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ABSTRACT 
Research Background: Vegetables play a crucial role in human nutrition, particularly for 
individuals with a dietary preference, especially in developing nations such as Pakistan. Households’ 
consumption patterns and decisions are influenced by factors like income and prices. Purpose: The 
study is designed to investigate consumption of main vegetables and to estimate and compare 
vegetables own, cross price demand elasticities and expenditure elasticities in Khyber Pakhtunkhwa 
Pakistan. Research Methodology: The recently available data from the Household integrated 
Economic Survey of Pakistan is used and for analysis the Linear Approximate Almost Ideal 
Demand System (LA/AIDS) as a model is utilized.  
Results: The results show that the negative and less than one values of both Marshallian and 
Hicksian for own-price elasticities (OPE) for all provinces categorized vegetables as necessities. The 
Marshallian cross-price elasticities (CPE) of demand for the majority of vegetables having negative 
sign shows that these are complements while few vegetables having positive sign shows substitutes 
in the study area. Positive signs of expenditure elasticities (ES) in all provinces were observed 
categorized them as normal goods, while tomatoes and others are classified as luxury commodities. 
Short-term price increases will lower real income for consumers, which may in turn lower demand 
for price-inelastic vegetables. Household would allocate a substantial portion of their income to 
basic needs. Policies aimed at stabilizing prices should be crafted to improve the minimum amount 
of food that a household needs to eat each day and ensure the right consumption of various food. 
Keywords: Preferences, Fruits, LA/AIDS, Expenditure Elasticities, Hicksian and Marshallian 
Elasticities. 

 
INTRODUCTION 
Food being the most essential elements for living 
things after water and air to provide the required 
energy for growth. For healthy growth food plays 
an important role and build immune system 
against diseases. In general, human food consists 
of grains, fruits, pulses, and vegetables. They offer 
vital nutrients like carbohydrates, proteins fats, 
vitamins and minerals required for balanced 
human growth (child et al., 2019). 

Pakistan’s most significant industry is agriculture, 
which feeds its 241.49 million people and is 
expanding at a rate of 5.06 percent (GoP, 2023). 
Agriculture is mostly responsible for the nation’s 
food security and the wellbeing of its population. 
Horticulture a significant sub-sector of 
agriculture, produces a lot of vegetables. 
Vegetable demand is rising in local and export 
markets because of population increase and 
consumers’ awareness about the importance of   
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vegetables. The government intends to increase 
investment in the agriculture sector to fulfill the 
increasing demand in the local and export 
markets. Pakistan having various agro-climatic 
condition permits to produce a variety of fruits 
and vegetable such as citrus, mango, apple, guava 
and apricot. Vegetables highly demanded include 
potatoes, onions, tomatoes, carrots, cauliflower, 
spinach and peas (Dhandevi and Jeewon, 2015). 
Most of the vegetables produced in Pakistan are 
sold in local markets such as tomatoes, onions, 
and carrots etc. In 2021, a primary production of 
7.07 million tonnes of vegetables were recorded 
for Pakistan. The Vegetables primary production 
in Pakistan experienced an increase from 1.43 
million tonnes in 1972 to 7.07 million tonnes in 
2021, with growth occurring at an average annual 
rate of 3.55% (Pakistan vegetables primary 
production, 2022). The exporters have a good 
system of sorting, grading and packaging that 
helps them to conserve quality and vigor of 
vegetables produced.  
Vegetables are important part of our daily food 
and are compulsory for strong human body. The 
word vegetables came from old French in the 
early 15th century. Vegetables in the broad sense 
usually refers to the fresh edible part of certain 
herbaceous plants, such as stems, roots, flowers, 
leaves, fruit, and seeds. These plants are 
consumed fresh or prepared in a variety of ways. 
Vegetables consumption among adult falls short 
of the advised intake, despite an increased 
attention on their health advantages. As a result 
of a higher risk of non-communicable diseases 
(Budreviciute et al, 2020). In 2017, approximately 
3.9 million people lost their lives due to 
insufficient access to vegetables. Including these 
essential foods in one's daily diet can significantly 
decrease the chances of developing various non-
communicable diseases, such as cardiovascular 
issues and certain types of cancer (WHO, 2019). 
Throughout ancient civilizations in both the old 
and new worlds, certain vital vegetables have been 
acknowledged for their nutritional significance. 
Most fresh vegetables are low in calories and rich 
in water, containing approximately 3.5 percent 
protein and below than 1% fat. Additionally, 
vegetables are abundant in essential minerals like 
calcium and iron, as well as vitamins A and C. 
Most vegetables include high levels of dietary 
fibre and antioxidants.  

These vegetables are rich in folate and B vitamins, 
essential to produce new red blood cells in the 
body. Particularly important for children's health, 
folate also contributes to potentially reducing the 
risks of depression and cancer. Several 
researchers have investigated consumer’s 
preference and their intake of Fruits and 
Vegetables. However, research studies focusing 
on several intake of vegetables in Pakistan 
consumer are few in number. More research 
studies are required to investigate customers’ 
preferences and demand for vegetables and their 
response to change in own price, prices of other 
commodities and in their income. That’s why the 
study is designed to fill out this research gap with 
the objectives to investigate consumption of main 
vegetables and to estimate and compare 
vegetables own, cross price demand elasticities 
and expenditure elasticities in Khyber 
Pakhtunkhwa Pakistan. 
 
1. Literature of Review 
Zhou (2015) carried out a study and used the 
almost ideal demand system to examine shrimp 
demand along with beef, hog, and chicken in the 
US food industry, all of which contribute 
significantly to expecting supply policies, 
customer favourites and policy making. To 
achieve the objective, the study conducted an 
annual analysis spanning 37 years from 1970 to 
2006. The focus was on examining the elasticity 
of expenditure share, price, and expenditure 
changes, both individually and in relation to each 
other. Using an Almost ideal demands system 
model and two alternative specifications 
nonlinear and linear, the study estimated 
expenditures share equations for ocean prawns, 
beefs, penaeids, chickens, and pork. 
Subsequently, the experimental outcomes gained 
from the nonlinear AIDS model were linked to 
those from the LA /AIDs model, revealing several 
disparities between the two. The nonlinear 
results demonstrated higher predictability and 
alignment with microeconomic theory than the 
LA model's findings. Furthermore, the results 
revealed that numerous major slope coefficients 
and their incorrect signs did not conform to 
microeconomic theory. This might be due to 
heteroscedasticity, autocorrelation, data 
limitations, or shrimp being a completely 
different product. Ullah et al., (2019) conducted 
a study on a cross-sectional analysis of food 



 Volume 3, Issue 5, 2025 
 

  

https://theijssb.com                                 | Amir et al., 2025 | Page 783 
 

demand in KP, Pakistan, to realize the demand 
for various food commodities and to evaluate the 
contribution of significant commercial 
influences such as pricing, and income using a 
Linear approximate almost ideal demands 
system. The aim was to evaluation food demand 
system using the Pakistan household integrated 
economic data. The study encompassed fourteen 
food groups: dairy products, meat, fruit, sugar, 
vegetables, drinks, wheat & flour, rice, pulses, oils 
and fats, tea and coffee, baked products, and 
other food items. The researchers collected data 
on product prices, amount consumed, household 
food costs, and socioeconomics variables through 
a survey to accomplish this. The results indicated 
for dairy products, fruits, and baked products was 
>1 for the uncompensated own price elasticity, 
suggesting that these food groups were highly 
responsive to price changes. The prices of these 
foodstuffs would remain uniform. Any sales tax 
could result in a significant decrease in 
the consumption of such commodities. Milk has 
an expenditure elasticity of 1.5, while tea and 
coffee have an elasticity of 1.33, whereas meat, 
dairy products, fruits, other cereals, tea, and 
coffee are considered luxuries. The elasticity 
values for various food groups varied, with 
beverages having a range of 0.28 and essential 
pulses demonstrating the highest elasticity at 
0.91. On the other hand, milk, meat, fruits, other 
grains, coffee and tea, and baked products 
showed greater responsiveness to changes in total 
food expenditures (income). Consequently, if an 
income tax is imposed on personal household 
income, it is expected to decrease the 
consumption of these food groups in the 
province. Such measures could lead to food 
security concerns, particularly for low-income 
and middle-income households. Mufeeth et al., 
(2021) carried out research on evaluation of food 
in Sri Lanka for demand of coconut using a 
model of almost ideal demands system. Coconut, 
the second most important food in Sri Lanka, is 
in high demand as a significant agricultural 
commodity. The research relied on secondary 
and time series data from various publication 
from 1995 - 2016. Employing the almost ideal 
demands system, the researchers computed the 
local coconut income demands elasticity and the 
compensated and uncompensated price 
elasticities. Supply shocks and price fluctuations 
were identified as substantial issues affecting 

coconut consumers. Over the years, both the 
demand for coconut consumption and its price 
have shown an upward trend. The results 
indicated that the projected income elasticity of 
coconut was 0.825, while the Hicksian 
compensated and Marshallian uncompensated 
price elasticities were 0.725 and 0.758, 
correspondingly. These findings reveal the 
coconut's expenditure and price demand were 
inelastic, classifying as it is a necessary goods in 
Sri Lanka. The demand was anticipated to 
expand rapidly with Sri Lanka's population 
expansion, necessitating an increase in the 
country's coconut production. Hameed et al., 
(2021) researched the estimation of food 
consumption in Pakistan and used the Ideal 
Demand system. The data on HIES for 2015 to 
16 was obtained from the Pakistan Bureau of 
Statistics (PBS). The study's conclusions revealed 
the demand for most commodities, except fruits, 
flesh, sugar, and other goods, has a lower than 
unit elasticity in response to expenditure elasticity 
at the national and regional levels. On a national 
and regional level, cross-price elasticity 
demonstrated that Pakistan's most nutritious 
food commodities, such as fruits, milk, and meat, 
complement wheat, pulses, and vegetables. 
According to the regional analysis, the gross and 
net substitution impact in urban regions is 
greater than in rural areas. The study 
recommended that policymakers and other 
government institutions reassess the relationship 
between consumption, pricing, and income for 
national and regional food security. The 
government should support or subsidize the rise 
in food prices, particularly for nutritional goods 
for low-income people. Furthermore, the 
government should promote job possibilities for 
rural populations in livestock farming, 
agriculture, and the industrial sector. Shaheryar 
et al., (2022) conducted research in Pakistan using 
Linear approximate, almost demands system to 
investigative the demand for vegetables. To 
achieve this objective, data was from the 
household integrated economic survey for the 
fiscal year 2018-19 were utilized, and a linear 
approximate virtually ideal demand system was 
employed. The data set comprised 28,409 
households from 1,802 urban and rural primary 
sampling units (PSU). The research findings 
indicated that all vegetables' uncompensated and 
compensated own price elasticities were negative, 
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classifying them as necessities. Additionally, the 
cross-price elasticities demand for vegetables was 
positive, suggesting that they act as substitutes, 
while other commodities exhibited negative 
values, demonstrating complementary relation to 
the overall demand in Pakistan. Vegetable 
expenditure elasticities in Pakistan are positive, 
indicating that these are regarded as normal 
products. The total price elasticities of vegetables 
are inelastic; therefore, price changes will result 
in large expenditures on vegetables by the 
consumers. As a result, price stabilization 
programs must protect the food-insecure portions 
of society. The government must also give 
income-generating possibilities to help customers 
afford the necessary quantity and quality of 
vegetables.                              
 
2. Theoretical Modelling and Data  
This part of the study used the Linear 
Approximate, Almost Ideal Demand System 
(LA/AIDS) model to estimate demand elasticities 
for vegetables in Khyber Pakhtunkhwa, Pakistan. 
This research aimed to calculate the own price, 
cross-price, and expenditure elasticities of main 
vegetables.  
 
2.1 Universe of the Study 
This study was conducted in the Khyber 
Pakhtunkhwa of Pakistan to investigate the 
vegetable consumption patterns of consumers. As 
Pakistan is a developing economy and ranks as 
the world's fifth most populous country, it is a 
significant area of interest for research. With the 
world's tenth-largest labor force and a population 
growth rate of 1.80 per cent, the country covers 
an area of 796,096 sq km. According to the latest 
Pakistani census, the population stood at 241.49 
million, where residing in rural areas are 144.53 
million and in urban region, the residents are 
84.69 million. In 2023, the projected population 
are 241.49 million. Pakistan is geographically 
divided into 4 provinces. Which are Punjab, 
Sindh, Khyber Pakhtunkhwa (KP), and 
Baluchistan, each with distinct culture, 
traditions, lifestyle patterns, and consumption 
habits. Being an agricultural country, Pakistan's 
rural and urban regions exhibit variations in 
dietary preferences and vegetable consumption 
due to income inequality and differences in food 
quantity, quality, and expenditure. The 
population of Khyber Pakhtunkhwa (KP) is 40.85 

million, as per the latest data from the 
Government of Pakistan (GoP, 2023). The 
demographic disparities significantly influence 
the dietary habits and vegetable intake patterns in 
the four provinces of Pakistan. Each of the four 
provinces in Pakistan possesses distinct cultures, 
traditions, lifestyle patterns, and consumption 
habits. Being an agricultural country, a significant 
portion of the population resides in rural and 
urban areas, contributing to different 
consumption patterns. Furthermore, income 
inequality exists across the four provinces, 
resulting in variations in the quantity and quality 
of food consumed and changes in expenditure 
patterns. These differences in socioeconomic 
factors shape the food consumption patterns 
observed in each province of Pakistan.  
 
2.2     Data and Data Sources 
This study draws upon several previous works, 
including Haq et al. (2011), Fayaz et al. (2014), 
Haider and Zaidi (2018), Nasir et al. (2015), Jalil 
and Khan (2018), Ullah et al. (2018), and 
Hameed et al. (2021), which utilized Pakistan's 
Households Integrated Economic Survey (HIES) 
provided by the Pakistan Bureau of Statistics 
(PBS). The aim is to ensure precise and consistent 
estimation despite inconsistencies among 
population members. Additionally, data from the 
latest available Household Integrated Economic 
Survey (HIES) Pakistan Social part of Living 
Standards Measurements (PSLM) was used in this 
study for analysis in STATA- 17 software. 
 
2.3   Conceptual Framework 
Since Richard Stone's initial estimation of 
demand equations based on consumer theory in 
1954, researchers have continuously explored 
substitute specifications and functional forms. 
Among the numerous models proposed, the 
original Linear Expenditure system, the 
Rotterdam model, and the Translog model are 
the most utilized in present-day research. These 
models have been employed to assess demand 
theory's homogeneity and symmetry constraints. 
In this study, we have developed a novel model 
known as the Almost Ideal Demand System 
(AIDS), which exhibits the comparable level of 
generality to the Rotterdam and Translog models. 
Our model offers significant advantages over 
both of these models. One key advantage is that 
our AIDS model provides a flexible and 
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convenient approximation for any demand 
system, allowing for various applications and 
analyses. AIDS is suggested for improving 
conventional demand analysis.  
In 1954, Stone introduced the Linear 
Expenditure system (LES) by initially developing 
the LES model. The LES represents the 
expenditure on goods i (where i =..., n) as a linear 
function of its price (pi) and the individual's 
income (M). 

𝑝𝑖𝑞𝑖

= 𝑝𝑖𝑎𝑖

+  𝛽𝑖 [𝑚 − ∑ 𝑝𝑗𝑎𝑗

𝑛

𝑗=1

] … … … … … … … . … 3.1  

The sustenance parameter, represented by ai, 
signifies that the individual purchases ai units of 
good i at the price Piai, which is referred to as 
"dedicated" or "subsistence" consumption. ∑ 𝑝𝑗𝑎𝑗 
represents the overall cost of sustenance. The 
remaining expenditure, 𝑚 - ∑𝑝𝑖𝑎𝑖, is categorized 
as "extraneous expenditure." The ß's in the model 
reflect how consumers allocate their extraneous 
spending among various products. The value of 
𝑎𝑖 sometimes comes positive (+) or negative (-). A 
positive 𝑎𝑖 indicates inelastic demand, while a 
negative 𝑎𝑖 indicates elastic demand (Chang and 
Fawson 1994). A decade later, Thiel (1965) and 
Berten introduced the Rotterdam system, similar 
to Stone's linear expenditure method. The 
model's parameters are linear in econometric 
terms and conveniently relate to theoretical 
limitations. Instead, it works in differentials at 
the level of logarithm (Ullah et al., 2018). 

𝑊̅𝑖𝑥𝑡 ∆ ln 𝑞𝑖𝑥𝑡 = ∑ 𝑏𝑖𝑗

𝑛

𝑗=1
∆ ln 𝑝𝑗𝑥𝑡 +

𝑏1 (∑ 𝑊̅𝑗𝑥𝑡

n

𝑗=1
∆ ln 𝑞𝑗𝑥𝑡)………….. (3.2) 

Where 𝑊̅𝑖𝑥𝑡 denotes the expenditure share for 
𝑖𝑡ℎ commodity (𝑖 = 1, 2…, N) by individual x (x= 
1, 2…., X) at time t (t= 1, 2…...T) while, 𝑝𝑗𝑥𝑡  and 
𝑞𝑖𝑥𝑡 represents the respective prices and 
quantities.  

The expression  𝑊̅𝑖𝑥 = (𝑊𝑖𝑥𝑡 + 𝑊𝑖𝑥𝑡=1)
2, 𝑏𝑖𝑗

⁄   

and bi is constant coefficients (Mountain, 1988). 
The Indirect Translog System, devised by 
Christensen et al. (1975), is achieved using the 
logarithmic second ordering. The Translog 
system can represent the demand for required, 
extravagant, and inferior products and alternative 
and complementary relationships. 

log 𝑉 (𝑝,𝑥) =  𝛼𝑜 +  ∑ 𝛼𝑖 log
𝑝𝑖

𝑥
𝑛
𝑖=1 +

1
2⁄ ∑ ∑ 𝛾𝑖𝑗 log

𝑝𝑖

𝑥
𝑛
𝑗

𝑛
𝑖 log

𝑝𝑗

𝑥
 ………. (3.3) 

The total expenditure on goods is denoted by 𝑥, 
and 𝑝𝑗 is the price of good j. The parameters αo, 
𝛼𝑖, and 𝛾𝑖𝑗 are unknown in the context. The 
logarithmic version of Roy's identity can be 
employed to derive the equation determining the 
expenditure share on each good. This identity 
ensures that prices and income are normalized 
and exhibit homogeneity of degree zero. 

𝑤𝑖 =  
𝛼𝑖+ ∑ 𝛾𝑖𝑗 l 𝑙𝑜𝑔 (

𝑝𝑗
𝑥⁄ )𝑛

𝑗=1

1+∑ ∑ 𝛾𝑖𝑗
𝑛
𝑗

𝑛
𝑘 𝑙𝑜𝑔(

𝑝𝑗
𝑥⁄ )

, 𝑖 =

1, … … , 𝑛 ………………….... (3.4) 
In 1980, Deaton and Muelbauer introduced the 
Almost Ideal Demand System (AIDS) to address 
the issue of constant marginal budget shares 
while utilizing a widely used Hicksian demand 
function. The model inevitably satisfies the 
communal constraint by incorporating simple 
parametric constrictions such as balance and 
homogeneousness. This approach remains 
consistent with household budget data and can 
accommodate non-linear Engel curves. 
 
2.3.1  Derivation of LA/AIDS 
The Linear Approximation of the Almost Ideal 
Demand System (LA/AIDS) model can be 
written as;   
𝑤𝑖 =  𝛼𝑖 + ∑ 𝛾𝑖𝑗𝑗 𝑙𝑛𝑝𝑗 + 𝛽𝑖𝑙 𝑛(𝑥 𝑝⁄ ) +

𝜇𝑖………………………………….. (3.5)  
The parameters αi, βi, and γij must be estimated 
in the model. The variable wi denotes the budget 
share of the kth consumer allocated to the ith 
good, pj represents the price of the jth good, and 
x represents the total expenditure of the kth 
consumer. Additionally, P represents an 
aggregate price index that is defined by certain 
criteria or formulas, which may vary depending 
on the specific context or methodology used in 
the analysis.  
𝑙𝑛𝑝 =  𝛼0 + ∑ 𝛼𝑖

𝑛
𝑖=1 𝑙𝑛𝑝𝑖 +

1

2
∑ ∑ 𝛾𝑖𝑗

𝑛
𝑗=1

𝑛
𝑖=1 𝑙𝑛𝑝𝑖𝑙𝑛𝑝𝑗…………….. (3.6) 

Where 𝛾𝑖𝑗 =  
1

2
(𝛾∗

𝑖𝑗 + 𝛾∗
𝑗𝑖) =  𝛾𝑗𝑖 for two 

goods  𝑖 𝑎𝑛𝑑 𝑗 ………………….. (3.7)            
In the AIDS model, the price coefficients for 𝑤𝑖 
become non-linear when the price index is used 
in equation 3.7, leading to a complex non-Linear 
system. Deaton and Muellbauer (1980) 
recommended replacing the price index (P) with 
Stone's price index 𝑝* to simplify this 
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relationship. This linearization approach helps in 
making the model more manageable and 
interpretable. 
𝑙𝑛𝑝∗ =  ∑ 𝑤𝑖𝑖 𝑙𝑛𝑝 … … … … … ….… . (3.8)
  
 "LA/AIDS" model utilizes Stone's pricing index. 
However, since prices are never perfectly 
collinear, using the Stone index introduces some 
unit of measurement error as discussed in Asche 
and Wessells, 1997, Moschini, 1995, and Alston, 
Foster, and Green, 1994. Moschini (1995) 
suggests using a Laspeyres pricing index to 
compensate for measurement mistakes. Equation 
10 provides the log-linear counterpart of the 
Laspeyres price index by replacing a mean budget 
share.  𝑤̅̅̅𝑖 by 𝑤𝑖 
𝑙𝑛(𝑝𝐿) = ∑ 𝑤̅𝑖𝑖 𝑙𝑛 (𝑝𝑖)…………. …………(3.9) 
The LA/AIDS model with the Laspeyres pricing 
index is denoted as: 
w𝑖 =  a∗∗ + ∑ δ𝑖kηkk +

∑ γ𝑖𝑗𝑗 𝑙𝑛(𝑝𝑗) β𝑖 (𝑙𝑛(x) − ∑ w̅𝑗𝑗 𝑙𝑛(𝑝𝑗)) +

μ𝑖
∗∗………. (3.10) 

a∗∗ =  α𝑖 −

β𝑖 (α0 −  ∑ w̅𝑗𝑗 𝑙𝑛(P̅𝑗))……………….. (3.11) 

Where 𝑤𝑖 is the 𝑖𝑡ℎ good budget (expenditure) 
share; δik is the vector of parameters. ηk is a 
matrix of demographics variables such as age, 
household size, marital status, and provinces 
among others. 𝑝𝑗  is the 𝑗𝑡ℎ good nominal price; 
𝑙𝑛 𝑋 is total expenditure; 𝑙𝑛 𝑝𝑖 is the translog 
price index, 𝑈𝑖is the stochastic error term; and 𝛼𝑖, 
𝛽𝑖 and 𝛾𝑖𝑗  are the parameters that must be 
evaluated. 
 
2.3.2 Derivation of Demand Elasticities for 
the LA/AIDS model 
Extensive research has been conducted on the 
elasticity derivations for the LA/AIDS models. 
To determine the expenditure elasticity 𝑒𝑖, one 
can take the derivative of Equation 3.10 in 
relation  to ln(x), following the suggestions of 
Buse (1994) and Green and Alston (1990): 

𝑒𝑖  = 1 +  (
1

𝑤𝑖
)  (

𝜕𝑤𝑖

𝜕𝑙𝑛 (𝑥)
) = 1 +

(
𝛽𝑖

𝑤𝑖
)……………………………………………. (3.12) 

Price elasticity can be calculated in two ways: 
uncompensated elasticity (which takes into 
account both substitution and income effects) 
and compensated elasticity (which just takes into 
1account substitution effects). Taking the 
derivative in terms of ln pj, we may calculate 

uncompensated and ln pi cross-price (j ≠ i) and 
own-price (j = i) price elasticities, eij

LA/AIDS, and 
eii can be calculated:   

𝑒𝑖𝑗
𝐿𝐴/𝐴𝐼𝐷𝑆 =  −  𝛿𝑖𝑗  (

𝑖

𝑤𝑖
) (

𝜕𝑤𝑖

𝜕𝑝𝑗
)  =  −  𝛿𝑖𝑗 +  (

𝛾𝑖𝑗

𝑤̅𝑖
) −

(
𝛽𝑖

𝑤̅𝑖
) 𝑤̅𝑗        ∀𝑖,𝑗 = 1, ,  𝑛 ….. (3.13) 

Where δij  is the Kronecker delta and it is equal 
to one for own price and zero for cross-price 
elasticities. The compensated price elasticities, 
𝑠𝑖𝑗

LA/AIDS ,  is as follows: 

𝑠𝑖𝑗
𝐿𝐴/𝐴𝐼𝐷𝑆 =  𝑒𝑖𝑗 +  𝑒𝑖𝑤𝑗 =  −  𝛿𝑖𝑗 +  (

𝛾𝑖𝑗

𝑤̅𝑗
) +  𝑤̅𝑗     ∀𝑖,𝑗 =

1, … ,  𝑛…………… (3.14) 
 
2.3.3 Theoretical Consistency 
The parameters of the AIDS model can be 
restricted in the following ways: 
The resulting parameter limitations are implied 
by adding up.  
∑ 𝛼𝑖 = 1𝑛

𝑖=1 ∑ 𝛽𝑖 = 0𝑛
𝑖=1 ∑ 𝛾𝑖𝑗 = 0𝑛

𝑖=1  …………. 
(3.15) 
Homogeneity requires that ∑ 𝛾𝑖𝑗 = 0𝑛

𝑖=1  
………………………………… …... (3.16) 
Symmetry is satisfied for two goods 𝑖 𝑎𝑛𝑑 𝑗 if 
𝛾𝑖𝑗 = 𝛾𝑗𝑖…………………………………………….. (3.17) 
Negativity does not appear on its own, but it can 
be verified by estimating all of the compensated 
own-price elasticities.  
 
3. RESULTS & DISCUSSIONS 
3.1  Empirical Analysis 
The estimated findings for each vegetable from 
the LA/AIDS model are presented in this 
section. The empirical results of the given 
demand functions indicate that every estimated 
coefficient is in agreement with a previous 
theoretical expectation.  
 
3.1.1 Marshallian Own Price Elasticities 
According to economic theory, a good’s own 
price elasticity should be negative and exhibit a 
downward sloping demand curve.  The response 
of consumer’s reactions to price changes revealed 
through own and cross-price elasticities. To 
analyse the impact of price fluctuations on 
welfare, both Hicksian and Marshallian OPE of 
the demand curve were calculated.  All OPE of 
vegetables had an appropriate sign as shown in 
table 1. The Hicksian own price elasticity of 
demand suggests the substitution effect for 
change in price keeping utility fixed while the 
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Marshallian elasticity of demand shows both the 
income and substitution effect. All the 
Marshallian OPE of vegetables have negative sign. 
The estimated result show that the households 
were relatively responsive to the change in the 
price level of vegetables.  The Marshallian own 
price elasticity for potato (-0.6768); onion (-
0.2775), tomato (-0.6768), cauliflower & cabbage 
(-0.0495), eggplant & cucumber (-0.3578), bottle 

gourd & indian squash (-0.2004), carrot & radish 
(-0.2116), peas (-0.2001), sponge gourd (-0.0571), 
garlic (-0.2079) and others (-0.5202). The own 
price elasticity value is maximum for potato (-
0.6768) and minimum for cauliflower & cabbage 
(-0.0495). The estimated own-price elasticities for 
vegetables reported by Ullah et al. 2018 was 
(0.58), Hameed et al. 2021 was (-0.763) are 
similar to our study.  

 
Table 1: Marshallian Own Price Elasticities 

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 Elasticities Values 
Potato -0.6768 

(0.000) 
Onion -0.2775 

(0.000) 
Tomato -0.6768 

(0.000) 
Cauliflower & cabbage -0.0495 

(0.000) 
Biter gourd, lady finger, eggplant, cucumber -0.3578 

(0.000) 
Bottle gourd & Indian squash -0.2004 

(0.000) 
Carrot & radish -0.2116 

(0.000) 
Peas -0.2001 

(0.000) 
Sponge gourd -0.0571 

(0.000) 
Garlic -0.2079 

(0.000) 
Others -0.5202 

(0.000) 
Source: Authors’ estimation using HIES data, 2018-19., * figures in the parenthesis shows P-values. 
 
3.1.2  Hicksian Own Price Elasticities 
The Hicksian OPE for all vegetables are inelastic 
& has a negative sign in Khyber Pakhtunkhwa. 
The Hicksian OPE of vegetables for potato (-
0.1202), onion (-0.3090), tomato (-0.4633), 
cauliflower & cabbage (-0.0495), eggplant & 
cucumber (-0.2835), bottle gourd & Indian 
squash (-0.1479), carrot & radish (-0.1666), peas 

(-0.1579), sponge gourd (-0.0154), garlic (-0.1526) 
and others (-0.4101). The Hicksian OPE value is 
maximum for tomato (-0.4633) and minimum for 
sponge gourd (-0.0154).  The estimated Hicksian 
own-price elasticities reported by sheheryar et al. 
(2022) for tomato and garlic was –0.3721, -0.1798 
shows similarity to our results. 

 
Table 2: Hicksian Own Price Elasticities 

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 Elasticities Values 
Potato -0.1202 

(0.000) 
Onion -0.3090 

(0.000) 
Tomato -0.4633 
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(0.000) 
Cauliflower & cabbage -0.0495 

(0.000) 
Biter gourd, lady finger, eggplant, cucumber -0.2835 

(0.000) 
Bottle gourd & Indian squash -0.1479 

(0.000) 
Carrot & radish -0.1666 

(0.000) 
Peas -0.1597 

 (0.000)) 
Sponge gourd -0.0154 

(0.217) 
Garlic -0.1526 

(0.000) 
Others -0.4101 

(0.000) 
Source: Author’s Own Estimation, 2018-19., * figures in the parenthesis shows P-values. 
 
3.1.3 Marshallian Cross-Price Elasticities for 
Khyber Pakhtunkhwa 
Table (3) shows the Marshallian CPE for 
vegetables in Khyber Pakhtunkhwa including 
substitution, complementary and supplementary 
relation among all vegetables. When a household 
faces fluctuations in disposable income whether 
positive or negative the usual approach is to 
determine the percentage change in spending or 
savings before making decisions on adjustments 
to expenditures. Vegetables exhibiting positive 
and significant CPE indicate that they serve as 
substitutes. The Marshallian CPE for potato in 
relation  to prices of onion (-0.0210), cauliflower 
& cabbage (-0.0620), eggplant & cucumber (-
0.1199), Indian squash, pumpkin, bottle gourd (-
0.0453), carrot & radish (-0.0698), peas (-0.0708), 
sponge  gourd (-0.0609) and garlic (-0.0172) have 
negative sign and significant based on these 
vegetables are complements while positive sign 
and statistical significant, Marshallian CPE for 
potato in relation  to prices of tomato (0.0214) 
and others (0.0301) shows that these vegetables 
are substitutes. The cross-price elasticities of 
onion in relation  to prices of tomato (-0.0750), 
cauliflower & cabbage (-0.0785), eggplant & 
cucumber (-0.0697), Indian squash, pumpkin, 
bottle gourd (-0.0661), carrot & radish (-0.0616), 
peas (-0.0595), sponge  gourd (-0.0664) have 
negative sign and significant based on these 
vegetables are complements while positive sign 
and statistical significant Marshallian CPE for 
potato in relation  to prices of  garlic (0.0185) and 

others (0.0306) shows that these vegetables are 
substitutes. Similarly, the CPE for tomato in 
relation to prices of cauliflower & cabbage (-
0.0426), eggplant & cucumber (-0.0772), bottle 
gourd & Indian squash (-0.0191), carrot & radish 
(-0.0614), sponge gourd (-0.0455), garlic (-0.0339) 
and others (-0.0137) have negative sign and 
significant based on these vegetables are 
complements. The Marshallian CPE for peas in 
relation to prices of sponge gourd (-0.0207) and 
others (-0.1203) have negative and significant 
based on these vegetables are complements. The 
Marshallian CPE for sponge gourd in relation to 
prices of garlic (-0.0821) and others (-0.1165) have 
a negative sign and significant based on these 
vegetables are complements. The Marshallian 
CPE in relation to prices of garlic with others (-
0.1824) have a negative sign and significant based 
on these vegetables are complements. 
 
3.1.4 Hicksian cross price elasticities Khyber 
Pakhtunkhwa 
All the Hicksian cross price elasticities reveal both 
positive and negative sign in table (3). The 
positive sign indicates these vegetables 
commodities are substitutes, implying that an 
increase in the price of one vegetable can lead to 
an increase in the quantity demanded for another 
whereas those with negative sign indicates that 
these vegetables serve as complements shows an 
increase in the price of one vegetable corresponds 
to a decrease in the quantity demanded for 
another. The Hicksian CPE for onion in relation 
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to prices of tomato (0.0760), cauliflower & 
cabbage (0.0725), eggplant & cucumber (0.0813), 
bottle gourd & Indian squash (0.0849), carrot & 
radish (0.0894), peas (0.0915), sponge gourd 
(0.0846), garlic (0.1696) and others (0.1818) have 
positive sign and significant categorized them as 
substitutes. The Hicksian CPE for carrot & 
radish in relation to prices of others (-0.0206) 
having negative sign and significance level greater 
than 0.05, classified these vegetables as 
supplements. The Hicksian CPE for peas in 
relation to others (-0.0854) have a negative sign 
and significance level below than 0.05 categorized 
these vegetables as complements. 
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Table 3: Hicksian Cross Price Elasticities for Khyber Pakhtunkhwa 
𝐄𝐱𝐩𝐥𝐚𝐧𝐚𝐭𝐨𝐫𝐲 

 𝐯𝐚𝐫𝐢𝐚𝐛𝐥𝐞𝐬  
𝐏𝐨𝐭𝐚𝐭𝐨 𝐎𝐧𝐢𝐨𝐧 𝐓𝐨𝐦𝐚𝐭𝐨 𝐂𝐚𝐛𝐛𝐢𝐚𝐠𝐞 𝐁𝐢𝐭𝐭𝐞𝐫 𝐆𝐨𝐮𝐫𝐝 

 
𝐈𝐧𝐝𝐢𝐚𝐧 𝐒𝐪𝐮𝐚𝐬𝐡  
𝐆𝐨𝐮𝐫𝐝  
 

𝑻𝒖𝒓𝒏𝒊𝒑 
 

𝑷𝒆𝒂𝒔 
 

𝑷𝒆𝒑𝒑𝒆𝒓, 𝒔𝒑𝒐𝒏𝒈  
𝒈𝒐𝒖𝒓𝒅 

 

𝑮𝒂𝒓𝒍𝒊𝒄 𝑶𝒕𝒉𝒆𝒓𝒔 

Potato 0.6768 
(0.000) 

-0.0210 
(0.000) 

0.0214 
(0.046) 

-0.0620 
(0.000) 

-0.1199 
(0.000) 

-0.0453 
(0.000) 

-0.0698 
(0.000) 

-0.0708 
(0.000) 

-0.0609 
(0.000) 

-0.0172 
(0.042) 

0.0301 
(0.001) 

Onion 
 

 -0.2775 
(0.000) 

-0.0750 
(0.000) 

-0.0785 
(0.000) 

-0.0697 
(0.000) 

-0.0661 
(0.000) 

-0.0616 
(0.000) 

-0.0595 
(0.000) 

-0.0664 
(0.000) 

0.0185 
(0.000) 

0.0306 
(0.000) 

Tomato 
 

  -0.6768 
(0.000) 

-0.0426 
(0.000) 

-0.0772 
(0.000) 

-0.0191 
(0.000) 

-0.0614 
(.0000 

-0.0034 
(0.434) 

-0.0455 
(0.000) 

-0.0339 
(0.000) 

-0.0137 
(0.048) 

Cauliflower & 
cabbage 

 
 

  -0.0495 
(0.000) 

-0.1014 
(0.000) 

-0.0285 
(0.010) 

0.0247 
(0.011) 

-0.0321 
(0.000) 

-0.0043 
(0.589) 

-0.0015 
(0.889) 

-0.0674 
(0.000) 

Biter gourd, lady 
finger, eggplant, 
cucumber 

    -0.3578 
(0.000) 

0.0267 
(0.010) 

0.0158 
(0.079) 

0.0502 
(0.000) 

0.0965 
(0.000) 

0.0354 
(0.001) 

0.0345 
(0.000) 

Bottle gourd & 
Indian squash 

     -0.2004 
(0.000) 

-0.0201 
(0.055) 

-0.0537 
(0.000) 

-0.0304 
(0.001) 

0.0113 
(0.350) 

-0.0732 
(0.000) 

Carrot & radish       -0.2116 
(0.000) 

0.1159 
(0.000) 

0.0024 
(0.785) 

-0.0080 
(0.000) 

-0.0460 
(0.000) 

Peas 
 

       -0.2001 
(0.000) 

-0.0207 
(0.028) 

0.0086 
(0.505) 

-0.1203 
(0.000) 

Sponge gourd         -0.0571 
(0.000) 

-0.0821 
(0.000) 

-0.1165 
(.0000 

 
Garlic 

         -0.2079 
(0.000) 

-0.1824 
(0.000) 

Others           -0.5202 
(0.000) 

Hicksian Cross Price Elasticities for Khyber Pakhtunkhwa 
Potato 
 

-0.1202 
(0.000) 

0.1363 
(0.000) 

0.1787 
(0.000) 

0.0953 
(0.000) 

0.0373 
(0.000) 

0.1120 
(0.000) 

0.0875 
(0.000) 

0.0865 
(0.000) 

0.0964 
(0.000) 

0.1401 
(0.000) 

0.1875 
(0.000) 

Onion 
 

 0.3090 
(.0000 

0.0760 
(0.000) 

0.0725 
(0.000) 

0.0813 
(0.000) 

0.0849 
(0.000) 

0.0894 
(0.000) 

0.0915 
(0.000) 

0.0846 
(0.000) 

0.1696 
(0.000) 

0.1818 
(0.000) 

Tomato   -0.4633 0.1707 0.1361 0.1942 0.1519 0.2099 0.1679 0.1794 0.1996 
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(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
Cauliflower & 
cabbage 

   -0.0495 
(0.000) 

-0.0547 
(0.000) 

0.0181 
(0.101) 

0.0714 
(0.000) 

0.0144 
(0.115) 

0.0422 
(0.000) 

0.0451 
(0.000) 

-0.0207 
(0.009) 

Biter gourd, lady 
finger, eggplant, 
cucumber 

    -0.2835 
(0.000) 

0.1011 
(0.000) 

0.0902 
(0.000) 

0.1245 
(0.000) 

0.1709 
(0.000) 

0.1098 
(0.000) 

0.1088 
(0.000) 

Bottle gourd & 
Indian squash 

     -0.1479 
(0.000) 

0.0324 
(0.002) 

-0.0011 
(0.904) 

0.0221 
(0.013) 

0.0640 
(0.000) 

-0.0206 
(0.019) 

Carrot & radish       -0.1666 
(0.000) 

0.1610 
(0.000) 

0.0475 
(0.000) 

0.0370 
(0.003) 

-0.0009 
(0.920) 

Peas 
 

       -0.1597 
(0.000) 

0.0196 
(0.038) 

0.0490 
(0.000) 

-0.0854 
(0.000) 

Sponge gourd         -0.0154 
(0.217) 

-0.0403 
(0.001) 

-0.0748 
(0.000) 

 
Garlic 

         -0.1526 
(0.000) 

-0.1270 
(0.000) 

Others           -0.4101 
(0.000) 

Source: Author’s Own Estimation, 2018-19.,* figures in the parenthesis shows P-values 
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3.1.5 Expenditure elasticities  
The consumption pattern of households in 
Pakistan changes according to variations in their 
income levels based on the estimated expenditure 
elasticities. The expenditure elasticities of 
vegetables are shown in table 4. The resulting 
expenditure elasticities indicate that all vegetables 
have positive sign and are considered as essential 
commodities in Khyber Pakhtunkhwa. The 
maximum and minimum expenditure elasticities 
range from 0.88 to 1.00.  The expenditure 
elasticities for potato (0.8819) onion (0.9874), 
tomato (1.0202), cauliflower & cabbage (0.5964), 

biter gourd, ladyfinger, eggplant, cucumber 
(0.5473), bottle gourd Indian squash (0.6162), 
carrot & radish (0.6128), peas (0.6008), sponge 
gourd (0.6363), garlic (1.0353) and others 
(1.0056) are categorized as necessities. The 
expenditure elasticities reported by Ullah et al. 
2018 was (0.77), Hameed et al. 2021 was (0.20) 
for vegetables were found similar as compared to 
our study The estimated expenditure elasticities 
reported by sheheryar et al. (2022) for tomato and 
garlic was 1.0175, 0.9111 shows resemblance as 
compared to our findings. 

 
Table 4: Expenditure Elasticities for Khyber Pakhtunkhwa 

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 Elasticities Values 
Potato 0.8819 
Onion 0.9784 
Tomato 1.0202 
Cauliflower & cabbage 0.5964 
Biter gourd, lady finger, eggplant, cucumber 0.5473 
Bottle gourd & Indian squash 0.6162 
Carrot & radish 0.6128 
Peas 0.6008 
Sponge gourd  0.6363 
Garlic 1.0353 
Others 1.0056 

Source: Author’s Own Estimation, 2018-19. 
 
Conclusion  
The current study investigated preferences and 
demand for vegetables consumption in Khyber 
Pakhtunkhwa, Pakistan. The Marshallian own-
price elasticities of demand for vegetables for all 
vegetables is less than unity categorized them as 
necessities. The Marshallian cross-price 
elasticities for majority vegetables were negative 
and significant showing complementary 
behaviour while few have positive sign such as 
garlic and others are substitutes. Based on the 
positive sign of expenditure elasticities for all 
vegetables suggests them as normal vegetables. 
While, for tomatoes and others were categorized 
as luxury commodities.  
 
Recommendations 
Based on the finding of the study it is 
recommended that short-term price increases will 
lower real income for consumers, which may in 
turn lower demand for price-inelastic vegetables. 
They would allocate a substantial portion of their 
income to basic needs. Policies aimed at 

stabilizing prices should be crafted to improve the 
minimum amount of food that a household 
needs to eat each day and ensure the right 
consumption of various food. An increase in 
household income could mitigate the overall 
price increase on vegetables consumption.  
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