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METHODOLOGY OF THE STUDY

This study will explore the labor productivity and the effect of public
capital and private capital to labor productivity. The partial labor productivity
I5 used to evaluate the labor productivity. Although, TFP evaluation Is
occasionally used to determine the growth of labor productivity, it is not aimed
to evaluate the actual labor productivity.

The best functional form of production function is the key point to
estimate the effect of public and private capital to labor productivity since it
will identify the most accurate characteristic to produce each sector. Thus, it
helps to clarify the exact roles and benefit to the effective policy implication.

In order to seek the best functional form of production function, the
human capital with catch-up technology and the technical progress are
augmented to the function in the study. The various functional form is also
considered. Although, there are many functional forms of production function
such as the Transcendental Logarithmic Production Function (Translog
Production Function), and Variable Elasticity of Substitution Funciton (VES
Production Function). Only 2 types of production function are selected because
they are universally used, have no cross term between variables, which helps to
signify the effect of public and private capital to labor productivity clearly.
Those 2 functional forms are the Cobb-Douglas Production Function, and the
Constant Elasticity of Substitution Production Function.

There is an empirical study by Kraipomsak (2000) who estimated
production function by different functions. With the question that whether a
traditional method with the most effective use of output behavior, the dual
function production function via cost function, and the production function
with the inefficient mix of output bring the same result of estimations by using
Thar’s data. He found that the 3 estimated production functions seem to give
quite the same result. Then, the assumption that maximize the effectiveness of
Input will be allowed in this research.
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The methodology and procedure of the study will be clearified in this
chapter.

5.1 The Model
The production function is given below:

Y - F(A(H), L, K, G,(Land),Deris§ ~ (5-1)
Where, A(H) the state of technical knowledge utilized by

human capital in the production process
(clescribe in the equation (5-2))

L the unit of labor, the amount of employed
person in each sector (1,000 persons)

K = the net private capital stock (Million Baht)

G the net public capital stock (Million Baht)

Land - the unit of planted area(only in agricultural
sector) (Rai)

Derisis : the dummy of economic crisis in 1997

Due to the difference in production, the estimation will be classified into
3 sectors: agriculture, industry and service.

“Land” is added variable into the analysis of agricultural sector as an
argument about its necessity in agricultural sector during the period of low
technology, and extensive cultivation.

Derisis Tepresents the dummy of economic crisis in 1997, Given the prior
year of 1998 as zero,and the later year as one, the impact of economic crisis
will express in the estimation.

In order to find the most appropriate production funcition, which
concerns greatly to the conclusion for the policy implication, the human capital
as the catch-up approach, and the technical approach is taken into account as in
section 5.1.1 and 5.1.2
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5.1.1 Human Capital with the Catch-up Technology

Human capital is considered as the source of technology progress
through the assumption that the human capital affected the production by
technology innovation and technical adaptation. The technology innovation
tends to gradually transfer across the country depending on which country is
the inventor; then, the human with the ability to adapt carries on the technology
advance in the produce process. This  dy uses the catch-up approach &
Benhabib and Spiegel, Nelson and Phelps and, Bernard and Charles’s studies
(mentioned n section 3.2.2.3). The equation is similar to Benhabib and
Spiegel’s (equation (3-14)) but the income of Japan and Thailand is utilized as
the proxies.

= N (5>-2)

Where g(H) The growth rate of human capital, which is proxied
by the growth rate of people who graduate upper
secondary, vocational and technical, teacher
training, academic and higher technical education

¢(H) The level of Human capital, which is the number of
educated people ofg(H)
Vino The income ofthe leading country, Japan, as the

proxies of technological change, which is Gross
Domestic Product at 1988 price

Y1 The income of Thailand, which is Gross
Domestic Product at 1988 price

The leading country in this study Is Japan, due to the major foreign
direct investment into Thailand with the higher technology.

5.1.2 Technological Progress

In this study, the functional augmenting of Hick, Harrod, and Solow will
be tested based on assumption that the technology is adopted and used by
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beings. The objective to test the 3 different methods is due to searching
most appropriate model to get rid of the problem of wrong form in the

technology progress.
Why only 3 functional forms are chosen from 10 channels’. The reasons
are;

- the empirical study of M. Beckman and R. Sato(1969), testing the
various definitions of neutrality in the United States, Japan, and
Germany, found that each country could be charecterized by different
types of technical progress.

- Hicks. Harrod and Solow focuses on various aspects of techical
approach. Hick emphasized on the increase value of the level of output
at the constant number, Harrod underlined on the technological change
on labor, and Solow stressed on the technological change on capital.

- As can be seen in the Table 5, the traditional types of Hicks, Harrod, and
Solow neutrality are at least as good as the unconventional types of
neutrality.

Table 5 Value of R2and their ranks in various technical approach of log-linear
regressions for the United states, Japan and Germany.

Type The Uniited States Japan Germany

R Rk R2 Rank R2 Rank

Hicks 0.831 4 0.785 2 0.708 4

Harrod 0.933 2 0.855 1 0422 1

Solow 0.944 1 0.758 3 0.980 1

Labor-combining ~ 0.897 3 0020 8 0710 3

Capital-combining 0818 5 009 7 022 9

Labor-decreasing ~ 0.466 § 0755 4 0692 5

Capital-decreasing  0.702 70000 9 0653 6

Labor-additive 0411 9 0633 5 0347 8

Capital-additive 0.779 6 0473 6 0950 2

Source: Beckman and Sato(1969:95)

1AIl 10 technical approaches is shown in the subject 3.2.2.2, Technological Progress
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Therefore, Those 3 technical neutralities, Hick, Harrod, and Solow, are

selected and will be utilized in this study.

To cover the general idea of those 3 technological progresses, Barro and
Sala-1-Martin (1995: 33) mentioned in his book that;

Hicks indicates that a technological innovation is neutral if the ratio of
marginal products remains unchanged for a given capital/labor ratio. This
propery corresponds to a renumbering of the isoquents, so Hicks-neutral
production function can be (3-15).

Harrod defines an innovation as neutral if the relative input shares
remain unchanged for a given capital/output ratio. It is so called labor-
augmenting technological progress because it raises output in the same way as
an increase in the stock of labor. It can be shown as (3-18).

Finally, Solow defings an innovation as neutral if the relative input share
remain unchanged for a given labor/output ratio. It is so called capital-
augmenting because a technological improvement increases production in the
same way as an increase in the stock of capital and shown in equation (3-20).

5.2 The Methodology

In ordler to answer the objectives of this study, the methodology might
be classified into 2 major means: calculate labor productivity by mathematic
approach, and estimate the effect of public and private capital to the labor
productivity through production function by the econometric and mathematic
approach.

5.2.1 Calculation Labor Productivity

To estimate the value of labor productivity of Thailand during 1970-
2002, the formula of labor productivity as (3-2) is applied. 4 series of data,
which are agricultural sector, industrial sector, service sector and whole
economy, are used to calculate. The definition of each variable are obviously
explained in section 14,
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Labor Productivity = QIL (3-2)
= the value of GDP of each sector at 1988 price
L the amount of employed persons in each sector.

The growth rate of labor productivity Is also calculated as the
Instantaneous(at the point of time) rate of growth and compound rate of
growth. To find out the growth rate, the well-known compound interest
formula is applied; therefore the the following formula is used to calculate.

LJPit

L_pi0(l+r)" (5-3)

Where,  Lapit = labor producitivity of sector / at time t
L pi0 = The initiate value of the labor productivity in this
study (1..the value of labor producitivity in 1970)
agricultural sector, industrial sector, service sector
and whole economy.
r the compound (1.e. over time) rate of growth of
labor productivity.

Taken the natural logarithm of above equation, the following equation is
written &s;

InL Pj=  InL Pjf) +t [ (1+1] (5-4)
Now letting

= InL_Pjo (5-5)

2 = In(l+n) (5-6)
Thus,

nL P Pi+ fat ()

Adding the disturbance term to (5-7) for the reason that the compound
Interest formula will not hold exactly, we obtain

nL_plE  Pl+ P2+U (>-9)
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This characteristic of (5-8) Is called semilog model because only one
variable appears in the logarithmic form. It is so called a log-lin model as the
regressand is logarithmic. The parametersp 1andp2are linear,

In the (5-8), the slope coefficient measures the constant proportional or
relative change in Y for a given absolute change in the value of the regressor
(or /), this is,

p2 = relative change in labor productivity  (5-9)
absolute change in time

Multiplied by 100, p2 gives the percentage change or the growth rate in
the labor productivity which is the instantaneous rate of growth or the growth
at a point of time.

In order to calculate the compound rate of growth, it can be easily found
by antilog p2, and then subtract 1 from it and multiply by 100. The yielded
value is the growth rate over the period of time

Therefore, those estimated figures as well as the percentage increase in
labor productivity and the GDP and labor share will be calculated and
analyzed.

5.2.2 Investigation of the Impact of Public and Private Capital to
Labor Productivity

In ordler to investigate the impact of public capital to labor productivity
and compare the role between public and private capital, the best fit of
functional form of production function is the key factor to clearify the precise
roles of public and private capital and enhance the effective policy implication.

Besides the public capital, private capital and [abor, the human capital
with catch-up technology and the technical progress are augmented to the
function in the study. Two types of production function, Cobb-Douglas
Production Function, and Constant Elasticity of Substitution Production
Function, are chosen because they are universally used and have no cross term
between independent variables, which facilitates to signify the effect of public
and private capital to labor productivity clearly.
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The models in Table 6 and Table 7 will be run and tested whether public
capital and private captital are significant by using three different forms in
various technical approach of Hicks, Harrod, and Solow augmenting using the
data of Thailand, classified by sector. Moreover, the Hicks neutrality will be
added 2 more functional form: Hicks neutrality without A (H) or the traditional
style of economic approach, and Hicks neutrality which human capital with
catch-up technology works as a factor of production.

The dummy variable to capture the unusual fluctuation of crisis during
1998-1999 will be added in the equations. The number of planted area will also
be the additional factor to estimate in the agricultural sector.

The following chart describes the procedure of seeking for the fit model.
The data which are collected will firstly be investigate the time trend and check
for their stationary property. Then, they are estimated in the various forms and
test coefficient by the Wald test to find the acceptable technical approach.
Finally, the test whether the elasticity of substitution equals to one by the Wald
test is brought to select the type of production function between Cobb-Douglas
and CES Production Function.

Not only will the above 2 testings about coefficient and elasticity of
substitution be done, but the major statistics will also be used to determine the
estimation, which are t-statistic, Adjusted R Square(Adj R2, Akaike
Information Criterion(AIC), Schwarz Criterion(SC), and the F-statistics. They
are practiced in order to indicate the best fit model and compare among
estimations.

The t-statistic is computed by the ratio of an estimated coefficient to its
standard error, It is used to test the hypothesis that a coefficient is equal to zero.
This probability computation is also interested as the value that indicate the
probability of that coefficient with t-statistic.

The Adjusted R-squared statistic measures the goodness of fit of the
regression. In standard settings, may be interpreted as the fraction of the
variance of the dependent variable explained by the independent variables. The
statistic will equal one if the regression fits perfectly, and zero if it fits no better
than the simple mean of the dependent variable. For poorly fitting models, it
may be negative.
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The Akaike Information Criterion (AIC), and Schwarz Criterion (SC)
are used to provide a measure of information that strikes a balance between this
measure of goodness of fit and parsimonious specification of the model.

The AIC is often used in model selection for non-nested altematives-
smaller values of the AIC are preferred. Whereas, the s ¢ is an alternative to the
AIC that imposes a larger penalty for additional coefficients.

Finally, The F-statistic reported in the regression output is from a test of
the hypothesis that of the slope coefficients (excluding the constant, or
intercept) in a regression are zero. The /7-value of the F-statistic is also
performed, denoted Prob(F-statistic) or the marginal significance level of the F-
est. I the p-value is less than the significance level, it can decisively reject the
null hypothesis that all slope coefficients are equal to zero. Note that the F-
statistic is ajoint test so that even if all the t-statistics are insignificant, the F-
statistic can be highly significant.

Then, divided by labor, the selected equations will show the relation
between labor productivity and public capital and private capital. The
coefficients, as well as other statistic values, will identify the value of effect of
public capital and private capital to the labor productivity. The advantage of fit
functional form derived from the procedure will benefit the intense analysis
and policy implication.

To summarize the analytical procedure, the framework are demonstrated
as the following chart.
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Chart 1. Framework of seeking for the fit production model to estimate

the roles of public and private capital to labor productivity

Analyze whether each cata Detrended each
serieS are embodied by the variable/ check
time-series problems stationary

Estimate Cobb-Doualas te CES Productio ﬁFunct'on
8duct|on unctto e\m%p? chector test coe ICIGI}%E
test o |Ctent y test d test an teproperttes OrCES

and estimat e result ,4«5;,., i iproductmn MM§

Choose the
interesting
technical approach
from the results of
CD and CES

2. Elasticity of substitution to select the CD or CES model

Choose the best model to analyze the labor productivity through
production function

Hence, there are 10 main models in this study: 5 technical approach and
2 type of production function. As we categorized the data into 3 sectors, and
whole economy, 40 production functions are estimated. Thus, the main model
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should be acknowledged in order to perceptionally carry on in the empirical
chapter.

5.2.2.1 Cobb- Douglas Production Function

Five various technical approach which are Hicks neutrality with human
capital and catch-up technology as a factor of production, Hicks neutrality
without A(H), Hicks, Harrod, and Solow augmenting using the data of
Thailand will be estimated as section 5.2.2.1.1-5.2.2.1.5

52211 Cobb-Douglas Production Functi
Neutrality with Human Capital and Catch-up Technology as a Factor of
Production.
Since the Hicks technical progress is neutrity, the production function
with 4 factors of production Is performed below. The definitions of variables
are described in (5-1) and section 14,

y= Ar(t)A(H),r (0K r(i)6,rm] (5-1

y(t) 1S an efficiency factor, which effect every factors of production. It
does not alter the price proportion of factor of production. One of its properties
15 as equation (5-11).

A (H)y dK _d6  d__o (5>-11)

It can be written in the Cobb-Douglas production function as the
following function.

M=cko-4(tHIA“T (" '4[r()cf[rtO ife, (5-12)

A(H),K, G and L are the factor inputs, ¢ Is the value ofy at time t=0, and
.15 a genuinely random distribance reflecting such factor as strikes, flood,
terrorism, and etc.
The technical progress in Hicks definition is
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dy*l_,, }
'r r =F (513)

The F measures the proportionate change in output per time period
when input levels are held constant. It is therefore the proportionate change in
output that occurs because of technical progress.

Thus; y(l)=eF (>-14)
Y =\ FA{H)\&[erk [X[eAG f A £i PIEL (5-15)
Where ¢ =constant term2
Transform (5-15)
Y = ce RA(H )pAHK pKG PoLP1 £l (5-16)

Adding the dummy variable of economic crisis since 1997 into (5-16)
and transforming to double log form.

v -c +Ft+PAHDA{H) +pk 1/ +PGING +PLIN| +D crisis +€,(5-17)

The crisis dummy is estimated by given the earlier year of 1997 equals
to 0; otherwise is 1 Thus, this dummy term will signify its value by its
coefficient. Then, we will find the role of public capital and private capital to
labor productivity by below equation .

\n(YIL)=c+Ft+pAHINA(H) +pKinK+ pGLnG +(PL-1)\nL +1Dom,+£,(5-18)

2 To make estimated equations more flexible,the study includes an intercept term in the
equations; generally, these may reflect other factors not included in the specification. If the
constant really should not exist the estimation may still lead to a zero or insignificant near
zero value. However, if this coefficient is quite large, it may imply the obmitted variable of
the functional form. In this study, the constant term is quite imgortant especially while
comparing the overall estimated result of equations to select the best equation among the
technical approaches.
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For the agicultural sector, the number of planted area is added as an
Input factor in the model (5-17) and (5-18).

5.2.2.1.2 Cobb-Douglas Production Funct
Neutrality Without A(H)

Similar to others Hicks production function, the following model is
shown.

Yy = f\y(t)K,y(t)G,r(t)L](S'].g)

y(t) 15 an efficiency factor works similar to (5-10). The property of Hicks
neutrality without A(H) is:

dh-=N- =L = 0 (5-20)

It can be written in the Cobb-Douglas production function as the
following function.

Y o=cly()teYb'(OG]'T(fE]ftq  (5-20)

K, GandL are the factor inputs, ¢ Is the value of y at time t=0, and £ is
now a genuinely random distribance.

As the technical progress in Hicks definition is as (5-13). The F
measures the proportionate change in output per time period when input levels
are held constant. It is therefore the proportionate change in output that occurs
because of technical progress. We will gain (5-22)

Y =cle FK fA FG fA FL fet (5-22)
Where ¢ = constant term

Y = ce HK Pkg PalLPIe, (5-23)
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Adding the dummy variable of economic crisis in 1997 and
transforming to log- linear form.

v =c -Ft+PKIAT4PGING+PLINL ... +£,  (5-24)

Then, we will estimate the role of public capital and private capital to
|abor productivity by below equation .

\n(Y/L)=c+Ft+Pic\nK+ pGLnG +(PL-J)\nL+ D crisis +£, (5-25)

5.2.2.1.3 Cobb-Douglas Production Function: Hicks
Neutrality

The production function of Hicks technical approach is shown in (5-26)
Y = fA\y(t)K,r(t)G,r(t)L) (5-26)

Similar to (5-10) ,y(t) is an efficiency factor that effects both factors of
production. It can be written in the Cobb-Douglas production function similar
to (5-23). The technical progress in Hicks definition is as same as (5-13).

Since the definition of growth rate of technology captures the concept of
growth and time by catch-up proxy as shown in (5-2); thus, in this ~ ay the
time (tp Is not required. The growth rate of technology Is replaced instead of /
to define the proportionate change in output per time period.

Thus;, A(H ) =eF (5-27)

Y
Where C

c[A(H)K Yk (H)G fup (H)hmer  (5-28)
constant term

Consequently, the Cobh-Douglas production function in Hick approach
appears as below.

3 It is not require to be considered as the technical approach moving by time, but each variable
must be checked whether time trend embodies in the variable.
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Y = cA (H)Ip*+fia+fiL)k PKG PaLOL |, (5-29)

It should be noted that the traditional analysis of most economists s

Iven Pi+Pg+P1 =1 The dummy variable of economic crisis in 1997 is added.
hen, transforming (5-30) it into log- linear form.

InY=c+(pK+pG+pl)InA(H)+pKLnK+pGLnG+pLInL+ TDerisist £,(5-30)

Then, The following equation shows the role of public capital and
private capital to labor productivity.

In(Y/L)=c+ (Px+Pg+POInA (H)+pKInK+PclInG +(pi-)InL +tZW +ef(5-31)

5.2.2.1.4 Cobb-Douglas Production Function: Harrod
Neutrality

The production function in the Harrod approach is
Y = f[K,G,e(t)L] (5-32)
£t) Is an efficiency factor in the Harrod approach, depending on time
and effect only Labor. As £(t) increases twice, the labor is as same as 2 time
used. It can be written in the Cobb-Douglas Production Function as
Y = ¢K pKGPc[ (t)LfL (5-33)

Assume that an efficiency factor constantly increases.

40* 1= b (5-34)

Where h IS an increase rate of labor efficiency due to technical progress,
we will gain. Since the definition of growth rate of technology captures the
concept of growth and time by catch-up proxy; thus, it is substituted by A(H).
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A(H) = et (5-35)
Y = ¢K Pkg Po[A(H)L]PI £ (5-30)
Y = cA(H)PIK PkG PgLPI 1 (5-37)

Adding dummy of crisis 1997 and transforming into log linear
functional form, we will gain:

InY=c+PicLnK+ PcjLnG+Pi In(A(H)*L) + rDerisis + £, (5-38)

~Then, the following model will be estimated to find the role of public
capital and private capital to labor productivity.

InY/L=c+pKLnK+ PcLnG+Pi InA(H)+(pL-I)InL+xD orsis+ £,(5-39)

5.2.2.15 Cobb-Douglas Production  Function:  Solow
Neutrality

~The technical progress of Solow approach Foints on the effect through
capital. Since the public capital and private capital are both concerned in this

study; therefore, the functional form is as (5-40)
Y = f[8(t)(K,G),L] (5-40)
The o ) Is an efficiency factor in the Solow approach depends on time
and effect only capital. It can be written in the Cobb-Douglas production
function as;

Y = c[6{t)K]PK [d(t)G]pG LPI (5-41)

Not different to Harrod approach, the assumption that an efficiency
factor constantly increases is mage.
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PRliE (42

Where m I an increase rate of capital efficiency due to technical
progress. Because human capital definition covers the concept of growth and
time by catch-up proxy as shown in equation (5-2), the time (1) is left. The

technical progress of Solow neutrality is replaced by A(H). Thus, the following
equation shows Cobb-Douglas with Solow neutrality in this study is:

Y = c[A(H J{H)G YgLf" (5-43)

Y = cA (H )(Pk+Pg)K PkG PoLPI+£l (5-44)
Thus,
INT = c+(pktpG\nA(H)+pKinK+p@nG+plinL+ Derisiste,  (5-45)

The role of private capital and private capital to labor productivity is
Investigated by the following equation.

\n(Y/L)=c+ (137G )\nA (H)+pK\ K +pGinG+(pL- J)InL + TDerisis+£1(5-46)

5.2.2.1.6 The Coefficient Test Choose the Technolo
Progress of Cobb-Douglas Production Function

First of all, it must be remarked that A(H) embodies in section 5.2.2.1.1-
5.2.2.15 can be classified into 2 parts. The first part is to investigate the
existence as a factor of production in the function. Whereas the second part
helps to identify the technological progress.

The first part is to test the coefficient of A(H) orpAH) of (5-17) whether
It rejects the null hypothesis of pAH) equals to zero by the Wald test. If it can
not reject the null hypothesis, it is possible to be the Hicks neutrality with A(H)
as a factor. Then, it will be carried on the result according to the second part.
The estimations of Hicks without A(H), which is the traditional style of
economist’s analysis, will also benefit to indicate its fit comparing to other
approaches by their yield estimated statistic. Being note that the dummy of
economic crisis shall not be neglected.



INY=c+Ft+ pAHyi(H)+pK\nK+pGLnG+PilnL+TD criSiS+£, (5-17)

The Wald test is brought to select the technological approach in each
sector by taking the test whether pAH In equation (5-47) equals to
PK+Pg +P1>P1 and Pk + Pg Which implies to be the Hicks neutrality, Harrod
neutrality, and Solow neutrality sequently.

\nY=c+pAHA (H)+pKInK+pGLnG +pLinL+ D i +£, (5-47)

AsthepAH) Is not reject to equal toPk+pG+pLOTequation (5-30), it
Implies to the acceptable assumption as the Hicks neutrality. Similarly, if it
equals to Pi and Pk + Pc 0f (5-39) and (5-45) respectively, it implies to be the
Harrod and Solow neutrality.

Besides the coefficient test, every equation will be estimated and
considered each variable and statistic compared to others. In case that each
sector accepts more than one technological progress, the left equations will be
taken into deep consideration in each variables and the statistics yielded from
estimation with the results of CES.

It should be remarked that 1and will be added as an input factor in the
estimations of the agricultural sector.

To summarize, the following table shows the estimated hypotheses and
estimations used in coefficient test.
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Table 6 The hypothesis testing of coefficient test of Cobb-Douglas Production
Function in various technological approaches

Techonological Test The estimation
Approach coefficient
0IA(H)or
PA(H)
Main estimation: InY=ctFt+/3AHA(H) +/3KInK+/3G.nG+finL+zDcrisist£t (5-17)
Hicks neutrality Y=c+Ft+pAHA(H) +pKInK+f]GLnG
Y = A(H) F(K,G,L) +fi[InL+zD......+et (5-17)
with A(H) as a
factor
Hicks neutrality paH) =0 \nY=c+Ft+Pf(\nK+/]@nG+"i\nL
WithoutA(H) (5-24)
Y=F(K,G,L)

Main estimation: InY=c+P a(a (H)*PAnK+PG nG+pLinL+zDoni jStEL (5-48)
Hicks neutrality paf8k  \NY=C+(pK+3G+p) A(H)+/3KInK+pGLnG

Y=A(H) F(K,G,L) = P e (5-30)
Harrod neutrality pa)=p1  NY=C+/3% A(H)+fiKInK+pGLnG+fillnL
Y= F(K,GYA(F[)L) +2Derisist£1 (5-38)
Solow neutrality  pagi=grspy INY=C+(PktPg) INA(H)+pKinK+pGnG
Y=F(AKA(H)G,L) +j3LnL+zD crisis+Et (5-45)

5.2.2.2 Constant Elasticity of Substitution Production Function

The CES Production Function represents the production function with
an unspecified constant elasticity of substitution, the other assumptions are
similar to Cobb-Douglas Production Function. The general form of CES
Production Function is as below.

Y= (K-p+ 0G~p+(1- K- 0)L°)<p) (5-48)
Where V = Return to scale parameter
= The scale of operation
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P = The substitution parameter it is the determinant of

the value of the constant elasticity of substitution
= The distribution parameters, the relative factor
shares in the product

Vv
When, PE rx (5-49)
cr The elasticity of substitution

The results of the 3 difference technical augmentations will be estimated
as following equations.

5.2.2.2.1 CES Production Function: Hicks Neutrality with Human
Capital and Catch-up Technology as a Factor of Production.

The production function with catch-up technology as a factor of Hicks
technical progressin CES production function is shown below. The definitions
of variables are explained in (5-1) and section 1.4,

ro=f\r (A (H ) r(K,r(1)6,r(t)L] (5-50)

Replace A(H) with catch up technology instead of Hick neutrality Y(if).
Thus, CES production function in Hick neutrality is

Y = v(SAHA(H)-p + okK p + ScG” + (I-SK-0c)Lrp *> (5-51)

The dummy of economic crisis in 1997 is included by denote it as zero
in the year earlier 1997, otherwise is one. Thus, the effect of crisis will be
shown when we estimate the following estimation.

Y = v(Sm A(H)-p+ 6KK p+ 0cG-p+(I-Sm S L) -**>e a;™E,(5-52)

To estimate the roles of public and private capital to the labor
productivity, the below model is used.

YIL=v(OYHAHP+ okK p + 0cGp +(I-OA(HIOfrSGLA A A-'ezDmssEL (5-53)
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To generate the most appropriate and precise model, the direct and
powerful functional form as linear one should be estimated due to its easiness,
and accuracy to use as the economics tools. Furthermore, it is the tool for
coefficient test in order to seek the fit technological progress. The CES
functional form is transformed into linear by Taylor’s Series Expansion.

First of all, we assume the equation in the parentheses of the CES
production function (5-54) as zip), which is;

Z(p) = OAHA(H)-p+0KK p + 8gG p + (I-6AH-0,/0G)L-p (5-54)

Taylor’s Series Expansion, a power series and a polynomial of infinite
degree, is used to simplify CES. Many operations on polynomials are also
legitimate for Taylor’s series, provided the restricted attention to values if X
within as appropriate interval. For example, a Taylor series expansion off(x)
may be differentiated the series term by term to obtain the Taylor series
expansion of f\x ) . An analogue results hold for antiderivatives. Other
permissible operations that produce Taylor series include multiplying a Taylor
series expansion by a constant or power of X, replacing X by a power of X or by
a constant times a power of X, and adding or subtracting two Taylor series
expansions. The use of such operation often makes it possible to find the
Taylor series of a function without directly using the formal definition of a
Taylor series.

f’(O)x+ f'(O)xz +....+wx‘ +... (5-55)
1! 2! k!

J(x)=1(0)+

The above entire equation is called the Taylor series expansion off(x) at

x=0. The Taylor series are applied to calculate the non-linear functional form of

CES at the third power of X where assume that the later power is only an tiny
value or approach to zero.

fip) =109z ip) (5-56)
n Z'(p)

=£4P) 5-57
=75 (5-57)
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Z\p)Z{p)-Z\p)Z\p) 2\p) (z\p) 2 (5.
Z(P)2 Z(I7) (A) (5-58)
The Taylor series is:
HP)=10)+"'<0)+£1*7"(0)+.. (5-59)

. logz (0) Z(0) 2 Z(0) 1,Z(0)

= p(0AH)logA(H)+0KlogK+ OclogG
+ (1-04 -OK-6cHogL) +(p22)[(Sm log2A(H)
+aijogK+06rJog2G + (I -d AH-0K-0c,)log2L)
-(0AHtogA(H) + tirlogK + OclogG
+ (1-Sm  -OK-6a)logL)2 (5-61)

Simplifiled the functional form by taking log of equation (5-61)

Thus, log(Y) = ¢ - v(vip)logz(p) (5-62)
Where C = constant term

log(Y) = ¢-v (vip){-p(0A(H)logA(H)+0KlogK+ GclogG
+ (I-0AH 0K-0GlogL) +(p22)[(6AHI0g2A (H) +biclogX
+06l0g2G + (I-0AH-0K-6Glog )-( 0AHlogA(H) + 0KlogK
+ OclogG + (I-0A(HrOK-6GlogL)2]) (5-63)

Transforming into linear and adding dummy of crisis and error term.
Thus, the model is expressed below.

log(Y) = ¢ + vwOAH)logA(H) + vwoKogK+ vviClogG
+VV (I-SAHoK-0G)logL) -ti(vp/2) OAH) (1-0AH)log2A (H)
toond oo 109K+ ocn o l0g2g +Vi, ONH-0K0Q
(OAH)+OK+6Qlog L) + vwpdAH K logA(H)*logK
+v VpOAH 6GlogA(H)logG+ WPOAH) -6 x oo xe00)
logA(H) *logL+vvpdKoGlogK*logG
+yvpoK (I-0 AH)-0k-0GlogK*logL
FWPOG (2 -oncirovo. 10gG*IOGLY ocrnune.  (5-65)
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$.2.2.2.2 CES Production Function: Hicks Neutrality without
A(H)

Hick approach without A( ) is the universal, and traditional style
used in the economic study. It characterized by function (5-19). The working
process is as same procedure as 5.2.2.1.1 or 5.2.2.1.2. Thus, CES production
function in Hick neutrality is

Y =L{ kK~p + SgG~p + SIL~ -"",pel (5-66)

The dummy of economic crisis in 1997 is included in the following

equation:
Y= [kK-pt+togG-p+8lu -1 exDuisisE (5-67)

Thus, the roles of public and private capital to the labor productivity is
calculated by the following model.

YIL= [KK-p+ go-p+8I~ -"" L-xe'Dorisifl  (5-68)

For the agricultural sector, the model will be as follow.

y = [11 K+ CG 6|V+

The estimated model for agricultural sector is:

YIL= [kK-p+ goc-p+0LL-p+8lad.and - -17PL~' erDongis (5-70)

To generate the most appropriate and precise model, the CES functional
form is calculated to linear by Taylor’s Series Expansion. The working process
Is similar to (5-54)-(5-60). First of all, we assume the equation in the
parentheses of the CES production function as zip), which is:

Zip) = 5kK~pt+sgc-p +(L- sk- o)L P (5-71)

Then, we gain.
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Z(p) =-p(SKlogK+0GogG +(I-0K-00)logL)
+(p22)[(6KogX +6Gog2G+(I-0K-0GQlog2L)
-(6fJogK + 0GlogG+ (I-OK-0JlogL)2 (5-72)

Taking log of equation (5-66)
log(T)=c -*logZ (P) (5-73)

Replace z(p) by equation in (5-72), arrange and add the dummy of crisis.

log(Y) =c+ vvoKlogK+ wSclogG +vv(I-0AH-0K-00)logL
-v(vp/2)0K(I-6rflog2K-v(vp/2)0G(1-dialog2G
-v(vp/2) (1-Sk-Sg) (aK+acjlog] ... pdKdGlogK*logG
+VvpoK (I-SK-6GlogK*logL+vvpdG(I-6K- 6GlogG*logL
o e, (5-74)

5.2.2.2.3 CES Production Function: Hicks Neutrality

Hick approach in this section replaces A(H) as the technical approach; it
is defined in production function as equation (5-19). The principal process i
similar to section 5.2.2.1.1. Thus, the CES Production Function of this section
is as the following model.

Y =cA(H)v[5kK~p + SgG~p + AUPYv,pR (5-75)

The dummy of economic crisis in 1997 is included in the following

equation: 3
Y = CA(H)V[ kK~p+SCG~P+SLL-pYv,p ezurisiet  (5-76)

Thus, the roles of public and private capital to the labor productivity is
calculated by the following model.

Y [ L=CA{H)V[ kK -b +SgG~p +SLL-pY v,pL~] & Durisi, (5-77)

For the agricultural sector, the model will be as follow.
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Y =CA(H)V[0kK~p + 0¢G~p+ 1L~p+ ladLand -pr ' p erDerisisel(5-78)

The estimated model for labor productivity of agricultural sector is:

Y =CA(Hy [SkK~p + 6gG~p + SJ2p +8 1t and’p\ vipL" e XDorisisEL(5-79)

To generate the most appropriate and precise model, the CES functional
form is altered to be linear by Taylor’s Series Expansion. The working process
is similar to (5-54)-(5-60). We assume the equation in the parentheses of the
CES Production Function as zip), which is:

Zip) = +SgG~p +<\-8k-Sg)| P (5-80)
Working as same process as (5-56) to (5-60), we will gain:

Hp) = -p(6KlogK+SGogG +(I-0K-0GlogL
-(p22)[0K(1-0KlogK+0G(10 Glog2G
+v(I-0K-09(0K+0Glogd-2SKoGogKlogG
+25K(1-0K-0GlogKlogL+2SG(l-0K-0GlogGlogL] (5-81)

Taking log of (5-79), the estimation is (5-84)

log(T) =¢ + . logA(H) - ElogZ(P) (5-82)

The log Z(P) is changed into the estimation of ()(p ) in (5-84). The final
equation is:
log(Y) =c + vlogA(H)+ voKlogK+ voclogG +v(l-6k-0GlogL
-(vp/2)0K(1-0™og XK-(vp/2)aG(I1-0Glog 2G
-(vp/2) (1-0K-0Glog 2L +vpdKoGlogK*logG
+\pOK(1-SK-0QlogK *logL +vpd(1-0K-SJlogGlogL
+1D orisistE, (5-83)



2.2.2.4 CES Production Function: Harrod Neutrality

The CES of Harrod approach is as equation (5-14). Therefore, the CES
production function with crisis dummy and error terms is as follow.

Y = ¢[8kK~p + 8CG~P + 81(A(H)L)-p\ v,p e xDorisisEL ~ (5-88)

The estimated model to answer the value of roles of public and private
to labor productivity is:

YIL = dSkK~p+ gG~p +81(A(H)L)-pr 'p ' exDuisisEL(5-89)
For agricultural sector, it is (5-90).

Y=0& KT"+S"G-*H w r "

The estimated model to answer the value of roles of public and private
to labor productivity is:

Y /L =4 6kFCp +0gGp + 8 1(A(H)L)~p +OLin, ancf]-vip ' e xDurisisE1 (5-91)

In case of Harrod neutrality, the working process is similar to the above
mathematic process. Considering with the particular considering in the
parentheses of CES:

Z(p)=SKK-p+0CG~P+0-A -0a)(A(H)Ly  (5-92)

Simplified the functional fonn of Harrod neutrality, taking log of
equation (5-106)

Thus, log(T) = o--lpo gZ(P) (5-93)

Finally, we gain

£N5-
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log(Y) ¢ + (1-0K-0¢)logA(H)+ 0KlogK+0GlogG

+(1-6K-SGlogL-(vp/2)[0K(I-0"log K

+0G(1-6Q10g2G +v(I-SK-0G(0K+0G
log2A(H)L]+vpoKoGogK*logG
+Vp0K(1-0K-So)logK*logA (H)L+vpoG

(1-0fc- So)logG*logA(H)L +zDcrisistet (5-94)

5.2.2.2.5 CES Production Function: Solow Neutrality

Solow neutrality takes part in the production fonction as (5-45). Hence,
the principal model is performed below.

Y=c[ K(A(H)K)-p+Oc(A(H)G)-p+5IL -""pedd** (5-95)

Y = c[A(H)(SKK-p + 60G~p)+ 6 1L pr /p ezDurisis ,  (5-96)
The labor producitivity is evaluated by (5-97).

Y/IL =c[A(H)(SkK~p + oG- +01 -"1PL" ezDerisls , (5-97)

The production fonction and labor productivity of agricultural sector are
(5-98) and (5-99).

Y=4A(H)(SkK-*+S0G- + 1 +SM Lan<T* -""e'to“!£,(5-98)
YIL=c[A(H)(S]K~p+SG ") +SICf +8LlaJ.andY " L' e’renm  (5-99)

For the Solow neutrality, working similar to the above mathematic
process. Begin with the particular considering in the parentheses of CES:

Y{p)~ K(A(H)K)-p +Sc(A(H)G)-p +(1-S K=SC)(AMH)L)}p (5-100)

Simplifiled the functional form of Solow neutrality, taking log of
equation (5-96). Finally, we gain:
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log(Y) —€ + (0K+0(j)logA (H) + 6KlogK+SGogG
+(1-0K-0GlogL-(vp/2)[0K(I-0Klog2A (H)K
+0G(l-0GQlog2A(H)G+v(I-0K-0G(0K+aGlog2L]

+vpOMog A(H)K*logA(H)G
+VpAK(1-0K-6c)logA (H)K*logL +vpo G(1-Ok- 60)
|OgA (H)G*IogL + ... +£, (5-101)
5.2.22.6 The Coefficient test  Choose the Technolog

Progress of CES Production Function

The similar method to the Cobb-Douglas coefficient test is brought to
used with CES. The coefficient test by the Wald test is required to reaffirm
with the Cobb-Douglas Production Function. The test is devided into 2 major
parts: examine whether it is an input factor or a part of technological approach.
It is possible that A(H) is working as a factor of production. Thus, the
estimation (5-65) will be estimated in order to test whether WOAH A(H) is
equals to zero. If it does not reject the hypothesis tested by the Wald test, it
might imply to Hicks neutrality without A(H).

Moreover, the transformed model into linear is used to test the
coefficient test in order to select the technological neutrality: Hicks, Harrod,
Solow neutrality. It is checked by the Wald test in each model of technological
progress. The transformed model, though yielded the tremendous number of
variable, will directly benefit the coefficient test particularly for testing Solow
model which cannot be seperated each independent variable in the original
model.

To examine the production function whether it is charecterized by Hicks
approach, the term vofequation (5-83) is altered to be “A” coefficient and test
by the hypothesis that v of logA(H) equals to the Vv in other term. If the
coefficient does not reject the hypothesis, or in other words, it equals to V, this
approach is applicable to the production function of that sector.

On the other hand, for the Harrod neutrality, the equation (5-94) is run,
and test the coefficient of A(H), (1-SK-S0) , whether it equals to

(1- K- £0)oflogL. The rejection will indicate it as an unapplicable functional
form.
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The Solow neutrality is also examined by the similar method to Harrod.
The different point is the tested model which is (5-101), and the testing term is
Bic+ 8g . “A” coefficient is inserted as the coefficient of A(H), and then tested
the availablity to equals to Ok+ 80. If it does not reject, thus it might be
acceptable to Solow neutrality.

It should be noted, again, that land will not be neglected to putting it as
an input factor in the agricultural sector.

Those processes of coefficient test can be summarized as the following
table.

Table 7 The hypothesis testing of coefficient test of CES Production Function,

Techonological Test The estimation
Approach coefficient of
| A(H)
utialt (Ifitg(l(;bes:r?ot log(¥) =¢ + A logA(H)+ woRogK+
With A(H) 352 reject i WoGl0gG +vv(1-0 AH-6icOG)logL-
factor implies to U(vp/2)oAH(I-0 AH)log2A (H). v o «
F(A(H)K,G.L) neﬂtlgglsity +-0Klog K+ uog(1-Og)log2s
o without A(H)) +V(l-sa(H)sk-5q) (are k+ o l0ga)

+WpSAHSK logA (H) *logK+vvp

sa(H) sg 10gA(H)*logG + vwpOAH(I-
Sa(H)-Sk-Sg)"°s-~(w *I°gL
+VVpoKoGogK *logG +vvpoK
(I-0Am-0k-0QlogK*logL+vvpoG
(1-OAH)-sk-)logG*logL +ZW £> (5-65)

neljtiﬁglsit log(Y) =c+ wSKlogK+ wSGogG ...
withoutAgll-I) U'?M‘D'GK'@QWQL:V(VD/Z)[GK .

Y=A(H (I-6KlogK +0G(]-0Qlog2G +(]-0ic0G

F(K,G,L) (SK+Sa)log2 +vvpdi(SGogK *logG+wpdK

(1-0K-0QlogK*logL+vvp0G(1-0K-
Sc)iogG*logL + Daisis+EL (5-77)



Techonological Test The estimation
Approach coefficient of

| A(H)
HICkIS' A(\:ol:elffl_ment of Jog(Y) =c + vlogA(H)+ voKlogK+ vo0logG +v
neutrality (H) =v (1-SK-00)logL-(vp/2) [ak(1-0fj logX

Y=F(KGL ; :
(KGL) +0G(1-60)log2G +v(1-0/cSq

(0K+00)logq+vp o KSAogK*logG
+VpoK(1-0K-0GlogK *logL+vpoG
(1-0K-0G)logG *logL+Dorisiste,  (5-86)
Harrod coefficient of jog(Y)=¢ + (I-0k-0QlogA(H)+ 3KlogK+SGogG
neutrality A(H)_;()l' ¢ )+(I-OMIogL-(vp/Z)[(“)K(I-f)"IogZK
F(K, GyA(H)L) | +SG(1-0810926 +v(I-0K-5Q(6K+0Q
log2A (H)L]+vpoKoGlogK*logG
+\POK(1-OK-00) logK*logA (H)L+vpd0
(1-0k- 0)1ogG*logA (H)L+D crisistEA5-94)
Solow coefficient o Jog(y) =¢ + (6k+0QlogA(H)+ 6KlogK+0ClogG
nevtrallty AR + (1070 QlogL-(vp/2)[6K(1-6Klog?
F(AKYA(H)G L) A(H)K+ag(L-Oc) l0g2A (H)G+V (1-6fc-60)
(0K+060)log2]+vpoKdaOlog A (H)K*log
A (H)G +vpSK(1-SK-50) logA (H)K*logL
+vp00(1-Ok- 60) log A (H)G *logL
Derisis+Et (5-101)

The results will be considered and analyzed with the results of CD and
their estimated statistics yielded. Therefore, the fit model will be selected to
analyze the roles of each composition to the labor productivity.
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