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Abstract | The current research describes the Total Factor Productivity (TFP) of the agriculture sector and
economic growth of the Pakistan from 1980-2018. To analyze the long run relationship among the variables,
the Autoregressive Distributed Lag model was used. While constructing the production function, most of
the common variables in the production function were utilized. In the construction of productivity and input
quantity index, the data of input and output were employed respectively. The data of GDP, capital and labour
was used in the agriculture sector for obtaining the agriculture TFP of Pakistan. In addition, the time-series
data from 1980-2018 was taken from various publications and official resources. For the period study the
estimated annual average of agriculture TFP growth was 2.14% and it contributes 58% to overall agriculture
output. The findings explained that the TFP of the agriculture sector was remained highest at 2.86% for a few
years and the minimum 0.96% in the 70s. In the 80s, followed by 90s the growing rate of agriculture TFP was
2.24 and 2.46%. During these decades, the TFP growth contributed around (33, 53 and 81%) to agriculture
productivity. The analysis of TFP of the agriculture sector shows a significant variation in the TFP growth,
due to climate change patterns, public interference, and macroeconomics strategies. The study recommends a
dire need to increase capital stock, skilled labour, and cultivated land to boost and enhance agriculture growth
as these are the key factors for the agricultural TFP and economic growth of country’s.
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Introduction contributes 18.5% to the total Gross Domestic Prod-
uct, and important source of employment (38.5% to

fter industrial revoluation 1970, agriculture the total labor force) for country’s people. However,
sector had become the second prominent sec- with passage of time, agriculture sector production

tors for economic growth in Pakistan. It is the main  has been decreasing as compare to the other sectors.
foundation for livelihood and development. Which  The industrial sector gets the raw material from ag-
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riculture, and it is a key sector for foreign exchange
earnings of the country. The reasons of the decrease
in the agriculture production are (Division addresses
soil, water and land use issues). Due to which it caus-
es a decrease in the GDP growth of the country. In
2010-11, the modest growth was recorded 1.2% in
the agriculture sector, there is a need to enlarge this
sector to increase export, the revival of the industri-
al sector is responsible for encouraging consumption.
Similarliy, in 2018 to 2019 the agriculture growth was
very inadequate as compared to the target set by the
government of Pakistan. The cumulative growth rate
is only 0.85% was less than the target of 3.8% claimed
at the beginning. As matter of the fact, the agriculture
sector still provides positive support to other manu-

facturing sectors in order to increase exports. (Gov-
ernment of Pakistan, 2018-19).

Figure 1: Trends in the GDP and Agriculture Growth.

Figure 1 shows that agricultural growth has more
fluctuation than GDP growth. In Pakistan, the ag-
riculture sector is being considered an engine for the
GDP growth and country’s development. However,
the data shows that there is an inconsistency in the
agriculture growth in Pakistan.

In general, in 1950 the share of the agriculture
sector was 53% to the GDP. Admittedly, decrease
had been reported in 2010 (21.5%) and in 2018
(18.5%).1In 1950s, due to the green revolution, more
than half of the GDP growth of Pakistan’s was de-
pendent on the agriculture sector. By 2018, there
is a drop of 32 percent in the contribution of the
farming sector. For the time being the agriculture
sector shows a consistent decrease in the share. So,
it causes that the GDP was growing at a low rate.
'This sector is still the main and the second leading

sector for the Pakistan economy (Government of
Pakistan, 2018-19).

Contribution of the Study

'This study examines the factor which effect the Total
Factor Productivity of agriculture sector. The growth
of this sector is very important, because it is the main
contributor to the GDP growth of Pakistan, but this
area is neglected much in the literature, therefore this
research find out the TFP of agriculture sector of Pa-
kistan and evaluates the impact of TFP of agriculture
sector on the economic growth of Pakistan.

Significance of the Study

Agriculture sector played usually very important role
to ensure food security for the growing population of
Pakistan. Pakistan is an agriculture-centered coun-
try, so the agriculture sector holds huge significance
for Pakistan. But the share of the sector is reducing
since its birth, the rise in the production of industrial
sector has not removed the significance of the agri-
culture sector. Industrial sector cannot grow without
the growth of agriculture sector because agriculture
sector provided raw material to the manufacturing
sector. So, it is necessary for the economic growth to
increase capital use in agriculture, human capital in
rural sector. If we want to achieve a sustainable de-
velopment in that sector, so there is need of modern
technology, high yielding varieties of common seeds
like cotton, wheat, sugarcane, and grains etc. As well
as make investment for the best irrigation system,
for the agricultural research, and make sure efficient
physical infrastructure.

Materials and Methods

There have been very few studies estimated TFP
growth for the agriculture sector of Pakistan. The in-
novative among these is the estimation by the Wiz-
arat (1981). The researcher used annual time series
data for the period 1953-1979 to estimate the arith-
metic TFP index in the growth accounting frame-
work. According to the estimates, TFP growth in the
agriculture sector of Pakistan remained at 1.1%.

Khan et al. (1994) applied arithmetic index to cal-
culate the TFP of the agriculture sector. TFP was
recorded at 2.1%. TFP of the agriculture sector was
estimated by Mahmud et al. (2006) by applying a
growth accounting approach. The TFP remained 0.37
percent per annum. Ali (2004) also obtain the TFP
of the agriculture sector by utilizing the arithmetic
index, and the TFP was recorded 2.17% annually.
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Ahmad et al. (2010) explain the growing trends in the
TFP ofthe agriculture sector,and took data from 1950-
2004. He found that the TFP of the agriculture sector
was 0.28% and contributes to the TFP of agriculture
value addition is only 7%. He suggests that there is a
need to increase agriculture inputs as well as extend
services to increase the growth of agriculture TFP.

Evenson and Pray (1991) to estimate the average
growth rate of TFP, used annual time series and
cross-section so the result was 1.07%. It is marginally
lower than the result of Wizarat (1981). Rosegrant
and Evenson (1992) as well as find similar estima-
tions as initiate by Evenson and Pray (1991) but there
is only one difference in their estimates is the T-T
index. In 1957-85, TFP is based on the T-T index.
However, the estimation of sub-periods is significant-
ly dissimilar from each other.

Rosegrant et al. (1993) describe the TFP of the ag-
riculture crop sector of Pakistan, he discovered the
variables of the research, and introduce the innovative
brands, and as well as the literacy rate of the rural sec-
tor and the irrigation system has excessive importance
in the agriculture TFP growth, the finding shows
that the specific return of the investment in research
was 58%, the return of overall research was 39%, the
return on particular was 53% on HYVs. The result
suggests that there is a need for research to improve
agriculture growth.

Data Source

'The economic analysis is depending upon the availa-
bility of suitable data. The measurement of total fac-
tor productivity growth is not an easy attempt in the
developing countries, because in the best conditions
we may not have been able to get the sample data
with which to progress. In the present study in this
regard, the same situation was faced to collect the
data. It is not an easy task to get the data of the var-
iable on a macro level, therefore no work has been
done to measure, how the TFP of the farming sector
effect the economic enhancement of the country. If
we would like to decrease the problem like food secu-
rity, high population growth, and to achieve sustain-
able agriculture growth by which we can increase the
GDP growth of the country, so there is a need to take
initiatives in research areas.

To estimation, the TFP of the agriculture sector, the
time series data of labor, capital, and land are required.

'The study covered the sample from 1980-2018. In
this study, the data of capital formation utilizing (per-
petual Inventory method) were taken because in the
national income accounts there is a lack of data on
capital stock. Data of cultivated area, labor, and capi-
tal formation from 1980-2018 was collected from the
Economic Survey of Pakistan and FBS, GOP, Islam-
abad. Data of fixed capital stock formation is calculat-
ed in millions of Rupees constant element, the labor
force is calculated as a total labor force employed, and
land input is measure by cultivated land (as a percent-
age of the cultivated area).

Descriptive Analysis

The agriculture TFP of Pakistan was calculated by
Tornqvist-Theil (T-T) index method. In the growth
accounting method, a change in TFP indicates there
change in production, but this cannot account for
the changeover in all inputs. The same as a result,
the TFP reflects the combined effect of many things,
i.e. institutional factor and weather factor. If we look
at the other countries’ TFP growth experiences, the
researcher found that there is a factor like human
development, physical development (infrastructure
improvement), credit resources. Technological ad-
vancement and trade openness (in terms of import
and exports) had a substantial impact on agriculture
TFP growth. The researcher similarly found that if
a country like Pakistan wants sustainable growth, so
they should emphases on these issues. Without re-
solving these issues the sustainable growth is not pos-

sible.

In Pakistan, it has been described that the research
on the variable which affects the TFP of the agricul-
ture sector has not been conducted separately. So, the
main aim of the study is to identify variables that af-
fect the TFP of the agriculture sector. In the current
study, those variables were used, which has a direct or
indirect influence on the TFP growth of the farming
sector. Various methods are used to obtain TFP of the
agriculture sector is given below.

Growth accounting approach

'The growth accounting approach is used to obtain the
shares of different elements in the economic growth
and implicitly find out the technological growth rate,
measure as a residual in the economy. The growth
accounting is utilized to decomposes the economic
growth rate into that which is due to an increase in
the contribution of the factor used. If there is a rise
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in the capital and labor and it cannot be counted by
the change in the factor utilization. The part of GDP
growth that is not explained is taken to increase pro-

ductivity.

'The growth accounting technique is being used for
every economy of the world. Moreover, the GDP
growth is not only explained by the change in the
growth of capital stock and labor force. There are
several factors, which contribute to economic growth
and as well as to the economy. The role of technologi-
cal advancement is the key to growth, without the use
of modern technology, the sustainable development is
not possible.

Christensen (1975) explains that in the growth ac-
counting approach, the technological progress is shift
with the calculation of factor productivity indices,
mostly the rate of adjustment of TFP indices. Grili-
ches (1994) explains that in the early studies in the
growth accounting tradition there is much effort to
find an explanation for the residual, without any em-
barrassment, as well as the findings of our ignorance.
With the technological change and change in the
productivity of the input use, it was due to the efforts
to identify the residual. The residual, therefore, is not
just worthless that could be wanted away if one has
better data but is seen as a useful way of taking organ-
izational and technologically-induced efficiencies and
it could be the core of the growth process, whether for
part or a whole economy. Figure 2 shows that agricul-
ture contribution to GDP and Total Factor Produc-
tivity have same trend.

Figure 2: Trends in agriculture and TFP growth.

Research framework

To explore the correlation among the variables and
agriculture productivity, firstly the agriculture sector
productivity has been estimated. So, the study analyz-
es two stages. The first stage estimates the methodol-
ogy framework of growth that how the growth was

calculated in the agriculture sector. The second stage
explains the methodology framework, evaluate the
effect of TFP of the agriculture region on the coun-
try’s economic growth from 1981 to 2018. This sec-
tion also discusses the similar methodology concepts
and model conditions that are applied for empirical
analysis in that study.

Determination of total factor productivity of the agricul-
ture sector

Difterent methods are used to estimate the agricul-
ture sector productivity growth, but they are bound to
yield different outcomes. So, to estimate the agricul-
ture sector productivity growth, the study extends the
Solow Swan (1956) growth model. In general struc-
ture, the Solow growth model depends on the factor
of productions. Two models have been constructed in
this study. The models are as follows.

Model 1
Y, = A f(K.L.) (1)

Where;

K: Capital of the Agriculture sector; L: Labor Force
in Agriculture sector; A: Solow Residual / Total Fac-
tor Productivity Parameter.

'The accuracy of the estimation result depends clearly
on the input and output of the data, which is every
so often poor. Even when the data is perfect, so the
Solow residual does not find necessarily produce un-
biased results. The reason behind this is that agricul-
tural productivity growth is low due to environmental
losses. These costs should not count in the value of
output and the elimination of this operation would be
the reason for residual, to overestimate productivity
growth.

Solow further explains the production function
through the Cob-Douglas production function:

Y, = AKILTY (2)
Taking the log of equation 2:
InY, =InA, +8InK,+(1-86)InL,(3)
Where;
0, 1- 0 explain the portion of capital and labor in

output growth of the agriculture sector. Differentiate
equation 3 concerning time:
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dt _ dt g de _ gyE
A +6 & +(1—8) O

Equation 4 explained output decomposed into total
factor productivity (TFP) growth, the weighted sum
of capital and labor growth. Solve the above equation

tor TFP growth

L ke

de  _— _dt fal dt 1—8 dt

e L3 Hy ( ) Ly (%)
TFPgTOWth’ = 1:;?'0\-\':?1 - HKgrovrrh - [:1 - 9] Lgrou'rh (6)

TFP growth is the weighted sum of capital and la-
bor growth subtracting from output growth. For the
calculation of the agriculture TFP, data of labor and
output available in various published sources. While
the study used the perpetual inventory approach to
determine the capital stock series data.

'The general structure of the capital stock equation:

K,=IL+(1-8)K,_, (7

§ is the depreciation rate and Nehru and Dhar Esh-
war (1993) the calculated capital stock series is given
below

K, =XiZ5(1—6) L_; + (1 — 8)K; (8)

The primary capital stock is denoted by K (0) and the
time is shown by 0. Collins and Bosworth (1997) es-
timated capital stock series by using, with the rate of
depreciation is constant, and that rate was 4 percent
annually. But it is noticed that the depreciation rate
is increasing and decreasing with time. To resolve the
problem, utilize the following adjustment formula:

__&
Kr—l - 5
g+é

9)

Solved this formula for the 8 (depreciation rate):

I
§= ?”_:— 9(10)

From equation 10, calculate the time-varying depre-
ciation rate.

Due to output data for environmental losses i.e. To-

tal Sustainable Factor Productivity (TSFP). Unfor-

tunately, the measurement of environmental losses
is very difficult and there is no other or universally
known proxy for it. The benchmark year can be avoid-
ed by estimating the chained index or the overall pro-
duction of the year. So, in this case, it is possible to
drip the assumption of fixed shares, by using translog
production or corresponding Divisia index. None of
these measures through the traditional method can
distinguish between pure technical progress. As well
as the efficiency of the production will also decrease if
the proper method of measurement is not used. This
difference is possible by using a different method of
measurement, the Malmquist index, it does assume
that the optimizing behavior by agents shifts from
the conventional production function framework

(Fare et al., 1998).

TFP of farming sector and GDP growth of Pakistan

In this section, the TFP of the agriculture sector and
GDP growth of Pakistan were discussed in detail. The
data obtained from the Economic Survey of Pakistan
from 1980 to 2018. It provides information about the
variable used in the study, as well as the current situa-
tion of the country’s economy. The current study gives
a realistic overview of the TFP and the GDP growth
of the country. The methodology section contains the
model by which the estimation is determined.

'The study determined variables are GDP growth and
the impartial variables are capital stock, labor, arable
land, and agriculture growth. The design of the model
is as follow

Model 2
GDP growth= f (capital stock, labor force, arable land,
agriculture growth, TFP)

The econometric form of the model is

Where;

GDP: Economic Growth; CS: Capital Stock; LF:
Labor Force; AL: Arable Land; AG: Agriculture
Growth; TFP: Total Factor Productivity; o: Constant

and EtiS a constant error term.

To evaluate the time series data, different error mod-
ification approaches are used on the way to investi-
gate the effect of TFP on the agriculture sector and
GDP growth of the country. To obtain out the long
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run and short effect, the ARDL model has been uti-
lized. It is important to analyze the stationarity of the
time-series data. So, the unit root technique is applied
to confirm stationarity in the time series. The investi-
gator uses a classical regression study, when the data
is in time-series form, so the classical regression study
assumes that time series data are non-stationary and
based on this theory the t-test, F test, and x*-tests. If
the time series data is non-stationary, then the gener-
al statistical approach has not been recommended. It
is very valuable for the reason that at the time of re-
gression the most of the time series data change with
time, might be incorrect, or it might generate a signif-
icant result but with the high R? so it is not a reason-
able implication (Granger and Newbold, 1974). To
estimate time-series data, the first stage is testing the
unit root. To check the unit root hypothesis different
methods are used but the most common is Augment-
ed Dickey-Fuller (ADF) analysis by (Dickey and
Fuller, 1979;1981). In the time series econometric lit-
erature, the ADF is commonly used.

Pesaran and Shin (1999) confirmed that the ARDL
model denoted single cointegration. And the benefit
of the ARDL model remains that, it doesn’t need all
variables to be I (1) as in the Johanson framework. If
the variable has I (0) and I (1) so it will be suitable for
the estimation. There is a different characteristic of

the ARDL techniques, which are as follows.

1. ARDL method is dissimilar from the other meth-
ods, it is the mixture of integration in a different
order, in integration it concludes that it is suitable
and irrespective of different orders, whether the
integrated value is 1 or O.

2. In this model for different variables Diverse Lag
Length is used.

3. It is appropriate to compare with short model
methods as well as relate to the other techniques.

4. It is very easy as well as simple, to recognize in a
specific equation, as well as it is simple to explain
plus solvable.

5. The main component is the Error Correction
Model (ECM), and it finds out from ARDL with
the simple linear conversion.

6. Nkoro and Uko (2016), describe that its figure out

shortrun aswell aslong-run coefficient collectively.
Results and Discussion

The result of the TFP of the agriculture sector and

the economic growth of Pakistan has been described
in this chapter from 1980 to 2018. Used the ARDL
technique to find out the result of the whole study,
as well as explained the TFP with the decade wise.
To discuss the result of agriculture TFP growth and
its contribution. The augmented dickey fuller test has
been utilized to obtain the order of integration, Bound
test is used to get whether the cointegration has exist-
ed or not. Cointegration has been tested by the Auto
Regressive Distributed Lag method with help of the
Error Correction Mechanism, the short-run factors
are estimated. After the estimation, the bound test is
employed to calculate the stability of the model.

It is necessary to realize which technique is used in
the research, ARDL, OLS, or Cointegration. Aug-
mented Dickey-Fuller (ADF) is utilized to determine
the order of integration. And if the variables are sta-
tionary at the second difference then it cannot utilize

the ARDL.

Table 1: Short Run Result of ARDL Model (GDP as

dependent variable).

Variable Coefhicient Std. Error t-Statistic Prob.
C -0.096991 0.300678 -0.322572 0.7493
D(K(-1))  0.020192 0.007910 2.552718 0.0017*
D (L (-1)) 0.253073  0.119020 2.126306 0.0069*
D (AL (-1)) 0.259884 0.084966 3.058682 0.0000*
D (AG (-1)) 0.131818  0.060687 2.172105 0.0028*
D (FPG (-1)) 0.000323  0.000118 2.737288 0.0000*
ECM (-1) -0.207790 0.102168 -2.033797 0.0036*

Source: Author on the calculation, * p<0.01

Table 1 indicates the short-run result of the ARDL
model. In this model, GDP is a dependent variable,
and capital stock, labor force, arable land, agricul-
ture growth, and TFP are the independent variables.
When there is an increase in the capital than as a re-
sult the gross domestic product will increase. The la-
bor force has also the same impact GDP. Pakistan is
an agriculture-based country, so the arable land and
agriculture growth have also an encouraging impact
on the GDP. When the arable land and the agricul-
ture growth increases then it will increase production,
in the result the gross domestic product will increase.
TFP has also a substantial impression on the eco-
nomic development of the country.

ECM describes the speed of adjustment; it explains
how much time is required to achieve the equilib-
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rium. The tables show that the amount of ECM is
negative, and its significance is necessary. The value of
the coefficient has a negative sign, it shows that the
convergence in the long run. Table 1 confirms that
the ECM rate is 0.20, it suggests that, if the control
variable moving in the consistent path, then every
year 20 percent equilibrium is corrected.

The results in Table 2 indicates that there is a sub-
stantial effect of capital stock on the GDP growth
of the country. It describes, if there is a one percent
rise in the capital stock, then in the result there is a
0.024% rise in the economic growth. If there is a one
percent rise in the labor force, then in the result there
is a 0.09 percent rise in the GDP discussed by Azam
(2011).

Table 2: Long-run result of ARDL Model (GDP as de-

pendent variable).

Variable Coeflicient Std. Error t-Statistic Prob.

K 0.024737 0.008256  2.996245  0.0000*
L 0.099613 0.042449  2.346635  0.0006*
AL -0.043712  0.219460 -0.199179 0.8549
AG 0.150005 0.052598  2.8519145 0.0000*
FPG 0.170726 0.083761  2.03824 0.00134
C 0.893719 7.377801 0.121136 0.9112

Source: Author own calculation, * p<0.01

There is a depressing and unimportant impression
of arable land on the economic development of the
country. The outcome confirms that if there is a one
percent rise in the arable land then in a result there is
a 0.04 decrease in economic growth. There is a posi-
tive and considerable influence of agriculture growth
on the economic growth of the country. Concerning
a country like Pakistan if there is an increase in agri-
culture productivity. The agriculture growth outcome
shows that if there is a one percent rise in the agri-
culture growth then as a result there is a 0.15 rise in
the GDP or economic growth (Ruttan and Hayami,
1985). Furthermore, if there is a one percent increase
in the TFP of the agriculture sector then as a result
there is 0.17% increase in the GDP.

Conclusions and Recommendations

TFP is the most important source of development.
But in a country like Pakistan, the researchers and
policymakers didn't give importance to TFP. In Pa-
kistan, there are some studies on the TFP of the ag-

riculture sector. From 1980-2018 the result of TFP
shows that the growth rate of TFP is 0.17 percent an-
nually. It is the lowest possible for the past ten years.
'The growth rate of TFP was 0.96 percent during the
70s. In the 80s to 90s the TFP growth was 2.24 to
2.26 percent. The study explains the TFP growth rate

is low as compared to the past.

The result demonstrated that in the long run there is
a substantial effect of capital stock on the economic
progress of the country. Here is a considerable effect
of labor on economic development. Arable land has
an insignificant impression on the economic develop-
ment of the country. Agriculture growth encouraged
the economic growth of every country, especially Pa-
kistan because it mainly depends on the production
of this sector. The result shows that if there is a 01
percent progress in the agriculture growth then there
is 0.15 percent expansion in the GDP growth.

TFP of the agriculture sector indicates that there is a
fluctuating trend during 1980-2018. The arable land
shows a negative trend, the study explained that there
is a need to extend the cultivated area. Because with
time the demand for food is increasing. So, there is
a need to expand agriculture inputs to the increase
in agriculture growth. The agriculture sector can re-
spond positively. To increase the efliciency of labor
there is a need for education for the labor worked in
the agriculture sector. Education has a significant im-
pact on the labor as well as the agriculture growth
of Pakistan. The result shows that there is a signifi-
cant impact of capital on the agricultural growth of
Pakistan. For sustainable agriculture growth, there is
a need for investment in the agriculture sector. The
government should emphasize the improvement of
agriculture infrastructure, which helps the agriculture
products will reach the market on the time.

Novelty Statement

This study describes key factors for the agricultur-
al TFP and economic growth of the Pakistan from
1980-2018. Further its highlighted major indicators
to increase capital stock, skilled labour, and cultivated
land to boost agriculture growth.
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