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Abstract

This article studies the supply and demand of major Pakistani crops. We
estimate supply elasticities using a Nerlovian partial adjustment process and
demand elasticities using the Deaton and Muellbauer Almost Ideal Demand
Systems (AIDS). We use secondary data from various Household Integrated
Economic Surveys and Agricultural Statistics of Pakistan. Our estimated supply
elasticities with respect to price lie between 0.1 and 0.5 for all crops. Pulses tend to
have higher elasticities than traditional crops such as wheat and rice. Demand
elasticities with respect to price tend to be inelastic, with the exception of poultry and
fruit which appear to be luxury items. Pulses are income inelastic, implying that
consumption may not rise significantly as per capita incomes and that the
introduction of yield enhancing varieties will lead to lower prices.
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1. Introduction

In Pakistan wheat, sugarcane, cotton, and rice accounted for more
than three-quarters of total crop output in 2015 (FAO, 2016). Wheat is the
country’s largest food crop in terms of production volume while cotton is
both an important export commodity as well as key raw material to the local
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textile industry. Rice is also an important cash crop and an important export
while sugarcane is used in the production of white sugar and gur (jaggery)
(Ministry of Finance, 2006). The cultivated area used to grow pulses is
currently around 1.15 million hectares out of which major pulses (chickpea,
lentils, mung bean and mash bean) used 1.09 million hectares. Chickpea and
masoor (lentils) are the major rabi (winter) crops while mung and mash are
the important kharif (summer) crops.

The production of pulses is lower than that of other competing
crops and has been declining due to seed quality and poor crop
management so that their prices have risen steadily for over the last decade
(Figure 1 and Vanzetti et al., 2018). The observed increase in prices can be
attributed to falling production and growth in population and incomes
(Aazim, 2013; Khan, 2015; and Junejo, 2016).

The fluctuation in the area of major crops in Pakistan is given in
figure 1.

Figure 1: Area under the different crop in Pakistan in 000,Ha
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Source: Agricultural Statistics of Pakistan, 2015-16

Farmers prefer to grow crops whose yields and prices are relatively
predictable and in Pakistan the prices of pulses tend to be unstable,
especially compared to wheat and sugar where the government operates a
price stabilization mechanism. Much of this price instability is due to
fluctuations in total output (Rani et al., 2012) with bumper harvests leading
to lower prices.
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Figure 2: Chickpea, Lentil and Wheat Prices in Pakistan
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The significantly higher prices of important crops are what
motivates research into understanding the consumer and producer
responses to rising prices. Such an analysis is essential for policymakers
attempting to design effective and pro-poor food policies. In this article,
we estimate the elasticities of supply and demand for the major crops
produced in Pakistan. This in turn can shed light on the potential impact
of higher agricultural productivity, induced by research and development,
since demand elasticities are important in determining the extent to which
the benefits of a productivity enhancement will be shared between
producers or consumers. If demand is inelastic, that is, not responsive to
price changes, then an increase in productivity will benefit consumers. On
the other hand, inelastic demand may be detrimental if the objective of
policy makers is to help small producers.

2. Empirical Methodology
A. Supply Response

The production response equation of different crops is estimated at
the national level data using Nerlove’s partial adjustment model (Nerlove,
1958; Ali, 1998; Savadatti, 2006; and Rani, 2015; used a similar approach).
The supply response function is specified as follows:
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Yit = Bo + B1Pit—1 + B2Pjt—1 + B3Yie—1 + BaCi + Bsl; + PsWre +
BrWie + BgFy + ue (1)

Y;=Production of crop i (kilotons) in year ¢;

P, = Lagged relative farm harvest price (FHP)/Wholesale prices of
concerned crop;

Pi;_1 = Lagged relative farm harvest price (FHP)/Wholesale prices of
competing crop j;

Y;+—1 = Lagged production of crop i;
C. = Cropping intensity (total cropped area divided by net sown area);
I, = Proportion of the irrigated area in the total cropped area;

W, = Weather risk during the rabi season measured by the standard
deviation from normal rainfall during growing months of crop i (in mms)
measured over the three preceding years;

Wye= Weather risk during the kharif season measured by the standard
deviation from normal rainfall normal during growing months of crop 7 (in
mms) measured over the three preceding years;

Fi=Fertilizer prices of urea and DAP of 50 kg in Rupees
yu=Error term.

Supply response variables are listed in Table 1. The decision by farmers on
how much of a particular crop to grow depends on the previous year prices
of the crop, prices of competing crops and previous year’s production.
Cropping intensity measures the pressure on land and a negative
coefficient for the impact of Ciindicates that an increase in the cropping
intensity has a negative impact on the production of a crop. The irrigation
intensity variable, I;, measures the public and private investment in
irrigation infrastructure over time. If the coefficient associated with this
variable is positive, the crop has benefited from irrigation facilities.

B. Demand Response

A number of studies have used time series data to estimate demand
functions (Schultz, 1938; Stone, 1953; Wold & Jureen; 1953). The estimation
of demand function in this study is based on Wold’s market statistics
approach to derive consumption, because of the lack of direct consumption
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data (which has also been used in other studies like Savadatti, 2006). We
applied the Linear Approximate-Almost Ideal Demand System (LA-AIDS)
methodology to estimate the demand function for all food items including
pulses. This approach has also been used by other authors like Ali (1998),
Ullah (2014) and Malik (2015). The model estimates both the own-price
elasticity as well as cross price and income elasticities of demand. The
model is specified as follows:

w; = a+ +f;In(x/p) + (2)
w;=budget share of good i
P;=price of good j(j=1,2,....n)
x= total expenditure on all food items
p;= price of the im commodity.

a,Y;; and p;are the parameters in the equation. Demand response variables
are listed in Table 2.

Table 1: Supply response variables

Variable Description

Yit Dependent variable (production of ith crop in kt)

Pae Lagged price of chickpea

Pwm) Lagged farm price of mungbean

Ps Lagged farm price of mashbean

Pre Lagged farm price of lentil

Pw Lagged farm price of wheat

Peeyy Lagged farm price of cotton

Pz Lagged farm price of maize

Pse1 Lagged farm price of sugarcane

Pree1) Lagged farm price of rice

Yie1) Lagged production of ith crop in kt

Ce Cropping intensity (total cropped area divided by net sown area);
I Proportion of the irrigated area in the total cropped area
F Fertilizer prices of urea and DAP

Wit Weather risk during the Rabi season

Wi Weather risk during the Kharif season
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Table 2: Demand response variables

Variable Description

Wit Dependent variable (Budget share of ith food)

Pcp Price of chickpea for consumer (Rs/KG)

Pmung Price of mung for consumer (Rs/KG)

Prmash Price of mash for consumer (Rs/KG)

Plentil Price of lentil for consumer (Rs/KG)

Puwheat Price of wheat for consumer (Rs/KG)

Price Price of rice for consumer (Rs/KG)

Prmeat Price of meat(mutton, beef and fresh fish)for consumer (Rs/KG)

Pmiik Price of milk(fresh and pasturized, packed, dried and condensed, butter, ghee,
yogurt, all converted into liquid milk equivalent)for consumer (Rs/KG)

Ppoultry Price of poultry(chicken) for consumer (Rs/KG)

Pueg Price of vegetables(tomato, potato, onion, and other for consumer (Rs/KG)

Prruit Price of fruit (citrus fruits, mango, apple, melon, graphs and dry fruits) for

consumer (Rs/KG)

3. Data and Results

We estimate the supply and demand elasticities using annual time
series from 1981 to 2015 taken from secondary data sources. Supply side data
is collected from the Agriculture Statistics of Pakistan (published initially by
the Ministry of Food, Agriculture and Livestock and later by the Ministry of
National Food Security and Research), the Economic Survey of Pakistan
(published by the Ministry of Finance) and other statistical bulletins. To
estimate demand, the use data from the nationally representative
Household Income and Expenditure Survey (HIES) for the 15 years from
1984-85 to 2015-16. HIES collects detailed information on the quantity and
value of consumption of various items by both rural and urban households
across provinces. This information provides us with the budget share of the
different food items to estimate the Linear Approximate Almost Ideal
Demand System (LA-AIDS). The prices of different food items facing
consumers were estimated by dividing expenditure with the respective
consumption quantities. OLS was used to estimate the equation by assuming
supply and demand are independent. Different variables were tested and
finalized depending upon the goodness of fit and the Pearson Correlation
test was used to quantify the degree and direction to which two variables
are related.
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Supply response parameter estimates are provided in Table 3 and
are generally consistent with expectations, with the exception of maize.
Own price elasticities of the various crops are between 0.1 and 0.5 and the
pulses tend to have higher elasticities than the traditional crops such as
wheat and rice. The estimated elasticity for maize has the opposite sign.
This probably reflects the correlation in crop prices. Farmers can substitute
maize with sugar and rice and if the prices of maize and these other crops
move together, farmers may switch out of maize if prices of other crops
rise relatively further.

The cross-price elasticities show a less consistent pattern. A
negative cross-elasticity indicates a substitute in production. This is to be
expected, except in circumstances where crops are typically grown
together. The cross-elasticity of chickpeas with respect to the price of lentils
is positive, although insignificant. For our purposes, the most important
cross-elasticity is between chickpeas and wheat, because we wish to
analyze the impact of removing the wheat subsidy on pulse production.
The cross-elasticity is quite high, -0.52, suggesting that chickpea
production is quite responsive to the price of wheat. The cross-elasticity for
lentils is -0.16, less responsive but still significant. Mung is responsive to
the price of maize (0.14) and mash to the price of rice (0.28). The results are
similar to the study of Rani et al. (2015).

The traditional crops, wheat, sugar and maize, are not significantly
affected by the prices of pulses. The exception is rice, which has a high
cross-elasticity with mash (0.28). There is also substitution between rice
and sugar, but rice production does not appear to be influenced by the
price of maize. Wheat, which is supported by a government floor price, is
not significantly affected by the prices of other crops. Lentils are found to
be a substitute for mung but a complement to rice. The main conclusion to
be drawn from the supply side estimates is that a fall in the price of wheat
should provide a significant boost to the supply of chickpeas.

Chandrasekhara Rao (2004) examined Indian agricultural supply
responses in Andhra Pradesh by using Nerlove’s Partial Adjustment Model.
The author found that non-price factors are more important determinants in
aggregate agricultural supply than price related factors in the state of
Andhra Pradesh. Mythili (2008) estimated supply responses for major crops
during pre- and post-reform periods using a Nerlovian adjustment-cum-
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adaptive expectation model. Their estimation is based on dynamic panel
data approach with data across states in India. They found no significant
difference in supply elasticities between the pre- and post-reform periods for
a majority of crops. They also found that farmers tend to respond to changes
by adjusting non-acreage inputs rather than shifting the acreage. This
includes better technology, use of better quality inputs and altering
cultivation intensity.

As far as the cropping intensity is concerned, our results find that
the production of pulses is mainly concentrated in areas with low cropping
intensity. This suggests that their production is normally pushed to less
fertile lands, which are marginal to main cereal and cash crop production.
The negative effect of cropping intensity on the supply of pulses also
reflects farmers” low preference for cultivating pulses as their main crop.
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The own and cross prices elasticity estimates of demand for
different food items in Pakistan are provided in Table 4. All the own-price
elasticities have the expected signs and magnitudes. Nearly all are between
0 and -1, signifying price inelasticity and essential nature of these goods,
with the exception of poultry (-1.2) and fruit (-1.1). All of the own-price
elasticities are significant except for vegetables. The estimated cross-
elasticities are less consistent; chickpeas are substitutes to mung and
poultry but complements to wheat. Lentils are a substitute for mung and
poultry but complementary to rice. Consumption of mung is affected by
the price of chickpeas and poultry. Mash consumption responds to prices
of chickpeas, mung and meat (beef and mutton). Wheat and rice are
substitutes. Rice itself can be substituted by several foods, including wheat,
chickpeas, fruit, milk and meat.

Moreover, this is confirmed by the low estimate of income
elasticity, 0.20. As incomes grow, consumers prefer to switch from rice
towards higher protein foods such as wheat, pulses, dairy products and
meats. Pulses are somewhat substitutable with poultry, fruit and
vegetables. This result is consistent with the findings of Farooq et al.
(1999), Haq et al. (2011) and Malik (2015). These results may also be
explained by the increased preference for dietary diversity. However, one
would have expected a complementary relationship for cereal products
with vegetable products in Pakistan, since cereal products are frequently
consumed jointly with vegetables (especially potatoes). Our results may be
driven by the impact of aggregation decisions of composite commodities.

Finally, we look at income elasticities (Table 5). As noted above,
the higher protein foods are more income elastic, indicating consumers will
switch into these as their incomes increase. Pulses are income inelastic,
indicating that consumption may not increase significantly as per capita
incomes increase. Based on income elasticities exceeding 1, meat, milk,
fruit and poultry are luxury goods.
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Table 5: Income elasticities of demand of different food items in Pakistan

Food items Elasticity
Chickpea 0.730***
Mung 0.636**
Mash 0.098***
Lentil 0.711***
Wheat 0.446***
Rice 0.191**
Meat 1.502%**
Fruits 1.646***
Vegetable 0.688****
Poultry 1.667***
Milk 1.036**

Note: **, *% ** *imply that elasticities are statistically significant at 1 percent, 5 percent and 10
percent.
Source: Authors’ calculations.

4. Summary and Conclusions

There has been little attention given to food legumes by policy makers
and researchers over the last few decades. Our results show that farm output
prices and good weather conditions positively influence the area allocation
decision made by Pakistani farmers. Farmers are price responsive and farm
prices of pulses are much higher than the prices of competing crops like
cereals, which should motivate pulse growers to increase the area devoted to
the cultivation of pulses, though currently the production of pulses is mainly
concentrated in areas of low cropping intensity. The estimated cross-
elasticities of supply indicate that a reduction in the subsidized price of wheat
would lead to an increase in chickpea production. An output subsidy for
pulses would increase production of all pulses.

On the demand side, all the own-price elasticities greater than -1,
with the exception of poultry (-1.2) and fruit (-1.1) and we find these
estimated elasticities to be significant in all the cases except for vegetables.
Pulses are income inelastic, indicating that consumption may not increase
as incomes increase; furthermore, with inelastic demand for pulses, the
introduction of yield enhancing varieties may lead to higher output and
lower prices. Another interesting finding is that cereals tend to have the
lowest expenditure elasticity of demand which reflect the fact that cereals
are a staple of the Pakistani diet. Our findings can guide policy makers
interested in projecting future food consumption and the policies required
in the face of increasing incomes and a growing population.
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