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The concept of sustainable economic growth is closely linked with the agricultural growth. This is especially
true in the context of under-developed countries. Pakistan is a typical under-developed country that has huge
labor force employed in conventional rural economy and more than half of the population relies on agricul-
ture for subsistence. The study examines the agricultural growth through developing a model using the data

al from agricultural sector of Pakistan for the period 1972-2010. The model is primarily based on input-output
C5 . . . . .
E6 reduced form structural equations approach. It is then estimated by GMM, validated and used for deterministic
simulation analyses. Finally the validated model is used to critically analyze the impact of fiscal, monetary and
Keywords: energy policies on the agricultural output. We conluded that recent fiscal and monetary policies should be con-
Agricultural sector tinued, while the energy policy needs to be modified in order to improve the agricultural GDP and reduce the
GMM rural poverty situation in the country.
Simulation
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1. Introduction

Growth in agricultural productivity is central to overall economic
development and poverty reduction (see, for example, Fare et al.,
2008; Gollin et al.,, 2002; Irz et al., 2001; Machethe, 2004; Matsuyama,
1992; Pauw and Thurlow, 2011; Thirtle et al., 2003; Timmer, 1988).
The use of inputs such as fertilizers and better seeds has been achieved
considerably during the Green Revolution in 1980s. Moreover, the
growing interest in national food security especially in South Asian
countries stirred by recents supply shortages and restricted internation-
al trade during short supply periods boosts the importance of domestic
agricultural sectors. Production of adequate amounts of agricultural
output is essential for food security, which has been a major concern
since the mid-1990s spanning a spectrum from the individual to the
global levels (FAO, 2010; World Hunger, 2011). Growing agricultural
sector ensures the employment and sustenance of masses living in
rural areas in the agrarian economies.

Although agriculture is operated entirely by private sector yet public
policy plays an important role in the sectoral growth of developing
countries due mainly to resource constrainted farming communities.
Historically, public sector influenced domestic agriculture directly
through fiscal measures and setting price of output low to ensure the
availability of inexpensive food for the masses as well as indirectly
through monetary policy. Subsidized fertilizers were made available
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to ensure optimal inputs use for increasing productivity and such
subsidies were a major component of Public Sector Development
Plan of Pakistan during 1980s and 1990s. Recently, the public influence
on agricultural prices and fertilizers subsidy has gradually been reduced.
Moreover, public expenditures on research and its dissemination also
contribute to the agricultural growth in Pakistan. Many previous studies
observed that both public agricultural research and extension have pos-
itive and significant impacts on productivity (for example, Eyo, 2008;
Huffman and Evenson, 2006; McCarl et al., 2009). Direct monetary policy
impact is limited and credit requirement of farmers are mainly met
through informal setting where broker (Arhti) provides input on credit.
However, inflationary measures taken by the State Bank of Pakistan
may affect indirectly the demand of inputs and output in agricultural
sector.

The discourse in literature on development economics focuses the
agricultural productivity and various factors affecting its growth in
developing countries (see, for example, Ahmad and Martini, 2000;
Chang and Zepeda, 2001; Dayal, 1984; Fan and Pardey, 1997; Fare
et al,, 2008; Fernandez-Cornejo and Shumway, 1997; Huang and
Rozelle, 1996; Jensen et al., 2001). Gollin et al. (2002) shows that im-
provements in agricultural productivity accelerate industrialization
and, have large effects on relative income. Therefore, a greater under-
standing of the determinants of agricultural growth may be helpful in
understanding the development process for underdeveloped nations.

The impact of monetary policy on agricultural sector is rarely ana-
lyzed in the context of less develop countries. Few studies check the
impact of monetary policy variables on commodity prices in agricul-
tural sector (see, for example, Frankel, 2006; Hye, 2009; Orden and
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Fackler, 1989). In a recent study, Eyo (2008) finds that the exchange
rate regime has not encouraged agricultural export while, agricultural
credit is insignificant in affecting agricultural output growth. In recent
years, monetary authorities have been adjusting interest rate after
every three months in Pakistan keeping in view the economic condi-
tions. On the fiscal side, energy subsidies have been reduced gradually
due to contraints resulting in successive increases in energy prices
during the last few years.? The impact of energy policy on agricultural
sector is an ignored area and we could not find any study examining
this issue. This study contributes in many ways to the existing litera-
ture. We develop an econometric model of Pakistan based on input-
output framework using reduced form structural approach. Later,
we conduct simulation to analyze the impact of interest rate shocks
and various increases in energy price index on agricultural sector.
Our study extends to previous literature on policy role in agricultural
sector modeling both in breadth (i.e. consideration sub-sectors) and
analytical scope (i.e. model estimation through the recent economet-
ric methodology).

The development of agricultural sector models and identifying inter-
actions with other macroeconomic variables has long history. Byerlee
and Halter (1974) develops a simple simulation model for Nigeria built
on an input-output framework that enables interactions in the product
and labor markets. The study illustrates through linkage with an agricul-
tural simulation model and evaluate alternative agricultural policies. Roop
and Zeitner (1977) also develops agricultural sector model integrated
into a larger macroeconomic model in order to identify the relationship
between agriculture and rest of the economy. Some studies focus on the
price formation of agricultural output while examining the relationship
between agricultural sector and macroeconomic environment and finds
significant bilateral causal relationship between macroeconomic variables
and those refering to price formation in the sector. It shows that the mac-
roeconomic policies and decisions strongly affect the agricultral sector
and price stability (see, Dritsakis, 2003; Eckstein, 1984; Hye, 2009).

In spite of long history of such econometric modeling for policy
making, partial equilibrium model construction is less frequent in
developing countries. The problem with scattered commodity level
models is that these are poorly integrated with national or agricultur-
al systems, severely limiting their uses in practical work. This leads to
the so-called traditional paradox of “meaningful parts forming mean-
ingless whole” in agricultural model research (Chen, 1977).

The remainder of the paper is organized as follows. In the Section 2,
we provide the structure of agricultural sector in Pakistan. Section 3 pre-
sents the specification of the model and methodology and data is de-
scribed in Section 4. Sections 5 and 6 put forward respectively the
estimation results and validation of the model. The simulation analysis
is presented at Section 7 while Section 8 concludes.

2. Structure of agricultural sector in Pakistan

The agricultural sector has played an important role in Pakistan's
economy. It accounts for over 21% of GDP, and remains by far the larg-
est subsistence provider sector that absorbs 45% of the country's labor
force. Nearly 60% of the rural population relies directly or indirectly
on agriculture for their livelihood. The sector is the primary supplier
of primary goods to downstream manufacturing industry, high propor-
tional share in exports and a market for many industrial and energy prod-
ucts such as fertilizer, pesticides, machinery, oil and electricity. Pakistan
agricultural sector enjoys substantial growth during the Green Revolution
particularly in the crops sub-sector. The decade-wise cumulative average
agricultural growth rates are given in Table 1 showing the impact of
Green Revolution in terms of subsequent growth achievements.

2 There are two main energy regulatory bodies namely; Oil and Gas Regulatory Au-
thority (OGRA), which regulates the natural gas, LPG and oil products in Pakistan and
National Electric Power Regulatory Authority (NEPRA), which regulates the electricity
in the country.

Table 1
Historical ~ decade-wise agriculture  growth
performance.
Period Growth (%)
1960s 5.1
1970s 2.4
1980s 5.4
1990s 44
2000s 32

Source: Federal Bureau of Statistics, Government of
Pakistan.

Agricultural sector remains a key sector in economic development
despite the relatively fast growing industrial and services sectors. It is
due to its ability to produce food and source of livelihood. The food
security concerns are worldwide but South Asia is among the most
vulnerable regions where large number of people are food insecure.
World Food Programme (WFP) declared that more than 48% people
in Pakistan are food insecure (Khan, 2011). The agricultural sector is
a source of susvival for millions of rural households and accounts
for relatively huge share in national income and total employment
in most agrarian economies.

The agricultural sector output especially crops has been volatile in
nature. The major crops (wheat, rice, cotton, and sugarcane) contrib-
ute 1/3rd of agricultural GDP in Pakistan. The minor crops account for
11% of the value added in overall agriculture. Livestock contributes
53.2% to agricultural output—more than the combined contribution
of crops while the share of fishery in total agricultural output remains
2-3%. Livestock have rather stable growth trend. Fisheries share in
GDP is relatively low but it contributes substantially to the national
income especially through export earnings. The fourth component
of agricultural sector in Pakistan is forest that has contracted signifi-
cantly in the recent past. Pakistan is among few countries where
highest rates deforestation is taking place (Shahbaz et al., 2007).

To clearly appreciate the linkages between public policy and agri-
cultural growth in Pakistan, the causal relationships are given below
at Figs. 1 and 2. It shows that agricultural output at aggregate and
sub-sectoral levels has causal relationships as the graphical represen-
tations show same trend in the long-run. However, public investment
only remained driver of agricultural growth upto early 1990s and later
private sector investment became self sustained. Therefore, the trend
of public investment in agricultural sector does not match with the ag-
ricultural growth beyond 1995. Government agricultural investments
prior to early 1990s was mainly focused to mechanization of the sector.
During 1990s and 2000s, the public general investment keep on rising
that indirectly affected agricultural growth especially through better
water and energy infrastructure and access to markets. Hence fiscal pol-
icy affects agricultural growth directly as well as indirectly.

There are two important monetary policy channels affecting agri-
cultural growth, i.e. interest rate channel and credit channel. Fig. 2
shows that inter-bank call money rate and weighted average rate of re-
turn on bank advances have cointegration. Graphical analysis shows
poor causal relationship between agricultural output and interest rate.
However, credit to agricultural sector shows causal relationship with
the output. These relationships are further elaborated through an
econometric model.

3. Specification of the model

The disposition of agricultural sector in Pakistan is carried out by con-
structing a simultaneous equation model in an input-output framework.
It focuses on identifying the likages of the agricultural sector with fiscal
and monetary policy and a number of other interacting variables. The
role of fiscal policy is limited to government investment expenditures
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Fig. 1. Causal relationships between Fiscal Policy and Agricultural Output.

since agricultural sector is exempted from taxes. There are two instru-
ments of fiscal policy; public investment in agricultural sector, and gener-
al government investment on infrastructure such as expenditure on
roads, canals, dams, etc.

Economic literature discusses on various channels including the
interest rate channel, the credit channel, the exchange rate channel
and the asset price channel through which monetary policy affects
real sector of the economy. However, the relative importance of
each channel may differ from one country to another depending on
the structure of financial markets, central bank's credibility and the
degree of openness of the economy. According to a recent study on
monetary transmission channels in the context of Pakistan, monetary pol-
icy transmits mainly through interest rate and credit channels (Aleem,
2007, 2010). We concentrate only these two channels in this study. The
interest rate channel is considered as the most important monetary policy
channel in conventional macroeconomic models especially in the Neo
Keynesian context. The interest rate channel affects agricultural growth
through private investment, agricultural credit and capital stock whereas
credit channel operates through private investment. The exchange rate
regime of Pakistani rupee is characterized as the managed floating ex-
change rate and hence, the study does not contain the exchange rate
channel. The asset price channel is also not considered due to low market
capitalization of listed companies.
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The model assumes that the economy comprises of an agricultural
and a non-agricultural sector. Aggregate output or GDP at facor cost is
decomposed into agricultural output and non-agricultural output.

YEC=vh4y? (1)

Non-agricultural output is treated as exogenous here and derived
simply by subtracting agricultural output from overall GDP. Agricul-
tural output is represented for agricultural subsectors i.e. crops, live-
stock, fisheries and forestry.

A S T VIR (2)

We follow Akbar (2011) for constructing reduced form output func-
tions from supply and demand functions for all sub-sectors. The under-
lying production functions, the output supply and sectoral demand
functions and demand functions for variable inputs are assumed to be
of Cobb-Douglas form. It follows that the reduced form functions for
the sectoral outputs also take the Cobb-Douglas form. Input demand
functions for agricultural sector are specified at aggregare level. Supply
function for output in crop sector is assumed to depend on the price of
output in crops sector, prices of inputs (i.e. agricultural wage rate, ener-
gy price index, and fertilizer price index), capital stock, domestic credit
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Fig. 2. Causal relationships between Monetary Policy and Agricultural Output.
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to agricultural sector and rainfall. Although rainfall does not have any
linkage to the impact of monetary and fiscal policies upon agricultural
growth yet, we have included it as an explanatory variable that may ex-
plain the energy requirements of agricultural sector .

ve = ¥ (P, Wi PE PR KE, DY RF ) (3a)

Demand for output of crops sub-sector depends on the output
price, size of population, per capita income and price index of exports.

) CD [ ,C PC HEX
Yt =Y (Pt:Ntvyt 7Pt) (3b)

The reduced form output function for the crops sector is obtained by
solving Egs. (3a) and (3b) to eliminate the output price index of crops.
Hence, the output function for the crops sub-sector is specified as follows.

C  yC/y /A pEN pFR A A EX ,PC
Ye = Yo(W PN P kY, DCE, RF, Ny, PE YEC) (3)

Similarly, reduced form functions of output for livestock and fish-
ery are obtained. Output supply in livestock and fishery depends
upon output price, agricultural wage rate, energy price index, capital
stock, credit to agricultural sector and rainfall. Output demand is de-
termined by output prices, size of population, per capita income and
price index of exports.®> By eliminating the output prices, reduced
form output functions for these two sectors takes the form,

Y{“ = YL <W?7PEN’K?chﬁvRFtaNt»PfX#ch) (4)
Yf:YF(Wlp%PfNﬂKlgdeth:PfX:ch> 5)

For simplicity, we consider the output in forestry as exogenous due
to its negligible share in overall agricultural output (less than 1%). The
demand functions for labor, energy and fertilizer are derived as the cost
minimizing conditional input demand functions given the level of out-
put which depends on output, capital stock and input prices.

A JA[uA LA A pEN DR
1 = (ve ke Wi PR P ©)
A A(yA A (A DEN oFR
E'—F (yt,lq,thJt 7Pt) @)
A A(yA A (A DEN oFR
F*—F (yt,lq,wt,Pt 7Pt) (8)

Capital stock in the sector is derived from private investment and
public investment in agricultural sector by using the following identi-
ties.

g
6+gh
KM= (1—6)KM + (1{’*‘ + IEA) > 1

A .
KA = =1

9)

where 6 denotes annual depreciation rate of fixed capital in agricul-
tural sector while g*denotes annual compound growth rate of output
in agricultural sector. The role of fiscal policy represents in the model
through public fixed agricultural investment. Public investment de-
cisions to achieve growth tergets depends on public revenue. Hence,

3 Most of the output in fishery sector depends on marine fisheries and hence, rain
fall does not have much effect on fishery sector.

functions for public fixed investment expenditure and general govern-
ment investment expenditure are specified as follows.

GA _ GA A GG
I =1 <R[7Yt~,lt) (10

¢ =1°(Ry) (11)

Private fixed investment expenditure in agricultural sector de-
pends on the user cost of capital, lagged value of agricultural output,
public investment expenditures and domestic credit.

PA _ PA (KA GA GG
I =1 (Pt Yoo ,DC’?,Ir ) (12)

User price of capital for agricultural sector is obtained as the
sector-specific price index of capital goods multiplied by interest
rate on bank advances plus depreciation rate less rate of inflation in
the price index of capital goods.

PP (A s Lo 1 13
= e +0— pVA (13)
t—1

Demand function for agricultural credit depends on interest rate
and agricultural output thereby, allowing impact of monetary policy
on agricultural output through agricultural credit function.

pc? = pct (ri", y?) (14)

The wage rate in the sector depends on general price level, sector-
al output and unemployment rate.

wh = WA(PI,Yf\.,UR[> (15)

Energy price index and fertilizer price index are exogenous in the
model as prices of these inputs are set exogenously. Interest rate
(inter bank call money rate) is also taken as exogenous because it is
also fixed exogenously by the central bank. Overall price level of the
economy is modeled as it has a significant impact on prices of agricul-
tural outputs. Moreover, monetary policy also affects agricultural sector
through this channel and many recent studies presented the discourse
on this relationship rigorously (see, for example, Dahmardey et al.,
2010; Moorthy and Kolhar, 2011; Price and Nasim, 1999). General
price level in the economy is represented by GDP deflator (at factor
cost), which is determined by both the supply side as well as demand
side factors. GDP deflator is assumed to depend on aggregate output
of the economy, money supply, exchange rate, international oil prices
and energy price index. International oil price and energy price index
are considered as separate regressors because prices of different energy
forms are set by in the country exogenously. Hence, price function is
specified as follows.

P, = P(ch,Mzt, ER,,P"° x ERt,P[EN) (16)

where exchange rate, energy price index and international oil prices are
exogenous variables because these are not affected by agricultural out-
put. However, we model the behaviour of money supply. Money supply
is adjusted equal to money demand in the economy and the quantity of
money is set equal to liquidity demand, which depends on nominal ag-
gregate demand and nominal interest rate.

M2, = L(Pt x Yt,ritb) (17)

Sectoral price levels are determined by the interaction of supply and
demand forces. In the absence of explicit sectoral demand functions, an
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approximate procedure is adopted to determine the sectoral price
levels. Price level in sector j is assumed to be a function of general
price level and the sectoral outout. Thus output price levels in crops,
livestock, fishery and overall agricultural sector separetly are deter-
mined as follows.

P = (P[, Y{)wherej —C,LFA (18-21)

Finally, the per capita income and inflation rate are specified in the
model as follows.

FC
rc Yy
- (22)
Pr_Ptfl
m o =-Lt “t=1 23
t Ptfl ( )

4. Data and Methodology

Annual data of Pakistan for the period 1972-2010 is used to estimate
the model. All the variables are used in real terms (at base 1999-2000)
except exchange rate, wage rate, money supply and interest rates. The
economic variables are obtained from Pakistan Economic Survey 2010~
11 and various previous issues and Statistical Year Book, 2009 while the
agricultural data is obtained from Agricultural statistics 2010. Data on en-
ergy consumption is obtained from various issues of Pakistan Economic
Survey 2010-11 and Pakistan Statistical Year Book 2009. The different en-
ergy sources consumed in agricultural sector are converted into similar
unit that is, tones of oil equivalent.* Agricultural energy consumption var-
iable is obtained by adding these different sources. Price indices for sector-
al output are constructed by dividing the sectoral real output to sectoral
nominal output. Agricultural wage rate data is not available in the pub-
lished sources hence, we have used the same generated by Akbar (2011).

Annual compound growth rates of agricultural output are used to
derive the initial period data figures of capital stock. Annual depreci-
ation rate of fixed capital is used as 0.05. Some dummy variables are
also constructed and used in order to measure various shocks and
shifts in various regression equations due to policy changes or any
other event that leaves a significant impact on the economy. These
dummy variables are treated as exogenous variables in the model
and are explained at Appendix-B.

All the variables except rates are transformed into their natural log-
arithms. Besides regressors specified above, first and second order auto-
regressive schemes,” lag values of regressands, time trend and some
dummy variables are also added in most of the equations at estimation
stage to capture the effects of some additional aspects. Generalized
Method of Moments (GMM) is used for estimation of each equation
separately by 2SLS consistent estimates in EViews 5. GMM method is
considered superior to the alternatives in handling many econometric
problems including endogeneity, heteroscedasticity, serial correlation
and identification. It uses weighting matrix to account for serial cor-
relation and heteroscedasticity of unknown form and for nonlinear-
ities (see, Hansen, 1982; Newey and West, 1987; White, 1984). Hsiao
(1997) proves that conventional 2SLS inference procedure gives
consistent estimates hence, GMM estimator based on 2SLS consis-
tent estimates is considered as valid estimation technique. Further-
more, cointegrating relations due to non-stationarity of variables in
structural equations are found.

GMM estimation technique requires moment conditions. A set of
population moment conditions is specified on the regression errors.
These moment conditions set the expected value of the errors and

4 Unit conversion factors have been taken from www.onlineconversion.com.
5 Autoregressive schemes are used to control the problem of autocorrelation in the
equations.

the expected values of the products of errors with exogenous instru-
mental variables equal to zero. These population moments are then
replaced by the sample moments to derive the parameter estimates.
Identification in GMM requires that there should be at least as many
instruments (including the intercept) and, hence, the moment condi-
tions in each equation as the number of parameters to be estimated.
An equation may be under-identified, exactly identified or over-
identified depending on whether the number of instruments and,
hence the moment conditions in that particular equation are respec-
tively less than, equal to or greater than the number of parameters
to be estimated. In this study, number of instruments in each equa-
tion is greater than the number of parameters to be estimated
hence, all the equations are over-identified and GMM gives unique
estimates of the parameters in over-identified equations.

After estimation, the model is deterministically solved as a system
of equations by using Gauss-Seidel to get dynamic solutions for differ-
ent simulation experiments. Historical simulation experiment is con-
ducted by solving the model for the period 1975 to 2010 and the
results are used to check validity of the model. Other simulation ex-
periments are conducted on the basis of forecasting horizon con-
sisting of five years from 2011 to 2015. For this purpose, exogenous
variables are forecasted using best fitted Auto Regressive (AR)
model. Various experiments are performed by conducting determin-
istic simulations and the model is solved dynamically for the period
1975-2015 using Gauss-Seidel technique in all the experiments.

5. Results and discussion

There are 17 behavioral equations and 105 slopes to be estimated in
the model. Table 2 gives results of estimated equations and the results
of diagnostic tests indicating reasonably good fit and none shows any
symptoms of econometric problem. Values of Breusch-Godfrey LM
test statistic show that all the equations are free from the problem of se-
rial correlation up to two lags. Values of F-statistic show that explanato-
ry variables explain a significant amount of variability in the dependent
variable of each equation. Values of Adjusted R? are high in all the equa-
tions. Moreover, 72 out of 105, that is, 69%, of the estimated slops are
significant and the signs of almost all the estimated parameters in the
model are either according to theoretical expectations or somehow
can be justified. This indicates that there is not a problem of at least se-
vere incidence of multicollinearity in the estimated model.

White test shows that all the equations are free from the problem of
heteroscedasticity. Moreover, low level of standard errors and high
level of R%in most of the estimated equations show reasonably good
fit of the estimated model. In all the equations, number of instruments
is set greater than the number of parameters to be estimated. Moreover,

Table 2
Diagnostic test statistics for behavioral equations.

Regressand Durbin AdjR’> SE. J-Stat. F-Stat. GB-Stat. White test
Watson (p-value) (p-value)
Ye 1.81 099 0.04 0.69 21547 044 0.45
Y- 2.16 1.00 0.04 0.87 809.85 0.48 0.53
YF 1.11 0.93 0.13 0.76 4845 539 0.12
I 2.08 098 003 0.72 22172 0.18 0.27
EP 232 090 0.10 0.36 4934 1.24 0.31
F 1.20 099 0.08 0.58 402.44 4.55 0.25
I 212 0.93 0.14 033 13583 4.80 0.43
1A 1.88 067 094 0.40 1225 4.15 0.24
A 241 0.70 020 0.50 16.06 3.85 0.66
DCA 2.20 0.84 038 0.96 42.03 4.72 0.99
pA 2.28 1.00 0.02 0.63 1364420 1.08 0.16
P, 2.08 1.00 0.03 0.58 4497.29 0.54 0.32
wh 215 1.00 0.05 0.67 260193 0.62 0.60
Ps 1.67 1.00 0.06 0.13 1882.89 0.85 0.17
Pr 1.27 1.00 0.05 0.51 3301.00 4.61 0.50
PE 2.29 099 0.08 0.72 858.77 3.85 0.71
M2, 1.97 1.00 0.05 0.99 11379.70 0.23 0.61
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values of ] statistic show that the chosen instruments are exogenous
and satisfy orthogonality conditions in all the estimated equations.
We may conclude the above discussion that our estimated model is
free from any severe econometric problem.

Estimation results of estimated equations are given in Appendix A.
Agricultural wage rate shows positive relationship with output of all
three sectors indicating that wage increase improves efficiency of
the labor employed. Energy price index and export price index have
significant adverse impact on output, which implies that increase in
energy prices has negative effect on output supply and increase in ex-
port price lowers the demand for agricultural exports. Impact of fertilizer
price is negative but insignificant on crops output. The extensive fertilizer
subsidy in the past may cause insignificant coefficient of fertilizer price.
Capital stock, population size and credit to agricultural sector directly af-
fect output in all sub-sectors. Amount of rainfall has positive but insignif-
icant impact on agricultural output as most of the agricultural output
depends on canal water (almost 70%) or tube wells and arid agricultural
output constitutes only 10% in Pakistan.

Physical inputs considered are labor, energy, and fertilizer. All these
three inputs capture significant adverse impact from their own prices. En-
ergy price has significant direct relationship with labor demand which
shows that energy is substituted by labor with increase in its price. But
on the other hand, wage rate is insignificant in determining energy de-
mand. Fertilizer price and wage rate have negative but insignificant coef-
ficients in input demand functions. It means that increase in fertilizer
price has negative impact on output which results in decline of labor de-
mand and increase in wage rate raises efficiency of labor which results in
decline of fertilizer demand. Fertilizer price index and energy price index
have significant positive coefficients in energy demand and fertilizer de-
mand respectively which implies that both the inputs are substitutes.
Capital stock significantly affects all the three inputs demand. However,
its negative coefficient in labor demand equation implies that an increase
in capital stock lowers the demand for labor while its positive coefficients
in energy and fertilizer demand equations show that capital stock raises
the demand for energy and fertilizer. Higher capital stock implies mecha-
nization which results in expansion of cultivable land and increased
farming activity therefore higher demand of energy and fertilizers. Agri-
cultural output has direct impact on all three input demands. Our results
are similar to Ali et al. (2009), that the input intensification is inevitable
for agricultural output growth in Pakistan. Hazell and Rosegrant (2000)
however, suggest that the new investments in agricultural sector need
to be directed towards increasing productivity and efficient use of inputs.
In view of the resources scarcity, it is important for agricultural growth to
depend on production efficiency improvement to achieve sustainability
(also see, Jensen et al,, 2001; Hu and McAleer, 2005).

Inputs related to public policy are public investment expenditures
and agricultural credit. Public fixed investment in agricultural sector is
negatively and significantly affected by agricultural output. It shows
that government raises its investment expenditure in agricultural sector
when agricultural output growth falls short of growth targets. This is es-
pecially due to poor investing capability of private sector and market
structure, that the government bears the burden of investing in R & D
activities in agriculture in the country.

However, public fixed investment in agricultural sector has a signifi-
cant crowding-out effect, while general government investment expen-
diture has a positive and significant impact on private investment. It
indicates that government expenditures and investments on social and
physical infrastructure are more beneficial than investment expenditure
on agricultural sector. Moreover, data for public fixed investment in the
agricultural sector shows downward trend during the recent decade
and a little amount is invested in this sector now as shown by Fig. 1. On
the other hand, general government investment expenditure has upward
trend which indicates that recent fiscal policy pertaining to agricultural
sector is on right track.

The agricultural output of previous years contains negative and sig-
nificant coefficient in the equation of private investment. It shows that

agriculturist increases investment expenditure if they observe the de-
cline in output and vise versa. User cost of capital has adverse but insig-
nificant relationship with private investment in agricultural sector.
Agricultural output has a direct and significant impact on domestic cred-
it. Interest rate has negative but insignificant impact on domestic credit
to agricultural sector. It shows from estimation results that changes in
interest rate has less influence in determining credit and investment ex-
penditure to agricultural sector signifying the importance of institution-
al factors in determining the credit to the sector.

Sectoral output prices and wage rate are linked to overall price
level and monetary policy instruments. Overall price level represent-
ed by GDP deflator is directly affected by money supply, exchange
rate and energy price index while aggregate output has negative rela-
tionship with overall price level. International crude price has direct
but insignificant impact in determining the aggregate price level.
Nominal demand has significant direct and interest rate significant
negative effect on money demand and hence money supply in the
economy. Overall price level and agricultural output directly and sig-
nificantly affect while impact of unemployment rate is insignificant
on agricultural wage rate. Overall price level has direct while sectoral
output has negative relationship with output prices of crops, live-
stock, fisheries and overall agricultural sector.

Signs of all dummy variables are according to our expectations and
can be justified with respect to impact of the phenomena represented
by the dummies. D2>shows significant positive impact of first Afghan
war on output of crops sub-sector, public fixed investment expenditure
and credit to agriculture sector due to heavy foreign aid during that peri-
od. Positive sign and significance of the parameters of D& in the equa-
tions of GDP deflator, output deflator of crops sub-sector show adverse
impact of successive changes in governments during 1990s. Estimated
parameter of D%2% in the equation of public investment in agricultural
sector shows that government raises investment expenditure in agricul-
ture sector after the devastating flood in 1992. D%*%”captures adverse im-
pact of privatization process on general government investment. D9
shows positive impact of the event of atomic explosion in 1999.
Dummy variable D%?°7 representing the effects of 9/11 and subsequent
events contains significant positive sign in the equation of general gov-
ernment investment expenditure due to increase of foreign capital and
foreign aid. D7 representing the impact of oil price hike and food
price hike shows significant direct impact on output and price level of
crops and fisheries sub-sectors indicating rise in food production due to
rise in food prices.

6. Validation of the model

The model is deterministically solved as a system of equations by
using Gauss-Seidel technique, which gives predicted values by dynamic
solution for the period 1975-2010. Theil inequality coefficients, root
mean square percentage errors and mean absolute percentage errors
are presented in Table 3. The predicted values of the model and actual

Table 3

Validation statistics for within-sample prediction.
Variables  TIC RMSPE  MAPE  Variables  TIC RMSPE  MAPE
A 0.028  0.047 0.033 A 0.072  0.125 0.099
Ye 0.055  0.097 0.066  DCP 0.119 0260 0.177
Yt 0.029 0.045 0.025 P 0.069  0.109 0.078
Y§ 0.053  0.077 0.048 P, 0.064  0.097 0.070
I 0.032  0.057 0.038 wp 0.088  0.129 0.100
E} 0.056  0.096 0.059  Pf 0.069 0.116 0.088
F 0.043  0.062 0.044  P: 0.067 0.112 0.088
58 0.138  9.166 3517 PP 0.070  0.115 0.076
I 0.063  0.091 0.063 M2, 0.072  0.131 0.096

Note: TIC, RMSPE and MAPE denote respectively the Theil inequality coefficient, Root
mean square percentage error and Mean absolute percentage error.
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values are close to each other as the values of almost all statistics are with-
in acceptable range. The graphical projections of actual and predicted
values of key variables in Fig. 3 indicate that the deterministic dynamic so-
lution of the model tracks the actual time paths and the turning points of
the actual historical data reasonably well.

7. Simulation analysis

After establishing validity of the estimated model, it can now safely
be used for forecasting and simulation analyses to analyze the model's
properties. The study contains an analysis of the impact of interest
rate shock and multiplier analysis of energy price index.

7.1. Interest rate shock

Three experiments are conducted to see the impact of interest rate
shock on the agricultural output. In the baseline experiment, growth
rate of interest rate is adjusted as 1% for five forecasting years. Growth
rate of interest rate in the second experiment is taken as 20% for the
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year 2012 and 1% for rest of the forecasting years, i.e. an interest rate
shock is given that sustained in the forecasting period i.e. 2011-2015.
In the third experiment, growth rate of interest rate is adjusted as 20%
in 2012 but growth rates for the following three financial years are ad-
justed as —10%, —5% and — 2%; i.e. level of interest rate is decreased in
the following years after interest rate shock. The resulting growth rates
under these three experiments are reported for comparison in Table 4.
Graphical projection of the shocks is also presented in Fig. 4.

The results show that interest rate shock adversely affects agricul-
tural output, employment, fertilizer demand, private investment and
wage rate but it significantly lowers prices of sectoral output. Interest
rate shock negatively affects domestic credit to agricultural sector, private
investment and wage rate whose direct impact goes to sectoral output of
agriculture. As overall price level declines due to interest rate shock,
therefore, sectoral output price levels and, hence, overall agricultural out-
put prices also decline. This decline is significant while adverse impact on
agricultural output is not too much severe. Hence, it may be concluded
that interest rate shock does not have much adverse impact on agricul-
tural sector in Pakistan but it is useful to control inflation in agricultural
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Fig. 3. Projection of actual data (solid lines) and within-sample predicted values (dotted lines).
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Table 4
Numerical projection of interest rate shock (growth rates).
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Variables First (Baseline) experiment Second experiment

Third experiment

2010-  2011-  2012-  2013-  2014-  2010-  2011-  2012-  2013-  2014-  2010-  2011-  2012-  2013-  2014-

2011 2012 2013 2014 2015 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015
b 1 1 1 1 1 1 20 1 1 1 1 20 —10 -5 -2
A 6.65 3.63 3.72 418 461 6.65 3.46 3.45 3.74 4.07 6.65 3.46 3.57 3.98 450
Ye 8.57 2.01 2.07 2.86 3.51 8.57 1.70 1.59 2.07 258 8.57 1.70 1.80 2.51 3.35
Yi 461 476 4.90 5.10 5.37 461 470 4.80 494 5.13 461 470 4.84 5.02 5.29
YE 19.04 391 3.89 4383 5.88 19.04 3.40 3.16 3.63 447 19.04 3.40 3.51 431 5.64
2 3.52 1.88 0.68 0.96 133 3.52 1.83 0.59 0.82 1.15 3.52 1.83 0.62 0.90 1.28
EP 11.65 9.54 9.59 6.68 6.51 11.65 9.55 9.99 7.34 7.24 11.65 9.55 9.98 7.05 6.63
P 8.91 247 0.79 263 2.77 8.91 246 0.76 258 2.71 8.91 2.46 0.77 2.61 2.75
Icc 497 5.03 5.02 499 495 497 5.03 5.02 499 495 497 5.03 5.02 499 495
A 6.98 6.52 5.93 464 2.90 6.98 6.81 6.59 5.87 470 6.98 6.81 6.40 5.32 3.60
e 6.40 0.83 1.26 0.56 2.42 6.40 0.49 1.02 0.43 2.35 6.40 0.49 1.26 0.68 2.58
DCA 105 5.58 5.72 6.46 7.16 10.5 0.56 5.24 5.69 6.23 10.5 0.56 8.86 7.80 7.77
pp 273 3.29 3.94 3.90 3.81 273 230 1.67 1.14 1.52 273 2.30 235 3.04 439
P, 5.94 464 4.08 4.03 4.07 5.94 3.60 1.91 1.45 1.87 5.94 3.60 2.62 3.29 458
wp 7.37 3.82 3.64 5.12 6.85 7.37 3.35 229 2.88 421 7.37 335 2.61 3.98 6.33
Pe 2.88 336 3.02 2.19 1.37 2.88 275 1.35 0.04 —05 2.88 2.75 1.77 1.38 1.62
Pt 2.25 4.60 3.98 3.92 3.94 2.25 3.49 1.67 1.16 1.60 2.25 3.49 2.42 3.13 449
Pf 12.46 7.98 5.47 4,05 3.20 12.46 7.56 435 245 1.56 12.46 7.56 463 335 3.10
M2, 8.95 9.72 9.55 9.11 8.70 8.95 6.64 5.68 5.25 525 8.95 6.64 7.78 8.97 9.75

commodities which are considered basic necessities of life. It is also con-
cluded that it is not necessary to maintain the previous level of interest
rate after a shock as there is not much difference in the growth rates of
output or employment level between the second and third experiment.
However, output prices increase with decreasing the level of interest rate.

7.2. Multiplier analysis of energy price index

Estimation results capture only direct impact and show that in-
crease in energy prices has adverse impact on output as well as inputs
demand. In order to capture direct as well as indirect impact of in-
creases in energy prices on all sectoral outputs, input demands and
output prices, we conduct six simulation experiments by adjusting
various growth rates of energy price index for five years of forecasting
period. In the baseline experiment, growth rate of energy price index
is fixed as 1% for all five forecasting years. In the second experiment,
2% growth rate of energy price index for all five forecasting years is
taken. Similarly, 4%, 8%, 13% and 21% growth rates of energy price
index are considered for third, fourth fifth and sixth experiments re-
spectively (Table 5).

For each experiment, the model is solved as a system of equations
and resulting average growth rates of five forecasting years for key
variables are calculated. For the baseline experiment, average growth
rates of forecasting years are presented while deviations of average
growth rates of forecasting years from baseline experiment are pres-
ented for all other experiments.

It appears from the results of multiplier analysis that one percent-
age point increase in energy price index results in 0.12, 0.04, 0.10 and
0.07 percentage points decrease in output of crops, livestock, fishery
sub-sectors and overall agricultural sector respectively. Firstly, it im-
plies that increase in energy price index has a strong adverse impact on
output of all agricultural sectors. Secondly, crops sector is the strongest
victim of increase in energy price index. That perhaps is why, most of
the agricultural imports are of crops category. Successive increases in en-
ergy price index results in severe decline of crops output and government
has to import to meet internal demand.

One percentage point increase in energy price index results in 0.92
percentage point decline in energy demand and hence, labor demand
and fertilizer demand increase by 0.19 and 0.46 percentage points re-
spectively as these two inputs are used as a substitute for energy in

agricultural sector. Along with increase in employment level, wage
rates are also increased due to increase in inflation. Another adverse
impact of increase in energy price is that prices of agricultural output
increase and hike in both energy prices together with food prices cre-
ates a situation of higher inflation. One percentage point increase in
energy price index results in 0.67, 0.51, 0.36 and 0.50 percentage
point increases in output prices of crops, livestock, fishery and overall
agricultural sector.

According to above multiplier analysis, for every increase of al-
most 15 percentage points in energy price index results in loss of
one percentage point growth of agricultural output, 7.5 percentage
points increase in food inflation and 7 percentage points increase
in overall inflation in the economy. In a nutshell, analysis establishes
the fact that recent policy of successive increases in energy prices
harms agricultural sector growth. The government will have to re-
vise recent energy policy in order to make improvement in agricul-
tural growth rate and employment level as well as to control food
inflation.

8. Conclusion

Agricultural sector is essential to provide livelihood to masses in
developing countries. Previous studies illustrate the potential of agri-
cultural sector in economic growth and poverty reduction. The study
develops a simple simulation model built on an input-output frame-
work thereby, attempts to achieve two objectives. Firstly, it specifies,
estimates and validates an econometric model that can be used in eval-
uating the policy effects targeting the agricultural sector of Pakistan.
Secondly, the study applies the model in evaluating the possible effects
of macroeconomic policies on agricultural sector.

The model covers disaggregated output at three sub-sectors, input
demands, sectoral output prices, monetary and fiscal sector variables
and overall price level in the economy. Behavioural equations are es-
timated separately by using GMM. Overall the estimated equations
provide reasonably good fit. The model is then deterministically
solved as a system of equations by using Gauss-Seidel technique to
get dynamic solution of the model for different simulation experi-
ments. Historical simulation experiment establishes validity of the
model. Other simulation experiments are conducted to analyze
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Fig. 4. Graphical projection of interest rate shock*. *Solid lines represent resulting growth rates of baseline experiment while dotted lines and dotted as well as bold lines represent

resulting growth rates from second and third experiments respectively.

impact of interest rate shocks and to conduct multiplier analysis of
energy price index.

Three policy recommendations can be derived from the study.
First, the government should focus on general infrastructural invest-
ment instead of public investment in agricultural sector to due its
crowding-out effect in Pakistan. Recent fiscal policy matches to our
findings. Second, interest rate shock does not have much influence
on agricultural growth. However, it is a useful instrument to control
food inflation in the economy. Therefore, recent policy of higher
level of interest rate will be helpful to control inflation in the economy
without hurting agricultural sector. Third, multiplier analysis of

energy price index clearly establishes that increase in energy prices
exerts significant adverse impact on agricultural sector. For every in-
crease of 15 percentage points in energy prices results in loss of one
percentage point growth of agricultural output and 7.5 percentage
points increase in food inflation. Agricultural sector is found a victim
of recent increases in energy prices. The energy policy may be
reviewed to help this under-privileged sector and to solve the liveli-
hood issues of farming community in Pakistan. The developed model
may also be used for conducting various other simulation experi-
ments. Further improvements of the model are expected with its con-
tinued application to the analysis of agricultural sector of Pakistan.
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Table 5
Multiplier analysis of Energy Price Index.

Variables Experiment No.

Baseline 2 3 4 5 6
PN 1 1 3 7 12 20
A 5.21 —0.07 —0.21 —0.48 —0.80 —-1.27
Ye 487 —0.12 —0.34 —0.79 —1.31 —2.09
Yr 5.29 —0.04 —0.11 —0.26 —0.43 —0.69
YE 8.70 —0.10 —0.29 —0.67 —1.11 —1.76
A 0.58 0.19 0.58 133 2.25 3.65
Ep 13.82 —0.92 —2.71 —6.07 —9.90 —15.25
A 0.79 0.46 1.36 3.15 534 8.73
IeA 3.08 0.27 0.82 1.87 3.15 5.08
A 243 0.01 0.03 0.06 0.10 0.16
DCt 9.45 —0.12 —0.35 —0.79 —1.32 —2.10
pp 1.92 0.50 1.49 3.44 5.84 9.58
Py 3.03 0.47 141 3.26 5.54 9.08
wh 481 0.26 0.78 1.81 3.06 5.00
P —0.59 0.67 2.02 4.69 7.99 13.20
PE 2.09 0.51 1.51 3,51 5.96 9.78
PE 5.12 0.36 1.08 2.48 4.20 6.86

Appendix A. Estimated equations®

LOG(YE) = 1673+ 0.029*Loc( ) 0.326*L0G (WA)

— 0183 LOG(PEN) + 0.464*L0g(N,)—0.022*
LOG(PfR) + 0.029*L0G(DC! — G*LOG(PEX) + 0.567*

0.041 *DO407 0 072*[)9901

LOG(Y’;C) +0.006*LOG(RF,) +

+ 0.053*D%0%

Loc(yﬁ) — —1.028 + o.ozs*Loc(Kf) + 0_.02_5*Loc(w;‘)
~0.015*10G(P{") + 0.005*LOG(N,)— 0.018*
LOG(PF¥) +0.007*L0G(DC}) + 0.142*L0G(Y() + 0.005*LOG(RF,)

+ 0.916"10G(Y; ) + [AR(2) = — 0.219)]

Loc(yf) = — 6.656 + 0. 002*Loc(1<") + 0481 *Loc( )
— 0.192*L0G (Pf”) +0.049*L0G (DC") 0.311%
L0G (P‘?‘) +0.513*LOG(N,) + 0.934*LOG(YfC) —0.054*D?%

+[AR(1) = 0.305} +0.1117*D™7 —0.056* D"’

LOG(L’Q) — 0.873— 0.261 *LOG(K{‘)—0.0l(;*LOG(W{‘) + 0.147*
Loc(PfN) —0.086 « Loc(PfR> + ()_.3AZ*LOG(Y’;‘) + 0.595*

LOG(L’t‘_l) —0.129*10G (L;‘_z)

6 The bold and underlined values of estimated coefficients are statistically significant
at 1% or 5% level. The values which are only underlined but not bold, represent the co-
efficients which are significant at 10% level while the values which are neither under-
lined nor bold represent insignificant coefficients.
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LOG(E{‘) — — 34692 + 1.6_1_2*Loc(1<;‘) —0.691*Loc(w;‘>
- m*LOG(Pf”) n m*wc(z{“) + 1767*

LOG(Y?) + [AR(1) = 0.424] +0.0787* D™

LOG(F{‘) — 497 + M*LOG(K{‘)—O.O%*LOG(W?)
+ M*LOG(PfN> - 0.308*Loc(PfR) 1+0.174*

LOG(Y’?) n o.zss*Loc(Fﬁ‘,l) + [AR(z) - (ﬂs}

LOG (IG")

LOG(IF) + 0.776 + LOG(IE%, ) + 0.2208*D% +0.04"D**

6.856 + 0.907*LOG(R,)— 1‘603*LOG(Yf) +0.419*

+0.273 *D9296

0.147*D**"" + 0.139*D""

LOG(IEG) = —0.336+ 0.338*LOG(R,)—

+ 0.645"10G(I%, )

Loc(zf") — 2.601— m*wc(zﬁf‘) + m*wc(r}c)
—0.049*(13{‘*‘) — 0204 « LOG(Y’?_1> +0.019*

LOG(DC?) n ws*wc(z{’ﬁ])

LOG(DCA> = —10.787—2.027*r" + 1. 588*LOG< )+[AR( )]
— 0.836 + 0.560*D**%°

LOG(WA) = — 3110 + 0.367*LOG(P,) + 0497*LOG( )
—0.012*UR, + 0.913*LOG(W¢‘,1) 0.389*

Loc(w’[‘_z) n [AR(l) — — 0.35] + 0.0328*D**"7 — 0.086*D%*’

LOG(P,) = 1.536— 0.478*Loc(Yff) + 0.355*LOG(M2,) + 0.0229*
LOG(P}'VO*ER> + 0.109*LOG(ER,) + 0.1673 *LOG(P ”) + 0.858*

LOG(P,_,)— 0.53*LOG(P,_,) + 0.0471*D%

LOG(M2,) = —0.4926 + 0.325*L0G(P;"Y,) — 1.109* (i}
+ LO18*L0G(M2,_;)— 0.32*LOG(M2, )

LOG(P;) = 10.805 + 0.855*LOG(P,)— 0.833*L0G(Y; )

0382*LOG(P[,1) + 0.063*p*™

LOG(Pf) = 0.995 + 1.073  LOG(P,)~0.079 + LOG(Y; )
+ [AR2) = 0.664) - 0.036 - D™

LOG(Pf ) =1259+ 0.454*LOG(Pt)—0‘126*LOG(Yf)
+ 0.520"L0G(P{_; ) + 0.162*D*”
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Variable Description

Source

ey

DBOSS
DSGSS
DBQOO
D9296
D9407
DQQO]
D0207

D0407
ER,

E

I

i)

I

I

Domestic credit to Agriculture sector

Dummy variable representing period of
1st Afghan war

Dummy variable representing policy
change after Marshal Law regime
Dummy representing uncertainity due to
frequent changes in government
Dummy variable representing effects of
flood

Dummy variable representing
privatization policy

Dummy variable representing effects of
atomic explosion in Pakistan

Dummy variable representing effects of
9/11 and subsequent events

Dummy variable representing oil price
hike and food price hike

Nominal exchange rate (Rupees per US
dollar)

Energy consumption in agricultural sector

Fertilizer off-take

Annual compound growth rate of output
in agricultural sector used to construct
initial period capital stock

Expenditure on public fixed investment in
agricultural sector

General government investment
expenditure

Expenditure on private fixed investment
in agricultural sector

Capital stock in agricultural sector at the
beginig of period t

Labor employed in agricultural sector
Broad money

Population size

GDP deflator (based on GDP at factor cost)

Price index of agricultural output

Price index of output in crops sector
Price index of energy

Exports price deflator

Price index of output in fishery sector
Price index of fertilizers

User cost of capital in agricultural sector
Price index of output in livestock sector
Price index of capital goods for agricultural
sector

Internationald average Oil spot Price
(US $ per barrel)

Amount of rainfall

Total government revenues

Nominal interest rate on bank advances

Inter bank call money rate (nominal
interest rate)

Urbanization rate

Unemployment Rate

Wage rate in agricultural sector

GDP at market prices

Value added in agricultural sector
Value added in Crops sector

Demand of crops output

Supply of crops output

Value added in fishery sector

GDP at factor costs

Value added in forestry sector

Value added in livestock sector

Value added in non-agricultural sectors
Per capita income

Annual depreciation rate of fixed capital in
agricultural sector

Inflation rate based on GDP deflator

Pakistan Statistical
Yearbook
Constructed

Constructed
Constructed
Constructed
Constructed
Constructed
Constructed
Constructed
Pakistan Economic Survey

Pakistan Economic Survey
and Pakistan Statistical
Yearbook

Pakistan Economic Survey
Constructed

Pakistan Economic Survey
Pakistan Economic Survey
Pakistan Economic Survey
Constructed

Pakistan Economic Survey
Pakistan Economic Survey
Pakistan Economic Survey
Derived from nominal
GDP divided by real GDP
Derived

Derived

Pakistan Economic Survey
Derived

Derived

Pakistan Economic Survey
Construced

Derived

Derived

World Economic Outlook

Pakistan Economic Survey
Handbook of Statistics on
Pakistan Economy 2010
Handbook of Statistics on
Pakistan Economy 2010
Pakistan Economic Survey
Pakistan Economic Survey
Taken from a Ph.D. thesis
Pakistan Economic Survey
Pakistan Economic Survey
Pakistan Economic Survey

Pakistan Economic Survey
Pakistan Economic Survey
Pakistan Economic Survey
Pakistan Economic Survey
Derived

Derived

0.05

Derived

LOG(P?) — 0.983 + 0.9814*L0G(P,)— 04073*LOG(Yf) +0.170*

LOG(P?,l)—o.127*LOG(P?,2) +[AR(2) = —0.263]— 0.036*D*"
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