that total
factor productivity is not statistically different in the samounty and among
different industries due to knowledge spillover among counties. Alsooraxplthe
convergence hypothesis of TFP relies on the significancdifigiences in TFP

between the construction industry TFP and other industries’ TFfPeinsame
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county. This difference in TFP is expected to be statistically inscgmifibecause of
easy mobility of labor force and technology transfer. Bernardlands (1996) test
stationary TFP between any two sectors to explore convergermethbygis.
According to the authors, it is expected that the differencesg industries in TFP

is stationary to be convergence. But this study depends on snapthollterefore,

it is expected that the difference in TFP is insignificamtong industries to test
either convergence or Porter's effect hypotheses. The investigaii this
hypothesis is examined according to the three different typepramuction
functions; namely, Cobb-Douglas, non-homogeneous Cobb-Douglas, and translog
production functions.

The Jacobs’ effect analysis on this part depends on tables 7.1 Coblafoug
estimation, 7.2 non-homogeneous Cobb-Douglas, and 7.3 translog functioch In ea
county, TFP of construction industry is chosen as a benchmark toirexahe
significance of differences in TFP in any industry in the coungy, InTFP; —
InTFP, , and the TFP in the construction industry. The TFP of construction ipdustr
Is chosen as benchmark because of its estimated significaadecounties and in

all types of production functions studied.

7.2.1.1. Cobb-Douglas:

Table 7.1 raises several points. In general, the data in thisstaises evidence
of supporting Jacobs' effect and TFP convergence in most of the iesluisteach
county. This means, that TFP differences in most industries arstatdgtically
different than TFP of construction industry. In addition, although, the tkdde/s
there are common industries which have TFP deviating signifycémoiin TFP of

construction industry, such as professional, scientist, and teclseicates; other
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services (except government); and education services, but ther¢ablgs that
there is an industry effect in each county. The following demdastthe industry
specific in each county. The study relies on t-ratio to teghisignificance in TFP
differences.

Arapahoe County. The results in Arapahoe County are mixed. On the one
hand, there is support to convergence and Jacobs' effect in 10 induwskrigs
show no significant differences in each industry TFP compared tdrectisn
industry TFP. On the other hand, there are five industry TFP’s thaatele
significantly from the construction TFP. For instance, the educaBovices, and
other services TFP are lower than constructiBP and this difference is significant
at 99% level. While TFP in professional, scientist, and techniocatssr and health
care services are significant at 95% level. This meanstlteag is divergence in
these industries and deviation from Jacobs' effect.

El Paso County The TFP in all industries in El Paso county shows no
significant differences compared to TFP in construction industys,Tthis is
highly supportive of convergence and Jacobs' effect in all industrié$ Paso
without exception. That is the difference in TFP between industries and ctinstruc
IS not statistically significant.

Denver County. Table 7.1 shows that there is convergence and Jacobs' effect is
partially applied for TFP in 5 industries. On other side, the TFP industries
deviates significantly from TFP of construction.

Larimer County: Five industries show significant differences in TFP in
Larimer County compared to the construction industry TFP. Other imegigiFP

show evidence of convergence and support Jacobs' effect.
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Boulder County: In Boulder County, the TFP shows significant differences in
5 industries. Among them are the wholesale, administrative and wastagement
industries. The Jacobs’ effect for TFP is supported in 10 industridoulder
County, because the TFP in these industries is not statistaiéfyent than the
TFP in construction industry.

Weld County: In Weld County, 9 industries TFP are not statistically different
from the benchmark TFP of construction. The 4 industries that aistictdly
different in their TFP are the retail trade, lodge and restayratiter services, and
professional, scientist, and technical services industries.

7.2.1.2. Non-homogeneous Cobb-Douglas:

Health care services TFP deviates significantly from Jaedtest and diverge
in four counties compared to TFP in construction industry. Also, TaBleeveals
that there is industry specific effect of TFP among indusinesach county. The

following part depicts such differences.

Boulder County: The TFP in Boulder County industries does not support
Jacobs' effect in 4 industries, of which 3 are at 95% level. Tihdastries are health
care services, professional, scientist, and technical senaoels wholesale trade.
Otherwise, there is support of Jacobs' effect and convergemé&®im the rest of the

industries in Boulder County.

Arapahoe County. The TFP in non-homogeneous Cobb-Douglas function

shows that 9 industries are not statistically different fron® TF construction
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industry. Thus, there is support of convergence and the Jacobs’ effé€iPi

among the Arapahoe industries.

Table 7.1, Estimated Total Factor productivity by County and Industry

by Cobb-Douglas

County  Arapahoe Denver El Paso Larimer Boulder Weld
Industry

23

31-33 -0.5417 -1.4666 0.725 -2.410%*  -1.5377 -0.7432
t-ratio (-0.872) (-2.162) (2.312) (-3.862) (-1.084) (-1.087)
42 -0.0692 -1.1069 -0.8143 -3.70**  -0.1675
t-ratio (-0.175) (-1.826) (-1.368) (-3.692) (-0.152)
44-45 -0.09622  -1.292**  0.6908  -0.5386 4.1146*  -2.7022***
t-ratio (-0.239) (-2.3604) (1.814) (-1.088) (3.979) (-3.032)
48-49 1.6671 -1.606**  1.4409* -0.9551 1.9765 -0.2444
t-ratio (1.492) (-2.760) (2.325) (-1.412) (0.384) (-0.270)
51 -0.3937 -2.12 0.1995 -0.8134 -2.3595

t-ratio (-0.609) (-1.798) (0.266)  (-0.749) (-1.197)

52 -0.6805*  -2.086** 1.7678  -0.8223 -0.5934 -1.2813
t-ratio (-1.964) (-2.504) (-1.528) (-0.383) (-1.302)
53 -1.3793 -2.071 -1.0515 -2.184 0.2366 -1.6255
t-ratio (-0.298) (-0.347) (-0.199) (-0.522) (0.042) (-0.282)
54 -0.674**  -0.9984 -0.5671  -3.05***  -1.6797*  -1.7322**
t-ratio (-2.032) (-1.597) (-5.296) (-2.050) (-2.370)
55 0.3151 0.5074 1.8124  -1.0332 -3.9978

t-ratio (0.684) (0.1025) (0.626) (-1.879) (-0.627)

56 -0.6811 -0.1387 -0.0842  -1.3139 -3.79%**  -0.6204
t-ratio (-1.664) (-0.154) (-0.171) (-1.515) (-3.148) (-0.380)
61 -2.09%*  -3.95%* 1,123 -4.98***  0.2655 -3.2865
t-ratio (-3.144) (-5.7451) (1.203) (-6.136) (0.1358) (-1.717)
62 -1.066**  -1.80***  1.816 0.2373 -0.068 -1.1644
t-ratio (-2.862) (-3.138) (0.3958) (-0.057) (-1.226)
71 -0.7769 -2.047**  0.616 0.1302 1.9961 -2.5262
t-ratio (-1.115) (-2.173) (0.1635) (1.018) (-1.697)
72 -0.5486 0.6478 0.3955  -1.187** -1.3611 -4.4288***
t-ratio (-1.3129) (1.044) (-2.339) (-1.058) (-4.507)
81 -1.24*%*  -0.7393 1.2444  -1.524**  0.3802 -2.2078**
t-ratio (-2.974) (-1.156) (-2.697) (0.312) (-2.344)

t-ratio is in Parentheses
*** Significant at 99%
** significant at 95%

* significant at 90%
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Table 7.2, Estimated Non-homogeneous Cobb-Douglas Function of Total
Factor Productivity By County and Industry

County Arapahoe Denver El Paso Larim&oulder Weld
Industry

23

31-33 -4.7483  16.1765* 13.157*** -1.3823 -27.365* 7.1745
t-ratio  (-1.221) (-2.861) (3.176) (-0.281}-2.016)  (1.995)

42 -0.5433 -0.5468 -3.7615 -3.1613 -26.69** 6.9619
t-ratio  (-0.2637) (-0.112) (-0.947) (-0.663}-2.152)  (0.853)
44-45 -4.1006 0.9136 6.1629** 0.3666 -21.6412 -0.9682
t-ratio  (-2.051) (0.234) (2.364) (0.095) (-1.675) (-0.143)
48-49 -1.3642 -5.2429 7.1199 -5.7199 20.8823
t-ratio -0.3178 -1.2727 2.044986 -1.1174 3.080474
51 -1.8003 41.9515 13.35** -0.6155 -8.554

t-ratio  (-0.542) (0.747) (2.501) (-0.069}-0.493)

52 -1.9957 10.241 9.2113** -2.3518 -10.0854

t-ratio  (-1.254)  (1.528) (2.779) (-0.548§-0.424)

53 -3.7183 12.8978* 1.2952 2.3086 -21.4281

t-ratio  (-1.632) (2.053) (0.482) (0.442) (-1.392)

54 -5.68***  5.9666 4.0457 0.1172 -23.27** -6.833
t-ratio  (-3.673) (1.225) (1.221) (0.028) (-2.347) (-1.774)
55 2.7957 22.4916 -252.132

t-ratio (0.754) (0.2948) (-1.043)

56 -3.5067 6.4549 0.9259 -0.9065 -6.8843  -9.2852
t-ratio  (-1.746) (0.995) (0.287) (-0.122}-0.498)  (-0.936)
61 -13.73**  -16.36*** -9.8586 -14.274 55.0197  40.7317
t-ratio  (-3.531) (-2.938) (-1.21) (-1.165)1.307) (0.963)

62 -5.605***  6.754 12.359***  9.3136* -33.59** 15.3889
t-ratio  (-2.978) (1.348) (3.167) (2.919) (-2.701) (1.805)
71 -8.7253 -17.5803* -6.9953 -9.877* -12.5031

t-ratio  (-1.738) (-1.977) (-1.281) (-2.036)-0.493)

72 -5.3784*  -2.9397 4.3093 1.9615 -23.978  10.9309
t-ratio  (-2.516) (-0.641) (1.657) (0.501) (-1.810) (0.708)
81 -5.964**  4.9186 11.8286*** 2.3448 -8.6788  -4.6944
t-ratio  (-2.992) (1.046) (4.060) (0.578) (-0.602) (-0.994)

T-ratio is in Parentheses.
*** Significant at 99%.

** Significant at 95%.

* Significant at 90%.
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El Paso County In 7 industries the TFP does not support convergence
and Jacobs’ effect in El Paso County. Among these industries are
manufacturing, finance and insurance, health services, and othEeser

(except public services).

Denver County. The table shows evidence of 4 industries’ TFP that
varies from construction TFP. Otherwise, Jacobs' effect supptres
industries in Denver County. The industries TFP that deviate femob3d’
effect are education services at 99% level, manufactundgreal estate
industries at 95% level, while art, entertainment, and recreagioncss

industry is at 90% level.

Larimer County: At 90% level of significant, TFP does not support
convergence and Jacobs' effect in two industries in Larimer Colimége industries
are health care services, and art, entertainment, and recreation services

Weld County: The TFP shows evidence of none significant differences in all
industries compared to TFP of construction. This simply means t@ts)affect of
TFP in Weld County is applied for all non-homogeneous estimations. fisse

results support the convergence of TFP among industries.

7.2.1.3. Translog Function:
According to translog estimation, there is convergence in TFRIarwbs' effect in El
Paso, Larimer, Boulder, and Weld Counties. Also, the TFP supportoivergence

and Jacobs' effect in the previous counties. In these counties, therdiffen TFP
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among industries compared to TFP in construction industry is si@tisinsignificant.

The TFP differences will be discussed in Arapahoe and Denver Counties.

Table 7.3,Estimated Translog Total Factor Productivity by County and
Among Industries

County  Arapahoe Denver El Paso Larimer Boulder Weld
Industry

23

31-33 1.5568 3.5681 -0.5828  2.1131 -25.0408 -3.8718
t-ratio (0.445) (0.623) (-0.189) (0.534) (-0.769) (-0.79)
42 -3.489* 12.507**  -2.6937  2.2932 -20.285 36.96*
t-ratio (-1.831) (2.834) (-0.544)  (0.558) (-1.283) (2.570)
44-45 -4.433**  -2.5719 -7.909**  -2.3776 -18.5044  -10.336
t-ratio (-2.160) (-0.793) (-2.953)  (-0.945) (-1.352) (-1.12)
48-49 5.6222 0.0943 3.88 -1.4224 -2.425
t-ratio (0.916) (0.016) (1.192) (-0.300) (-0.36)
51 -11.14**  94.8645 1.3766 17.0556  33.4535

t-ratio (-4.468) (1.461) (0.272) (1.613) (2.019)

52 -5.9343 4.89 -3.6248  -4.4854 -14.0051  3.4363
t-ratio (-3.613) (0.729) (-1.172)  (-1.542) (-0.517) (0.188)
53 -7.113%*  14.711%** -1.7902  4.6625 21.5848  -5.413
t-ratio (-2.845) (2.751) (-0.595)  (1.200) (0.402) (-0.46)
54 -8.873**  5.4975 -3.8065  0.6932 -17.9753 -8.98
t-ratio (-5.482) (1.361) (-1.181) (0.181) (-1.789) (-1.07)
56 -5.113**  19.712*** 59681  -2.4062 -22.1094  -23.947
t-ratio (-2.487) (4.178) (-1.749)  (-0.444) (-1.424) (-1.142)
61 -11.879* -5.3461 -10.974* -11.8542 38.3574

t-ratio (-2.087) (-0.794) (-2.102)  (-0.635) (1.181)

62 -8.759**  8.507* -7.573*  4.9429 -9.3589 -2.7467
t-ratio (-4.527) (2.066) (-2.241) (1.497) (-0.588) (-0.375)
71 -16.210** -12.5649 -5.0873  3.9246 42.0964

t-ratio (-2.752) (-1.199) (-0.827) (1.019) (0.614)

72 -8.578**  -0.9657 -2.8821  1.7937 -26.7456  9.803
t-ratio (-3.798) (-0.290) (-1.102)  (0.693) (-1.382) (0.453)
81 -5.758* 0.7025 -2.0731  0.8956 -4.5633 -11.91*
t-ratio (-2.880) (0.198) (-0.729)  (0.321) (-0.363) (-1.96)

t-ratio is in Parentheses.

*** Significant at 99%.

** Significant at 95%.
* Significant at 90%.
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Arapahoe County. In Arapahoe County, according to translog estimation, the TFP in
9 industries deviates significantly from supporting Jacobs' eftdale 7.3. This means that
different production functions reveal different results regardivey equality of TFP or
testing Jacobs' effect or convergence in TFP among industries.

Denver County The difference in TFP is significant at 99% level in two indes in
Denver County; real estate, and administrative and waste managefielesale trade
deviates from Jacobs' effect in TFP at 95% level. Otherwhee TEP supports Jacobs'
effect and convergence in other industries in Denver County

7.2.2. Exploring Convergence and Porter’s Effect

In this part convergence and Porter’s effect hypotheses wikkdmaieed for this
study. The convergence in TFP is considered across industries sartiee county.
Bernard and Jones (1996) find that there is heterogeneity in MBRgaindustries in
OECD Countries. Also, the Porter’'s effect concerns spillover of ledye within the
same industry. That is TFP within industry and among proxin@iaties is expected
to be the same. To examine convergence and Porter’s effecs isetttion, the study
assumes that the TFP of the industries in Arapahoe County to Heetichmark
measurement of significance or insignificance difference3FP within the same
industry among different counties. In this case, if the differeinc& FP is not
statistically significant. This result supports convergence and Portits ef TFP.

In general, table 7.4 shows evidence of the Glaeser et al (1962) effarding
the impact of city density in TFP, where density is expectegbsitively affect the
TFP. In this regardhe following table provides evidence that 10 industries in Denver
County have higher TFP compared to Arapahoe County industries. Tieide in

TFP is positive and statistically significant at leas®%fo level except for real estate

198



industry. In El Paso County only 4 industries reveal that the THRyer, positive

and significant, compared to TFP in Arapahoe County.

Table 7.4, Population Density in Major Colorado

Counties

Density Area Population

712 803 572,003 Arapahoe
293 2126 622,263 El Paso
3914 153 600,158 Denver
115 2601 299,630 Larimer
397 742 294,567 Boulder
63 3992 252,825 Weld

Source: Counties sites.

The rest of the section will explore the significant diffeeemt TFP within the
industry and among counties. Also this discussion will take into coasiole the
estimated three production functions. In the analysis, tables 7.5, 7.6,7amdifly will

be used to explore convergence and Porter’s effect hypotheses.
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Table 7.5, Estimated Total Factor productivity by County and Industry

by Cobb-Douglas

Arapahor Denve El Pas: Larimel Bouldel Weld
23 2.226***  -0.604: 1.409** 1.7464**  1.265**
t-ratio (4.209) -1.37984  (2.660) (2.438) (2.076)
31-33 1.302* 0.662¢ -0.459: 0.750¢ 1.063:
t-ratic (1.729 (0.937 (-0.653 (0.5464  (1.532
42 1.1887*  0.792¢ 0.664: -1.8879** 1.166¢
t-ratio (2.407) (1.494) (1.3860) (-2.342) (1.171)
44-45 1.031** 0.1827. 0.967** 5.957***  -1.34:
t-ratic (2421 (0540  (2.728  (7.031 = -1.75¢
48-49 -1.046° -0.830¢ -1.212¢ 2.055¢ -0.646"
t-ratio (-0.915) (-0.692) (-1.016) (0.394) (-0.496)
51 0.500: -0.011: 0.989" -0.219¢
t-ratic (0.404 (-0.0125 (0.863 (-0.1127
52 0.821: 1.844***  1.2€8***  1.833¢ 0.66¢
t-ratio (1.1238) (4.289) (3.529) (1.296) (0.784)
53 1.5347 -0.276¢ 0.604" 3.3623*  1.018¢
t-ratic (12.861 (-0.720 (2.107 (2.124 (1.027
54 1.902***  -0.497: -0.968**  0.741 0.206¢
t-ratio (4.045) (-1.393) (-2.409) (1.429) (0.396)
55 2.418" 0.89: 0.061: -2.566¢
t-ratic (0.489 (0.308 (0.126 (-0.404
56 2.7¢9***  -0.007¢ 0.776¢ -1.362¢ 1.325¢
t-ratio (3.317) (-0.0159) (0.972) (-1.297) (0.8451)
61 0.372 2.616***  -1.476" 4.1094°  0.075¢
t-ratic (0.465 (2.467 (-1.626 (2.121 (0.039
62 1.488***  2.278**  2.713*** 2.7448** 1.166¢
t-ratic (3.418 (4.947 (5.816 (2.715 (1.427
71 0.956¢ 0.788t¢t 2.3165** 4.5194**  -0.484!
t-ratic (0.915 (0.815 (2.531 (2.315 (-0.317
72 3.423**  0.339¢ 0.7706°  0.933¢ -2.615**
t-ratic (6.475 (0.864 (2.979 (0.814 (-2.982
81 2.728**  1.8e1***  1.126**  3.367** 0.297¢
t-ratic (4.956 (3.952 (2.442 (3.153 (0.358

t-ratio is in Parenthes
*** Significant at 99%
** significant at 95%

* significant a 90%
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Table 7.6, Estimated Non-homogeneous Cobb-Douglasifction of Total

Factor Productivity By Industry and Among Counties

County Arapahoe Denver El Paso Larimer Boulder  Weld
Industry

23 5.6366 -5.1339* 0.8199 15.1386  -7.881**
t-ratio (1.584) (-1.928) (0.215) (1.722) (-2.856)
31-33 -5.7916 12.7714* 4.1859 -7.4781 4.0414
t-ratio (-0.987) (2.545) (0.838) (-0.677)  (0.894)
42 5.6331 -8.352** -1.7981 -11.0109 -0.3762
t-ratio (1.439) (-2.324) (-0.508) (-1.224)  (-0.047
44-45 10.6508**  5.1296** 5.2871* -2.402 -4.749
t-ratio (4.138) (2.664) (2.543) (-0.248)  (-0.731)
48-49 1.7579 3.3502 -3.5358 14.3651*
t-ratio (0.368) (0.692) (-0.644) (1.906)
51 49.3884 10.0166 2.0047 8.3849

t-ratio (0.880) (1.758) (0.229) (0.548)

52 17.873*** 6.0731** 0.4638 7.0489

t-ratio (3.0317) (2.394) (0.183) (0.317)

53 22.2527 -0.1204 6.8468 -2.5712

t-ratio (3.933) (-0.052) (1.612) (-0.200)

54 17.2832**  4.5918 6.617** -2.4477 -9.034*
t-ratio (4.712) (1.831) (2.819) (-0.506)  (-2.915)
55 14.562 -239.789

t-ratio (0.191) (-0.993)

56 15.598** -0.7013 3.4201 11.761 -13.6599
t-ratio (2.698) (-0.259) (0.515) (1.085) (-1.404)
61 3.0045 -1.2627 0.2751

t-ratio (0.5194) (-0.147) (0.022)

62 17.995*** 12.829*** 15.738** -12.8455 13.112
t-ratio (4.504) (3.754) (4.429) (-1.428)  (1.583)
71 -3.2184 -3.4039 -0.3321 11.3608

t-ratio (-0.336) (-0.492) (-0.056) (0.468)

72 8.0753** 4.554** 8.1598**  -3.461 8.4279
t-ratio (2.249) (2.212) (3.511) (-0.341) (0.549)
81 16.519*** 12.659*** 9.129%** 12.4238 -6.6118
t-ratio (4.509) (5.461) (3.7479) (1.071) (-1.531)

t-ratio is in Parentheses.
*** gignificant at 99%.

** significant at 95%.

* significant at 90%.
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Table 7.7, Estimated TranslocTotal Factor Productivity by Industry and
Among Counties

Arapaho Denve El Pasc  Larimelr  Bouldel  Weld
23 -4.989¢ -1.633¢  -4.609¢ 19.626** 2.381:
t-ratic (-1.596 (-0.575 (-1.731  (2.538 (0.568
31-33 -2.978: -3.773. -4.053¢ -6.971¢ -3.047:
t-ratic (-0.502 (-1.016 (-0.889 (-0.219  (-0.715
42 11.007*** -0.838: 1.172¢ 2.8: 42.8***
t-ratic -3.01: (-0.187 (0.320 (0.203 (3.084
44-45 -3.127¢ 5.109*** -2554. 555t -3.51¢
t-ratic (-1.405 (-2.803  (-1.377 (0.483 (-0.417
48-49 -10.517.  -3.375¢  11.654** -5.666¢
t-ratic (-1.308 (-0.584  (-2.499 (-1.056
51 101.0241 10.892! 23.595** 64.22¢
t-ratic (1.556 (0.167  (2.102 (1.913
52 5.834¢ 0.675¢ -3.161 11.555; 11.751¢
t-ratic (0.949 (0.329  (-1.569 (0.444 (0.658
53 16.835*** 3.689: 7.165¢ 48.32¢ 4.080°
t-ratic (3.361 (1.372  (1.898 (0.908 (0.365
54 9.381** 3.433: 4.956¢ 10.523¢ 2.274.
t-ratic (3.097 (1.544  (1.551 (2.591 (0.308
56 19.836*** -2.488: -1.902¢ 2.629¢ -16.44:
t-ratic (4.851 (-0.890 (-0.370  (0.193 (-0.797
61 1.543¢ -0.728: -4.585. 69.8624
t-ratic (0.187 (-0.101 (-0.237 (2.179
62 12.277** -0.447° 9.092** 19.026. 8.393¢
t-ratic (3.714 (-0.168  (3.309 (1.354 (1.329
71 -1.34¢ 9.489: 15.525** 77.932
t-ratic (-0.115  (1.183  (2.384  (1.141
72 2.623: 4.063** 5.762**  1.458¢ 20.762:
t-ratic (1.036 (2.064  (2.658 (0.081 (0.974
81 1.471: 2.051¢ 2.043¢ 20.821° -3.774.
t-ratic (0.563 (1.025  (0.944 (2.064 (-0.781

t-ratio is inParenthese
*** Significant at 99%
** Significant at 95%

* Significant at 90%
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7.3.1. Construction Industry:

The differences in TFP in construction industry will be exploredutin the
estimated production functions among different counties.

1- Cobb-Douglas The difference in TFP does not support convergence and Porter’s
effect hypotheses in construction industry. For instance table 7 dlsdhat the TFP in
Denver County for construction industry is higher than TFP in constructiustry in
Arapahoe County by 2.226 points. This difference in TFP is signifea®®% level. In
other counties TFP is significant at 95% level except for BbR2ounty which shows
no significant differences in TFP in construction industry.

2- Non-homogeneous Cobb-DouglasThe difference in TFP in construction
industry is significant and lower than the benchmark TFP in El Paso and WeldeSount
Other counties have no significance differences in TFP compared to benchrRarknTF
other words, the difference in TFP supports both convergence and Peftecs
hypotheses in Arapahoe, Denver, Larimer, and Boulder Counties.

3- Translog Functiont Except for Boulder County, the difference in TFP among

counties shows evidence of convergence and supports Porter’s effect hypotheses.

7.3.2. Manufacturing Industry:

In this industry different production functions provide different rasutt the
significance of TFP among the counties under study. The followisgusiions
according to production functions show such differences.

1- Cobb-Douglas Only in Denver the difference in TFP is positive and sigifi @
90% level. Other counties, the difference in TFP is not significéihe results support
convergence and TFP in Porter’s effect hypotheses in ArapahoeyGoantfacturing

industries.
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2- Non-homogeneous Cobb-Douglasn ElI Paso County only this industry reveals
positive and significant differences in TFP compared to Arap&@wenty TFP in
manufacturing industry.

3- Translog Function The translog function shows evidence that none of the
counties have significant difference in TFP compared to Arapahoantg
manufacturing industry. Thus, this industry TFP assumes convergedc®ater’'s

effect according to translog estimation.

7.3.3 Wholesale Trade Industry:

1- Cobb-Douglas The TFP difference is positive and significant in Denver County
compared to Arapahoe County. On the other hand, a TFP difference in BOoldgy
is significant but less than that in Arapahoe County. In other @sutiie difference in
TFP in wholesale trade industry is statistically insignificd herefore, the difference in
TFP in El Paso, Larimer, and Weld support convergence and Porter’s effect ggothe

2- Non-homogeneous Cobb-DouglaOnly in El Paso County, the difference in
TFP is significant and less than that of wholesale trade iiFapahoe County. In
other counties the difference in TFP is not statisticallgiBaant. Therefore, this result
supports convergence and Porter’s effect hypotheses in all counties exeapbEl

3- Translog Function Only in Denver County, the difference in TFP is positive and
significant. Otherwise, the TFP differences are not sigmificahich supports the

convergence and Porter’s effect in these counties except Denver.

7.3.4. Retalil Trade:
1- Cobb-Douglas:In three counties (Denver, Larimer, and Boulder), the difference
in TFP reveals positive and statistically significant comgaoeTFP in this industry in

Arapahoe County.

204



2- Non-homogeneous Cobb-Dougladn three counties (Denver, El Paso, and
Larimer) thereis evidence of positive and significant differences in TFP cordptare
TFP in retail industry in Arapahoe County. Thus, the convergence arel'®@ffect
hypotheses in TFP are not applied in this industry among the counties.

3- Translog Functiont In this industry, only El Paso County shows negative
significance in TFP compared to TFP of retail trade in AmapaCounty. Thus it is
expected that the TFP in this industry supports convergence and’Paftect

hypotheses.

7.3.5. Transportation and Warehousing Industry:

1- Cobb-Douglas The difference in TFP in this industry is insignificant it al
counties. This suggests convergence and Porter’s effect dominhbig imdustry among
the counties.

2- Non-homogeneous Cobb-Douglaghe results support convergence and Porter’s
effect hypotheses in TFP among all counties in this industrgusecthe differences in
TFP in any county are not significant compared to TFP in tidsstry in Arapahoe
County.

3- Translog Functiort The difference in TFP is negative and significant in Larimer
County. Otherwise, the results support convergence and Porter’s effect hypathese

TFP in other counties for this industry.

7.3.6. Information Industry:
1- Cobb-Douglas Porter’s effect is applied for all counties in this induséyarding

the difference in TFP.
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2- Non-homogeneous Cobb-DouglasThe results support both convergence and
Porter’'s effect hypotheses for all counties in this industganging the difference in
TFP.

3- Translog Functiont Only in Larimer County, the difference in TFP is positive and
significant. Otherwise, the results support convergence and Batttt hypotheses in

TFP in this industry in other counties.

7.3.7. Finance and Insurance Industry:

1- Cobb-Douglas In this industry, the difference in TFP is positive and significant in
El Paso and Larimer Counties. The other four counties show insegmifdifference in
TFP. Thus, the results in these counties support convergence and Peififests
hypotheses in TFP.

2- Non-homogeneous Cobb-DouglasThe difference in TFP is significant and
positive in both Denver and El Paso Counties.

3-Translog Function: According to translog function, the results support

convergence and Porter’s effect hypotheses in finance and insurance industry.

7.3.8. Real Estate Industry:

1- Cobb-Douglas The difference in TFP is positive and significant in Denver and
Boulder Counties. While in other counties, the difference in TFP ignifisant.
Therefore, the results support both convergence and Porter’s leyfemtheses in real
estate industry.

2- Non-homogeneous Cobb-Douglaghe results support convergence and Porter’s
effect hypotheses in TFP in all counties in real estate induthis is because the

difference in TFP is not significant in this industry in all counties.
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3- Translog Function Only in Denver County, this industry shows evidence of
positive and significance in TFP differences. In other countiesrdkelts support

convergence and Porter’s effect hypotheses.

7.8.9. Professional, Scientist, and Technical Services Industry:

1- Cobb-Douglas The difference in TFP in this industry shows positive and
significant in Denver County, while the difference in TFP inifs@r County is negative
and significant. In other counties, the difference in TFP is nastitally significant.
Thus, the results support convergence and Porter’s hypotheses irsd;|Bealder,
Weld, and Arapahoe Counties.

2- Non-homogeneous Cobb-Douglagxcept in EI Paso County, the difference in
TFP is significant and positive in Denver and Larimer, whiledifierence in TFP is
negative and significant in Boulder and Weld Counties. Thus, the reshdts no
support of convergence and Porter's effect hypotheses in TFP innthistiy and
among counties.

3- Translog Function The difference in TFP is positive and significant only in
Denver County. Otherwise, the results support convergence and $oeféct

hypotheses in this function in other counties.

7.3.10. Management of Companies and Enterprises:

1- Cobb-Douglas In this industry, the difference in TFP is statisticallgigmificant
among all counties. Thus, Porter’s effect is expected to dommitia this industry
and among all counties.

2- Non-homogeneous Cobb-DouglasNon-homogeneous estimation is not applied
for discussion because of already insignificant estimationraegathis industry and

among these counties.
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3- Translog Function Translog estimation is not applied for discussion because of

already insignificant estimation regarding this industry and among toesgies.

7.3.11. Administrative and Waste Management Services Industry:

1- Cobb-Douglas Only in Denver the difference in TFP is significant and pessiti
While in other counties, the TFP is expected to support convergence aadsRaffect
hypotheses.

2- Non-homogeneous Cobb-DouglasThe difference in TFP is significant and
positive in Denver County. Otherwise, TFP supports convergence atet’$effect
hypotheses.

3- Translog Functiont The difference in TFP is significant and positive in Denver
County. Otherwise, the difference in TFP supports convergence argl’$@ffect

hypotheses.

7.3.12. Education Services:

1- Cobb-Douglas The difference in TFP is significant and positive in Boulder and
El Paso Counties compared to the TFP in education services inhAeafaunty. The
other counties are expected to have no significant difference kh TRus, these
counties TFP supports both convergence and Porter's Effect hypotfisseger,
Larimer, Boulder, and Arapahoe Counties).

2- Non-homogeneous Cobb-DouglasThe difference in TFP is insignificant for
Denver, El Paso, and Larimer. Therefore, TFP is expected tanbkrsin these
counties. As a consequence, the results support convergence and Rafféets

hypotheses.
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3- Translog Function None of the counties’ TFP is significantly different from the
TFP of Arapahoe County. Thus, the results support the convergenceraeacskeffect

hypotheses in the counties of Arapahoe, Denver, El Paso, and Larimer.

7.3.13: Health Care Services:

1- Cobb-Douglas The difference in TFP is significant and positive in 4 counties;
Denver, El Paso, Larimer, and Boulder. As a result, the Podlect does not support
this industry.

2- Non-homogeneous Cobb-DouglasThe difference in TFP is positive and
significant in 3 counties; Denver, El Paso, and Larimer. Thus, withén rton-
homogeneous estimation, TFP is deviated from convergence and Peffecs
hypotheses.

3- Translog Function In Denver and Larimer Counties, the difference in TFP is
positive and significant. Otherwise, the TFP differences, inrotbhenties, are not

significant.

7.3.14. Art, Entertainment, and Recreation Services:

1- Cobb-Douglas In Larimer and Boulder County, the TFP is significantly higher
than the TFP in Arapahoe County, while in other counties the TFP sigmticantly
different from that of Arapahoe County. Therefore, the results sufipotonvergence
and Porter’s effect hypotheses in Denver, El Paso, Arapahoe, and Weld.

2- Non-homogeneous Cobb-DouglaBased on the estimation of non-homogeneous
function, the results support both the convergence and Porter’'s gffethéses of TFP
in the counties studied.

3- Translog Function Only Larimer County shows positive and statistical

difference in TFP compared to TFP in Arapahoe County. Othenhisdglifference in
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TFP is not significant. Thus, these results support both convergencedadsReffect

hypotheses of TFP in other counties.

7.3.15. Lodge and Restaurants:

1- Cobb-Douglas TFP is statistically different from that of Arapahoe three
Counties (Denver, Larimer, and Weld).

2- NonhomogeneousCobb-Douglas In three counties (Denver, El Paso, and
Larimer), the TFP is statistically higher than that &PTin Arapahoe County in lodge
and restaurant industry.

3- Translog Function In Larimer and El Paso, the TFP is significantly highanth
the TFP in Arapahoe County concerning the lodge and restaurant indtustiy.other 4

counties, the results support the convergence and Porter’s effect hypotheses of TFP.

7.3.16 Other services (Except Public Services):

1- Cobb-Douglas In four counties (Denver, El Paso, Larimer, and Boulder), the TFP
is significantly higher than the TFP in Arapahoe CoufityNon-homogeneous Cobb-
Douglas In three counties (Denver, El Paso, and Larimer), the TFPhir services
industry is statistically significant and higher than TFP in Arapahoe €ount

3- Translog Function Only in Boulder County thisndustry shows that the TFP is
significantly higher than TFP in Arapahoe County. Therefore réiselts support the

convergence and Porter’s effect hypotheses in TFP.

7.4. The relation between TFP and RTS
The study in this section compares and explores the relation betotak factor
productivity and economies of scale at the county level and amongedifiedustries.

Also, the comparison will be held at the three different produdtioctions that are
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accepted in the estimation in chapter 4. The analysis will banednto the two
counties that have increasing returns to scale, Arapahoe, andd|Br4, the general
regression that the analysis of this section is based on is the followingaquat

TFR =ao+ uRTS+8q ... (7.5)

The expected sign of; is indeterministic. The reason for this expectation stems from
Oh et al (2009). In this paper they decompose TFP into techmagiegs and RTS.
The TFP equation is:

Y=Y, stj=§+ (RTS = 1)X;Si X oo (7.6)

Where dot over the variable means growth, Y= outpys, input variables, and
s;=cost share of inpyt

This study regresses the results of the two variables, TFIRB8dto explore the
relationship between these two variables. The regression empddyeaxbservations
which include all RTS and TFP under Cobb-Douglas estimation fanchlktries in all
the counties under study. OLS technique is applied without takingxbe &ffect of
each county into considerations. The estimation results as appeared in equatiow7.7 s
a negative and significant result between these two varialilesr&dsult may due to the
small number of industries that exhibit increasing RTS. This meanayerage, if the
elasticity is increased by 10%, then the TFP will decreas®.®%. This result is in
accord with 7.6. The equation 7.6 means that if RTS is increasingf thél affect TFP
positively, if RTS is constant then the effect is zero to TH#E, IBRTS is decreasing
then the impact of RTS into TFP is negative. Therefore, beazfuseall number of
observations with increasing returns to scale (15 observations) thesttmated result
in 7.7 is negative.

TFP= 14.606*** - 9.298** RTS .............. (7.7)
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SE  (0.936) (0.939)

For more analysis, table 7.8 shows there is high and negative icorrelat
between TFP and partial scale elasticity of capital, (-0.8).tBe correlation between
TFP and labor and land is positive with amount of 0.17 and 0.27, respectilsdy. A
there is high and negative correlation between partial economgeslef of capital and
land. This means that as capital use increase, less land isineetiee production will

expand using land vertically rather than horizontally.

Table 7.8, the Correlation between TFP and Partial Economies
of Scale for Capital, Land, and Labor in Cobb-Douglas

land Labor Capital TFP
1 TFP
1 -0.8019 Capital
1 0.0979 0.1708 Labor
1 -0.4853 -0.7704 0.2721 land

To explore the impact of the partial scale of economies on TFResis@ch

regresses TFP including all input partial scale of economagstal, labor, and land.
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Table 7.9 shows the estimated results. The results provide evitheti@n increase in
partial economies of scale of capital exerts an importantimegand significant impact

in TFP. Also, the partial scale of economies for land and labot eegative and

significant impact in TFP, but by less magnitude than capigddleTl7.9 indicates that an
increase in capital scale of economy by 10%, on average, wiib laddecrease in TFP
by 12.5%. This may be attributed to adopt less advanced technolpgytias scales of

economies increase.

Table 7.9, Regression results between TFP

and Scale of Economies of Input variables

-12.52%** Capital
(0.324) SE
-2.135%** Labor
(0.368) SE
-8.812*** Land
(0.398) SE
13.580*** Constant
(0.305) SE
0.9527 R

Standard Errors are in Parentheses.
*** Significant at 99%.
** Significant at 95%.

* Significant at 90%.
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7.4.1. The Relationship between TFP and RTS in Arapahoe County
The discussion of return to scale and total factor productivity ap&moe County
will be based on three different production functions, namely; Standdoo-Bouglas,

Non-homogeneous Cobb-Douglas, and translog functions.

7.4.1.1. Standard Cobb-Douglas

Table 7.8A and graph 7.1A show that there is a mixed relation beto&édrfactor
productivity and economies of scale among the industries in Arapaboety. For
instance, the industries that exhibit constant returns to scal@resportations and
warehousing, and the professional, scientist, and technical servicedhgahighest
TFP with 6.82 and 5.47 respectively. At the same time, other indystuebl as
education services and other services except government, have tlsé Téwewith
3.06, and 3.91 respectively, but they exhibit constant returns to scaléhe @ither
hand, the industries that are working with increasing return te eale high rank in
TFP. For example, construction with the highest IRTS in Arap&wmety operates

with TFP around 5.15.

Graph 7.1A, TFP and RTS by Cobb-Douglas in Arapahoe County
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Table 7.8A, TFP and RTS by Cobb-
Douglas

in Arapahoe County

RTS TFP NAICS2
1.14 5.15 23
1.01 4.61 31
1.06 5.09 42
0.90 5.08 44
0.91 6.82 48
1.06 4.76 51
0.99 4.47 52
1.06 3.78 53
1.06 4.48 54
0.99 5.47 55
1.07 4.47 56
1.04 3.06 61
1.01 4.09 62
1.02 4.38 71
0.98 4.61 72
1.04 3.91 81

7.4.1.2. Non-homogeneous Cobb-Douglas Function

Table 7.1B and Graph 7.1B show that the relation between economieteddrsta
total factor productivity is inconclusive. In this alignment, manageroé companies
and enterprises has the highest magnitude of TFP (11.39), but thisyruklsives as
constant returns to scale. The second industry is the constructiom#®tof 8.59. But

this industry is operating within increasing returns to scale.
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Table 7.1B, TFP and RTS by Nonhomogeneous Cobb-Douglas in
Arapahoe County

1.25

1.20

1.15

1.10

1.05

1.00

0.95

0.90

72 71 62 61 56 55 54 53 52 51 48 44 42 31 23

Estimation is conducted to reflect the relation between TFPramdasing returns to
scale. For this purpose, the study applies a dummy variable f&Ti®ey applying 1
to the industries that perform within increasing returns to seald, O elsewhere.
According to equation 7.8, results show that there is a negatigmiiitsance relation
between increasing returns to scale and total factor productivity.

Table 7.8B, TFP and RTS by Non-homogeneous
Cobb-Douglass in Arapahoe County

RTS TFP NAICS2
1.12 8.59 23
1.00 3.84 31
1.07 8.05 42
1.06 4.55 44
N/A 7.23 48
1.23 6.79 51
1.05 6.60 52
1.19 4.87 53
1.13 291 54
1.01 11.39 55
1.12 5.08 56
1.09 -5.14 61
1.06 2.99 62
N/A -0.13 71
0.92 3.21 72
1.12 2.63 81
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7.4.1.3. Translog Function
According to translog estimation, only professional, scientist, acihital
services industry is operating within increasing returns to .sddde, table 7.1C, and

graph 7.1C show inconclusive results between TFP and RTS indicators.

Table 7.8C, TFP and RTS by Translog

Function
in Arapahoe County
RTS TFP NAICS2
1.01 16.71 23
0.94 17.91 31
0.98 12.87 42
1.01 11.92 44
21.98 48
1.04 5.20 51
1.01 10.42 52
1.04 9.24 53
1.09 7.48 54
12.42 55
1.02 11.24 56
1.07 4.48 61
1.03 7.60 62
0.14 71
0.95 7.78 72
1.05 10.60 81

7.4.2. The Relation between TFP and RTS in El Paso County
The analysis of the relation between economies of scale T&Rl among
industries in El Paso County hinges on the type of production function. pleoty
production functions are Cobb-Douglas, and non-homogeneous Cobb-Douglas. The
translog functions are not applied to El Paso County because ativeepgartial scale

of economies that appears at the firm level.
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7.3.2.1. Cobb-Douglas Function

Table 7.9A and graph 7.2A show that the relation between RTS and TFP is
negative. The highest TFP corresponds to management of companies expdsest
which operates under decreasing returns to scale. Then the higbk fidiBwed by the
industries that work within constant returns to scale. For exalmgédth services,
transportation and warehousing, wholesale trade, and other servicdgescwsve TFP
of 6.37, 5.99, 5.88, and 5.79 respectively. While the industries with increasimg to
scale have lower magnitude of TFP. In this trajectory, congiruatith 1.26 RTS has a
magnitude of 4.55.

7.4.2.2. Non-homogeneous Function
Table 7.9B and graph 7.2B reveal mixed results between TFP and esonbmie

scale. For instance, for constant returns to scale, TFP isveegatwvholesale trade (-
0.3), and art, entertainment, and recreation services, while thesTp®ésitive in the
other industries 3 industries that operate within constant retustalte. In addition, the
industries with increasing returns to scale have high magnitude in TFP.

Table 7.9B, TFP and RTS By Non-
homogeneous Cobb-Douglas in El Paso

County

RTS TFP naics2
1.36 3.46 23
1.09 16.61 31
1.05 -0.30 42
1.05 9.62 44
1.04 10.58 48
1.20 16.81 51
1.23 12.67 52
1.14 4.75 53
1.40 7.50 54
N/A 25.95 55
1.28 4.38 56
1.48 -6.40 61
1.10 15.86 62
1.05 -3.54 71
0.99 7.77 72
1.13 15.29 81
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7.5. Summary

This summary takes into consideration the TFP convergence withinycandt
among industries (or Jacobs's effect), and within industry and amoungfies
(Porter’s effect). This summary will be taken by the esthd FP according to the
three different production functions, namely: Cobb-Douglas, non-homogeneous
Cobb-Douglas, and translog function. The convergence in TFP amongiesl astd
within the county, or among counties within the same industries indittedéthere is
a highly educated workforce in the region to facilitate trassion of ideas,
technology, and alike.

From the policy implication point of view, the county is should encoufiages
and industries with higher TFP for the efficient use of availabkources, high
potential to export, rise in competitiveness of the firm, exmkedhcrease in
employment, and expected loss of fewer jobs during economic down amds,
increase in local government revenues.

A- TFP Convergence Within County and among Industries

e Cobb-Douglas Production Function
1- There is TFP convergence in information and real estate ireigtrall counties

without exception compared to the TFP of construction industry in each county.
2- TFP convergence in 13 industries in Arapahoe County is not statysticall

different from that of TFP in construction industry. This is followey 11

industries TFP convergence in Boulder County.

3- There is high homogeneity in TFP in the county and among the industeash
county under study. In this context, there is no significant differein TFP
between industries and TFP of construction in the same county.

¢ Non-homogeneous Cobb-Douglas Production Function
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In general, in each county, there is homogeneity in TFP cadpar TFP in
construction industry in the same county. For example, the differemc&sP’s

are industry, followed by 10 industries TFP in each of Arapahoe, Denver
Boulder, and Weld.

In all industries, convergence occurred in administrative and waste management
industry.

e Translog Production Function

The common industries that have convergence in TFP compared to TFP in
construction industry are manufacturing, and finance and insurance industries.
Except TFP in Arapahoe, there is high homogeneity in TFP of caotistrun all
counties compared to TFP in construction industry.

TFP convergence Within Industry and among Counties

e Cobb-Douglas Production Function

In transportation and warehousing, there is convergence in TFPsimthistry

and among all counties compared to transportation industry in Arapahoe County.
In three industries, there is convergence in TFP among 4 countieareuihtp
their corresponding industries in Arapahoe. These industriesnareafacturing,
management of companies and enterprises, and administrative ame was
management industries.

e Non-homogeneous Cobb-Douglas function:

In non-homogeneous Cobb-Douglas function, there is convergence in T3P in
industries in all counties compared to their corresponding TFP ipaAce
County. These industries are: manufacturing, wholesale trade, atformreal

estate, and administrative and waste management industries.

220



1-

e Translog Production Function

In general, there is high convergence with industry within industiy among
counties. In particular, there is convergence in manufacturing,iaaadcé and
insurance industries among all counties.

In 5 industries, TFP tends to converge in 4 counties compared to the
corresponding TFP in Arapahoe county industries. These industries are:
construction, retail trade, real estate, professional, sdiestid technical services,

and administrative and waste management industries.

221



Chapter Eight: Recommendations and Policy Implications

The study estimates three different production functions ahthssiry level using
data at the firm level for six counties in Colorado. These counties aggal#re, El Paso,
Denver, Larimer, Boulder, and Weld. The estimated production functienslassified
into homogeneous production functions such as the standard Cobb-Douglas famction,
non-homogeneous functions such as translog and non-homogeneous Cobb-Douglas
functions. The estimated production function includes three input variablgsal, labor,
and land. The land variable is used for the first time exilicitpure economic empirical
work.

The study explores four different hypotheses that coincide withptbduction
function. These hypotheses are: the production function that besiditkata structure,
returns to scale (RTS), the partial elasticities of substitator complementarities, and
total factor productivity (TFP). Here are the main resultshef $tudy and the policy
implications.

8.1.Data

In this study, the data are collected from two different ssjrQCEW which IS
collected by the Labor Department of Colorado, and the County Ass€X$icess Each
source of the data collects the information for different purpddesefore, the number
of observations when merged reflect between 20% to 60% of total observations, although
the data in both sources are mostly the same. Thus, to minimiraihiger of losing
observations, the study suggests that the Department of Labor ina@wland the
County Assessors Office coordinate and agree on a specific codmadbr firm to
improve and foster the benefit of using the merged data in economic research.

8.2.Exploring the production function fitness

For the purpose of choosing the production function that best fits thdrdatars,

the study adopted the nonnested J-test to investigate the producticonfiinat best fits
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the data. The main results are that the production function teathét data better is
inconclusive. But the translog function nested the other two functions, hendan-
homogeneous Cobb-Douglas function nested only the standard Cobb-Douglas. As
consequence, the non-homogeneous functions are expected to fit thetragetiare in
Arapahoe and El Paso counties better.

8.3 Estimation Results

The estimation results show that the land input is an importa@@in the production
function. The results show that the coefficient of land variablfeaindustry level, is the
highest in Denver County for almost all industries compared to othetties industries
included in the study. This result may reflect the scarceraf ila Denver County. this
result needs more investigations by conducting more studies in this regardututbe f

8.4.Exploring the returns to scale (RTS)

The returns to scale are explored at the industry and firm fevéhe three different
production function. For Cobb-Douglas, it is the sum of the elastiatidse three inputs
(labor, land, and capital). While in non-homogeneous function, the returnsl®isc
computed at the firm level, and at the industry level by takiegatverages of the firms
returns to scale in the industry. The main results are:

Table 5.8 shows that industries with increasing returns to scalarapply in 3
counties. These counties are: Arapahoe County with 5 industries iagctodstandard
Cobb-Douglas, and 2 more industries in non-homogeneous Cobb-Douglas fuinckbn;
Paso county with 7 industries exhibits increasing returns to satdm standard Cobb-
Douglas function, and 3 more industries according to non-homogeneous CobbsDougla
function; Larimer County with one industry operating within incregseturns to scale;

and in other counties, on average, there is no evidence of increasmmg tetscale at the
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industry level. But at the firms' level there is evidence thetgiahe firms are operating
within increasing returns to scale, tables 5.1-5.6.

In addition, the partial scale of land in non-homogeneous function in each industry
is less than the corresponding partial scale in standard Coldde3pbut, as appears in
table 5.8, the total economies of scale in most of the industriagh®r in non-
homogeneous function compared to conventional Cobb-Douglas. The higher scale of
economy in non-homogeneous function may be attributed to the increaseahsgale
of capital and labor more than the reduction in land scale. Thusnd®#ase in the
three input variables leads to more than 1% in output according to Cmljed
production function. Also, the growth in output as a consequence of 1% grotih
three inputs is higher in non-homogeneous Cobb-Douglas compared to standard Cobb-
Douglas. Therefore, a 1% growth in output required less than 1% gmowfipeared
inputs in the estimated Cobb-Douglas equation. Therefore, to mitigatenpact of
economic down turns and increase the competitiveness in the regionoctide
government has to encourage the firms and industries that exleii@@sing returns to
scale.

Furthermore, table 5.8 shows that some industries are increasing retsrcake tm
non-homogeneous but not applied in Cobb-Douglas such as information industry in El
Paso County. Also, there are industries that are, on averagesingregturns to scale
in non-homogeneous function, while these industries are either cons@d@treasing
returns to scale such as education services, and other servicegpahéde County; and

health care, services and other services in El Paso County.
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8.5.Exploring The Elasticity of substitutions or complementarity

In this chapter, the study computed partial elasticity of substitutionsrie tnput
variables according to Hicks (1932, 1970). The partial elasticites@mputed at the
firm level in each industry for each county included in the studh Jummary and
policy implications only reflect the average of the partiakgtity for the firms in the
industry. These partial elasticities include the partiabteldly between labor and
capital, the partial elasticity between land and capital, artchpalasticity of land and
labor. These elasticities will be illustrated according to nondgeneous production
functions because the elasticity is unity in standard Cobb-Douglas production function.

8.5.1 Non-homogeneous Production Function

8.5.1.1 Elasticity between capital and Labor

On average, the elasticity between capital and labor is subgtititll industries in
each county understudy. The results show that the elasticity dretaieor and capital is
deviated from unity, i.e., is not standard Cobb-Douglas function. In addtie®ladsticity
between these two inputs is greater than 1. This means thatwage rate is increased
by 10% the capital will substitute labor by more than 10%, and in sases it will be
double, 20% as in construction in Arapahoe County.

Furthermore, there is heterogeneity in the elasticity of gutishs between capital
and labor among industries in the same county. For instance, inhagphe elasticity
ranged between 1.01 in health services, and 1.99 in construction. Wiblenirer, it
ranged between 0.52 in manufacturing and 2.01 in other services, and lodge and

restaurants industries.
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8.5.1.2 Elasticity between Capital and Land

The elasticity between land and capital is complement in mdastries among the
counties, except in wholesale trade, information, and education semivere it is
substitute. This means that the employment of these two famftgmoduction in most
industries moves in the same direction. Also, the elasticigssthan unity, which means
that the elasticity between these two factors is deviawmu tandard Cobb-Douglas
function.

Furthermore, there is heterogeneity in the elasticéiwben these two factors of
production in the same county among different industries. For instdrgce)dsticity in
most of the industries is less in Arapahoe County, and it mowagherzero in 7
industries in Arapahoe County. This means that the elasticityebatiand and capital is
Leontief in these industries. Thus, the policy implication recommeatithe counties
have to encourage such industries to mitigate job loss and minimigeinokcal
government revenues during economic down turns.

8.5.1.3 The Elasticity between Labor and Land

On average, the elasticity between labor and land is zero imdabtries in El Paso
and Denver counties. This means that there is Leontief relatioedithese two inputs.
That is to reduce the usage of labor during economic down turnsidihgtries have to
reduce the use of land in the same proportion. The main policy innticet to
encourage such industries to mitigate job reduction during tough econornadspén
addition, the elasticity between land and labor in Arapahoe Coumiyniplement and
less than unity. This elasticity, in Arapahoe County, ranges betw@®l in arts,
recreation, and entertainment and -0.92 in construction. In this case, Arapahoeh@sunty
to encourage the firms and industries with low elasticityutsstution or complements

to reduce job loss during economic down turns. For example, the firmanaofacturing,
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wholesale trade, art, recreation, and entertainment, lodge aradireggs, and other
services (except public services).

8.6 Exploring TFP convergence

The TFP convergence is investigated according to two groupsitliin county and
among industries (Jacobs's effect); and (ii) within industry andng counties (Porter
effect). The estimated TFP will be explored according to theetlifferent production
functions, namely: Cobb-Douglas, Non-homogeneous Cobb-Douglas, andodgrans
function. The convergence in TFP among industries and within the coun&mamg
counties within the same industries indicates that there ishlyeducated workforce in
the region to facilitate transmission of ideas, technology, and alike.

From a policy implication point of view, it is recommended thatcitnenty encourage
firms and industries with higher TFP for the efficiency use of avail&sieurces, because
of expected high potential to export, raising competitiveness offitime expected
increase employment, and expected loss of fewer jobs during ecodowricturns, and
increasing local government revenues.

8.6.1 TFP Convergence Within County and among Industries

8.6.1.1 Cobb-Douglas Production Function

® There is TFP convergence in information, and real estate irekistriall
counties without exception compared to the TFP of construction industry in
each county.

(i) TFP converge in 13 industries in Arapahoe County are not statystical
different than that of TFP in construction industry. This is follovegdl1l

industries TFP convergence in Boulder County.
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(i) There is high homogeneity in TFP in the county and among the industries
each county under study. In this context, there is no significamtrelite in
TFP between industries and TFP of construction in the same county.

8.6.1.2 Non-homogeneous Cobb-Douglas Production Function

(1) In general, in each county, there is homogeneity in TFP compared tanTFP
construction industry in the same county. For example, the differences in TFPs
are industry, followed by 10 industries TFP in each of Arapahoe, Denve
Boulder, and Weld.

(i) In all industries, convergence occurred in administrative and waste
management industry.

8.6.1.3 Translog Production Function

(1) The common industries that have convergence in TFP compared to TFP in
construction industry are manufacturing, and finance and insurance industries.

(i) Except TFP in Arapahoe, there is high homogeneity in TFP of cotietr
in all counties compared to TFP in construction industry.

8.6.2 TFP convergence Within Industry and among Counties

8.6.2.1 Cobb-Douglas Production Function

(1) In transportation and warehousing, there is convergence in TFP in this
industry and among all counties compared to transportation industry in
Arapahoe County.

(i) In three industries, there is convergence in TFP among 4 countigsu@mio
their corresponding industries in Arapahoe. These industries are:
manufacturing, management of companies and enterprises, and admveistrat

and waste management industries.
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8.6.2.2 Non-homogeneous Cobb-Douglas function

In non-homogeneous Cobb-Douglas function, there is convergence in TFP in 5
industries in all counties compared to their corresponding TFP ipaAce County.
These industries are: manufacturing, wholesale trade, informatsah, estate, and
administrative and waste management industries.

8.6.2.3 Translog Production Function

(1) In general, there is high convergence with industry within indastdyamong
counties. In particular, there is convergence in manufacturing, iaadcé
and insurance industries among all counties.

(i) In addition, there are 5 industries that the TFP tends to convedgeounnties
compared to their corresponding TFP in Arapahoe County industries. These
industries are: construction, retail trade, real estate, giofed, scientist, and
technical services, and administrative and waste management industries.

8.7 Further studies

Further studies are recommended such as studying eachafeetomomy in a

panel data. A more depth study at the level firm.
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