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Abstract 
The study was designed to estimate the restricted profit function in district Gujranwala, Punjab, 
Pakistan. Data were collected from 100 respondents using proportional allocation sampling tech-
nique. The analysis was done using SHAZAM software. The results indicate that the farmers are 
price-responsive. Rice own price elasticity was 1.873. The output supply elasticity of rice with re-
spect to education, land, fertilizer price and irrigation cost were 0.0.169, 1.274, −0.873 and −0.953 
respectively. Irrigation demand elasticity with respect to education, land, fertilizer price, irriga-
tion cost and output price were 0.14, 1.14, −0.783, −1.84 and 1.78 respectively. Fertilizer demand 
elasticity with respect to education, land, fertilizer price, irrigation cost and output price was 
0.023, 0.792, −1.65, −0.85 and 1.851 respectively. Lastly, the elasticity of profit with respect to 
education, land, fertilizer price, irrigation cost and output price was 0.20, 1.10, −0.83, −1.136 and 
1.92 respectively. The study recommends that Government should provide consistent electricity 
with stable rates, so that, they irrigate their fields through electric tube wells and ultimately their 
cost of irrigation decreases. The study also suggests that government should stabilized fertilizer 
prices to encourage its application. Furthermore, government should raise procurement price of 
rice to encourage its supply this; it in turn will also increase the profit of the farmer. 
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1. Introduction 
Agriculture is back bone of economic growth and development in Pakistan. Being the dominant sector, it con-
tributes 21.4% to GDP, employs 45% of the country’s labour force and contributes in the growth of other sectors 
of the economy. The healthy expansion in agriculture stimulates domestic demand for industrial goods and other 
services and supplying raw material to agro-based industry notably cotton textile industry which is the largest 
subsector of manufacturing sector [1]. 

Rice is staple food worldwide, particularly in “East, South, Southeast Asia, the Middle East, Latin America, 
and the West Indies”. It ranked second in production worldwide after maize crop. The world top ten producing 
countries are “China, India, Indonesia, Bangladesh, Vietnam, Thailand, Burma, Philippines, Brazil, and United 
States of America”. The other minor producers of Rice are Japan, Cambodia, Pakistan, Republic of Korea, Ma-
dagascar, Nigeria, Egypt, and Sri Lanka [2]. Rice plays a significant role in agrarian economy of the Pakistan. 
Pakistan is considered as main rice exporter with share of world trade of 10%, which is about 2 million tons an-
nually. Share of Pakistani basmati rice in export is 25% managed by private traders [3]. The main competitors of 
Pakistani rice are Thailand, India and Chad. The government of Pakistan has taken effective measures to in-
crease the production and quality of export rice. That’s why research efforts are continuing on developing high 
yielding basmati and IRRI varieties. Emphases are also being laid on agronomic research like fertilizer use, di-
rect seedling etc. and on improved extension services. The flow of input and credits is also being substantially 
increased [4].  

The importance of estimating valid elasticities of farm output supply and input demand can hardly be over- 
emphasized [5]. Reliable estimates of the responsiveness of the supply of and demand for agricultural products 
to prices and other factors are fundamental to accurate economic forecasting and valid policy decision making. 
For example, own-price elasticities of demand indicate the extent to which buyers vary their purchases as the 
price of the product rises or falls. These variations are measured as movements along the demand curve. Cross- 
price elasticities of demand provide a framework for understanding the interactions in food and fibre choice de- 
cisions by consumers. These are reflected in shifts in the location of demand curves. This understanding is nec- 
essary for the accurate analysis of the response of consumers to changes in prices of products due to changes in 
their external environment [6]. 

The policy analyses which evaluate the impact of changes in single price or non-price variables or combina- 
tions of them become available. Due to resulted both the price elasticities and the elasticities with respect to 
several other variables that are usually considered as constraints on farm production for the elasticity estimates 
of input demand and output supply [7]. Technological change and positive price policy can play a significant 
role in stimulating agricultural production through the desired allocation of resources. At these stages, the policy 
planners face the challenges to formulate suitable agricultural policy by which the desired growth of agricultural 
output can be achieved. In order to formulate effective price policy, one needs reliable empirical knowledge 
about the degree of responsiveness of demand for factors and supply of products, to reliable prices and technol-
ogical changes. The output supply and factor demand are closely interlinked to each other. Therefore, any 
change in factor and product prices affects the factor demand and output supply simultaneously. Rising cost of 
inputs discourages the input use and reduces the output supply. The decline in output supply raises food prices 
[8]. 

The literature suggests that production target achieved by providing very high support prices. As these high 
support prices may not practicable for Government, a more particular option is to bring more land area under 
rice crop and this area also allocated under modern rice varieties [9]. 

The study results are likely to be essential used for different reasons. For farm output supply reliable evalua-
tion should be made by using input demand elasticities, are of enormous importance for the accurate prediction 
of the responsiveness of farmers to changes in input-output prices and government taxes and therefore used in-
tensive programs to create the national requirement of development and food exports in agricultural sector. Re-
sults of the coefficient of elasticity may distribute a solid foundation in the development of effective policies ap-
plicable to the intrusion to support production, equity, efficiency and circulation revenues finally free in the 
agricultural sector of the economy. 

The purpose of this paper is to apply the normalized restricted translog profit function and the corresponding 
system of derived demand equations to the farm-level data for rice from three villages of district Gujranwala, 
Pakistan in order to generate policy-relevant empirical estimates for rice supply and input demand function. The 
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study addresses some of the issues that need to be confronted in determining what adjustments might be appro-
priate. In particular, the study explores the response of rice producers in district Gujranwala of Pakistan, to 
changes in prices and fixed inputs. 

2. Methodology 
2.1. Data Collection and Sampling 
A multistage sampling technique was used for the selection of sampled respondents. Various stages are involved 
in collection of data through multistage sampling technique. In the first stage district Gujranwala was purpo-
sively selected as it is the second largest rice producing district of Punjab province, Pakistan. In stage 2, out of 
five tehsils (Gujranwala City, Gujranwala Sadar, Kamonki, NowshehraVirkan and Wazirabad) one tehsil (Gu-
jranwala City) was randomly selected through simple random sampling technique. In third stage, three villages 
were randomly selected from a list of major rice producing villages of Gujranwala City. And then in the fourth 
and last stage a sample size of 100 respondents were randomly selected from selected villages through propor-
tional allocation sampling technique. Data collected for this study openly from farmers through face to face dis-
cussion. The collected data were entered in tally sheets of computer software EXCEL and SHAZAM. Various 
analyses of the data were presented in the tabulated form. 

2.2. Specification of Empirical Model 
The Normalized Restricted Translog Profit Function Approach was used, as formulated by Diewert [10] and 
Christensen, et al. [11]. 

2 2 2 2 2
* * * *

0
1 1 1 1 1

2

1

2 2

1 1

 ln 1 2 ln ln ln ln

ln 1 2

n

n

l

l ln

R i i ij i j ik i k
i i

k k

j i k

k k kh k h
k

p p p p z

z z z

α α γ δ

β θ ε

= = = = =

= = =

=

++ +

Π + + +∑ ∑∑ ∑∑

∑ ∑∑
              (1) 

where 
*
RΠ  = Restricted profit, ΠR, normalized by the output price (PR). 

*
iP  = Price of ith input (Pi) normalized by the output price (PR). 

i = j = 1, Irrigation. 
= 2, Fertilizer. 

Zk = Quantity of fixed input, k. 
k = h = 1, Area under rice crop. 

= 2, Average no. of schooling years per male family member above 13 years. 
α0, αi, γij , δik , βk  and θkh are parameters to be estimated. 
Ε = Random error. 

For econometric estimation, irrigation and fertilizer were used as variable inputs and land under rice crop and 
education as fixed inputs. These variables are defined as below: 

1) Restricted profit: It is calculated by excluding cost of irrigation plus fertilizer cost from total revenue and 
then normalized/divided by output price. 

2) Irrigation: In profit function irrigation input is used consist of per acre irrigation cost and then norma-
lized/divided by output price. It is represented by PIg in the model. 

3) Fertilizer: Fertilizer input used in equation is calculated as per kilogram price in rupees per acre, it is actually 
the total cost of different fertilizer converted in kilograms and then normalized or divided by output price of rice. 

4) Land: Land for rice crop is calculated as total land under rice crop it is represented by Z1. 
5) Education: Education was calculated as total education level of all male family members who were older 

than 13 and it is represented by “Z2”. 
The corresponding share equations are expressed as, 
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where Si is the share of ith input, SR is the share of output, Xi denotes the quantity of input i and yR is the level of 
rice output. 

Since the input and output shares come from a singular system of equations (since by definition SR ‒ ΣSi = 1), 
one of the share equations, the output share, was dropped and the profit and factor demand equations were esti-
mated as a simultaneous system. 

2.3. Estimation of Elasticities 
Production elasticities were calculated by using following formulae. 

2.4. Input Demand Elasticities 
The own price elasticity of demand for variable input i (ηii), was estimated as: 

  1ii i ii iS Sη γ= − − −                                         (4) 

where Si is the ith share equation, at the sample mean. 
For the cross-price elasticity of demand for ith variable input with respect to the price of jth variable input (ηij), 

the following expression was used. 
forij j ij iS S i jη γ= − − ≠                                  (5) 

The following equation was used for estimating the elasticity of demand for variable input with respect to 
output price, PR (ηiR) 
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The elasticity of demand for variable input with respect to kth fixed factor, ηik 

*ln ln lnik k ik i kh h RP Z Sη β δ θ δ+ + −=                          (7) 

2.5. Output Supply Elasticities 

To compute the elasticity of output supply with respect to price of ith variable input ( )Riє  the following equation 
was used. 

Ri i ji Rє S Sγ= −−                                          (8) 

The own price elasticity ( )RRє  was calculated using the following equation 
2

1
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The elasticity of output supply with respect to fixed input k ( )RKє  was computed as: 
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2.6. Profit Elasticities 
These are defined as: 

* *ln ln iP∂ ∂Π                                   (11) 

For the elasticity of profit with respect to changes in input prices and 
*ln ln kZ∂ ∂Π                                   (12) 

For the profit elasticity with respect to changes in fixed inputs. 
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3. Results and Discussion 
3.1. Parameters Estimates of the Normalized Restricted Translog Profit Function 
Estimated factors of the normalized restricted translog profit function and demand equations are entered in the 
following equations. The estimated parameters of translog profit function and input demand equations are used 
to calculate the elasticities of input demand and output supply in relation to the price of rice, the amount of fixed 
and changeable inputs prices. 

The following model was estimated empirically: 
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*ln RΠ  Coefficients Std. Errors t-Ratios 

0β  7.255 (1.823) (3.980) 

2
lgln P  −0.2968 (0.112) (−2.650) 

ln FP  – 0.1125 (0.018) (−6.252) 

1ln Z  + 0.5206 (0.043) (12.10) 

2ln 1 2Z −  +0.302 (0.158) (1.917) 

( )2
ln IgP  −1/2 0.152 (0.021) (−7.198) 

( )2ln FP  −1/2 0.2406 (0.023) (−10.19) 

ln lnIg FP P  −0.1354 (0.039) (−3.474) 

1ln lnIgP Z  +0.1846 (0.056) (3.297) 

2ln lnIgP Z  −0.0514 (0.023) (−2.238) 

1ln lnFP Z  −0.0820 (0.014) (−5.858) 

2ln lnFP Z  +0.015 (0.009) (1.771) 

1 2ln lnZ Z  −0.1939 (0.217) (−0.894) 

( )2

1ln Z  −1/2 0.0271 (0.012) (−2.262) 

( )2

2ln Z  +1/2 0.426 (0.379) (1.125) 

R2 = 0.8478; Adj. R2 = 0.8217; F = 116.43; DW = 1.96. 
 

The coefficient of determination value i.e. R2 reveals that the independent variable explains 82.1% of the var-
iation in the dependent variables. The value of F (116.43) shows that the model is good to fit. DW (1.96) shows 
that there is no auto co-relation problem [12]. The above model was used to calculate the equation of the de-
mand for changeable/variable inputs i.e. irrigation and fertilizer. 

3.2. Factor Demand Equations 

0 1 2 3 1 24ln ln ln lni Ig Fg P P Z ZD β β β β β= + + + +  

0 1 2 3 1 4 2ln ln ln lnI Ff gP P Z ZD β β β β β= + + + +  
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  Coefficients Std. Errors t−Ratios 

Dig 

0β  −0.2968 (0.112) (−2.650) 

lnPIg − 0.152 (0.021)) (−7.198) 

lnPF – 0.135 (0.039) (−3.474) 

lnZ1 + 0.184 (0.056) (3.297) 

lnZ2 −0.051 (0.023) (−2.238) 

Df 

0β  −0.112 (0.018) (−6.252) 

lnPIg − 0.135 (0.039) (−3.474) 

lnPF − 0.240 (0.023) (−10.194) 

lnZ1 − 0.082 (0.014) (−5.858) 

lnZ2 +0.015 (0.009) (1.77) 

 
where DIg and Df shows equation for demand of irrigation and fertilizer respectively. The intercept of both equa- 
tions were negative. The relationship of irrigation demand with irrigation cost, fertilizer price and education is 
negative. But positive relationship for land the demand for fertilizer has negative relation with fertilizer price, ir- 
rigation cost and land while positive relationship is estimated with education. 

3.3. Descriptive Statistics of the Variable Included in the Analysis 
After detailed interview of the rice growers in the study area results were presented in tabular form (Table 1) 
which showed that per kg price of rice mean was computed Rs. 39.4/- and its Standard Deviation was Rs. 8.7/- 
and its per acre Irrigation cost mean was found Rs. 21276.7 while Standard Deviation was Rs. 2932.1/-. Fur- 
thermore, per Kg price of fertilizer mean was calculated Rs. 37.5/- having Standard Deviation Rs. 10.2/- was 
figures out. During survey Area under rice was calculated in Acre(s) its mean and Standard Deviation were es- 
timated 8.4 and 5.6 respectively. In addition, for the production analysis Education was estimated in years. The 
mean value for education was 2.9 and Standard Deviation 1.46. At the end, Restricted Profit mean value was 
obtained Rs.38666.72 and Standard Deviation share was 10805.01. 

3.4. Calculated Elasticities and Their Accusation 
Table 2 demonstrates the elasticities of input demand and supply of output in relation to price of changeable in- 
puts, rice price and quantity of fixed inputs. Following elasticities were calculated by using translog profit func- 
tion and equations of input demand. 

Farmer feedback for increasing price of rice is positive and elastic in the study area, Surge of price by 1% of 
rice boost the output supply of rice increase by 1.873 percent. This Surge in rice prices would also encourage the 
expansion of direct and significant demand for input variables/changeable inputs. In quantitative terms, the per- 
cent surge in demand for irrigation associated with an increased percent of price of rice was 1.780 percent and 
for fertilizer it was 1.851 percent. Rising price of rice, also increase the net return of farmers in the study area: 1% 
increase in rice price, surge profit/net return of 1.920 percent. These results are in conformity with the results 
obtained by Rahman [13]. 

The outcomes of the own-price elasticity of demand for changeable inputs are negative, as expected and price 
elastic. Irrigation demand owns price elasticity is −1.842. Which shows 1% rush in the cost of irrigation, decline 
demand for irrigation by 1.842%. While for fertilizer the own price elasticity is −1.650, shows that 1% increase, 
in the cost fertilizer, decline demand by 1.65%. Similarly the effect of surge in the price of changeable inputs 
has negative impact on the supply of rice. Increase, in 1% cost of irrigation, reduce the supply of rice by 0.953%, 
likewise irrigation, fertilizer costs decreases the supply by 0.873%. In the same way surge in the prices of chan-
geable inputs also adversely affect profit. As the fertilizer elasticity and irrigation in relation to profit is negative. 
Cost of irrigation surge by 1%, decline profit by 1.136% and cost of fertilizer rise by 1% decline profit by 
0.832%. This is also consistent with the findings of Ullah [14]. 
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Table 1. Descriptive statistics of the variables.                                                                 

Variable Unit Mean Standard deviation 

Price of rice Rs/Kg 39.4 8.7 

Irrigation cost Rs/acre 21276.7 2932.1 

Price of fertilizer Rs/Kg 37.5 10.2 

Area under rice Acre(s) 8.4 5.6 

Education Years 2.9 1.46 

Restricted profit Rs. 38666.72 10805.01 

Source: Survey Data, 2011. 
 
Table 2. Calculated elasticities and their accusation.                                                            

With respect to Output price Irrigation cost Fertilizer price Land Education 

Output 1.873 −0.953 −0.873 1.274 0.162 

Irrigation 1.780 −1.842 −0.783 1.142 0.144 

Fertilizer 1.851 −0.851 −1.650 0.792 0.023 

Profit 1.920 −1.136 −0.832 1.101 0.200 

Source: Survey Data, 2011. 
 

Through overall estimation, the results reveal that changes in market prices whether output or input prices ef-
fects farmer profit, rice supply and resource use. The response of farmer with changing in input or output prices 
was significant in the study area. 

Irrigation demand elasticity in relation to fertilizer price is −0.783, which reveals that 1% raise in the cost of 
fertilizer, irrigation demand decrease by 0.783%. Similarly the fertilizer demand elasticity in relation to irriga-
tion cost is also negative −0.851, 1% rises in irrigation cost, decline 0.851% demand for fertilizer. These nega-
tive elasticities show that irrigation and fertilizer are complementary inputs. Their combined application surges 
production synergistically. 

Irrigation elasticity in relation to fixed input land is positive 1.142, which shows demand for irrigation, surge 
by 1.142% by increasing 1% land area. Fertilizer elasticity over the area under rice is 0.792 shows that 1% surge 
in the area under rice, surge demand for fertilizer by 0.792%. Similarly elasticity of irrigation and fertilizer with 
relation to education is 0.144 and 0.023 correspondingly, which shows that the demand for the fertilizer and ir-
rigation increases with the surge of education level of hose hold. So improving education level of the hose 
members, surge the demand for changeable inputs. The profit elasticity in relation to education is 0.200, reveals 
that the surge of 1 % of the education levels of farmers, profit increased by 0.200%. 

Rice supply elasticity in relation to fixed inputs land and education are positive i.e. 1.274 and 0.162 respec-
tively. The effect of land on rice supply is significant and expansion in fixed input land, not only surge supply of 
rice but also profit of the farmer surges significantly. On the other hand the effect of education on rice supply 
and profit is positive but inelastic. This is also in agreement with the estimation of Farooq et al. [9]. 

3.5. Concluding Remarks 
The analysis shows that farmers are price sensitive; that prevalence ensures equitable output and that input pric-
es is essential for preserving the incentive for farmers ultimately surged rice production. Furthermore, applica-
tion of fertilizers has surged the demand for irrigation affects positively. Surge in rice acreage significantly in-
creases the supply of rice and profits and stimulates the demand for changeable inputs. In terms of education on 
the other hand, they also have positive but inelastic effects on the supply of rice, net return of the farmer and the 
demand for changeable inputs. 

On the other hand, education level of the farming household also has a positive but inelastic effect on the sup-
ply of rice, the profit of the farmer and the demand for variable inputs. The results of the study suggest that the 
government should subsidize fertilizer prices to encourage its application. Increasing fertilizer application will 
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not only increase output but also will encourage on-farm employment. Similarly, bringing more area under rice 
cultivation will increase production and the rate of the farm employment.  
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