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Abstract

by Shailesh Bharati

India faces a tremendous challenge in keeping up with the demand of the two
chronic crops, oilseeds and pulses. These two food groups play a pivotal role in
ensuring nutritional security, supporting rural livelihoods and balancing India’s
agricultural trade policies. India remains heavily dependent on imports of edi-
ble oils due to structural inefficiencies, unfavourable monsoon and environmental
changes and fluctuating policies. With reference to pulses, despite being one of the
largest producer and consumer of pulses, India faces an unwavering demand-supply
mismatch which leads to recurring imports and price instability. Moreover, con-
sumption varies across states in rural and urban regions due to cultural differences
which leads to unequal demand with changes in consumer behaviour and income
levels. Through a rigorous econometric interpretation of substitution and comple-
mentary effects among major edible oils and pulses, this analysis highlights critical
insights into consumer behaviour under price volatility. The findings emphasize
the need for strategically targeted interventions to bridge the demand-supply gap
and stabilize the import competitiveness to align with India’s rising demand for
edible oils and pulses. Policy recommendations are aimed at enhancing nutritional
security, ensuring market stability to align the agricultural incentives with sustain-

able growth and enhance India’s robustness in the global agricultural trade.
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Chapter 1

Introduction

India’s demographic profile, characterized by a large and expanding population, ex-
erts significant pressure on food demand. The increasing population necessitates a
concomitant increase in agricultural output to ensure food security. Socioeconomic
transformations, including rising incomes and urbanization, have led to shifts in
dietary patterns. The increased consumption of processed foods and protein-rich
diets has amplified the demand for edible oils and pulses. Climatic variability,
particularly erratic rainfall patterns, can significantly impact agricultural output.
Adverse weather conditions can lead to crop failures and reduced yields, affecting
domestic supply. Global market forces, including international commodity prices

and trade policies, can influence import volumes and domestic price levels.

1.1 Background on QOilseeds

Oilseeds hold a vital position in India’s agricultural framework, ranking second
only to cereals in economic importance. The achievement of self-sufficiency dur-
ing the yellow revolution in the 1990s marked a significant milestone; however,
this progress was not sustained. Increasing per capita consumption, now around
18 kilograms annually and growing at approximately 6% per year, has outpaced
domestic production growth. As a result, India has become increasingly reliant
on imports to bridge the demand-supply gap. With reference to the production of
oilseeds, India derives its vegetable oil supply from both primary and secondary
sources. The primary sources comprise of nine major oilseed crops such as soy-

bean, groundnut, rapeseed-mustard, sunflower, sesame, safflower, linseed, castor
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and niger. These crops account for the majority of the cultivated area under
oilseeds, approximately 26 million hectares and are largely rainfed. The secondary
sources include coconut, cottonseed, rice bran, solvent-extracted oils and tree-
borne oilseeds (TBOs). Among the primary crops, soybean, groundnut and mus-
tard collectively contribute over 88% of total oilseed production and over 80% of
the vegetable oil produced domestically. Due to the demand-supply gap, India im-
ports between fifteen and sixteen million tonnes of vegetable oil annually to meet
it’s domestic demand. Palm oil constitutes the largest share of these imports at
60%, followed by soybean oil at 25% and sunflower oil at 12%. Although India ex-
ports a limited quantity of vegetable oils, it has demonstrated potential in premium
oils such as refined coconut, groundnut and sesame. Additionally, the export of
oil meals and castor oil contributes significantly to foreign exchange earnings. The
growth and yield trends analysis of the growth patterns reveals that groundnut
has experienced a 14% decline in cultivation area, though yield improved by over
13%, limiting the overall production decline to just over 2%. Rapeseed-mustard
exhibited stability in area coverage with a yield increase of over 7%, resulting in
a corresponding production growth. Soybean cultivation area expanded by 18%;
however, yield decreased by 10%, which constrained the production growth to just
above 6%. Other crops such as sunflower, safflower, linseed and niger displayed
either negative or stagnant trends. The study identifies substantial yield gaps
across all oilseed crops. For instance, the adoption of improved technologies could
potentially increase sunflower yields by nearly 150% compared to the national av-
erage. Some policies enacted by the Indian government under the National Food
Security Mission (NFSM) and the National Mission on Oilseeds and Oil Palm
(NMOOP) encompass various targeted interventions. These include the distribu-
tion of quality seeds and implementation of technology demonstrations, provision
of input subsidies such as bio-fertilizers and plant protection agents and financial
support for establishing oil extraction units. The expansion of oil palm and TBOs
is also being encouraged in suitable regions through incentives and infrastructural

support.

1.1.1 Major Oilseed Crops

Vanaspati, though commonly associated with vegetable oils, is not an agricultural
crop but rather a processed product derived mainly from imported oils such as

palm oil. Its availability and pricing are directly influenced by global oil markets
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and India’s import policies. Mustard, also known as rapeseed-mustard, consti-
tutes approximately 27% of the country’s oilseed output and 35% of its vegetable
oil production. It shows steady growth of productivity and is a cornerstone of
domestic edible oil security, particularly in states like Rajasthan, Uttar Pradesh
and Haryana. Groundnut similarly accounts for about 27% of oilseed output and
25% of vegetable oil, with significant contributions from Gujarat, Andhra Pradesh
and Karnataka. Despite a reduction in cultivated area, yield improvements have
helped maintain stable production. Coconut, classified under secondary sources,
contributes approximately 4% to 5% to total oil availability. It holds high value
as an export product, especially refined coconut oil. It is primarily cultivated in
Kerala, Tamil Nadu and Karnataka. Among other oilseeds, soybean dominates
in terms of production volume but faces challenges with declining yield trends.
Crops such as sunflower and linseed have shown negative growth, whereas castor
has exhibited a robust performance, particularly for industrial and export appli-
cations. The successful bridging of yield gaps in these crops could significantly

boost domestic oil availability and reduce reliance on imports.

1.1.2 Trade and Import-Export Dynamics

The global trade in edible oils is dominated by major producers such as Indonesia,
Malaysia, Brazil and the USA. These countries benefit from economies of scale,
efficient production techniques and trade agreements that enable them to control
global prices. For example, Indonesia and Malaysia are the largest exporters of
palm oil, contributing nearly 60% of global exports. The global trade in edible oils
has witnessed consistent growth, fueled by rising demand in developing countries,

particularly in Asia and Africa.

India, on the other hand, is the largest importer of edible oils globally, accounting
for nearly 60% of its domestic edible oil consumption through imports. Palm
oil, primarily sourced from Indonesia and Malaysia, dominates India’s imports,
followed by soybean oil and sunflower oil. India’s trade policy has shifted in recent
years, with the government implementing measures such as increased import duties
and reducing duties on crude oils to protect domestic producers while ensuring
consumer affordability. India also seeks to improve its position in oilseed exports,
particularly in groundnut oil, where it remains a significant global player. However,
the imbalance between imports and exports indicates the need for more strategic

interventions to boost production and reduce import dependency.
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Globally, the outlook for edible oils remains positive, with projections of continued
growth driven by population increases and changing dietary patterns. Palm oil, in
particular, is expected to maintain its dominance due to its relatively low cost and
high yield. Soybean oil and rapeseed oil will also see steady demand, especially in

food processing and biodiesel production.

India’s future in edible oils depends largely on its ability to reduce import depen-
dency through robust domestic production. The roadmap outlined in the docu-
ment focuses on improving crop diversification, adopting modern technologies and
increasing oil palm cultivation. The government has set ambitious targets, aiming
for self-sufficiency by 2030-2047, with production projections reaching 55 million
tonnes by 2047. Technological innovations, R&D investment, better infrastructure
and stronger policy frameworks will be key to achieving these goals. Additionally,
India must also work towards creating a more efficient oilseed processing industry

to reduce waste and improve the yield from existing crops.

1.1.3 Challenges in Bridging the Gap

The demand-supply gap for edible oils poses a significant challenge for India in
its quest for self-sufficiency. The country’s heavy reliance on edible oil imports
is driven by several factors such as insufficient domestic production, high import
dependency and regional consumption variations. Despite efforts to increase do-
mestic production, India’s current yield per hectare is far below that of leading
producers like the USA, Brazil and China, who benefit from advanced farming
technologies, genetically modified crops and better agricultural infrastructure. In-
dia remains the largest importer of edible oils globally, with imports fulfilling
around 60% of domestic consumption. The primary imports are palm oil, soybean
oil and sunflower oil, which represent a significant portion of the country’s edible
oil supply. This reliance on imports strains foreign exchange reserves and exposes
India to global price volatility. The demand for edible oils varies regionally, with
states in the north and east of India preferring mustard oil, while groundnut oil
and soybean oil are more common in the west and south. These regional pref-
erences further complicate the challenge of meeting nationwide demand with a

uniform supply strategy.
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1.1.4 Key Observations and Economic Impact

India’s edible oil sector is witnessing significant shifts, driven by changing con-
sumption patterns. The increasing demand for oils such as sunflower, soybean and
refined oils indicates a preference for lighter, healthier options compared to tradi-
tional oils like groundnut and vanaspati. Despite this shift, India remains heavily
reliant on imports to meet its consumption needs, with a marked rise in the impor-
tation of oils like palm oil, soybean oil and sunflower oil. The consumption trends
for mustard and groundnut oils highlight the importance of regional preferences,
while the decline in vanaspati consumption underscores growing health conscious-
ness. Coconut oil continues to see stable use, particularly in urban areas where
it is valued for its diverse applications. FEconomically, the import dependence
poses a significant challenge to India’s balance of trade, as it continues to be the
world’s largest importer of edible oils. This dependency strains foreign exchange
reserves and has a direct impact on the economy, making the goal of achieving
Atmanirbharta (self-sufficiency) in edible oils more urgent. Increased domestic
production and policy support for cultivating oilseeds like mustard, groundnut
and soybean, along with promoting oil palm cultivation, are necessary to reduce
reliance on imports and boost local industries. In conclusion, India’s edible oil sec-
tor is undergoing significant transitions, both in terms of consumption preferences
and production capabilities. Moving forward, targeted interventions in domestic
production, infrastructure and consumer awareness will be critical to achieving

self-sufficiency in edible oils and reducing India’s import dependency.

1.2 Background on Edible Oils

1.2.1 Production Performance of Edible Oils

Vanaspati consumption has seen a sharp decline over the years, particularly in
both rural and urban areas. In 1993-94, per capita consumption of vanaspati was
0.36 kg/year in rural areas and 0.72 kg/year in urban areas. By 2022-23, this had
drastically reduced to 0.03 kg/year in rural areas and 0.05 kg/year in urban areas.
This significant decrease reflects a broader dietary shift in India, where consumers
are moving away from vanaspati due to health concerns, in favour of more natural

and healthier oils like mustard, sunflower and soybean oils. The trend is also
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indicative of increased consumer awareness regarding trans fats and their health

risks.

Mustard oil has remained a staple in India’s edible oil consumption, especially
in the North and East regions. From 1993-94, mustard oil consumption grew
steadily, with rural consumption rising from 2.04 kg/year to 4.79 kg/year by 2022-
23, while urban consumption increased from 1.80 kg/year to 3.46 kg/year. The
rise in consumption, particularly in rural areas, indicates mustard oil’s continued
popularity, likely due to its flavour and perceived health benefits. Additionally,
mustard oil remains the dominant oil in northern and eastern India due to its

widespread culinary use.

Groundnut oil has seen a decline in both rural and urban consumption over the
years. In 1993-94, rural per capita consumption was 1.44 kg/year and urban
consumption was 2.88 kg/year. By 2022-23, rural consumption had fallen to 0.25
kg /year and urban consumption to 0.57 kg/year. The sharp decline reflects a shift
towards refined oils such as sunflower and soybean oil, which have become more
popular due to their lighter taste and health perceptions. Despite its historical
significance in India, groundnut oil is gradually being replaced by other oils in the
diet.

Coconut oil consumption has been relatively stable, with a slight increase in urban
areas. In 2009-10, rural per capita consumption was 0.19 kg/year and urban
consumption was 0.21 kg/year. By 2022-23, rural consumption had reduced to
0.16 kg/year, while urban consumption had risen to 0.34 kg/year. The rise in
urban consumption may be attributed to the growing popularity of coconut oil in
cooking and cosmetic products, while its lower consumption in rural areas reflects

a preference for local oils like mustard and groundnut.

1.2.2 Edible Oils: A Persistent Trade Deficit and Struc-
tural Challenges

India is one of the largest producers of oilseeds globally, yet it struggles to meet
its domestic demand for edible oils, leading to significant import dependency. The
country imports approximately 60% of its annual edible oil requirements, primarily
due to a widening demand-supply gap (Dinesh et al. 2023) (Meena, Mishra, and
Narayanan 2015). This dependency is further exacerbated by low productivity in

oilseed cultivation, which has not kept pace with the growing demand for edible oils
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(Dinesh et al. 2023) (Meena, Mishra, and Narayanan 2015). The demand for edible
oils in India has shown a steady growth, driven by factors such as rising income
levels, urbanization and an increasing population. The per capita consumption of
edible oils in India has been steadily increasing, though it remains lower than the
global average. For instance, the per capita consumption of edible oils in India
was approximately 18.2 kg per annum, compared to the global average of 25 kg
per annum (Sankari, Rao, and Reddy 2023) (Pan, Mohanty, and Welch 2008).
Despite being a major producer of oilseeds, India’s domestic production of edible
oils is insufficient to meet the growing demand. The country’s oilseed production
is characterized by low yields and limited area expansion, leading to stagnant or
declining domestic production of edible oils. This has resulted in increased reliance
on imports to bridge the demand-supply gap (Dinesh et al. 2023) (Meena, Mishra,
and Narayanan 2015). India is the world’s largest importer of edible oils, with
palm oil, soybean oil and sunflower oil being the major imports. The country’s
import dependency on edible oils is driven by the inability of domestic production
to keep pace with the growing demand. The import bill for edible oils has been
rising steadily, putting a significant burden on the national exchequer (Dinesh et
al. 2023) (Meena, Mishra, and Narayanan 2015) (Valiyaveettil, Jha, and Kathayat
2023).

1.2.3 Demand Supply Gap of Edible Oils

As per the data from table 1.1, the recent trends of the demand-supply gap for
India from 2015 to 2023 for edible oils, reveal a consistent and substantial reliance
on imports, indicative of a persistent trade deficit in this sector. The total avail-
ability /consumption of edible oils demonstrates a steady upward trend, increasing
from 23.48 million tons in 2015-16 to 28.92 million tons in 2022-23. This growth
trajectory reflects the combined effects of population expansion, urbanization and
evolving dietary preferences, particularly the increased consumption of processed

foods.

However, the corresponding growth in domestic production, while positive, has
been insufficient to bridge the supply-demand gap. From 8.63 million tons in 2015-
16, domestic production rose to 12.42 million tons by 2022-23. Nonetheless, this
increment is overshadowed by the consistently high import volumes, which have
remained the dominant component of the total supply. Consequently, the self-

sufficiency ratio for edible oils has remained persistently low, fluctuating between
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TABLE 1.1: Demand Supply Gap of Edible Oils

Year Domestic | Imports Total Self- Share of
Availabil- Availabil- | Sufficiency| Imports
ity ity (in % ) (in %)

2015-16 8.63 14.85 23.48 36.80 63.20

2016-17 10.10 15.32 25.42 39.70 60.30

2017-18 10.38 14.59 24.97 41.60 58.40

2018-19 10.35 15.57 25.92 40.00 60.00

2019-20 10.66 13.42 24.07 44.30 55.70

2020-21 11.16 13.45 24.61 45.35 54.65

2021-22 11.65 14.19 25.84 45.08 54.92

2022-23 12.42 16.50 28.92 42.95 57.05

Source: Directorate General of Commercial Intelligence & Statistics, Department of Commerce
Note: Values in million tonnes

36.80% and 45.35% during the analysed period. The share of imports in total
availability /consumption further accentuates this dependency. In 2015-16, imports
constituted 63.20% of the total edible oil supply, gradually decreasing to 57.05%
by 2022-23.

1.3 Background on Pulses

1.3.1 Pulses: A Trajectory Towards Enhanced
Self-Sufficiency

India’s demand and supply scenario for pulses is characterized by an increase in
domestic production alongside a significant import dependency to meet its in-
creasing consumption needs. Despite improvements in production, India remains
a major importer of pulses due to its large population and dietary preferences.
The country has made strides in reducing import dependency, yet challenges per-
sist, particularly for certain pulse varieties. The per capita availability of pulses
in India increased from 15.5 kg in 2018-19 to 19.6 kg in 2021-22, indicating a
positive trend in domestic production (Murugananthi et al. 2024). Major pulses
like arhar, peas, moong and gram have shown positive trends in production and
yield from 2010 to 2020, contributing significantly to the total pulse production
(Murugananthi et al. 2024), where gram alone accounts for over 40% of the coun-
try’s pulse production (Murugananthi et al. 2024). India’s import dependency for
pulses has decreased significantly from 19.42% in 2009-10 to 8.92% in 2021-22,
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reflecting efforts to boost domestic production (Murugananthi et al. 2024). De-
spite this reduction, India still imports pulses to meet demand, particularly for
arhar and other lentils, which are projected to face deficits in the coming years
(Murugananthi et al. 2024). In contrast to edible oils, the pulse sector exhibits a
more favourable trend towards enhanced self-sufficiency, as per the recent demand-

supply gap from 2015 to 2023.

1.3.2 Production Performance of Pulses

The cultivation of pulses, particularly Arhar, Urad, Masur and Khesari, plays a
vital role in India’s agricultural system. These pulses are not only crucial for do-
mestic consumption but also contribute significantly to soil health and sustainable

farming practices.

Arhar, known globally as Pigeonpea (Cajanus cajan), holds significant economic
importance as a major source of protein in the Indian diet. It accounts for approxi-
mately 17% of total pulse production and occupies 11.8% of the pulse-growing area
in India. Arhar is primarily grown in the Kharif season, with India leading both in
area and production, contributing 74% of the world’s production. While produc-
tivity in India remains relatively low compared to countries like the Philippines,
which records the highest yield globally, India’s dominance in area and production
makes Arhar a crucial crop for food security. Additionally, the crop’s ability to fix
nitrogen in the soil enhances soil fertility, making it beneficial for crop rotations,
particularly in rainfed regions. The major producing states include Maharashtra,
Madhya Pradesh and Uttar Pradesh.

Urad bean (Blackgram), is another important pulse, particularly known for its
high protein content, which is essential in Indian cuisine. It is mainly consumed
in the form of dal and is a key ingredient in various South Indian dishes such
as dosa and idli. Urad is grown both in the Kharif and Rabi seasons, with key
producing states being Uttar Pradesh, Tamil Nadu and Andhra Pradesh. Urad
bean’s global production is dominated by India, which contributes significantly to
the supply of this pulse, especially in terms of its domestic consumption. However,
the global productivity of Urad remains below optimal levels due to pests and
diseases, which affect yield in India. The cultivation of resistant varieties and

improved agricultural practices are critical for sustaining production.
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Masur (Red Lentil), is one of the most commonly consumed pulses in India. It is
rich in protein and easily digestible, making it a vital source of nutrition. Lentil
cultivation in India is concentrated in the Rabi season, with major growing regions
including Uttar Pradesh, Madhya Pradesh and Rajasthan. While India ranks first
in terms of area, its productivity lags behind global leaders such as Canada and
Australia. The country’s yield of around 600 kg/ha is much lower than the global
average, with Canada achieving yields of up to 1971 kg/ha. Lentils also contribute
to soil health by fixing nitrogen, benefiting subsequent crops. The global market
demand for lentils remains strong, driven by their health benefits and adaptability

to different climates.

Khesari, also known as (Lathyrus sativus), is a hardy pulse cultivated in rainfed,
low-rainfall regions. It is particularly important in areas with water scarcity, as
it thrives under drought conditions. While Khesari is primarily grown for fodder,
its seeds are also used for human consumption in certain regions. However, the
presence of the neurotoxin S-ODAP limits its widespread use as food. India is a
major producer of Khesari, with significant cultivation in states like Chhattisgarh,
Bihar and Madhya Pradesh. Despite the health concerns associated with its con-
sumption, Khesari remains an important crop for soil nitrogen fixation, benefiting

cereal crops in crop rotations.

In addition to these major pulses, other varieties are grown such as, Peas (Moth
bean), Moong (Green gram), Split Gram (Chana Dal) and Whole Gram (Whole
Chana) contribute significantly to India’s pulse economy. These pulses are gener-
ally grown in specific regions suited to their climatic needs. Moong is an essential
crop for intercropping systems, helping to improve land productivity and mitigate
soil erosion. Although they contribute less to total pulse production, they are still

important for food security and income generation in rural areas.

1.3.3 Demand Supply Gap of Pulses

As per the data seen in table 1.2, there has been a significant augmentation in do-
mestic pulse production, from 16.32 million tons in 2015-16 to 26.06 million tons in
2022-23. This surge in production can be attributed to targeted government inter-
ventions, including the implementation of remunerative minimum support prices,
the dissemination of improved seed varieties and the expansion of irrigation infras-

tructure. The augmentation in domestic supply has resulted in a corresponding



Introduction 11

reduction in import volumes, from 5.83 million tons in 2015-16 to 2.52 million tons
in 2022-23. Consequently, the self-sufficiency ratio for pulses has shown a marked

improvement, rising from approximately 74% in 2015-16 to 91.18% in 2022-23.

TABLE 1.2: Demand Supply Gap of Pulses

Year Domestic | Imports Total Self- Share of
Availabil- Availabil- | Sufficiency| Imports
ity ity (in % ) (in %)

2015-16 16.32 5.83 22.15 73.68 26.32

2016-17 23.13 6.60 29.73 77.81 22.19

2017-18 25.42 5.63 31.04 81.88 18.12

2018-19 22.08 2.59 24.67 89.50 10.50

2019-20 23.03 2.95 25.97 88.66 11.34

2020-21 25.46 2.48 27.94 91.12 8.88

2021-22 27.30 2.76 30.06 90.82 9.18

2022-23 26.06 2.52 28.58 91.18 8.82

Source: Directorate General of Commercial Intelligence & Statistics, Department of Commerce
Note: Values in million tonnes

While complete self-sufficiency remains an aspirational goal, the observed trend
signifies a substantial reduction in import dependence. The share of imports in
total availability /consumption of pulses has also witnessed a significant decline,
from 26.32% in 2015-16 to 8.82% in 2022-23. This data highlights the increasing
reliance on domestic production to meet the nation’s pulse requirements. As per
the two recent studies, the demand for pulses is expected to rise due to population
growth and increasing income levels, with positive expenditure elasticity indicating
a strong relationship between income and pulse consumption (Rajwadi and Pundir
2023). Projections suggest a net surplus for some pulses like gram and moong, but
deficits for arhar and other pulses are anticipated, necessitating continued imports
(Murugananthi et al. 2024).
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1.4 Motivation and Significance of the Study

While a marginal improvement in domestic production is evident as seen from the
data above, the continued reliance on imports for over half of the nation’s edi-
ble oil needs emphasizes on the structural challenges facing the domestic industry.
Additionally, the nation has achieved notable progress in enhancing self-sufficiency
in pulses, yet it continues to grapple with substantial import dependence in ed-
ible oils and pulses. This disparity highlights the imperative for targeted policy
interventions that are tailored to the specific challenges India faces year on year
and accordingly confront the chronic problem of domestic availability. Given the
unruly and delayed monsoon conditions across the country, drought situations,
government policies encompassing minimum support prices, subsidies and import
regulation play a pivotal role in influencing the domestic production levels and
import volumes. Although government interventions, technological innovations
such as improved seed varieties, precision irrigation techniques and mechaniza-
tion, can enhance productivity. Yet India remains a largely import-dependent
country. There is a need for thorough research, which can help understand the
rural and urban demand for specific edible oils and pulses across all states, where
consumption is influenced not just by income and prices, but also by traditions
and cultural practices, due to the diversity seen across India. There is also a need
to understand our dependence on the world to fulfil our demand by importing
edible oils and pulses. In a way, a detailed decomposition or a breakdown of the
change in value and share of imports would help study the intricacies of imports
which further would help design trade policies where India would be able to gain
and maintain it’s competitiveness in the world trade and benefit from competitive

pricing.
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1.5 Research Question

Given the varying socio-economic factors across India:

1. How do income levels and price changes influence the consumption patterns
of edible oils and pulses across the rural and urban population across Indian

states?

2. Are there significant regional variations in the price and income elasticities

of edible oils and pulses consumption in India?

3. How does India’s import of edible oils and pulses competitiveness compare
in the global market, as analysed through the constant market share analysis

framework?

1.6 Objectives

The objective of this study is to analyse:

1. The expenditure (income) and price elasticity estimates of demand for edible

oils and pulses at disaggregate level.

2. The decomposition of the actual change in imports of India for edible oils
and pulses into the world trade effect, the commodity composition effect,

the market distribution effect and the competitiveness effect.

1.7 Organisation of Thesis

To study the research questions and the objectives, this thesis consists of five
chapters, and the organization of the thesis is as follows:

Chapter 1 - Introduction highlights the background on oilseeds and edible oils.
It introduces the demand and supply gap scenario of edible oils and pulses, along
with the motivations, significance, research gap and objectives of the study.
Chapter 2 - Literature Review presents the review of literature on studies

based upon the production, area under cultivation and yield patterns of oilseeds
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and pulses in India. Further, the relationship between income and dietary pat-
terns, elasticities which reflect changes in dietary patterns and economics and
social conditions, consumption patterns are studied along with the imports of edi-
ble oils and pulses of India. Finally, studies related to estimation of the elasticities
for estimating the demand of commodities and the constant market share analysis
used to evaluate a country’s export competitiveness are reviewed to identify the
research gap from the existing literatures.

Chapter 3 - Research Methodology proposes the methodology (nature of the
study, data collection, data tools and techniques used) and the theoretical frame-
work applied to study the elasticities of edible Oils and pulses and their import
dependencies.

Chapter 4 - Results and Discussion of Edible Oils provides a detailed
discussion on the results of consumption patterns using expenditure elasticity in
rural and urban regions of India, for edible oils, for the five aforementioned NSSO
rounds. This same section also provides an overview of the comparative analysis
of rural and urban consumption patterns based on the expenditure elasticity. In
the later section, the rural and urban consumption patterns of edible oils across
India, based on cross elasticities are discussed to understand the substitutability
pattern across the edible oils group.

Chapter 5 - Results and Discussion of Pulses provides a detailed discus-
sion on the results of consumption patterns based on the expenditure elasticity
calculated across the rural and urban regions of India, for pulses, for the five afore-
mentioned NSSO rounds. Further in the same section, a comparative analysis of
rural and urban consumption patterns based on the expenditure elasticity is dis-
cussed. In the next section, the rural and urban consumption patterns of edible
oils across India, based on cross elasticities are discussed to understand the sub-
stitution across pulses with the change in prices.

Chapter 6 - Results and Discussion on Import Competitiveness contains
two section, where in the import competitiveness of edible oils and pulses are stud-
ies respectively. Both of these sections discuss the decomposition of India’s growth
in imports from 2000 to 2021 and highlight the import competitiveness of edible
oils and pulses.

Chapter 7 - Conclusion summarizes the study and highlights its significance
along with policy interventions and recommendations. The last two sections high-
light the limitations of the study and further elaborate the future scope of the
study.



Chapter 2

Literature Review

2.1 Introduction to Literature Review

The agricultural landscape of India is heavily influenced by the cultivation of
oilseeds and pulses, which play a critical role in ensuring nutritional security,
sustaining rural livelihoods and supporting the Indian agricultural economy. A
substantial body of literature has highlighted the trends in area under cultivation,
production levels and yield patterns of these crops, especially in the context of cli-
matic constraints, policy interventions and technological adoption. Authors have
highlighted significant regional disparities, persistent yield gaps when compared
to global standards and the predominance of rain-fed agriculture that aggravate
production variability. Past studies have particularly emphasized the role of insti-
tutional missions such as the Technology Mission on Oilseeds and National Food
Security Mission on Pulses in altering the production trajectories of these crops.
Some studies on the income and dietary patters have analysed the changes in con-
sumption and diet due to change in income levels. Additionally, some authors have
estimated the demand which helps identify the changes in prices and its effects on
the demand of various commodities. This section summarizes key studies relevant
to analyse the consumption of edible oils and pulses and align it with the import

competitiveness of India.

15
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2.2 Production, Area under Cultivation and Yield

Patterns of Oilseeds and Pulses in India

2.2.1 Oilseeds

India is a leading global producer of oilseeds, cultivating them over an area of 26
million hectares with a production of 29.65 million tonnes, primarily under rainfed
conditions (Rao, Sankari, and Reddy 2023). The country’s oilseed sector is signif-
icant, contributing 13% to the gross cropped area and 5% to the gross national
product (Reddy and Pati 1998). Despite this, production has struggled to meet
growing domestic demand, necessitating imports (Rao, Sankari, and Reddy 2023).
The production dynamics of oilseeds in India are influenced by both area expansion
and productivity improvements, with the interaction between these factors playing
a crucial role in total production (Dupare et al. 2014). Notably, the irrigated area
for oilseeds has increased from 6% in 1970 to over 27% today, although soybean
cultivation remains predominantly rainfed (Dupare et al. 2014). Technological ad-
vancements and institutional support, such as the Technology Mission on Oilseeds,
have significantly boosted productivity and self-sufficiency in vegetable oils (Reddy
and Pati 1998). In Andhra Pradesh, a major oilseed-producing state, groundnut,
sesame and sunflower are key crops, contributing significantly to the state’s agri-
cultural output (Naidu, Sankar, and Leelavathi 2014). Improved technologies have
demonstrated economic potential, with significant yield gaps identified that can
be addressed through targeted extension efforts (Kiresur, Rao, and Hegde 2001).
Overall, while India has made strides in oilseed production, further adoption of
advanced technologies and strategic policy interventions are essential to enhance
productivity and meet domestic demand sustainably. (Teja et al. 2023) analysed
the production, area under cultivation and yield patterns of oilseeds in India from
1949-50 to 2014-15, where a significant upward trend in the area, production and
yield of total oilseeds was seen, although the growth was described as sluggish.
(Teja et al. 2023) also highlighted a persistent gap between domestic demand and
supply, necessitating imports of edible oils and the need for technological advance-
ments to boost productivity. Although, the lack of assured markets for oilseeds
and timely supply of quality seeds and raw materials as major factors hindering

the performance of the oilseeds industry (Mruthyunjaya et al. 2005).
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2.2.2 Pulses

India is the largest producer and consumer of pulses globally. Despite this, do-
mestic production often falls short of demand, necessitating imports. In 2017-18,
India imported nearly 5.6 million tonnes of pulses worth Rs. 18,748 crore (Singh
et al. 2022). The area under pulse cultivation has seen gradual increases, reach-
ing about 30 Mha, producing approximately 25 million tonnes annually during
2017-18. Yield improvements have been incremental. For instance, the average
yield of lentils in India during the 2022-23 rabi season was 899 kg /ha, significantly
lower than China’s 2,570 kg/ha (“India’s productivity of pulses, oilseeds far below
top-yielding countries” 2024). Similarly, the productivity of gram (chickpea) was
1,261 kg/ha, 41.9% less than Ethiopia’s 2,170 kg/ha. The cultivation of pulses is
primarily undertaken on marginal and sub-marginal lands under rain-fed condi-
tions, making them susceptible to moisture stress and production losses. However,
certain regions have shown positive trends. For example, the productivity of chick-
pea, pigeonpea, lentil, urdbean and mungbean has exhibited positive growth rates
over the past five decades (“Temporal and spatial variability in pulses and oilseeds
production in India” 2021). There are many sources of leakage between production
and consumption that not only include loss of grains before harvesting of pigeon-
pea crop but also during various post-harvest operations viz. threshing, cleaning,
winnowing, drying, storage, transportation, packaging, etc. The scientific meth-
ods of harvesting, threshing, winnowing, transportation and storage operations
will certainly lead to minimization of total post-harvest losses. The quick diver-
sion of produce in the market after harvest will also minimize post-harvest losses
to a greater extent (Shah 2014). The production patterns of oilseeds and pulses in
India are characterized by regional disparities, reliance on rain-fed agriculture and
yields that lag behind global averages. While area expansions have contributed to
increased production, yield improvements remain a critical area for intervention.
Addressing these challenges requires concerted efforts in research, infrastructure

development and policy support to enhance productivity and ensure food security.
2.3 Relationship between Income and Dietary

Patterns

Income elasticity plays a crucial role in shaping food consumption patterns in In-

dia, particularly for essential commodities such as pulses and edible oils. These
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items constitute a significant portion of Indian diets, with variations in demand
influenced by economic growth, household income and regional disparities. Sev-
eral studies have analysed how income fluctuations affect purchasing behaviour,
offering insights into the role of affordability and nutritional awareness in shaping

consumer preferences.

2.3.1 Income Elasticity and Edible Oils Consumption in
India

Edible oils are essential in Indian cooking, with demand varying based on eco-
nomic status, dietary shifts and consumer awareness. (Gulati, Roy, and Jain
2017) analysed income elasticity for different types of oils, demonstrating that ba-
sic vegetable oils exhibit moderate elasticity, while premium oils such as sunflower
and olive oil display high elasticity. As income rises, households shift toward oils
perceived as healthier or superior in quality, reflecting both economic capability
and evolving dietary preferences. Urbanization has further influenced edible oil de-
mand. (Subramanian and Mehta 2012) found that urban middle-class consumers
exhibit greater sensitivity to income fluctuations, preferring refined oils over tra-
ditional variants. Rural consumers, constrained by affordability, primarily rely on
economically viable oil options such as palm and mustard oil. This urban-rural
divide underscores the role of economic disparity in shaping edible oil consump-
tion patterns. The Indian government has historically regulated edible oil prices
through import policies and domestic production incentives. Trade restrictions and
subsidies on domestic oilseed cultivation have aimed to stabilize prices, ensuring
affordability for lower-income groups. However, periodic price volatility contin-
ues to affect consumption patterns, with inflation disproportionately impacting

economically vulnerable households.

2.3.2 Income Elasticity and Pulses Consumption in India

Pulses are a critical protein source in Indian diets, especially among vegetarian
households. The demand for pulses varies significantly across different income
groups, influenced by affordability and dietary preferences. (Deaton and Dreze
2009) highlight a shift in dietary diversification as income levels rise, with house-
holds transitioning from cereal-based diets to more protein-rich options. However,

the elasticity of pulses is moderate, as lower-income households continue to rely
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on them as an affordable protein alternative. (Chand and Jumani 2018) estimate
income elasticity for different pulse varieties, noting that premium pulses such as
chickpeas and lentils are more sensitive to income changes compared to staple
pulses like pigeon peas and mung beans. This differentiation indicates that rising
incomes influence consumer preferences, leading to a preference for higher-quality
pulses. Additionally, variations in regional dietary patterns contribute to dispari-
ties in pulse consumption, as affordability and availability differ across India. Pol-
icy interventions have significantly impacted pulse demand. The government has
implemented procurement policies, subsidies and minimum support price (MSP)
programs to stabilize prices and ensure accessibility, particularly for economically
weaker sections. (Landale 2020) discuss how these policies improve affordability,
ensuring stable demand among lower-income groups while encouraging consump-
tion among middle-income households. However, production constraints, such as
unstable yields and low profitability, continue to challenge pulse availability, af-

fecting long-term consumption trends.

2.3.3 Socioeconomic Variations in Food Demand

Income elasticity is closely linked to socioeconomic disparities, with purchasing
power influencing dietary decisions across different demographic groups. Studies
by (Pingali and Sunder 2021) indicate that urban middle-class consumers prior-
itize nutritional benefits and product quality, leading to diversified food choices.
Conversely, lower-income households exhibit high sensitivity to price and income
changes, often resorting to staple foods during economic downturns. (Sen and Mo-
hapatra 2015) highlight inequalities in food consumption, emphasizing the nutri-
tional divide between wealthier households and economically disadvantaged popu-
lations. While rising incomes improve dietary diversification, affordability remains
a challenge for many low-income families, affecting their ability to access protein-
rich foods and healthier edible oils. Government food security initiatives, such as
the Public Distribution System (PDS), have played a crucial role in mitigating
disparities by offering subsidized staples, including select edible oils and pulses.
However, the effectiveness of such programs varies, with challenges related to dis-

tribution inefficiencies and limited coverage.
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2.4 Elasticities Reflecting Changes in Dietary Pat-

terns and Economic Conditions

The demand for pulses and edible oils in India exhibits distinct income and cross-
price elasticities, reflecting the changing dietary patterns and economic conditions.
Studies indicate that pulses have a positive income elasticity, suggesting that as
income rises, consumption of pulses increases, driven by population growth and
higher GDP projections(“Demand Projection of Pulses in India”, 2023). In con-
trast, the demand for edible oils, while not explicitly detailed in the provided pa-
pers, can be inferred to follow similar trends, as higher income typically leads to
increased consumption of diverse food products, including oils (Kumar et al. 2011).
The import demand for pulses is significantly influenced by income, with long-run
elasticities estimated at 0.4 to 0.56, indicating a robust relationship between in-
come growth and pulse imports (Agbola and Damoense 2005). Furthermore, the
flexible demand systems highlight that food commodities, including pulses and
oils, respond variably to price changes, with higher-value items being more sen-
sitive to price fluctuations (Swamy and Binswanger 1983). Overall, the interplay
of income and price elasticities emphasizes the need for strategic production and

pricing policies to ensure food security in India (Ghoddusi and Roy 2018).

Income disparities significantly influence dietary patterns in India, particularly
concerning the consumption of edible oils, oilseeds and pulses. Higher-income
households tend to consume greater quantities and varieties of these food items
compared to their lower-income counterparts. A study conducted in urban house-
holds of Ludhiana, Punjab, revealed that daily consumption of nuts and oilseeds
was significantly higher among high-income groups (17.45 g/CU/day) compared
to middle (11.49 g/CU/day) and low-income groups (10.69 g/CU/day). The en-
ergy and protein contributions from these sources were also proportionally higher
in affluent households. Interestingly, despite a general awareness of the impor-
tance of nuts and oilseeds, knowledge about their specific nutritional benefits was
lacking across all income groups (Kaur 2016). Regarding pulses, an analysis us-
ing the 2011-12 consumer expenditure survey data indicated that the consump-
tion of pulses, including red gram, was positively correlated with income levels.
The income elasticity for most pulse commodities was positive, suggesting that
as household income increases, so does the consumption of pulses. This trend
underscores the role of economic capacity in determining dietary choices related

to protein-rich foods (Umanath, Chengappa, and Vijayasarathy 2016). In Tamil
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Nadu, a study examining the determinants of edible oil choices among households
found that income and education levels significantly influenced the preference for
low-saturated-fat oils, such as sunflower oil. Conversely, larger households and
those from economically weaker sections tended to opt for more affordable options
like palm oil. These findings highlight how economic and educational factors shape
dietary decisions, particularly in the context of health-oriented food choices (Ra-
jendran, Mohan, and Chandrasekaran 2013). Collectively, these studies illustrate
the profound impact of income on dietary patterns in India, especially concerning
the intake of edible oils, oilseeds and pulses. Economic capacity not only affects the
quantity and quality of food consumed but also influences health-related dietary

decisions.

2.5 Consumption Patterns

2.5.1 Consumption Trends of Edible Oils in India

India is one of the largest consumers of edible oils globally, with a significant
portion of its demand met through imports. The total production of edible oils,
excluding copra oil, increased by 142.67% between 1970-71 and 2017-18, while the
inclusion of copra oil raised this figure to 144.86% (Kalra and Srivastava 2023).
Among various edible oils, soybean oil witnessed the highest growth, increasing by
9363.73% over the study period (Kalra and Srivastava 2023). However, oils such
as niger, saflower and sunflower experienced a decline in production (Kalra and
Srivastava 2023). Despite domestic production efforts, India remains heavily de-
pendent on imports, with soybean oil accounting for the largest share of imported
edible oils (Kalra and Srivastava 2023). The consumption pattern of edible oils
in India is influenced by regional preferences, income levels and health awareness
(Kalra and Srivastava 2023). Groundnut and copra oils are consumed less than
their production levels due to net imports, whereas soybean oil consumption con-
sistently exceeds domestic production (Kalra and Srivastava 2023). The domestic
production of edible oils from oilseeds falls short by approximately 39% of total

consumption, necessitating imports to bridge the gap (Kalra and Srivastava 2023).

Studies based NSSO data reveal significant insights into the consumption patterns

edible oils in India. The demand for pulses has been projected to increase due to
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rising income levels and population growth, with a positive expenditure elastic-
ity indicating that as income rises, pulse consumption also increases (Rajwadi
and Pundir 2023). Despite improvements in domestic production, India remains
reliant on imports to meet demand, highlighting the need for enhanced produc-
tion technologies (Divya et al. 2024). Concurrently, the edible oil landscape is
evolving, particularly in Tamil Nadu, where traditional oils like peanut are being
supplanted by non-traditional oils such as sunflower oil, driven by urbanization,
changing lifestyles and economic factors (Govindaraj et al. 2023). This shift un-
derscores the necessity for policy interventions to support the growing demand for
diverse edible oils (Govindaraj et al. 2023). Furthermore, the role of oils in health,
particularly non-refined oils, has been emphasized, linking their consumption to
longevity and overall well-being (Pathan 2022). Thus, both pulses and edible
oils are critical components of India’s dietary landscape, necessitating strategic

planning to ensure sustainable production and consumption.

2.5.2 Consumption Trends of Pulses in India

Studies utilizing NSSO data highlight significant trends and challenges in the
production and consumption of pulses in India. Pulses, a vital protein source,
have seen stagnant productivity due to low-quality seeds and inadequate seed re-
placement, with irrigation access identified as a key driver for improving yields,
particularly for chickpeas (P et al. 2022). Consumption patterns reveal that lower-
income households are more responsive to price changes, with a notable reliance
on red gram, while higher-income groups exhibit lower nutrient intake from pulses
(Umanath, Chengappa, and Vijayasarathy 2016). In contrast, the edible oils sec-
tor faces severe import dependency, exacerbated by global disruptions, leading to
skyrocketing import costs and inflationary pressures on food prices (Valiyaveettil,
Jha, and Kathayat 2023) (Meena, Mishra, and Narayanan 2015). To address these
issues, enhancing domestic pulse production and achieving self-sufficiency in edible
oils through improved agricultural practices and crop diversification are essential
strategies (Inbasekar 2014).

2.5.3 Factors Influencing Consumption Patterns

Several factors influence the consumption of edible oils and pulses in India, in-

cluding price fluctuations, health concerns and government policies (Kalra and
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Srivastava 2023). The rise in health consciousness has led to increased demand
for cold-pressed and organic edible oils, while concerns over cholesterol and heart
diseases have impacted the preference for certain oils (Kalra and Srivastava 2023).
Similarly, the nutritional benefits of pulses have driven their consumption, par-
ticularly among vegetarian and vegan populations. Government initiatives such
as subsidies, trade policies and agricultural reforms play a crucial role in shaping

consumption patterns (Kalra and Srivastava 2023).

2.6 Demand Estimation using Almost Ideal De-

mand System

Computational methods for estimating food expenditure elasticity often utilize
models like the Almost Ideal Demand System (AIDS) due to its comprehensive
nature and ability to incorporate various desirable properties of demand systems.
AIDS allows for the estimation of both Hicksian and Marshallian elasticities, pro-
viding a nuanced understanding of consumer behaviour across different food cat-
egories, as demonstrated in studies from the UK and Canada (Tiffin and Tiffin
1999) (Dong and Kaiser 2003). The model’s flexibility in accommodating non-
negativity constraints and its capacity to analyse dynamic relationships further
enhance its applicability, as seen in Iranian urban household data (Zahedi 2006).
In contrast, simpler models like the Working-Lesser (WL) may yield satisfactory
results for smaller datasets but lack the robustness and theoretical grounding of
AIDS, which can lead to more accurate policy implications regarding food demand
and expenditure elasticity (Thanga 2013). Thus, while AIDS may present com-
putational challenges, its advantages in capturing complex demand relationships

make it a superior choice for food expenditure analysis.

The Almost Ideal Demand System (AIDS) provides a robust framework for analysing
the demand for edible oils and pulses in India, particularly in understanding con-
sumer behaviour and price elasticity. The AIDS model allows for the estimation
of price and expenditure elasticities, which are crucial for assessing how changes
in prices affect the demand for these commodities (Asche and Wessells 1997). In
India, pulses, including gram, tur, moong and urad, are essential dietary compo-
nents, with the country being the largest global producer, yet still importing a
significant portion due to rising demand (Supriya et al. 2020). Recent analyses

indicate that government interventions, such as subsidies and minimum support
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prices, have successfully increased domestic production and consumption, thereby
reducing the demand-supply gap for pulses (Supriya et al. 2020). This study illus-
trates the importance of applying the AIDS framework to evaluate the interplay
between price changes and consumer demand in the context of India’s edible oil

and pulse markets.

2.7 Constant Market Share Hypothesis and Ex-

port Competitiveness

2.7.1 Conceptual Framework of Constant Market Share
Analysis

The constant market share (CMS) hypothesis, initially introduced by Tyszynski
in 1951, serves as a critical analytical framework for assessing export performance
by decomposing changes in a country’s export value into various effects, including
global export trends and market distribution effects (Widodo 2008). Subsequent
critiques, notably by Richardson and further developments by Fagerberg and Sol-
lie, highlighted limitations in identifying unexplained residuals, leading to refined
methodologies that categorize export changes into more nuanced effects, such as
commodity and market adaptation (Widodo 2008) (Ingco and Kandiero 2002). Re-
cent advancements, including the Generalized Constant Market Shares (G-CMS)
approach, aim to address inherent methodological weaknesses, offering a more flex-
ible and precise analysis of export dynamics (Fitrianto and Widodo 2017). This
evolution underscores the CMS framework’s adaptability and relevance in contem-
porary trade analysis, particularly in understanding the competitive positioning
of nations in a globalized economy (Jalil et al. 2018) (Luttik 1998). Constant
Market Share Analysis (CMSA) is a well-recognized tool in international trade re-
search used to assess export performance by decomposing changes in market share
into competitiveness and structural effects. The method identifies global demand
shifts, export composition changes and competitive advantages of a country’s ex-
ports (Arora and Batra 2019; Kumari and Paladugu 2024). Several studies have
applied CMSA to agricultural commodities such as pulses, oilseeds and edible oils

to evaluate India’s export competitiveness in global markets.
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2.7.2 Application of CMSA in Indian Agricultural Trade

The constant market share hypothesis highlights the dynamics of India’s import
consistency for edible oils and pulses, revealing significant trends influenced by
economic reforms and market conditions. India, as the world’s leading importer of
edible oils, imports over 50% of its domestic consumption, driven by rising demand
from a growing population and urbanization, alongside stagnant domestic oilseed
production due to unfavourable policies and infrastructure issues (Dohlman, Per-
saud, and Landes 2003) (Meena, Mishra, and Narayanan 2015). In contrast,
pulses, crucial for nutrition and soil health, face a steep price increase due to supply
constraints, with production stagnating despite high demand (Reddy 2013). The
constant market share analysis indicates that while India has maintained a com-
petitive edge in agricultural exports, the negative effects of market distribution
and commodity composition on pulses and edible oils necessitate strategic pol-
icy interventions to enhance domestic production and reduce reliance on imports
(Nirmal et al. 2023).

2.7.3 Comparative Analysis of Export Competitiveness

India has been a significant exporter of agricultural commodities, particularly
oilseeds and pulses. CMSA has been applied to analyse exports of groundnut, mus-
tard and castor oilseeds. Research suggests that competitiveness plays a dominant
role in export success, while emerging economies drive shifts in export dynamics
(Kumari and Paladugu 2024; K. Nirmal Ravi Kumar and Raju 2023). CMSA
decomposition reveals India’s strong presence in traditional markets, yet export
diversification remains crucial. CMSA-based comparative studies highlight India’s
strengths and weaknesses in agricultural exports. While competitiveness remains
robust for mustard and linseed, some oilseeds exhibit declining relative competi-
tiveness effects. Identifying markets where India holds a comparative advantage
aids in strategic policymaking for enhanced export performance (K. Nirmal Ravi
Kumar and Raju 2023).
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2.7.4 Factors Influencing Export Performance

India’s export trends are shaped by trade liberalization, technological advance-
ments and policy interventions. The establishment of the World Trade Orga-
nization (WTO) in 1995 and the implementation of the Technology Mission on
Oilseeds (TMO) in 1986 impacted competitiveness. However, infrastructure con-
straints, global demand fluctuations and price volatility pose challenges (Arora
and Batra 2019). Cheap and efficient imports should have ideally led to a com-
petitive oil economy, especially in view of the increasing demand for edible oils.
In the absence of a competitive industry and high price volatility, the government
resorted to continuous changes in the tariff structure as a solution. This solution
becomes more complex when the global value chain begins to lose credibility, and
also in the presence of multiple stakeholders with contradictory interests (Shroff,
Shah, and Kundurthi 2024).

2.8 Research Gap

Despite the extensive research on the production, yield and cropping issues for
oilseeds and pulses, limited attention has been given to a comprehensive study,
based on computing the demand elasticity estimates to understand the consump-
tion patterns of edible oils and pulses, with the rise in income, across all the states
of India, segregated further into rural and urban regions. Such research would help
gather information on the demand of various edible oils and pulses across regions
and states of India and how each of these edible oils and pulses substitute each
other with the rise in income. More so, not much research is available where In-
dia’s Import Competitiveness is analysed for these two food groups. Applying the
constant market share analysis would help policy makers take measured decisions
with reference to tariffs, and help outgrow our reach to various source countries
and subsequently bring stability to our imports which is what this study aims to

investigate.



Chapter 3

Research Methodology

This study is exploratory in nature and to study the research problems, two em-
pirical methods are used. For the first objective, which is to compute the income
and price elasticities of both edible oils and pulses, the Almost Ideal Demand
System (AIDS) method is computed using the NSSO datasets and for the second
objective, which is to decompose and examine India’s import growth for edible
oils and pulses, the constant market share analysis (CMSA) is performed using
the UN Comtrade dataset. CMSA helps study unfavourable and favourable im-
port growth either to India’s import structure or its import competitiveness. A
theoretical framework of the two models used in this thesis follows after data

collection.

3.1 Data Collection

The secondary data sources used are, first, the National Sample Survey Organi-
zation (NSSO) quinquennial survey rounds of consumption expenditure, the 50th,
55th, 61st, 66th and the 68th and secondly, the trade data from United Nations
Comtrade Database. The edible oils for whom the elasticities computed are vanas-
pati or margarine, mustard, groundnut, coconut and other edible oils, while the
pulses are arhar, gram split and whole, moong, masur, urad, peas, khesari and
other pulses. The commodities under the edible oils considered for the analysis
of the import competitiveness using CMSA are soya-bean oil, palm oil, sun-flower
seed, safflower or cotton-seed oil and under the pulses food group are peas, chick-

peas, beans, small red beans, kidney beans, cow peas and lentils, respectively.

27
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3.1.1 NSSO Database

3.1.1.1 Introduction to the NSSO Database

The National Sample Survey Organization, now known as the National Statistical
Office (NSO), has historically been the premier organization in India responsible
for conducting large-scale socio-economic surveys. The NSSO was established in
1950 and it played a pivotal role in gathering data critical for understanding the In-
dian economy and society. In a significant administrative restructuring on May 23,
2019, the Government of India merged the NSSO with the Central Statistics Office
(CSO) to form the National Statistical Office. This unified body is now operating
under the Ministry of Statistics and Programme Implementation (MOSPI) and
continues the crucial work of collecting, analyzing and disseminating statistical
information to inform policy decisions, economic planning and academic research

across various sectors in India.

3.1.1.2 Data Collection Framework and Objectives of NSSO

The former NSSO was structured into several key divisions, each with specific
responsibilities in the survey process. The Survey Design and Research Division,
located in Kolkata, was responsible for the technical aspects of survey planning,
including the formulation of concepts, sampling design and the creation of sur-
vey schedules. The Field Operations Division, headquartered in Delhi/Faridabad
with an extensive network of regional and sub-regional offices, was tasked with
the crucial role of primary data collection. The Data Processing Division, based
in Kolkata with additional centers across the country, handled sample selection,
software development, data processing, validation and tabulation. Finally, the
Co-ordination and Publication Division in Delhi was responsible for coordinating
the various divisions and publishing the NSSO’s annual journal. While the or-
ganizational structure may have evolved under the NSO, these core functions of
survey design, data collection, processing and dissemination remain essential to
its operations. The paramount objective of the NSO’s data collection efforts is
to gather and analyze socio-economic information through comprehensive nation-
wide surveys. This data is instrumental in assessing the living standards, economic
activities and social conditions of the Indian population, thereby providing a foun-
dation for informed policymaking and effective planning. The surveys conducted

by the NSO cover a wide spectrum of topics, including crucial indicators such as
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employment and unemployment rates, household consumer expenditure patterns,
health and education status, agricultural practices and industrial output. Re-
sources like the catalog available on (microdata.gov.in) offer detailed information
on the various surveys conducted, their specific objectives and the types of data
collected. The breadth and depth of the data collected by the NSO make it an
invaluable resource for researchers seeking to understand the multifaceted aspects

of India’s economy and society.

3.1.1.3 Role of Multiplier Files in NSSO Datasets

In the realm of statistical survey data, the use of multipliers, often referred to as
weights, is a fundamental practice for deriving estimates that accurately represent
the entire population from a sampled subset. The necessity of employing weights
arises from several factors inherent in the design and execution of most large-scale
surveys. Firstly, complex sampling designs, such as stratified or clustered sam-
pling, often result in unequal probabilities of selection for different units within
the population. Weights are used to adjust for these variations, ensuring that
each sampled unit contributes to the overall estimates in proportion to its repre-
sentation in the population. Secondly, despite best efforts, surveys often encounter
non-response, where some selected individuals or households do not participate.
Weights can be adjusted to compensate for this non-response, reducing poten-
tial biases in the final results. Finally, in a process known as post-stratification,
weights may be further refined to align the sample distribution with known pop-
ulation characteristics obtained from independent sources, such as census data.
These weights play a crucial role in the calculation of various descriptive statis-
tics, including means, totals and proportions, ensuring that these statistics provide
an unbiased reflection of the population. Furthermore, in more sophisticated sta-
tistical modelling techniques, the application of weights is essential for obtaining
unbiased parameter estimates and valid inferences about the population. Without
the appropriate application of these weighting factors, the results of any analysis
conducted on survey data risk being skewed and potentially misleading, as the
sample might not accurately mirror the true composition and characteristics of

the population from which it was drawn.

The role of multiplier in NSSO Datasets, is consistent with the practices of its

predecessor NSSO, do indeed include a variable frequently abbreviated as “MLT”.
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This “MLT” typically stands for “Sub-Sample Multiplier” or uses similar termi-
nology to denote its function. The primary function of the MLT variable is to
serve as a foundational multiplier in the calculation of the final sampling weights
assigned to each household or individual unit participating in the survey. These fi-
nal weights are what researchers ultimately use to extrapolate their findings from
the sample to the entire population, providing a comprehensive understanding
of the surveyed characteristics. Without these weights, analysis conducted on the
sample data would likely yield biased results, failing to accurately reflect the socio-
economic realities at the national, state or sector level. The calculation of the final
weight often involves the MLT value in conjunction with other variables that cap-
ture aspects of the survey’s sampling design, such as NSS (number of first stage
units surveyed within a substratum for the sub-sample) and NSC (number of first
stage units surveyed within a substratum for combined sub-samples). Common
formulas employed for this calculation include:

Final Weight = MLT / 100 if NSS = NSC

Final Weight = MLT / 200 if NSS != NSC

The use of different divisors (100 or 200) based on the comparison of NSS and
NSC reflects the methodology employed to handle sub-samples within the survey
design and to generate estimates that are either specific to a sub-sample or com-
bined across sub-samples. Many NSO surveys utilize a dual sub-sample approach,
typically labelled Sub-sample 1 and Sub-sample 2. The MLT variable facilitates
the generation of statistical estimates for each of these sub-samples independently;,
as well as for the entire sample when the sub-samples are combined. This sub-
sample methodology allows for internal checks on the consistency and reliability
of the survey data. It is important to note that while the MLT variable and the
general principles of weight calculation remain consistent across many NSO sur-
veys, the specific variables involved and the exact formulas used might exhibit
slight variations depending on the particular survey round and its specific design.
Therefore, it is important always, to consult the documentation accompanying the

specific dataset to ensure accurate weight calculation.

3.1.1.4 TImportance of NSSO Documentation

The NSSO documentation helps gain a thorough understanding of the specific
survey design and the methodology for calculating weights. Several types of doc-

uments typically provide this essential information. “Readme” files often offer a
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general overview of the dataset, including a summary of the sampling methodol-
ogy and the formulas used to calculate the sampling weights. Data layout files,
frequently provided in Excel format, are crucial for understanding the structure
of the raw data files, detailing the position and format of key variables such as
the MLT multiplier, NSS and NSC. Estimation procedure notes provide a more
in-depth explanation of the sampling design, including the rationale behind the
weighting methodology and the steps involved in calculating the final weights.
While not directly focused on weights, the schedule or questionnaire used for the
survey can provide valuable context regarding the type of data collected and the

units of analysis.

3.1.1.5 Sources of Household Data

The official (www.microdata.gov.in) portal serves as the primary platform for
downloading NSSO unit-level data, along with the associated documentation. This
portal is an indispensable resource for researchers seeking access to the data and
the necessary information to analyze it correctly. Additionally, ICSSR Data Ser-
vice provides “Social Science Data Repository” to download the micro level house-
hold data. Moreover, online platforms and communities, such as the NSSO Unit
Level Data blog and forums like the DataMeet Google Group, serve as valuable
spaces where researchers can share knowledge, discuss challenges and find answers
to common questions related to working with NSO data, including the intricacies

of weight calculation using the MLT variable.

3.1.1.6 Data Entering and Analysis

In order to work on the NSSO data, the application of the calculated final weight,
derived using the MLT variable, is an indispensable step in obtaining estimates
that accurately represent the target population. Statistical software packages such
as Stata and R provide specific functionalities to incorporate these weights into the
analysis. In R, the survey package offers a comprehensive suite of tools designed for
the analysis of complex survey data, allowing to specify the sampling weights along
with other aspects of the survey design. The failure to apply these crucial weights
during the analysis of NSSO data will inevitably lead to biased results that do not
accurately reflect the characteristics of the whole population. The weights serve to

correct for the intricacies of the sampling design, ensuring that each sampled unit
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contributes to the overall estimates in a manner proportional to its representation
in the population. This is particularly important in surveys employing stratified
or clustered sampling techniques, where certain segments of the population might
be over or under-represented in the initial sample. In some analytical scenarios,
such as when deriving individual-level estimates from household-level data, fur-
ther adjustments to the weights might be necessary to account for household size
and composition. Therefore, a thorough understanding and correct application of
the weights derived from the MLT variable are paramount for drawing valid and

reliable conclusions from NSSO survey data.

In conclusion, the MLT variable, representing the sub-sample multiplier, plays a
fundamental role in the analysis of National Statistical Office unit-level data. It
serves as a crucial component in the calculation of the final sampling weights,
which are essential for generating unbiased and representative estimates of the In-
dian population from the sample survey data. By understanding the meaning and
purpose of the MLT variable, along with its relationship to other design-related
variables like NSS and NSC, researchers can correctly apply the appropriate formu-
las to derive accurate weights. The proper utilization of these weights in statistical
software is paramount for obtaining meaningful and reliable results from NSSO
data, which in turn informs evidence-based policymaking and contributes to a
deeper understanding of India’s socio-economic landscape. As the specific imple-
mentation of weighting procedures can vary across different survey rounds and
types, it is imperative for analyst to consult the detailed documentation provided
with each dataset to ensure the accurate application of MLT-derived weights in

their analyses.
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3.1.2 UN Comtrade Database

The data for trade is collected from the United Nation’s Comtrade database and
the General Algebraic Modelling System (GAMS) software is used to decompose
India’s growth into several components in order to measure India’s import compet-

itiveness. We will now discuss the preliminaries of the trade dataset and entering

the data in GAMS.

3.1.2.1 The structure of Trade Data

International trade statistics document the movement of exports and imports be-
tween countries within a specified period. Typically, apart from a few exceptions,
these statistics capture the monetary value of trade flows rather than their physi-
cal quantities. In this context, trade flows are commonly described with reference
to two countries viz., the ‘Reporter’, or the country that provides the data and
the ‘Partner’. Consequently, exports represent trade flows from the reporter to

the partner, whereas imports signify flows from the partner to the reporter.

Conceptually, it is useful to visualise international trade data as a multidimen-
sional array, in which each entry represents the monetary value of exports or
imports for a specific commodity traded between two countries. Since one coun-
try’s exports naturally correspond to another country’s imports, each trade flow
is inherently recorded twice, albeit under differing conditions. Specifically, export
data are typically reported on a free on board (FOB) basis, excluding transporta-
tion costs, while import data are reported on a cost, insurance and freight (CIF)

basis, incorporating these additional expenses.

Given the inherent redundancy in data reporting, a decision must be made about
which of the duplicated data points should be employed for analysis. Practically,
data reported independently by different national agencies rarely align precisely.
In most cases, import data are considered more reliable; however, export data
might occasionally be preferred, especially if there are specific concerns about the

accuracy or completeness of the import records.

The redundancy arising from dual reporting also provides an advantage in ad-
dressing gaps in reported trade flows. Where a particular country does not report
its exports to a partner, the imports recorded by that partner can be utilised as

a substitute, a process known as ‘mirroring’. Nevertheless, if neither country in a
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trade pairing reports the data, this approach becomes impossible and an alterna-
tive method must be adopted. In such instances, statistical modelling techniques
are employed to estimate these missing values—a procedure known as reconcilia-
tion. A reconciled trade data array is one in which all missing values have been
systematically estimated, resulting in a complete and consistent dataset. A more
comprehensive exploration of the structure and organisation of trade data is pre-
sented by Mikic and Gilbert (Mikic and Gilbert 2009).

3.1.2.2 Sources of Trade Data

We now consider the sources from which international trade flow data may be
obtained. While such data can be accessed through national statistical agencies,
our focus lies primarily on international databases. For a more detailed discussion,

see Plummer et al. (Plummer, Cheong, and Hamanaka 2010).

Several databases provide international trade data, each with specific advantages
and limitations. The principal resource in this domain is the United Nations
COMTRADE database (www.comtradeplus.un.org), which offers extensive cover-
age of 248 economies, with data available from as early as 1965 in some instances.
Although the availability of data varies across countries, users can access both
monthly and annual series, with annual data typically offering longer timespans
and more comprehensive coverage. The merchandise trade data are classified under
various systems, including the Harmonized System (HS), the Standard Interna-
tional Trade Classification (SITC) and the Broad Economic Classification (BEC).
Users can obtain data at different levels of disaggregation—2, 4 and 6 digits with
6-digit level data available in terms of both trade value and, in some cases, vol-
ume. Notably, the data in COMTRADE are unprocessed; they are presented as

reported by national authorities, without mirroring or reconciliation.

Where only aggregate merchandise trade values are required, the International
Monetary Fund’s, International Trade in Goods (by partner country) (IMTS)
dataset formerly Direction of Trade Statistics (DOTS) database (www.imf.org)
serves as an alternative. This dataset encompasses 190 economies and provides
trade flows at annual, quarterly and for certain countries, monthly intervals, with

records extending back to 1980.

Another valuable resource for disaggregated trade data is the International Trade

Centre’s TradeMap (www.trademap.org). Based primarily on COMTRADE data,
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supplemented by national sources, TradeMap offers information at up to the 6-
digit level for up to 220 countries, covering the period from 2001 onward. The
dataset includes partial reconciliation using mirror data and offers some quarterly

and monthly series.

Lastly, the Global Trade Analysis Project (GTAP) database (www.gtap.org) is a
further option. GTAP provides trade flow data for 140 regions and 57 sectors.
The latest version includes both merchandise and service trade data for the years
2011, 2007 and 2004, along with a time series for merchandise trade spanning from
1995 onward.

3.1.2.3 General Algebraic Modelling System

GAMS, an acronym for the General Algebraic Modelling System, is a high-level
programming language specifically developed for the formulation and numerical
solution of mathematical models. It offers a platform-independent environment
for model development, allowing the structure of a model to remain unchanged
regardless of the hardware on which it is executed or the specific mathematical
algorithms employed for its solution. This separation between model specifica-
tion and solution methodology enables seamless transferability across computing
systems and solvers. GAMS is highly versatile, capable of addressing a broad
spectrum of problem types and is particularly well-suited for managing extensive

mathematical systems and manipulating large-scale datasets.

GAMS operates as a text-based programming system that functions in batch
mode. A GAMS programme typically consists of a plain text file, commonly
with the .gms extension, which contains a sequence of commands for importing
data, processing it and outputting the results. Execution involves submitting this
file to the GAMS environment, which subsequently performs a syntax check, inter-
prets the instructions and processes the model accordingly. The output is recorded
in a listing file with the .Ist extension, which contains the results of the compu-
tation as well as diagnostic information in the event of errors during execution.
Further details on GAMS are provided in the GAMS User’s Guide (GAMS De-
velopment Corporation 2020). For an in-depth discussion of GAMS capabilities,
see Zenios (Zenios 1996). Practical programming advice is available via Bruce
McCarl’s online reference (McCarl). Gilbert and Tower (Gilbert and Tower 2013)

offer additional insights on the use of GAMS in simulation modelling.
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3.2 Theoretical Framework

Here we briefly review the theoretical foundations underlying the economic analysis

performed in this study.

3.2.1 Almost Ideal Demand System

The Almost Ideal Demand System (AIDS), was developed by Deaton and Muell-
bauer!, provides a flexible yet practical way to analyse consumer demand. It
models how consumers allocate their expenditure among different goods and how

this allocation changes with prices and total expenditure.

3.2.1.1 The Mathematical Formula of the AIDS Model - Budget Share

Equation

The AIDS model specifies the budget share w; of good 7 as:

= X
W; = &y + Z’}/ij lnpj -+ Bz In (?>

J=1

Where:

Diq;
X

w;: Budget share of good i, defined as w; =

pj: Price of good j

X: Total expenditure on all goods

P: Aggregate price index (defined below)

o, Vij, Bi: Parameters to be estimated

n: Number of goods

To ensure consistency with consumer theory, the following restrictions are imposed

on the parameters:

1. Deaton, A., Muellbauer, J. (1980). An Almost Ideal Demand System. American Economic
Review, 70(3), 312-326.
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1. Adding-Up:

Zai =1, Z%’j =0, Zﬂi =0
=1 i—1 i—1

2. Homogeneity:

n

Z%j =0, foralls

J=1

3. Symmetry:
’}/” = ’y]“ for all Z,]

3.2.1.2 Explanation of Variables and Parameters

e w;: Budget share of good i

— Calculated as w; = %, where:

x p;: Price of good i
x q;: Quantity consumed of good ¢

* X: Total expenditure on all goods

® «;, 7;j, Bi: Parameters to be estimated

pj: Price of good j

X: Total expenditure on all goods

P: Price index used to normalize expenditures

n: Total number of goods in the system

3.2.1.3 Estimation of the Demand System

The Almost Ideal Demand System (AIDS) model is widely used to estimate con-
sumer demand for goods and services. If we want to estimate a demand system
for a basket of goods that includes various food categories, where the observed
data are at the household level. We have variables recording the total expenditure

a household spends on food, the share spent on each food category and the unit
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price for each food category. The budget shares of all food categories need to sum
up to one. This is a typical data structure required for most demand systems. If
needed, these variables can be constructed from the quantity purchased and the
amount paid by the households. After processing it, the AIDS model uses iteration
method to estimate the parameters alpha, beta, gamma, rho and eta. We do not
interpret these estimated parameters directly, instead, we use them to compute
the expenditure elasticities. The goal of fitting a demand system is to compute
the elasticities, which requires parameter estimates and data. These values may
indicate that there is an inelastic demand for food products. We can also esti-
mate the uncompensated “Marshallian” elasticities or the compensated “Hicksian”
elasticities. The difference is that the compensated elasticities are smaller in ab-
solute terms because they contain only substitution effects, while uncompensated
elasticities also account for income effects along with substitution effects. In this
research, Marshallian or the uncompensated elasticity estimates are computed to
account for both, the substitution and the income effects. Lastly, the demographic
scaling method is applied which implies that demographic variables such as year
and region (rural and urban sector) are incorporated into the model using a scaling
method. This allows the model to account for the influence of demographics on

the demand for commodities.

3.2.1.4 Extension of the AIDS Model
An extension of the AIDS model is the Quadratic Almost Ideal Demand System

(QUAIDS), which includes a quadratic term to allow for more flexible Engel curves

(the relationship between income and expenditure on a good):

- X X\1?
7j=1

Where ); is an additional parameter to be estimated.

3.2.1.5 Interpretation of Elasticity

This study is based on the expenditure elasticities and cross-price elasticities of
various edible oils and pulses. The own-price and cross-price elasticities within

the rural Indian edible oil market, as revealed by the AIDS model, provides a rich
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tapestry of consumer behaviour and inter-commodity relationships. Analyzing
the demand responsiveness for five key edible oil categories viz., vanaspati or mar-
garine, mustard oil, groundnut oil, coconut oil and other edible oils and nine pulse
categories viz., arhar, split and whole gram, moong, masur, urad, peas, khesari
and other pulses offers crucial insights into substitution patterns, complementarity
and the overall price sensitivity of rural households across diverse states. The own-
price elasticities, consistently negative as economic theory dictates, emphasise the
fundamental law of demand, wherein an increase in the price of a specific edible
oil generally leads to a decrease in its consumption. However, the varying magni-
tudes of these elasticities across states and oil types highlight the heterogeneity in
price sensitivity, potentially influenced by factors such as income levels, regional
dietary preferences, availability of substitutes and the perceived necessity of each
oil in local cuisines. The standard errors associated with these estimates provide

a statistical measure of the precision and reliability of these demand responses.

The expenditure elasticities reflect the percentage change in the quantity de-
manded of an edible oil and pulse in response to a one percent change in ex-
penditure, indicating the relative importance of the oil in household budgets. The
expenditure elasticities provide insights into the income sensitivity of edible oil
consumption. High expenditure elasticities indicate that the consumption of these
oils is highly responsive to changes in income, suggesting that they are consid-
ered luxury goods or essential commodities. Low expenditure elasticities, on the
other hand, indicate that the consumption of these oils is less responsive to income

changes, suggesting that they are considered necessities.

The cross-price elasticities, which form the core of understanding the intercon-
nectedness of these edible oil markets, paint a complex picture of substitutes and
complements. A positive cross-price elasticity between two edible oils suggests
that they are substitutes in consumption. In this scenario, an increase in the price
of one oil leads to a rise in the consumption of the other, as consumers switch
to the relatively cheaper alternative. Conversely, a negative cross-price elasticity
indicates a complementary relationship, where an increase in the price of one oil
results in a decrease in the consumption of the other, implying that these oils are
often used together or are jointly demanded. The near-zero cross-price elasticities
observed in some state-oil pairs suggest a lack of a strong direct relationship, in-
dicating that the consumption decisions for these oils are largely independent of

each other’s price fluctuations.
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3.2.1.6 Interpretation of the type of Commodity using Confidence In-

tervals

The results of elasticity estimates computed along with their standard errors shown
in parentheses can be used to construct the confidence levels at the desired levels.
Further, we can interpret whether an edible oil and pulse is a luxury commodity
with elasticity being greater than one or a necessity commodity with elasticity
between zero and one or an inferior commodity with a negative elasticity. Here’s

how one can approach it:

Constructing Confidence Intervals We can use the standard error to calculate
a confidence interval for each income elasticity estimate. For a 95% confidence

interval:
Confidence Interval = Estimate £ (1.96 x Standard Error)

This interval provides a range of values within which the true income elasticity

likely lies.

Interpretation of the Confidence Intervals

1. If the entire interval is above 1, the good is a luxury.
2. If the entire interval is between 0 and 1, the good is a necessity.
3. If the entire interval is less than 1, the good is inferior.

By combining the elasticity values with their standard errors, we can account for

uncertainty in the estimates while making meaningful interpretations.
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3.2.2 Constant Market Share Analysis
3.2.2.1 The Concept

The Constant Market Share Hypothesis primarily focuses on decomposing the
changes in trade patterns seen over time, particularly in the context of evaluating
the impact of preferential trade agreements. It introduces the concept of Con-
stant Market Share (CMS) analysis, a technique used to break down the growth
in a country’s imports into components that reflect the maintenance of its market
shares. It emphasizes the importance of understanding how trade indices change
over time, suggesting that while one can simply construct indices and observe
trends, a more sophisticated approach involves decomposing these changes to un-
cover the underlying forces at play. This decomposition helps provide insights into

the dynamics of trade patterns and the effects of policy interventions.

Constant market share analysis is traditionally a technique which decomposes the
country’s export growth into components that correspond to holding its market
shares constant, at various levels. In particular, a country’s trade may grow faster
or slower than the world average, because if it’s export profile is concentrated in
commodities for which demand is growing relatively quickly or slowly, or because
its regional export profile is dominated by countries that are growing relatively
quickly or slowly, or because the economy is gradually becoming more or less com-
petitive, or some combination thereof. It is obvious to note that the preferential
trading agreements have the potential to change these effects. CMS analysis is
designed to help us better understand the relative importance of the various pos-
sible drivers of export growth. In this study, the CMS model is re-worked for
analysing the import dependency of India for both the food groups, edible oils
and pulses. This hypothesis of constant market share was introduced in the inter-
national trade context by (Tyszynski 1951) and was extended and popularized by
(Wegge 1971) (Leamer and Stern 2017), with further development by (Richardson
1971) and (Fagerberg and Sollie 1987), among others.? CMS analysis has recently
been applied to export growth of a number of broad aggregate regions by Widodo
(2010) and to US export growth in Gilbert (2010).

2. The theoretical foundations of the technique can be related to the two-stage (Arming-
ton) demand function commonly adopted in the computable general equilibrium literature (see
Merkies and van der Meer, 1988). Ahmadi-Esfahani (2006) provides further discussion of the
theoretical foundations and appropriate use and diagnostic interpretation of the technique.
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3.2.2.2 A Three Level Decomposition

gi

9p :
Gir -
Grp :

girp

: Imports of good ¢ by reporter r from partner p.
: Total imports of good ¢ by reporter r.

: Total imports by reporter r from partner p.

: Total imports by reporter r.

: Total world imports of good 1.

: Total imports by the world from partner p.

: Total world imports.

: Growth rate in total world imports.

: Growth rate in total imports of region r.

: Growth rate in world imports of commodity .

Growth rate in world imports from country p.
Growth rate of imports of commodity ¢ by region r.

Growth rate of total imports by region r from partner p.

: Growth rate of imports of commodity i by region r from partner p.

The first step is to allow for both sectoral and regional variations. Taking the

residual and recognizing that

Mir = ZpMirp Mi?‘a

we can add a further term. The following expression is the complete CMS decom-

position:

CMS Decomposition = World Growth Effect + Commodity Effect + Regional
Market Effect + Competitiveness Effect

M} — M = gM?° (World Growth Effect)
+ Z(Qz —g)M;° (Commodity Effect)
+ Z Z(Qw — g) M, (Regional Market Effect) (3.1)
T p

+ Z Z(gi'r‘p — gz-r)M;lp (Competitiveness Effect)
. p
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The complete decomposition thus identifies four different components of the growth

in the imports of the country of interest:

1. World Growth Effect: The part of the growth attributed to the overall
rise in world imports. This measures how much of the change in a country’s
import performance is due to the general increase or decrease in global import

demand.

2. Commodity Effect: The part of growth attributed to the commodity com-
position of the country’s imports. This effect is positive if imports are concen-
trated in commodities for which world demand is growing relatively quickly.
It reflects how changes in the type of goods imported influence the overall

import growth.

3. Regional Market Effect: The part of growth attributed to the regional
composition of the country’s imports. This effect is positive if imports are
concentrated in markets experiencing relatively rapid growth. It shows how
shifts in import demand across different regions or countries impact a coun-

try’s import performance.

4. Competitiveness Effect: The residual effect, which captures the difference
between the actual import growth and the growth that would have occurred
had the import shares remained constant. A positive value is interpreted as
an increase in competitiveness, indicating that the country has become more

competitive in importing goods.

3.2.2.3 Full Decomposition

The aforementioned decomposition is extended to incorporate the decomposition
of the trade share along the same principles, allowing for many import partners and
many import products which further yields the full decomposition of the change

in the country’s world market share?.

3. Gilbert, John. & UN.ESCAP (2017). Analytical approaches to evaluating preferential
trade agreements. United Nations: Economic and Social Commission for Asia and the Pacific
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0, : Share of region r in world imports.

0,, : Share of region r imports from partner p in world imports from p.
d, : Share of country p as a source for total world imports.

0; : Share of region r in world imports of commodity <.

0irp : Share of region r in world imports of commodity ¢ from region p.
B; : Share of commodity ¢ in world imports.

Bip : Share of commodity ¢ in world imports from p.

Af, = Z Z Ab;, ?p52 (Market Share Effect)
p
+ Z Z Aﬁipé’?rpég (Commodity Composition Effect)
= i i JAPSANG I (Commodity Adaption Effect) (3.2)
+ i A(Spegp (Region Composition Effect)
+ i AB,,AS, (Region Adaption Effect)
p

The left-hand side of equation (2) is the change in export share. The right-hand

side breaks that change down into components that represent:

1. Market Share Effect: It shows the impact of changes in the market shares
by commodity and destination, weighted by the commodity composition of
each source and the regional composition of world trade in the base year. It
can be thought of as the increase in competitiveness having controlled for
the initial commodity and regional composition of the country’s imports. It
measures the change in the importing country’s market share due to changes

in its overall import volume relative to world imports.

2. Commodity Composition Effect: This measure shows to what extent
the change in market share can be explained by the initial commodity com-
position of the country’s imports. It will be positive if the initial commodity

composition of imports favours those goods in which world trade is growing
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relatively rapidly. It examines how changes in the composition of imports

(i.e., the mix of different commodities) affect the market share.

3. Commodity Adaptation Effect: Shows to what extent the country has
been successful in adapting the commodity composition of its imports to
meet changes in the commodity composition of world demand. It looks at
how the importing country adapts its import composition of specific com-

modities relative to world imports.

4. Region Composition Effect: Shows to what extent the change in market
share can be explained by the initial regional pattern of the country’s im-
ports. It will be positive if the regional pattern of imports favours countries
the imports of which are growing relatively quickly. It analyses changes in

the importing country’s import composition from different regions.

5. Region Adaptation Effect: This measure can be interpreted as showing
to what extent the country has been successful in adapting the regional com-
position of its imports to meet changes in the world regional import demand
structure. It focuses on how the importing country adapts its imports from

specific regions relative to world imports.

3.2.2.4 Interpretation of the CMS Effects

The adaptation of CMS for imports necessitates a nuanced interpretation of these
effects. The “World Growth Effect”, for instance, now reflects how changes in the
overall global import market have impacted India’s import volumes. A positive ef-
fect indicates that India’s imports have risen in tandem with global import growth,
while a negative effect suggests a divergence. The “Commodity Composition Ef-
fect” measures the impact of changes in the composition of India’s import basket.
If India’s imports have increasingly gravitated towards commodities experiencing
rapid growth in global import demand, this effect will be positive. Conversely, a
shift towards declining commodities will yield a negative effect. In this analysis,
we also have the “Commodity Adaptation Effect” which shows to what extent
India has been successful in adapting the commodity composition of its imports
to meet changes in the commodity composition of world demand. Essentially it
looks at how the importing country adapts its import composition of specific com-
modities relative to world imports. The “Regional Market Effect” assesses the

impact of changes in the geographical sources of India’s imports. A positive effect
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implies that India has increasingly sourced imports from regions with expanding
export capacity, while a negative effect suggests a move away from such regions.
Similar to the commodity composition and commodity adaptation effect, we have
the “Market/Region Composition Effect” and the “Market/Region Adaptation
Effect”. The later, the Market/Region Adaptation Effect, can be interpreted as
showing to what extent the country has been successful in adapting the regional
composition of its imports to meet changes in the world regional import demand
structure. It focuses on how the importing country adapts its imports from spe-
cific regions relative to world imports. Finally, the “Competitiveness Effect”, in
an import context, captures factors influencing India’s ability to secure imports,
such as supplier price competitiveness, trade agreements and domestic demand
pressures. A positive effect signals enhanced competitiveness in sourcing imports,

while a negative effect points to challenges.
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3.3 Hypotheses

The following hypotheses are tested using statistical inference and by applying the
standard normal distribution (Z-test) to study the income (expenditure) and price
elasticity of demand for edible oils and pulses at a disaggregate level, as it is the

data collected from the sample survey which represents the population of India.

H1: Income levels and price changes significantly influence the consumption pat-
terns of edible oils and pulses across rural and urban populations in Indian states.
Accepted: If the AIDS model analysis shows statistically significant coefficients
for income (expenditure) and price variables in the demand equations for edible
oils and pulses.

Rejected: If the coefficients are not statistically significant, indicating that in-

come and price changes do not have a significant impact on consumption patterns.

H2: There are significant regional variations in the price and income elasticities
of edible oils and pulses consumption in India.

Accepted: If the analysis of elasticities reveals substantial differences in expen-
diture and price elasticities across different states. Statistical tests would confirm
the significance of these regional variations.

Rejected: If the elasticities are relatively similar across states, suggesting mini-

mal regional variation.

The elasticity coefficients are interpreted in the following chapters only for the

significant estimates.



Chapter 4

Results and Discussion of Edible

Oils

Edible oils constitute a fundamental component of the Indian diet, serving as a pri-
mary source of dietary fats and this particular food group does influence culinary
practices across the diverse socio-cultural landscape of India. This comprehen-
sive analysis of the consumption patterns of edible oils in India, focuses on the
variations in elasticities observed between rural and urban areas and across differ-
ent states and union territories. The analysis is based on expenditure elasticities
and cross-price elasticities derived from demand system estimations, providing in-
sights into the economic factors influencing consumer behaviour. Understanding
expenditure or income elasticity of demand for edible oils across rural and urban
regions in India is critical for assessing consumer behaviour, formulating effective
nutrition policies and designing targeted marketing strategies. This analysis ex-
plores and interprets the detailed elasticity data for five categories of edible oils viz
vanaspati, mustard, groundnut, coconut and a collectively other edible oils, which
includes newer or regionally less common oils. Drawing from state-level data, the
analysis delves into the socio-economic and cultural underpinnings that shape oil
consumption patterns, emphasizing differences and commonalities between rural
and urban households. Through a detailed econometric analysis, we interpret
the varying nature of consumption responses to income changes, providing insight
into the evolving food landscape of India. By integrating empirical elasticity values
with contextualized economic reasoning, this chapter aims to present a rigorous
discussion of edible oil consumption across the rural and urban regions across

states of India. This chapter is broken down into different sub sections starting

48
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with a discussion on the consumption patterns of edible oils across rural and ur-
ban based on the empirical data of income elasticities, followed by a discussion on

consumption patters across rural and urban based on the cross elasticities.

4.1 Consumption Patterns of Edible Oils across

India based on Expenditure Elasticity

4.1.1 Rural Consumption Patterns of Edible Oil

In rural India, as seen in table 4.1, the consumption behaviour of edible oils, as
indicated by expenditure elasticity values, reveals significant diversity both across
states and among different types of oils. These differences are rooted in regional
dietary customs, income levels, availability, prices and awareness of health impli-
cations. Understanding this variation is essential not only for academic insight

but also for designing targeted policy interventions.

Vanaspati, a hydrogenated vegetable fat often considered less healthy, exhibits
widely varying expenditure elasticities across rural India, signalling contrasting
consumer perceptions and income-driven consumption dynamics. States like Tripura
(4.273), Puducherry (2.809) and Andaman and Nicobar Islands (2.668) demon-
strate very high positive elasticities, suggesting that vanaspati is perceived as a
luxury good in these regions. In these states, as household incomes increase, con-
sumption of vanaspati rises disproportionately. This may be due to a combination
of affordability constraints at lower income levels and lack of health awareness, or
even aspirational consumption patterns that associate packaged or branded fats
with higher social status. In contrast, a large number of states display negative
elasticities, indicating that vanaspati is an inferior good in those areas. Most
strikingly, Jammu and Kashmir (-22.032), Uttar Pradesh (-3.848) and Karnataka
(-1.903) show significantly negative values. These figures imply that as rural in-
comes rise, households in these states shift away from vanaspati toward healthier
or more culturally preferred alternatives such as mustard or groundnut oils. From
a policy standpoint, in states where vanaspati is still income-elastic and rising in
demand, nutritional awareness campaigns could be prioritized to discourage ex-
cessive use of hydrogenated fats. In regions where it’s already declining, policies

could support the affordability and availability of healthier substitutes.



Results and Discussion of Edible Oils 50

Mustard oil, a staple in North and East Indian cuisine, displays generally positive
and near-unitary elasticities across most rural states, reinforcing its status as a
necessity rather than a luxury or inferior good. States such as Bihar (0.989), As-
sam (0.993), Haryana (0.926) and Delhi (0.818) show elasticities hovering around
one, suggesting stable consumption that grows roughly in proportion to income.
Gujarat stands out as a stark anomaly, showing an extremely high elasticity
of (10.781), which implies a rapidly rising demand for mustard oil with income
growth. This could reflect either a strong cultural preference or substitution from
other oils, possibly due to recent health-driven or culinary trends. On the other
hand Andhra Pradesh (-2.766) and Kerala (-1.558) show negative elasticities, in-
dicating substitution away from mustard oil with increasing incomes, likely due to
regional oil preferences or negative perceptions regarding mustard oil’s pungency
or health profile. These figures emphasize the heterogeneity of mustard oil’s eco-
nomic role across the country. Where it’s positively elastic, demand-side subsidies
or support for local mustard production could stabilize prices. In states showing
declining demand, producers may need to pivot toward blending or diversify into

more preferred oils.

Groundnut oil, once a dominant cooking medium in many parts of India, has expe-
rienced complex and region-specific shifts. High positive elasticities in Tamil Nadu
(5.606), Tripura (5.887) and Rajasthan (3.385) point to its classification as a lux-
ury good in these rural contexts, possibly due to its higher price point compared to
mass-market oils or its association with quality and flavour. In contrast, several
states show negative elasticities, including Andhra Pradesh (-8.592), Arunachal
Pradesh (-6.902) and Bihar (-3.824), suggesting a decline in groundnut oil usage
as incomes rise. These trends may be driven by the increasing availability of alter-
native oils that are either cheaper or considered healthier. Importantly, groundnut
oil appears to occupy both ends of the income preference spectrum, a luxury in
some regions and an inferior good in others. This dual character demands dif-
ferentiated marketing strategies such as premium positioning in the former and

price-based substitution strategies or crop diversification in the latter.

Coconut oil, largely used in southern and coastal regions, also shows wide vari-
ability. Rajasthan (11.902) and Tripura (8.960) report extremely high elasticities,
suggesting that as incomes increase, coconut oil becomes significantly more pre-
ferred, likely driven by its niche health image or cultural reintroduction through
media. Similar but slightly lower positive elasticities are seen in Himachal Pradesh
(4.655), Madhya Pradesh (3.908) and Orissa (3.257), where coconut oil may be
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newer to the market or seen as a premium product. Meanwhile, some states report
slightly negative elasticities such as Assam (-0.480) and Gujarat (-0.922), possibly
due to regional unfamiliarity or low cultural affinity with coconut oil. Economic
reasoning suggests that rural consumers in non-coastal areas may be newly exper-
imenting with coconut oil as incomes rise, encouraged by health marketing. This
also highlights the potential of coconut oil as part of a nutritional diversification

strategy, particularly if sourced from domestic coconut-growing regions.

Other edible oils which include sesame, sunflower and saflower—are gaining trac-
tion in many rural states and offer insight into evolving dietary patterns. Here, too,
elasticity values display considerable heterogeneity. Tripura again leads with an
exceptionally high value (13.643), closely followed by Uttar Pradesh (7.622), Tamil
Nadu (2.414) and Arunachal Pradesh (2.278), suggesting robust demand growth
for these oils with rising income. These oils are likely perceived as healthier or pre-
mium alternatives, often promoted for their cardiovascular benefits. Conversely, a
few states show negative or implausibly extreme values, such as Assam (-125.122),
Mizoram (-9.244) and Nagaland (-1.068), possibly due to data inconsistencies or
limited market penetration. For economic planning, this group of oils deserves
attention from both public health and market development perspectives. Promot-
ing these oils can serve dual goals, improving nutritional intake and expanding
high-value agricultural chains. However, pricing, supply chain access and regional

adaptation must be addressed to ensure uptake.

Overall, rural India’s edible o0il consumption dynamics are marked by a significant
transition phase. While traditional oils like mustard remain essential in some re-
gions, the rise in income is clearly enabling diversification toward other oils—some
healthier, some simply more aspirational. The elasticity figures reflect both eco-
nomic rationality and cultural shifts, rising incomes facilitate escape from inferior
products like vanaspati, in several states, while also opening the door to more spe-
cialized or health-associated oils like coconut, groundnut and sunflower. In sum,
the consumption patterns across the rural regions of India are driven by a com-
plex interaction between cultural preferences, income growth, market accessibility
and health awareness. Understanding these elasticities is crucial for policymakers,
businesses and researchers aiming to shape the future of dietary transitions and

agricultural development in India’s rural heartlands.
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4.1.2 Urban Consumption Patterns of Edible Oils

In urban India, the expenditure elasticity of edible oils, as seen in table 4.2, reflects
a more stabilized and yet evolving consumer pattern shaped by higher baseline
incomes, greater access to variety and a relatively higher level of health conscious-
ness. Unlike rural India, where the transition from basic to diversified oil con-
sumption is still underway, urban India displays trends that highlight substitution
among oils, preference shifts driven by branding, health narratives and, in some

cases, a rejection of oils seen as inferior or unhealthy.

Vanaspati shows overwhelmingly negative elasticities across urban states, with
very few exceptions. Bihar (-1.896), Delhi (-1.975), Chandigarh (-5.118), Daman
and Diu (-3.264) and Dadra and Nagar Haveli (-2.359) reflect a clear urban re-
jection of vanaspati as incomes rise. This trend aligns with increasing awareness
of health risks associated with trans fats and hydrogenated oils, which are the
core components of vanaspati. Even states where vanaspati has not yet disap-
peared from urban diets show only moderate or low positive elasticities, such as
Himachal Pradesh (0.987) and Goa (2.138). In most urban areas, vanaspati is now
considered an inferior good and this consistent negative elasticity across a wide
urban geography supports the argument that health concerns, brand narratives
and aspirational consumer behaviour are leading to its decline. From a policy
perspective, these trends support ongoing efforts to regulate trans-fat content and
promote healthier oils through nutritional labelling, public service campaigns and
school-based food policies. Markets alike should recognize that vanaspati has lost
its aspirational value in urban contexts and should be phased out in favor of oils

with better nutritional profiles.

Mustard oil continues to play a subtle role in urban Indian diets. Its expenditure
elasticity hovers around unity in many states, such as Assam (0.994), Bihar (0.993)
and Jammu & Kashmir (0.988), indicating it remains a staple in these regions.
However, the dataset also reveals striking outliers. Himachal Pradesh (12.188)
presents a highly anomalous figure, potentially due to data reporting errors or an
idiosyncratic surge in demand. On the other hand, Kerala (-17.823) and West
Bengal (-9.534) register sharp negative elasticities, signalling a significant retreat
from mustard oil in these states. This is particularly interesting for West Bengal, a
state traditionally associated with mustard oil, suggesting a strong shift in dietary

preferences or a rise in the availability and consumption of alternative oils such as
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sunflower or soybean. The economic implication is that mustard oil is undergo-
ing a geographical repositioning in urban India, while retaining its importance in
some north-central and eastern states, it is becoming less preferred in regions with
greater oil variety and consumer choice. This transformation calls for differenti-
ated policy interventions such as preservation and quality control in regions where
mustard remains dominant and diversification or rebranding in regions where it is

losing ground.

Groundnut oil exhibits positive elasticities in the majority of urban states, point-
ing to its recognition as a relatively healthy and desirable option. Maharashtra
(6.984), Tamil Nadu (5.093) and Goa (2.294) show particularly strong elasticities,
suggesting that groundnut oil is not only a normal good but increasingly treated
as a luxury or premium product in urban diets. This could reflect the oil’s rela-
tively higher price, its branding as “cold-pressed” or “traditional,” and its growing
association with healthy eating among the urban middle and upper classes. States
like Gujarat (1.511), Himachal Pradesh (1.455) and Madhya Pradesh (1.518) also
demonstrate upward-sloping demand, confirming the broader positive outlook for
groundnut oil in urban markets. However, a few states still reflect negative elas-
ticities, such as Orissa (-1.266) and Uttar Pradesh (-1.425), suggesting persistent
use among lower-income groups and subsequent substitution as incomes rise. The
divergence emphasizes groundnut oil’s dual market identity, both a base-level cook-
ing medium and a premium choice depending on context. This duality suggests
that the efforts to support groundnut production could be tied to regional con-
sumption trends. In high-elasticity urban markets, supply chains for cold-pressed
and branded groundnut oils should be prioritized, whereas in areas with negative

elasticity, diversification into other oilseed crops may be more beneficial.

Coconut oil presents a fascinating elasticity profile, showcasing extreme swings in
preference depending on region and cultural context. Urban Assam (13.508) tops
the list, reflecting an unusual and possibly health-driven increase in coconut oil
consumption, possibly influenced by social media and modern health discourse.
Meghalaya (6.376), Nagaland (2.750) and Uttar Pradesh (1.387) also demon-
strate strong positive elasticities, indicating rising demand. Conversely, states
like Jammu & Kashmir (-12.057), Punjab (-19.974) and Orissa (-2.126) show neg-
ative values, suggesting either cultural unfamiliarity or substitution away from
coconut oil due to its strong flavour or perceptions about its health profile. The
health literature on coconut oil remains contested and this uncertainty may ex-

plain some of the bifurcation in urban consumption trends. Where coconut oil
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is embraced, it is often part of a broader wellness narrative and tends to be sold
in virgin, cold-pressed formats at premium prices. In urban areas with negative
elasticities, coconut oil may simply be failing to compete with more neutral oils
like sunflower or soybean. Policymakers and health communicators should mon-
itor these trends carefully. The regions with high positive elasticity could serve
as test beds for health-oriented branding, while in regions with negative demand,
subsidies or education campaigns might help clarify it’s dietary role or encourage

locally available healthier alternatives.

The “other oils” category which includes sunflower, sesame, safflower, soybean
and rice bran oils emerges as a highly income-responsive segment in many urban
regions. Arunachal Pradesh (5.511), Haryana (3.308) and Uttar Pradesh (3.057)
all display strong positive elasticities, confirming the rapid rise of these oils in
urban consumer baskets. These oils are often promoted as light, heart-healthy,
or fortified, making them popular among health-conscious, urban middle-income
groups. Tamil Nadu (1.380), Tripura (1.755) and Madhya Pradesh (1.202) follow
similar trends. However, there are a few extreme outliers on the negative side,
including Dadra and Nagar Haveli (-8.683) and Mizoram (-3.304), which may
reflect market access issues, higher prices, or deeply entrenched cultural preferences
for other oils. The policy implications are clear for the “other oils” which represents
the future of urban edible oil consumption in many states. Promoting domestic
production of these oils, reducing import dependency and ensuring fair pricing

through competition regulation can enhance both public health and food security.

Across the broader canvas of urban India, the data reflects a transition away from
staple and often unhealthy oils toward those perceived as healthier, lighter, or
more prestigious. The relatively higher incomes in urban India allow for rapid
shifts in preference, often shaped by branding, dietary advice and exposure to
global trends. Oils such as vanaspati are now categorically rejected in most urban
areas. Meanwhile, oils like groundnut, coconut and especially the mixed category
of sunflower, safflower and sesame oils are on the rise, often commanding higher
price premiums. Mustard oil, once a dominant staple in several regions, is now
witnessing a complicated repositioning, holding ground in some states while losing

relevance in others.
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4.1.3 Comparative Analysis of Rural and Urban Consump-
tion Patterns of Edible Oils

While both the rural and urban segments reflect income-responsive dietary be-
haviour, the patterns are markedly distinct, shaped by differences in economic
status, information access, cultural traditions and exposure to modern food nar-
ratives. At a national level, edible o0il consumption serves as a useful proxy for
broader nutritional transitions and the elasticity values provided highlight how
different oils are positioned in the consumer minds depending on geography and

income group.

Vanaspati oil stands out as the clearest example of divergent rural-urban consump-
tion responses. In rural areas, vanaspati still retains a positive income elasticity
in several states such as Tripura (4.273), Puducherry (2.809) and Andaman &
Nicobar Islands (2.668), suggesting that it is viewed as a desirable good—Tlikely
due to price accessibility, ease of storage and limited awareness of health risks. Its
affordability and availability, compared to refined oils, may reinforce its role as an
aspirational product in lower-income rural communities. In stark contrast, urban
India shows a consistent pattern of negative elasticities, Delhi (-1.975), Daman &
Diu (-3.264), Dadra and Nagar Haveli (-2.359) and Chandigarh (-5.118) reflect a
widespread and deliberate shift away from vanaspati. This reflects greater nutri-
tional awareness, media exposure and the influence of anti-trans-fat policies and
marketing in urban spaces. The economic implication is that vanaspati is under-
going an asymmetric decline—already rejected in cities and still growing in some
rural regions. Public health policy must address this gap, prioritizing rural edu-
cation campaigns, front-of-package labelling and affordable substitutes in public

food programs to accelerate vanaspati’s replacement.

Mustard oil exhibits more nuanced contrasts between rural and urban India. In
many northern and eastern states such as Bihar (rural 0.989, urban 0.993) and
Assam (rural 0.993, urban 0.994), elasticities are nearly identical, indicating its
entrenched role as a dietary staple, irrespective of location. However, divergence
emerges in several key states. Rural Gujarat (10.781) shows an extraordinary rural
elasticity, suggesting rising preference, while the urban Gujarat (-1.212) implies
inferiority. This rural surge may be a function of newer access or marketing in
traditionally non-mustard-consuming regions, while the urban decline could reflect
taste changes or health concerns. Conversely, Kerala shows negative elasticity

in both settings, with urban elasticity especially steep at (-17.823), indicating
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deep-rooted inferiority. The key insight is that while mustard oil retains cultural
resilience in some states, its future depends on region-specific dynamics. With an
aim, to protect traditional oils, we must consider these patterns, in states where
mustard is declining, reinforcing its health and cultural value may be needed, while

in growth states, supply chains and production incentives could be strengthened.

Groundnut oil reflects a more consistent but still regionally sensitive pattern. In
urban Maharashtra (6.984), Tamil Nadu (5.093) and Goa (2.294), as well as rural
Rajasthan (3.385), Tripura (5.887) and Tamil Nadu (5.606), it is clearly per-
ceived as a luxury oil. This reflects both economic capability and consumer pref-
erence for traditional or health-oriented oils. However, negative elasticities in rural
Arunachal Pradesh (-6.902) and urban Orissa (-1.266) emphasize that in certain
areas, groundnut oil is still being displaced, possibly due to price constraints, lack
of supply chains, or preference for newer oils. The urban-rural comparison suggests
that groundnut oil, while on the rise in many metros and semi-urban markets, still
lacks consistent appeal or availability in some rural regions. Economically, this
points to an oil with expanding middle-class relevance but regionally bounded
appeal. Policies that promote local oilseed production and cold-pressed infras-
tructure, especially in high-elasticity states, could support healthier consumption

trends and farm incomes.

Coconut oil shows both convergence and divergence across rural and urban set-
tings. In some states, such as Tripura (rural 8.960, urban 1.187), Assam (rural
-0.480, urban 13.508) and Rajasthan (rural 11.902, urban 1.002), rising urban
elasticities suggest its increasing use as a premium or health product. However,
extremely negative elasticities in urban Punjab (-19.974) and Jammu & Kashmir
(-12.057) contrast with very positive values in their rural counterparts (Punjab
rural 3.681, J&K rural 5.675), indicating a bifurcation in consumer preferences.
In rural areas, coconut oil may be seen as new and aspirational, in urban centres, it
is either embraced for health or abandoned due to taste or availability. Economic
reasoning suggests that coconut oil has become a niche luxury in urban centres,
gaining traction particularly among health-conscious and affluent consumers. In
rural markets, particularly those historically unfamiliar with it, coconut oil may
represent an exotic or premium shift. These elasticities could be considered to
support inter-regional trade flows, subsidize supply in new markets and regulate

misleading claims associated with coconut oil in wellness marketing.
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The other edible oils display the most uniformly positive elasticities in urban ar-
eas, reflecting a nationwide shift toward diversified and branded oils. In rural
India, this category shows high elasticity in states like Tripura (13.643), Tamil
Nadu (2.414) and Uttar Pradesh (7.622), indicating rising importance. Urban
areas reinforce this trend, with Haryana (3.308), Arunachal Pradesh (5.511) and
Uttar Pradesh (3.057) continuing the pattern. The notable exception is in a few
states such as Mizoram (rural -9.244, urban -3.304) and Dadra and Nagar Haveli
(urban -8.683), suggesting issues of affordability or distribution. The high posi-
tive values elsewhere confirm that these oils are the rising stars of India’s edible
oil ecosystem, particularly sunflower and safflower, which are marketed as heart-
healthy. The convergence in urban and rural elasticities for these oils signals a
dietary transition, both urban and rural consumers are increasingly orienting to-
ward oils with perceived health benefits. Policy responses could include enhancing
local oilseed production for these crops, ensuring low-cost access in rural areas and

standardizing nutritional information to avoid misleading health claims.

The broader economic story emerging from the rural-urban comparison is that
India is witnessing a gradual but pronounced shift in edible oil consumption from
traditional, low-cost oils like vanaspati and mustard in some regions, to lighter,
refined and branded oils perceived as modern or healthy. In rural areas, this
transition is more uneven, with consumption still influenced by price sensitivity,
cultural attachment and availability. Elasticities in rural regions are often more
extreme either highly positive or deeply negative reflecting the volatility of con-
sumption behaviour at lower income levels. In urban areas, elasticities are more
moderate, indicating relatively stable consumption habits influenced by branding,

health narratives and income plateaus.
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4.2 Consumption Patterns of Edible Oils across

India based on Cross Elasticity

This section studies the cross elasticities computed for each edible oil against
all the edible oils present in the broad category of this food group. Hence, to
start with, the cross elasticity estimates as presented from tables 4.3 to 4.6, are
of vanaspati computed against itself and other the edible oils such as mustard,
groundnut and coconut, then mustard against itself and vanaspati, groundnut and
coconut. This is then followed by groundnut against itself, vanaspati, mustard and
coconut and lastly of coconut against itself, vanaspati, mustard and groundnut for
all the rural regions. Although the tables contain the cross elasticity estimates of
each of the edible oils against the “others” oil category, these estimates are not
used for interpretation as it won’t do justice to the substitutability patterns if we
are not certain about the type of edible oil. But these estimates are kept in the
tables for future study and can be interpreted by certainty that each edible oil
might be substituted, wherever applicable, by other types of oils when it loses its

dominance in that market.

4.2.1 Rural Consumption Patterns of Edible Oils across
India

The consumption pattern in the Andaman and Nicobar Islands demonstrates a
highly complementary relationship between coconut oil and groundnut oil, as in-
dicated by a coefficient of (-0.961). This negative elasticity reflects that an increase
in the price of groundnut oil leads to a significant reduction in the consumption of
coconut oil, suggesting these oils are often used together in local culinary practices.
The relationship between coconut oil and mustard oil is also complementary, but
the coefficient is marginal at (-0.010), indicating a very weak practical association.
Coconut oil and vanaspati oil display a complementary relationship with a coef-
ficient of (-0.338), implying that even with price adjustments, vanaspati does not
effectively substitute coconut oil. Groundnut oil, when analysed with respect to
coconut oil, shows a strong substitutive relationship, reflected in a coefficient of
(0.943). This suggests that when coconut oil prices rise, consumers tend to replace
it with groundnut oil. The relationship between groundnut oil and mustard oil is
substitutive as well but with a negligible coefficient of (0.005), indicating limited

real-world substitution.
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In Andhra Pradesh, the consumption of edible oils reveals a complex interplay of
substitution and complementary relationships across different oil categories. Co-
conut oil acts as a substitute for groundnut oil, evidenced by a positive cross-price
elasticity coefficient of (1.176), indicating that consumers turn to coconut oil when
groundnut oil prices rise. However, it maintains a highly complementary relation-
ship with mustard oil, reflected by a substantial negative coefficient of (-16.108),
suggesting their frequent joint usage in traditional culinary practices. Coconut
oil also substitutes vanaspati oil, with a coefficient of (0.503), implying that con-
sumers prefer coconut oil over vanaspati when the latter becomes more expensive,
possibly due to health considerations. Groundnut oil exhibits complementary rela-
tionships with both coconut and mustard oils, indicated by coefficients of (-2.303)
and (-5.925), respectively, highlighting their combined use rather than substitu-
tion. Nevertheless, it serves as a substitute for vanaspati oil with a coefficient
of (0.915), suggesting that consumers prefer groundnut oil when vanaspati prices
increase. Mustard oil shows a strong complementary relationship with coconut oil
(-9.875), while acting as a substitute for groundnut oil with a coefficient of (1.842),
indicating a preference for mustard oil when groundnut oil becomes costlier. How-
ever, its relationship with vanaspati remains complementary (-0.926), suggesting
that these oils are typically used together rather than interchangeably. Vanaspati
oil substitutes for coconut oil (1.014) but exhibits complementary relationships
with both groundnut (-0.940) and mustard oils (-3.058), emphasizing its role as a
supplementary rather than a primary cooking oil in the region’s diverse culinary

traditions.

In Arunachal Pradesh, the edible oil consumption patterns reflect diverse substi-
tution and complementary effects across oil types. Coconut oil acts as a strong
substitute for groundnut oil, as indicated by a substantial positive cross-price elas-
ticity coefficient of (2.698), suggesting that consumers readily switch to coconut oil
when groundnut oil prices rise. However, its relationship with mustard oil is com-
plementary, though negligible, with a coefficient of (-0.008) and with vanaspati oil,
it is complementary as well, with a coefficient of (-0.334), indicating that coconut
oil consumption declines slightly when the price of vanaspati oil rises, possibly
due to overlapping usage in specific dishes. Groundnut oil shows a substitutive
relationship with coconut oil, reflected in a coefficient of (1.052), but displays
complementary relationships with both mustard oil (-0.018) and vanaspati oil (-
1.207), suggesting that groundnut oil is often used alongside these oils rather than

being replaced by them. Mustard oil consumption shows a highly complementary
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relationship with coconut oil, indicated by a coefficient of (-2.104), while serving
as a strong substitute for groundnut oil, with a significant coefficient of (9.023),
implying that when groundnut oil becomes expensive, mustard oil is the preferred
alternative. Its relationship with vanaspati oil remains complementary, as reflected
in a marginal negative coefficient of (-0.051), showing limited practical substitu-
tion. Vanaspati oil substitutes both coconut and groundnut oils, with coefficients
of (0.449) and (5.741), respectively, suggesting that price increases in these oils
lead to higher consumption of vanaspati. However, its relationship with mustard
oil is slightly complementary, with a coefficient of (-0.019), indicating that vanas-
pati oil consumption does not significantly rise when mustard oil prices increase,

likely due to the distinct culinary roles mustard oil plays in regional diets.

In Assam, the consumption of edible oils is overwhelmingly characterised by com-
plementary relationships across all categories, with no significant substitutive ef-
fects observed. Coconut oil shows complementary relationships with groundnut
oil (-0.067), mustard oil (-0.001) and vanaspati oil (-0.032), indicating that price
changes in these oils have minimal to modest negative effects on coconut oil con-
sumption. This pattern suggests that coconut oil retains a distinct role in regional
cuisine that is not easily substituted by other oils. Groundnut oil exhibits a par-
ticularly strong complementary relationship with coconut oil, as evidenced by a
substantial negative coefficient of (-9.125). This indicates that these oils are often
used together in culinary practices and any increase in coconut oil prices leads
to a significant reduction in groundnut oil consumption. Similar complementary
relationships are observed between groundnut oil and mustard oil (-0.031) and
vanaspati oil (-0.726), suggesting that groundnut oil consumption is closely tied
to the availability and price levels of these oils, but not in a substitutive manner.
Mustard oil also follows this pattern, with complementary relationships observed
with coconut oil (-1.410), groundnut oil (-3.591) and vanaspati oil (-0.890). These
negative coefficients demonstrate that mustard oil is rarely used as a substitute
and instead is consumed in tandem with these oils, fulfilling specific culinary roles
unique to Assamese cuisine. Vanaspati oil continues this trend, with all relation-
ships being complementary. Its coefficients are (-2.094) with coconut oil, (-0.349)
with groundnut oil and (-0.003) with mustard oil. This data indicates that vanas-
pati oil does not act as a substitute for any of the traditional oils in Assam and
its consumption declines when the prices of these oils increase, possibly due to

interconnected consumption patterns in regional food practices.
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In Bihar, the consumption patterns of edible oils demonstrate a mix of substitu-
tive and complementary relationships, with the nature of the relationship varying
across different oil categories. Coconut oil acts as a substitute for groundnut oil,
as indicated by a positive coefficient of (0.570), suggesting that when groundnut
oil prices increase, consumers shift towards coconut oil. However, its relationships
with mustard oil (-0.001) and vanaspati oil (-0.016) are complementary, although
with very low magnitudes, indicating minimal practical impact on consumption
patterns. Groundnut oil exhibits a highly significant complementary relationship
with coconut oil, evidenced by a pronounced negative coefficient of (-16.045). This
implies that these oils are often used together and a rise in coconut oil prices leads
to a substantial decrease in the consumption of groundnut oil. Groundnut oil also
shows complementary relationships with mustard oil (-0.023) and vanaspati oil
(-0.143), reflecting its continued role in Bihar’s culinary traditions despite price
fluctuations in other oils. Mustard oil consumption displays a complementary re-
lationship with coconut oil (-1.278), suggesting that these oils are used together
in traditional cooking rather than as substitutes. However, mustard oil acts as a
strong substitute for groundnut oil, with a coefficient of (4.969), indicating that
when groundnut oil prices rise, mustard oil becomes a preferred alternative. The
relationship with vanaspati oil remains complementary, as reflected by a coeffi-
cient of (-0.334), implying these oils are not directly interchangeable in cooking
practices. Vanaspati oil serves as a substitute for groundnut oil, with a coefficient
of (0.825), showing that rising groundnut oil prices lead consumers to switch to
vanaspati oil, likely for cost reasons. However, vanaspati maintains complementary
relationships with both coconut oil (-1.573) and mustard oil (-0.019), indicating
that despite its lower cost, it does not fully replace these traditional oils, but rather

supports them in specific cooking contexts.

In Gujarat, the consumption of edible oils reveals a complex interaction of sub-
stitution and complementary effects shaped by economic factors and deep-rooted
culinary traditions. Coconut oil acts as a strong substitute for mustard oil, in-
dicated by a significant positive coefficient of (2.176). This suggests that when
mustard oil prices increase, consumers shift towards coconut oil, possibly influ-
enced by the perceived health benefits and versatility of coconut oil. However,
coconut oil maintains complementary relationships with groundnut oil (-0.009)
and vanaspati oil (-2.172), indicating that these oils are often used together in
traditional recipes and that vanaspati does not effectively replace coconut oil in

culinary practices. Groundnut oil, a staple in Gujarati cuisine, exhibits a highly
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significant substitution relationship with mustard oil, as evidenced by a coeffi-
cient of (10.637). This suggests that when mustard oil becomes more expensive,
consumers readily switch to groundnut oil, reinforcing its cultural and culinary
prominence in the region. Conversely, groundnut oil demonstrates complementary
relationships with coconut oil (-0.768) and vanaspati oil (-1.540), indicating that
these oils serve supportive rather than substitutive roles in food preparation. Mus-
tard oil consumption reflects consistent complementary patterns with coconut oil
(-2.175), groundnut oil (-0.011) and vanaspati oil (-0.796), suggesting that mus-
tard oil retains a specialised role in Gujarati cuisine, not easily replaced by other
oils even under changing price conditions. Vanaspati oil exhibits a mixed pattern,
maintaining complementary relationships with coconut oil (-2.511) and groundnut
oil (-0.003), while showing a substitutive relationship with mustard oil (1.081).
This indicates that when mustard oil prices rise, consumers turn to vanaspati oil
as an affordable alternative, although it does not substitute effectively for coconut
and groundnut oils, which are more deeply ingrained in the regional culinary iden-

tity.

In Haryana, the edible oil market is predominantly shaped by complementary
consumption patterns, with only modest instances of substitution. Coconut oil
maintains complementary relationships across all comparisons, with negative co-
efficients of (-0.461) with groundnut oil, (-0.004) with mustard oil and (-0.014)
with vanaspati oil. These values suggest that coconut oil is rarely used as a
substitute for other oils, playing a more specialised or marginal role in regional
culinary practices. Groundnut oil presents a slightly different scenario. It shows a
marginal substitutive relationship with coconut oil, indicated by a small positive
coefficient of (0.005), suggesting a negligible practical effect. However, it remains
complementary to both mustard oil (-0.037) and vanaspati oil (-0.085), implying
that groundnut oil is often consumed alongside these oils rather than replacing
them. Mustard oil, a staple in North Indian cuisine, also exhibits largely comple-
mentary relationships, with coefficients of (-0.040) with coconut oil and (-0.339)
with groundnut oil. Interestingly, it shows a modest substitutive relationship with
vanaspati oil, as indicated by a coefficient of (0.152). This suggests that when
vanaspati oil prices rise, there is a slight shift towards mustard oil consumption,
although this effect remains limited. Vanaspati oil exhibits predominantly com-
plementary relationships, with negative coefficients of (-0.095) with coconut oil
and (-0.547) with groundnut oil. However, it serves as a weak substitute for mus-

tard oil, with a positive coefficient of (0.019), indicating that some consumers may
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switch to vanaspati when mustard oil prices increase, likely driven by economic

considerations rather than culinary preference.

In Himachal Pradesh, the edible oil market demonstrates a varied pattern of both
strong substitution and complementary relationships, shaped by local culinary
practices and economic considerations. Coconut oil primarily shows complemen-
tary relationships, with negative coefficients of (-0.515) with groundnut oil and
(-0.001) with mustard oil, indicating that these oils are often used together rather
than as alternatives, especially used in himachali dishes such as siddu, a traditional
fermented stuffed bread. However, a slight substitutive relationship is observed
with vanaspati oil, reflected in a marginally positive coefficient of (0.002), though
this effect is practically insignificant. Groundnut oil exhibits a highly significant
substitutive relationship with coconut oil, evidenced by a substantial positive coef-
ficient of (9.368), suggesting that when coconut oil prices rise, consumers strongly
prefer switching to groundnut oil. While the relationship with mustard oil is ef-
fectively neutral (0.000), indicating independence between the two, groundnut oil
also shows a minor substitutive relationship with vanaspati oil, with a coefficient of
(0.002). Mustard oil shows a complementary relationship with coconut oil (-2.003),
highlighting its established role in regional cuisine alongside coconut oil. However,
it acts as a substitute for both groundnut oil (0.543) and vanaspati oil (0.086),
indicating that consumers may shift to mustard oil when prices of these oils rise,
likely due to its strong flavour and established culinary applications. Vanaspati oil
displays consistent substitution patterns across all oils, with positive coefficients of
(0.532) with coconut oil, (0.029) with groundnut oil and (0.028) with mustard oil.
These results suggest that vanaspati oil serves as an economical alternative to all
three traditional oils in Himachal Pradesh, although the strength of substitution

varies, being most pronounced with coconut oil.

In Jammu and Kashmir, the edible oil market is marked by strong and polarised
substitution and complementary effects, indicating a dynamic pattern of consumer
preferences influenced by price sensitivity and distinct regional cooking practices.
Coconut oil serves as a strong substitute for both groundnut oil and vanaspati
oil, with positive coefficients of (3.106) and (2.417), respectively. These figures
suggest that when the prices of groundnut or vanaspati oil rise, consumers turn
to coconut oil as a preferred alternative. However, the relationship between co-
conut oil and mustard oil is slightly complementary, with a marginal negative
coefficient of (-0.012), suggesting limited combined use rather than mutual substi-

tution. Groundnut oil displays a sharply complementary relationship with coconut
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oil, as shown by a substantial negative coefficient of (-7.157), suggesting that both
oils are typically used together in local cuisine, where coconut is a primary ingre-
dient used in dishes like kashmiri shufta and kashmiri pulao in the form of dry or
desecated coconut. Complementarity is also observed with mustard oil (-0.023),
but groundnut oil acts as a strong substitute for vanaspati oil, with a significant
coefficient of (7.517), indicating a pronounced consumer shift towards groundnut
oil when vanaspati becomes more expensive. Mustard oil consumption reveals a
markedly complementary relationship with coconut oil, with a large negative co-
efficient of (-6.412), underscoring their joint usage in specific dishes. Conversely,
mustard oil substitutes for both groundnut oil (3.731) and vanaspati oil (26.088),
the latter being exceptionally strong, indicating a clear consumer preference for
mustard oil when the price of vanaspati increases—perhaps due to perceptions of
superior flavour or health benefits. Vanaspati oil shows a complementary rela-
tionship with coconut oil (-1.301) and mustard oil (-0.009), suggesting that it is
generally used alongside these oils rather than replacing them. However, it serves
as a substitute for groundnut oil, with a coefficient of (1.530), indicating that
some consumers may shift towards vanaspati when groundnut oil prices rise, likely

driven by affordability.

In Karnataka, the edible oil consumption patterns demonstrate a strong tendency
toward substitution across most oil categories, reflecting a highly flexible consumer
market responsive to price changes. Coconut oil acts primarily as a substitute,
with positive coefficients of (0.403) with groundnut oil, (0.021) with mustard oil
and (1.118) with vanaspati oil. These values suggest that as the prices of ground-
nut, mustard and vanaspati oils rise, consumers increasingly turn to coconut oil,
a reflection of its deep-rooted cultural presence, particularly in coastal areas and
its versatility in cooking. Groundnut oil similarly exhibits significant substitution
effects. It shows a strong substitutive relationship with coconut oil, marked by a
substantial coefficient of (6.263), indicating that rising coconut oil prices lead to a
sharp increase in groundnut oil consumption. However, a complementary relation-
ship is observed with mustard oil (-0.351), suggesting that groundnut and mustard
oils are frequently used together rather than being interchangeable. Groundnut oil
also substitutes vanaspati oil, with a coefficient of (0.563), indicating a consumer
preference for groundnut oil when vanaspati prices rise, likely driven by percep-
tions of quality and health considerations. Mustard oil demonstrates substitutive

relationships across all comparisons, with coefficients of (0.003) with coconut oil,
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(0.032) with groundnut oil and (0.165) with vanaspati oil. While these substitu-
tion effects are modest, they reflect a market where mustard oil remains a flexible
option, adopted when the prices of other oils become unfavourable. Vanaspati oil
exhibits mixed consumption dynamics. It maintains a complementary relationship
with coconut oil, reflected in a negative coefficient of (-1.215), indicating that these
oils are often used together in certain recipes. However, it functions as a substitute
for both groundnut oil (0.136) and mustard oil (0.114), suggesting that vanaspati
is perceived as a cost-effective alternative when the prices of these traditional oils

rise, despite growing health concerns associated with its consumption.

In Kerala, the consumption patterns of edible oils are shaped by a combination
of strong cultural preferences and selective substitution behaviour. Coconut oil,
which holds a deeply rooted cultural significance in the state’s culinary traditions,
shows a complementary relationship with groundnut oil, reflected by a coefficient
of (-0.825), suggesting that these oils are frequently used together in cooking rather
than serving as substitutes. However, coconut oil substitutes mustard oil with a
substantial positive coefficient of (1.756), indicating that as the price of mustard
oil increases, consumers shift towards coconut oil, likely due to its prominent role
in traditional Kerala cuisine. Interestingly, the relationship between coconut oil
and vanaspati oil is complementary, as evidenced by a coefficient of (-0.465), sug-
gesting that even when vanaspati prices rise, coconut oil consumption does not
necessarily increase, highlighting the distinct culinary roles of these oils. Ground-
nut oil exhibits a primarily complementary relationship with coconut oil (-0.022)
and vanaspati oil (-2.546), indicating that these oils are consumed together rather
than as alternatives. However, it serves as a substitute for mustard oil, with a pos-
itive coefficient of (0.039), suggesting that some substitution occurs when mustard
oil prices rise, though the effect is relatively modest. Mustard oil consumption
follows a largely complementary pattern across all comparisons. Its relationships
with coconut oil (-0.005), groundnut oil (-0.476) and vanaspati oil (-1.188) are
all negative, underscoring its specialised role in Kerala’s cuisine, where it com-
plements rather than replaces other oils. Vanaspati oil maintains complementary
relationships with groundnut oil (-1.223), indicating these oils are used together
in some cooking contexts. However, it acts as a substitute for mustard oil, with
a coefficient of (0.070), suggesting that rising mustard oil prices lead to a limited
increase in the consumption of vanaspati, likely driven by affordability rather than

culinary preference.
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In Madhya Pradesh, the edible oil consumption landscape is dominated by comple-
mentary relationships across most oil categories, though there are notable instances
of substitution driven by price sensitivity. Coconut oil demonstrates complemen-
tary relationships with groundnut oil (-0.267) and mustard oil (-0.098), indicating
that these oils are often consumed together rather than serving as alternatives.
However, coconut oil shows a modest substitutive relationship with vanaspati oil,
as reflected by a coefficient of (0.154), suggesting that when vanaspati oil prices
rise, some consumers shift towards coconut oil, possibly due to health consider-
ations or culinary preferences. Groundnut oil maintains strong complementary
relationships with coconut oil (-1.030) and mustard oil (-0.527), indicating that
these oils are regularly used in conjunction with one another in traditional recipes.
Conversely, groundnut oil acts as a substitute for vanaspati oil, demonstrated by
a positive coefficient of (0.805), reflecting that when vanaspati prices increase,
groundnut oil consumption rises, likely due to its higher perceived quality and
health benefits. Mustard oil consumption also exhibits complementary relation-
ships across all categories, with negative coefficients against coconut oil (-1.306),
groundnut oil (-1.040) and vanaspati oil (-0.367). This underscores mustard oil’s
specialised culinary role in the state, where it is consumed alongside other oils
rather than replacing them. Vanaspati oil reflects complementary consumption
patterns with coconut oil (-0.416) and groundnut oil (-0.430), reinforcing the idea
that it is not widely perceived as a replacement for these oils in Madhya Pradesh.
However, vanaspati oil shows a minor substitutive relationship with mustard oil,
indicated by a coefficient of (0.069), suggesting that when mustard oil prices rise,

a slight shift occurs toward the more affordable vanaspati oil.

In Maharashtra, the edible oil consumption market is characterised by a dominant
pattern of substitution across nearly all oil categories, reflecting a high degree of
consumer responsiveness to price variations. Coconut oil functions largely as a
substitute, showing positive coefficients of (0.237) with groundnut oil and (2.495)
with mustard oil. This suggests that when the prices of groundnut and mustard
oils rise, consumers readily switch to coconut oil, possibly due to its perceived
health benefits and culinary versatility. However, coconut oil maintains a comple-
mentary relationship with vanaspati oil, as indicated by a coefficient of (-0.075),
implying that these oils are occasionally used together in specific cooking con-
texts. Groundnut oil similarly exhibits a strong substitutive role, with positive
coefficients of (0.873) against coconut oil and (2.353) against mustard oil, sug-

gesting that as the prices of these oils rise, groundnut oil becomes the preferred



Results and Discussion of Edible Oils 71

alternative. The relationship with vanaspati oil is marginally complementary (-
0.025), indicating that the two oils are sometimes consumed together rather than
as substitutes. Mustard oil also follows a clear substitution pattern, with positive
coefficients of (0.907) with coconut oil, (0.279) with groundnut oil and (0.018)
with vanaspati oil. These values highlight mustard oil’s flexible role in the state’s
culinary practices, where it is adopted as an alternative across a range of price
changes in other oils. Vanaspati oil displays consistent substitution tendencies
with coconut oil (0.109), groundnut oil (0.001) and a slight complementary rela-
tionship with mustard oil (-0.231). These results suggest that vanaspati oil often
serves as a cost-effective alternative to traditional oils, but in certain cases, espe-
cially with mustard oil, it continues to play a complementary rather than purely

substitutive role.

In Meghalaya, the edible oil consumption landscape is predominantly shaped by
complementary relationships, with limited instances of substitution, reflecting tra-
ditional cooking practices and relatively less flexibility in oil choices. Coconut oil
shows a substitutive relationship with groundnut oil, indicated by a positive coef-
ficient of (0.348), suggesting that when the price of groundnut oil increases, con-
sumers modestly shift toward coconut oil. However, its relationships with mustard
and vanaspati oils are negligible, with coefficients of (0.000) and (0.001), respec-
tively, indicating near independence or minimal substitution effects. Groundnut oil
exhibits a highly significant complementary relationship with coconut oil, as shown
by a large negative coefficient of (-12.337), suggesting strong co-consumption of
these oils in local dishes. Similar complementary patterns are observed with mus-
tard oil (-0.035) and vanaspati oil (-0.606), indicating that groundnut oil consump-
tion tends to decline when the prices of these oils increase, rather than serving as
a direct substitute. Mustard oil consumption reflects similar complementary ten-
dencies, with strong negative coefficients against coconut oil (-8.527), groundnut
oil (-18.894) and vanaspati oil (-0.678). These results indicate that mustard oil
plays a distinct culinary role in Meghalaya, often used alongside other oils rather
than replacing them. Vanaspati oil also demonstrates strong complementary re-
lationships with all other oils, notably with groundnut oil (-70.290), coconut oil
(-3.575) and mustard oil (-0.015). These highly negative coefficients suggest that
vanaspati oil does not effectively act as a substitute for any of the traditional oils
in Meghalaya and is instead used in tandem with them under certain culinary

circumstances.
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In Mizoram, edible oil consumption patterns present a balanced mix of comple-
mentary and substitutive relationships, reflecting both economic considerations
and distinct culinary practices. Coconut oil exhibits complementary relationships
across all oils, with coefficients of (-0.151) against groundnut oil, (-0.011) against
mustard oil and (-0.117) against vanaspati oil. These negative coefficients suggest
that coconut oil is consumed alongside these oils rather than serving as a direct
substitute, playing a specific role in regional cuisine. Groundnut oil, on the other
hand, shows clear substitutive tendencies. It acts as a substitute for coconut oil
(0.136) and mustard oil (0.119), suggesting that when prices of these oils increase,
consumers in Mizoram turn to groundnut oil. However, it maintains a complemen-
tary relationship with vanaspati oil (-0.502), indicating that groundnut oil is often
consumed together with vanaspati in local cooking rather than replacing it. Mus-
tard oil exhibits mixed behaviour, acting as a complement to coconut oil (-0.443),
but a strong substitute for groundnut oil (3.127) and vanaspati oil (0.311). This
suggests that when the prices of groundnut and vanaspati oils rise, consumers pre-
fer mustard oil, possibly due to its pronounced flavour and cultural acceptance in
certain dishes. Vanaspati oil also displays mixed patterns. It substitutes coconut
oil (0.068), indicating a modest increase in consumption when coconut oil prices
rise. However, it shows a complementary relationship with groundnut oil (-0.890)
and mustard oil (-0.037), suggesting that it is used alongside these oils rather than

replacing them entirely.

In Nagaland, the edible oil market exhibits extreme patterns of substitution and
complementarity, suggesting highly dynamic consumer behaviour shaped by both
economic factors and strong cultural influences. Coconut oil demonstrates a pow-
erful substitutive relationship with groundnut oil (3.504) and an even more pro-
nounced substitution with vanaspati oil (16.272), indicating that when the prices of
these oils rise, consumers shift significantly toward coconut oil. However, its rela-
tionship with mustard oil remains complementary (-0.009), highlighting its estab-
lished culinary role alongside mustard oil rather than as a replacement. Groundnut
oil displays a complementary relationship with both coconut oil (-11.570) and mus-
tard oil (-0.020), indicating these oils are consumed together rather than serving
as alternatives. However, it functions as a strong substitute for vanaspati oil,
with a coefficient of (34.326), suggesting that when vanaspati oil becomes more
expensive, groundnut oil consumption rises markedly, perhaps reflecting concerns
over health or quality. Mustard oil also reflects a mixed pattern, maintaining

complementary relationships with coconut oil (-1.132) and groundnut oil (-1.034),
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but acting as a highly significant substitute for vanaspati oil, with a coefficient of
(63.974). This value, one of the highest observed in the dataset, clearly indicates
that when vanaspati oil prices rise, mustard oil becomes the overwhelming alter-
native for consumers, likely driven by deep-rooted culinary traditions and health
perceptions. Vanaspati oil exhibits complementary relationships with coconut oil
(-2.645) and mustard oil (-0.038), suggesting its consumption often occurs along-
side these oils rather than serving as a direct substitute. However, it shows a
substitutive relationship with groundnut oil, with a coefficient of 1.676, indicating
that price increases in groundnut oil lead to higher consumption of vanaspati oil,

likely driven by affordability considerations.

In Odisha, the consumption patterns of edible oils display a mixture of comple-
mentary and substitution effects, shaped by economic factors and long-standing
culinary traditions. Coconut oil predominantly exhibits complementary relation-
ships, with negative coefficients against groundnut oil (-0.461), mustard oil (-0.009)
and vanaspati oil (-0.054). These values suggest that coconut oil is not typically
used as a substitute for other oils and occupies a distinct role in Odisha’s cui-
sine. Groundnut oil shows a significant substitution relationship with coconut oil,
as evidenced by a coefficient of (6.510), suggesting that when coconut oil prices
rise, consumers turn decisively to groundnut oil. However, groundnut oil retains
complementary relationships with mustard oil (-0.053) and vanaspati oil (-0.222),
indicating that it is still often consumed alongside these oils rather than entirely
replacing them. Mustard oil demonstrates moderate substitutive tendencies with
coconut oil (0.368) and groundnut oil (0.075), indicating that when the prices of
these oils increase, mustard oil becomes a viable alternative for consumers. How-
ever, its relationship with vanaspati oil remains complementary (-0.002), highlight-
ing mustard oil’s specialised culinary role in Odisha, particularly in the preparation
of traditional dishes. Vanaspati oil displays a clear substitutive relationship with
coconut oil, indicated by a positive coefficient of (0.975), suggesting that rising
coconut oil prices lead to increased consumption of vanaspati, likely due to cost
advantages. Conversely, it shows complementary relationships with groundnut oil
(-0.383) and mustard oil (-0.039), implying that vanaspati oil is frequently used in

combination with these oils rather than replacing them entirely.

In Punjab, the edible oil consumption landscape is predominantly shaped by
complementary relationships, although there are clear instances of substitution
driven by price dynamics. Coconut oil maintains complementary relationships
with groundnut oil (-0.532) and mustard oil (-0.046), indicating that these oils are
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generally consumed together in traditional cooking rather than serving as alterna-
tives. However, it exhibits a minimal substitutive relationship with vanaspati oil
(0.010), suggesting a marginal increase in coconut oil consumption when vanaspati
prices rise. Groundnut oil demonstrates a strong complementary relationship with
coconut oil (-6.241), suggesting a significant degree of joint consumption in culi-
nary practices. However, it serves as a substitute for both mustard oil (0.073) and
vanaspati oil (0.015), indicating that consumers may shift towards groundnut oil
when the prices of these oils increase, although the effects remain moderate. Mus-
tard oil displays a stronger substitutive role compared to other oils, particularly
with coconut oil (1.232), where the positive coefficient suggests that rising coconut
oil prices lead to a noticeable increase in mustard oil consumption. Conversely,
mustard oil has a complementary relationship with groundnut oil (-0.214) and
vanaspati oil (-0.051), indicating that while mustard oil can serve as a substitute,
it is also consumed alongside these oils in specific culinary contexts. Vanaspati
oil predominantly maintains complementary relationships, as reflected in negative
coefficients with coconut oil (-1.151), groundnut oil (-0.330) and mustard oil (-
0.139). These results suggest that vanaspati oil does not strongly substitute for
these traditional oils and is more likely to be used in combination with them,

possibly due to the unique characteristics each oil brings to different recipes.

In Rajasthan, the consumption patterns of edible oils are dominated by strong
complementary relationships, reflecting the state’s adherence to traditional culi-
nary practices and a limited tendency to substitute one oil for another. Coconut
oil maintains complementary relationships with groundnut oil (-0.031) and vanas-
pati oil (-0.237), indicating that these oils are consumed together rather than as
substitutes. Its relationship with mustard oil is effectively independent (0.000),
suggesting no significant interaction in consumption behaviour between these two
oils. Groundnut oil exhibits highly significant complementary relationships across
all oil categories. The most pronounced is with coconut oil (-12.469), followed
by mustard oil (-0.270) and vanaspati oil (-1.584), indicating that groundnut oil
consumption typically declines when the prices of these oils increase, rather than
serving as a substitute. This highlights groundnut oil’s deep integration into the
culinary traditions of Rajasthan, where it complements rather than replaces other
oils. Mustard oil also demonstrates strong complementary consumption patterns
with coconut oil (-2.226), groundnut oil (-2.402) and vanaspati oil (-0.655). These
negative coefficients suggest that mustard oil retains a distinct and irreplaceable

role in Rajasthani cuisine, often used alongside other oils to achieve specific flavour
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profiles. Vanaspati oil maintains consistent complementary relationships with co-
conut oil (-13.508), groundnut oil (-0.613) and mustard oil (-0.072). These highly
negative coefficients, particularly the one associated with coconut oil, reflect that
vanaspati oil is rarely used as a substitute for these traditional oils and instead

plays a supporting role in the preparation of various dishes.

In Sikkim, the consumption of edible oils presents a balanced mix of substitution
and complementary behaviours, reflecting a relatively adaptive market influenced
by both traditional practices and economic factors. Coconut oil exhibits a substi-
tutive relationship with groundnut oil (0.129) and mustard oil (0.001), indicating a
modest shift toward coconut oil when the prices of these oils increase. However, its
relationship with vanaspati oil remains complementary (-0.006), suggesting that
coconut oil is not typically consumed as a replacement for vanaspati in culinary
practices. Groundnut oil shows a strong substitutive relationship with coconut
oil (0.786) and vanaspati oil (0.596), reflecting consumer flexibility in switching
to groundnut oil when prices of other oils rise. However, it maintains a com-
plementary relationship with mustard oil (-0.029), suggesting that groundnut oil
and mustard oil are often consumed together in traditional recipes. Mustard oil
plays a complex role in Sikkim’s edible oil market. It functions as a substitute
for both coconut oil (0.992) and vanaspati oil (5.880), indicating that price in-
creases in these oils lead to greater mustard oil consumption. However, it exhibits
a significant complementary relationship with groundnut oil (-20.815), highlight-
ing that mustard oil continues to be consumed alongside groundnut oil, possibly
due to the distinct flavour profiles these oils contribute to local cuisine. Vanas-
pati oil also demonstrates mixed behaviour. It substitutes for coconut oil (0.490),
suggesting some consumers turn to vanaspati when coconut oil becomes more ex-
pensive. However, vanaspati oil maintains a strong complementary relationship
with groundnut oil (-10.013) and mustard oil (-0.014), indicating that despite its
cost advantages, vanaspati oil is not a complete substitute and continues to be

used in combination with these oils in regional cooking.

In Tamil Nadu, the edible oil consumption landscape is dominated by strong
complementary relationships across all oil categories, underscoring the state’s
reliance on traditional culinary practices and a relatively inflexible substitution
pattern. Coconut oil maintains complementary relationships with groundnut oil
(-0.803), mustard oil (-0.725) and vanaspati oil (-0.627), suggesting that despite



Results and Discussion of Edible Oils 76

price changes, coconut oil holds a specialised place in regional cuisine and is con-
sumed alongside rather than in place of other oils. Groundnut oil exhibits sim-
ilarly strong complementary patterns, with negative coefficients against coconut
oil (-1.816), mustard oil (-0.815) and vanaspati oil (-1.134). This indicates that
groundnut oil consumption is closely linked to the use of these other oils, reinforc-
ing its cultural significance in Tamil Nadu’s food preparation traditions. Mustard
oil continues this pattern, maintaining complementary relationships with coconut
oil (-1.022), groundnut oil (-0.582) and vanaspati oil (-0.125). These relationships
suggest that mustard oil is used in specific culinary contexts where it complements
rather than substitutes other oils, preserving its distinctive role in flavouring and
traditional dishes. Vanaspati oil also follows this overarching trend, with comple-
mentary relationships across the board—against coconut oil (-0.397), groundnut
oil (-0.279) and mustard oil (-0.044). These negative coefficients suggest that even
as a more affordable option, vanaspati oil is not a preferred substitute in Tamil

Nadu but is rather consumed alongside other oils when required by specific recipes.

In Tripura, the edible oil consumption landscape reflects both strong substitution
effects and deeply rooted complementary patterns, indicative of a market respon-
sive to price fluctuations while maintaining certain cultural culinary preferences.
Coconut oil primarily exhibits complementary relationships with groundnut oil
(-1.732) and mustard oil (-0.006), suggesting that these oils are frequently used
together rather than serving as substitutes. However, coconut oil shows a sub-
stitutive relationship with vanaspati oil (0.063), indicating a slight increase in
coconut oil consumption when vanaspati prices rise. Groundnut oil plays a signifi-
cant substitutive role, particularly with coconut oil, as evidenced by a substantial
positive coefficient of 17.059, suggesting that when coconut oil prices increase,
consumers decisively shift toward groundnut oil. Similarly, groundnut oil acts as a
substitute for vanaspati oil (0.435), reflecting consumer preference for groundnut
oil when vanaspati prices rise. However, it retains a complementary relationship
with mustard oil (-0.020), indicating that these oils are often used together in
cooking practices. Mustard oil demonstrates a strong substitution pattern with
coconut oil (2.099), implying that rising coconut oil prices lead to a considerable
increase in mustard oil consumption. However, it exhibits strong complementary
relationships with groundnut oil (-7.150) and vanaspati oil (-2.815), reflecting that
mustard oil retains its importance in traditional culinary applications alongside

these oils. Vanaspati oil also displays mixed behaviour, serving as a substitute
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for coconut oil (7.682), suggesting that when coconut oil becomes expensive, con-
sumers turn to vanaspati oil as a more affordable option. Conversely, it maintains
complementary relationships with groundnut oil (-5.949) and mustard oil (-0.043),
indicating that it is often consumed alongside these oils rather than fully replacing
them.

In Uttar Pradesh, edible oil consumption patterns are marked by a combination
of strong complementary relationships and notable instances of substitution, par-
ticularly driven by price sensitivity and economic considerations. Coconut oil
shows a predominantly complementary relationship with groundnut oil (-2.756)
and mustard oil (-0.003), indicating that these oils are often used together rather
than as substitutes. However, a substitutive relationship emerges with vanaspati
oil (0.138), suggesting that rising vanaspati prices lead to a modest increase in
coconut oil consumption. Groundnut oil largely follows a complementary pattern,
with significant negative coefficients against coconut oil (-3.953) and mustard oil
(-0.017), implying that these oils are typically consumed in conjunction. However,
groundnut oil acts as a substitute for vanaspati oil, with a positive coefficient of
(1.217), indicating a consumer shift toward groundnut oil when vanaspati becomes
more expensive. Mustard oil maintains complementary relationships with both co-
conut oil (-0.828) and groundnut oil (-5.221), highlighting its consistent culinary
role in traditional cooking. However, it exhibits a strong substitutive relationship
with vanaspati oil, with a coefficient of 5.975, suggesting that mustard oil con-
sumption increases considerably when vanaspati oil prices rise, possibly driven by
preferences for its distinct flavour and health considerations. Vanaspati oil shows
complementary relationships across all oils—coconut (-0.571), groundnut (-3.477)
and mustard (-0.021)—indicating that despite its lower cost, vanaspati oil does
not entirely replace traditional oils and is instead often used alongside them to

meet specific culinary requirements.

In West Bengal, the data available focuses specifically on the relationship between
coconut oil and mustard oil, revealing exclusively complementary consumption
patterns. Coconut oil demonstrates a complementary relationship with mustard
oil, as indicated by a negative coefficient of (-1.242). This suggests that when the
price of mustard oil rises, there is no significant substitution toward coconut oil,
instead, both oils continue to be used together within traditional culinary practices,
highlighting their combined importance in Bengali cuisine. Similarly, mustard oil
exhibits a strong complementary relationship with coconut oil, with a coefficient of

(-2.209). This substantial negative value indicates that mustard oil consumption
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does not increase at the expense of coconut oil but instead is consumed alongside
it, further underscoring the unique and irreplaceable roles these oils play in the

state’s traditional recipes.
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4.2.3 Urban Consumption Patterns of Edible Oils across
India

The consumption pattern based on cross elasticity estimates of edible oils for ur-
ban India are presented from tables 4.7 to 4.10. In the urban context of the
Andaman and Nicobar Islands, the consumption patterns of edible oils predomi-
nantly exhibit complementary relationships across most oil categories, with limited
instances of substitution. Groundnut oil demonstrates strong complementary rela-
tionships with coconut oil (-1.757), mustard oil (-0.158) and vanaspati oil (-1.880).
These negative coefficients indicate that groundnut oil is typically consumed along-
side these oils rather than as a substitute, underscoring the integrated culinary
practices prevalent in the region’s urban areas. Mustard oil similarly exhibits a
complementary relationship with coconut oil (-0.744), suggesting that these oils
are often jointly used in food preparation. However, mustard oil acts as a sub-
stitute for groundnut oil, as reflected in a positive coefficient of (1.468). This
indicates that when the price of groundnut oil increases, consumers in urban areas
of the Andaman and Nicobar Islands tend to shift towards mustard oil, possi-
bly due to its availability and cost-effectiveness. Vanaspati oil shows a mixed
consumption pattern. While its relationship with coconut oil is complementary
(-0.111), indicating some combined use in culinary applications, it serves as a sub-
stitute for groundnut oil with a positive coefficient of (0.205). This suggests that
price increases in groundnut oil lead to a modest shift towards the consumption
of vanaspati oil, likely driven by its lower cost. Conversely, the relationship be-
tween vanaspati and mustard oil remains complementary (-0.006), underscoring
that mustard oil continues to occupy a distinct role in local cuisine that vanaspati

oil does not fully replace.

In the urban regions of Andhra Pradesh, the consumption of edible oils exhibits
a dynamic interplay of substitution and complementary relationships, influenced
by both economic considerations and established culinary traditions. Groundnut
oil functions primarily as a substitute for both coconut oil (0.183) and mustard
oil (1.118), indicating that when the prices of these oils increase, urban consumers
tend to shift their consumption towards groundnut oil. However, its relationship
with vanaspati oil is complementary (-0.729), suggesting that groundnut oil and
vanaspati are often used together in culinary preparations, possibly to balance cost
with flavour or health considerations. Mustard oil shows substitutive tendencies

with coconut oil (0.730) and vanaspati oil (0.608), suggesting that as the prices
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of these oils rise, mustard oil consumption increases, likely due to its distinctive
flavour profile and perceived health benefits. However, mustard oil maintains a
complementary relationship with groundnut oil (-0.350), indicating these two oils
are often consumed together in specific recipes rather than serving as substitutes.
Vanaspati oil demonstrates a mixed consumption pattern. While it exhibits a
complementary relationship with coconut oil (-0.079), indicating some co-usage
in cooking, it acts as a substitute for both groundnut oil (0.181) and mustard oil
(0.560). This reflects vanaspati oil’s role as a cost-effective alternative to these

more expensive oils, particularly among price-sensitive urban consumers.

In urban Arunachal Pradesh, the consumption patterns of edible oils are pre-
dominantly characterised by complementary relationships, with limited instances
of substitution. Groundnut oil demonstrates strong complementary relationships
with coconut oil (-12.235), mustard oil (-0.019) and vanaspati oil (-0.696), sug-
gesting that these oils are typically consumed together rather than acting as alter-
natives. The significant negative coefficient with coconut oil indicates a high level
of interdependence, likely reflecting local dietary habits where oils are blended or
used sequentially in different cooking stages. Mustard oil, while largely maintain-
ing a complementary relationship with coconut oil (-2.550), acts as a substitute
for groundnut oil (0.913) and vanaspati oil (0.569). These positive coefficients
suggest that when the prices of groundnut and vanaspati oils increase, urban con-
sumers in Arunachal Pradesh prefer to switch to mustard oil, possibly due to
its unique flavour profile or local culinary preferences. Vanaspati oil predomi-
nantly exhibits complementary relationships with all oils such as coconut (-6.835),
groundnut (-0.301) and mustard (-0.020). These results indicate that vanaspati
oil is not commonly used as a substitute but is more likely to be used in combina-
tion with other oils, possibly to balance economic factors with flavour and cooking
requirements. Coconut oil also displays complementary relationships across all
oil categories, with coefficients of (-0.145) against groundnut oil, (-0.009) against
mustard oil and (-0.183) against vanaspati oil. This indicates that coconut oil
holds a distinct culinary position and is generally consumed alongside other oils

rather than being used as a replacement.

In Assam, the consumption dynamics of edible oils present a balanced interplay
of substitution and complementary behaviours, reflecting a consumer base that
is sensitive to price variations while adhering to traditional culinary practices.
Groundnut oil exhibits a strong substitutive relationship with coconut oil (3.460),

indicating that when coconut oil prices rise, consumers significantly shift towards
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groundnut oil. However, it maintains complementary relationships with mustard
oil (-0.032) and vanaspati oil (-0.693), suggesting that these oils are frequently
used together rather than acting as direct substitutes. Mustard oil demonstrates
a complementary relationship with coconut oil (-11.161), indicating that these oils
are consumed jointly, likely for their combined flavour profiles in Assamese cuisine.
Interestingly, mustard oil acts as a substitute for groundnut oil (1.054), suggesting
that when groundnut oil becomes more expensive, consumers prefer switching to
mustard oil. The relationship with vanaspati oil remains complementary (-0.545),
highlighting that mustard oil occupies a distinct culinary role not easily replaced
by vanaspati. Vanaspati oil shows a clear substitutive role with both coconut oil
(0.676) and groundnut oil (1.190), implying that as the prices of these traditional
oils rise, consumers turn to vanaspati as a more affordable alternative. However,
its relationship with mustard oil remains complementary (-0.003), suggesting that
mustard oil retains its specialised culinary importance. Coconut oil maintains
a mixed relationship across categories. It acts as a substitute for groundnut oil
(0.217), while showing complementary relationships with mustard oil (-0.0015)
and vanaspati oil (-0.0306). This indicates that although coconut oil consumption
increases when groundnut oil prices rise, it continues to be consumed alongside

mustard and vanaspati oils in traditional dishes.

In Bihar, edible oil consumption exhibits a predominance of complementary re-
lationships, though some substitution patterns emerge, particularly influenced by
economic considerations. Groundnut oil maintains strong complementary rela-
tionships with coconut oil (-6.188) and mustard oil (-0.024), reflecting their com-
bined use in traditional dishes. However, groundnut oil serves as a substitute for
vanaspati oil, as indicated by a positive coefficient of 0.427, suggesting that ris-
ing vanaspati oil prices encourage a shift toward the consumption of groundnut
oil, likely motivated by health and quality preferences. Mustard oil consistently
shows complementary relationships with coconut oil (-1.534) and groundnut oil
(-1.486), highlighting its role as an integral component in Bihari cuisine. However,
it also acts as a substitute for vanaspati oil, with a substantial positive coefficient
of 3.439, indicating that when vanaspati oil prices increase, mustard oil becomes
a preferred alternative due to its established flavour and culinary significance.
Vanaspati oil exhibits complementary relationships across all traditional oils, in-
cluding coconut (-0.764), groundnut (-1.174) and mustard (-0.019), underscoring
that despite its affordability, vanaspati oil is not a complete substitute for these

oils and is often used alongside them to achieve specific culinary results. Coconut
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oil maintains complementary relationships with groundnut oil (-1.475) and mus-
tard oil (-0.0013), reflecting its specialised use in certain recipes rather than as a
broad substitute. However, it serves as a mild substitute for vanaspati oil, with a
coefficient of (0.045), indicating that some consumers switch to coconut oil when

vanaspati oil prices rise.

In Chandigarh’s urban areas, edible oil consumption patterns reveal a pronounced
inclination toward substitution, with minimal complementary relationships, indi-
cating a highly responsive consumer market influenced by price changes and con-
venience. Groundnut oil serves as a strong substitute across all categories, with
positive coefficients against coconut oil (1.408), mustard oil (0.033) and vanaspati
oil (0.934). This indicates that when the prices of these oils rise, consumers readily
switch to groundnut oil, possibly due to its perceived health benefits and culinary
versatility. Mustard oil presents a complementary relationship with both coconut
oil (-0.253) and groundnut oil (-0.329), suggesting that these oils are traditionally
consumed together rather than being used interchangeably. However, mustard oil
serves as a substitute for vanaspati oil, with a positive coefficient of 0.942, high-
lighting consumer preference for mustard oil when vanaspati prices rise, possibly
reflecting its superior health image. Vanaspati oil functions almost exclusively
as a substitute, with positive coefficients against coconut oil (0.304), groundnut
oil (0.188) and mustard oil (0.025). These results indicate that price-sensitive
consumers often switch to vanaspati oil when traditional oils become more expen-
sive. Coconut oil also displays strong substitution effects, with positive coefficients
across all oils such as groundnut (1.529), mustard (0.012) and vanaspati (1.324).
This suggests that consumers perceive coconut oil as a versatile alternative when

the prices of other oils increase.

In urban Dadra and Nagar Haveli, edible oil consumption patterns reflect a pre-
dominantly complementary relationship across most oil categories, although cer-
tain substitution behaviours also emerge, particularly in relation to mustard and
vanaspati oils. Groundnut oil exhibits strong complementary relationships with
coconut oil (-0.870), mustard oil (-0.221) and vanaspati oil (-3.422). These nega-
tive coefficients suggest that groundnut oil is consumed alongside these oils rather
than acting as a substitute, indicating a strong adherence to traditional culinary
practices where multiple oils are combined for flavour and cooking performance.
Mustard oil, however, displays mixed patterns. While it maintains a complemen-
tary relationship with coconut oil (-0.131), it acts as a substitute for groundnut

oil (0.183) and particularly for vanaspati oil (1.880). This suggests that when
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the prices of groundnut and vanaspati oils rise, consumers prefer to switch to
mustard oil, likely influenced by its distinctive flavour and health benefits. Vanas-
pati oil demonstrates a similar duality, functioning as a substitute for coconut oil
(0.077) and mustard oil (0.177), but maintaining a complementary relationship
with groundnut oil (-0.254). This indicates that while some substitution occurs
when prices fluctuate, vanaspati oil continues to play a supporting role in culinary
preparations that involve groundnut oil. Coconut oil primarily exhibits comple-
mentary relationships with groundnut oil (-0.167) and vanaspati oil (-3.996), but
acts as a substitute for mustard oil (0.118). This suggests that coconut oil retains
its cultural and culinary importance in the region but is also seen as a viable

alternative to mustard oil when its prices rise.

In Daman and Diu, the consumption of edible oils is entirely dominated by sub-
stitution effects, reflecting a market highly responsive to price fluctuations and
likely influenced by consumer preferences for economical alternatives. Groundnut
oil serves exclusively as a substitute, with positive coefficients of (0.228) against
mustard oil and (1.652) against vanaspati oil. These results suggest that when
the prices of mustard and vanaspati oils increase, consumers in Daman and Diu
strongly shift toward groundnut oil, possibly due to its versatile culinary applica-
tions and health-related perceptions. Mustard oil also plays a significant substi-
tutive role, with positive coefficients of (0.248) against groundnut oil and (1.013)
against vanaspati oil. This indicates that mustard oil is a preferred alternative
when the prices of other oils rise, likely due to its unique flavour and established
culinary significance in local cuisine. Vanaspati oil continues the substitution
trend, although to a lesser degree, with coefficients of (0.016) against groundnut
oil and (0.053) against mustard oil. These relatively low but positive values sug-
gest that vanaspati oil serves as a fallback option when traditional oils become

more expensive, driven primarily by its affordability.

In urban Delhi, edible oil consumption is marked by a distinct balance between
substitution and complementary effects, revealing both sensitivity to price changes
and the preservation of traditional culinary preferences. Groundnut oil exhibits a
complementary relationship with coconut oil (-0.404), indicating that these oils are
often used together in specific dishes. However, groundnut oil acts as a substitute
for both mustard oil (0.047) and vanaspati oil (1.421), with a particularly strong
tendency to replace vanaspati oil when its price rises. This substitution may be
driven by health concerns and consumer perceptions of higher quality associated

with groundnut oil. Mustard oil displays a consistent substitution pattern across
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all oils. It substitutes for coconut oil (0.435), groundnut oil (1.020) and vanaspati
oil (0.651), indicating a flexible consumer preference for mustard oil, especially
when the prices of other oils increase. The strong substitution with groundnut oil
reflects mustard oil’s central role in North Indian culinary traditions. Vanaspati
oil primarily maintains complementary relationships with coconut oil (-0.223) and
groundnut oil (-0.809), indicating its supporting role in cooking rather than serving
as a primary replacement. However, it functions as a weak substitute for mustard
oil (0.022), suggesting a limited shift toward vanaspati when mustard oil prices
rise. Coconut oil demonstrates a complementary relationship with groundnut oil
(-0.669), but acts as a substitute for both mustard oil (0.068) and vanaspati oil
(0.710). These results suggest that while coconut oil retains a specialised culinary
role, it also serves as a substitute for other oils, particularly in recipes where its

unique flavour is desirable.

In Goa, the consumption of edible oils is characterised by both strong complemen-
tary behaviours rooted in culinary traditions and noticeable substitution patterns
driven by economic considerations. Groundnut oil primarily exhibits complemen-
tary relationships, particularly with coconut oil (-1.114) and mustard oil (-26.410),
the latter being exceptionally strong, suggesting these oils are frequently used to-
gether in Goan cuisine. Its relationship with vanaspati oil is also complementary
(-0.022), reinforcing the notion that groundnut oil is not easily replaced by cheaper
alternatives. Mustard oil displays a mixed pattern. It shows a complementary re-
lationship with coconut oil (-0.767), reflecting joint usage in specific recipes. How-
ever, it substitutes both groundnut oil (1.904) and vanaspati oil (0.065), indicating
that when the prices of these oils rise, consumers tend to shift toward mustard oil,
possibly due to its distinctive flavour and health-related perceptions. Vanaspati
oil predominantly acts as a substitute, particularly for coconut oil (0.706) and
mustard oil (5.690), the latter reflecting a significant substitution effect. However,
it retains a complementary relationship with groundnut oil (-0.637), suggesting
that it is often used alongside groundnut oil rather than replacing it completely.
Coconut oil demonstrates a strong substitutive role with groundnut oil (0.775) and
vanaspati oil (0.044), while maintaining a substantial complementary relationship
with mustard oil (-7.162), indicative of its vital role in Goan cuisine, particularly

in seafood preparations and traditional dishes where mustard oil is also used.

In Gujarat, the consumption patterns of edible oils reveal a complex balance be-
tween substitution and complementary relationships, deeply influenced by the re-

gion’s culinary traditions and economic considerations. Groundnut oil, a staple in
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Gujarati cuisine, functions predominantly as a substitute for coconut oil (0.623)
and vanaspati oil (0.614), suggesting that consumers turn to groundnut oil when
the prices of these oils rise. However, it maintains a complementary relation-
ship with mustard oil (-0.354), indicating that mustard oil and groundnut oil are
frequently used together in traditional recipes rather than substituting for one
another. Mustard oil displays a substitutive relationship with coconut oil (0.272),
reflecting a consumer shift toward mustard oil when coconut oil becomes expen-
sive. However, it retains complementary relationships with groundnut oil (-0.006)
and vanaspati oil (-1.114), indicating that mustard oil is typically used alongside
these oils in cooking rather than fully replacing them. Vanaspati oil exhibits con-
sistent complementary relationships across all comparisons such as with coconut
oil (-0.059), groundnut oil (-0.005) and mustard oil (-0.356). These results suggest
that despite its cost-effectiveness, vanaspati oil does not act as a dominant substi-
tute for traditional oils and is often used in tandem with them to balance flavour
and cost. Coconut oil also maintains strong complementary relationships with
groundnut oil (-0.005), mustard oil (-0.665) and vanaspati oil (-2.220), indicating
that it is rarely used as a substitute but remains integral to specific recipes and

culinary practices.

In Haryana, the edible oil market is strongly characterised by complementary rela-
tionships, reflecting the deep cultural integration of oil consumption in traditional
cuisine. However, some selective substitution behaviours also emerge, particularly
related to cost considerations. Groundnut oil maintains strong complementary
relationships with coconut oil (-27.927), mustard oil (-0.038) and vanaspati oil
(-0.585), indicating that these oils are predominantly used together rather than
substituting for one another. The exceptionally high negative coefficient with co-
conut oil reflects a strong culinary dependence on combining these oils. Mustard oil
largely retains its complementary role with coconut oil (-3.448) and vanaspati oil (-
0.111). However, it exhibits a modest substitutive relationship with groundnut oil
(0.128), indicating that when groundnut oil prices rise, consumers may marginally
increase their consumption of mustard oil, likely due to its distinct flavour and tra-
ditional use in North Indian dishes. Vanaspati oil shows mixed patterns, displaying
a strong complementary relationship with coconut oil (-4.235) and mustard oil (-
0.075), but a substitutive relationship with groundnut oil (0.149), suggesting that
when groundnut oil becomes more expensive, some consumers shift towards vanas-
pati oil for its affordability. Coconut oil demonstrates a substitutive relationship

with groundnut oil (0.228), suggesting that when groundnut oil prices increase,
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coconut oil becomes a preferred alternative. However, it maintains complemen-
tary relationships with mustard oil (-0.015) and vanaspati oil (-0.095), reflecting
its continued role in supporting traditional culinary preparations rather than fully

replacing other oils.

In Himachal Pradesh, the consumption of edible oils reflects a combination of
strong substitution patterns, particularly driven by economic considerations and
complementary relationships rooted in traditional cooking practices. Groundnut
oil serves predominantly as a substitute for coconut oil (8.733) and mustard oil
(0.120), suggesting that when the prices of these oils rise, consumers significantly
shift their consumption toward groundnut oil. However, a complementary rela-
tionship exists with vanaspati oil (-0.033), indicating that groundnut oil is still
used alongside vanaspati in certain culinary applications rather than fully replac-
ing it. Mustard oil retains its traditional importance, showing complementary
relationships across all comparisons such as coconut oil (-1.544), groundnut oil
(-0.324) and vanaspati oil (-0.037). These negative coefficients highlight mustard
oil’s entrenched role in local cooking, often consumed in combination with other
oils rather than being replaced. Vanaspati oil demonstrates a significant substi-
tutive relationship with coconut oil (0.292) and mustard oil (1.073), indicating
that when these oils become more expensive, urban consumers increasingly turn
to vanaspati as a more economical alternative. However, its relationship with
groundnut oil remains complementary (-0.698), suggesting a continued pattern
of combined use. Coconut oil shows a strong complementary relationship with
groundnut oil (-5.975), indicating its supporting role in recipes that primarily rely
on groundnut oil. However, it also serves as a substitute for mustard oil (0.107),
reflecting that when mustard oil prices rise, some consumers prefer coconut oil as
an alternative. Its relationship with vanaspati oil remains complementary (-0.020),

underscoring the distinctive culinary role of coconut oil in traditional dishes.

In Jammu and Kashmir, the edible oil market reveals a highly structured con-
sumption pattern with strong complementary tendencies across most categories,
accompanied by selective substitution where economically or culturally appropri-
ate. Groundnut oil exhibits overwhelmingly complementary relationships with co-
conut oil (-55.606), mustard oil (-0.024) and vanaspati oil (-1.626). The extremely
large negative coefficient with coconut oil highlights the significant reliance on
both oils together in traditional cooking, particularly for their combined flavour
and texture-enhancing properties. Mustard oil retains its cultural and culinary sig-

nificance, maintaining complementary relationships with coconut oil (-9.456) and
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vanaspati oil (-4.360). However, it acts as a substitute for groundnut oil (3.173),
indicating that when groundnut oil prices rise, consumers shift toward mustard
oil, likely due to its strong flavour and versatility in regional dishes. Vanaspati
oil also demonstrates complementary relationships with coconut oil (-8.662) and
mustard oil (-0.009), suggesting it is often consumed alongside these oils rather
than replacing them entirely. However, it substitutes for groundnut oil (2.371),
pointing to its role as a cost-effective alternative when groundnut oil prices become
prohibitive. Coconut oil serves as a substitute for groundnut oil (4.878), suggest-
ing that rising groundnut oil prices lead to increased consumption of coconut oil,
possibly due to its accessibility and rich flavour. However, it retains complemen-
tary relationships with mustard oil (-0.013) and vanaspati oil (-0.520), indicating
its enduring importance in the preparation of traditional dishes alongside these

oils.

In Karnataka, the consumption patterns of edible oils reveal a dynamic mix of
substitution and complementary behaviours, reflecting the state’s diverse culinary
traditions and varying economic influences across urban centres. Groundnut oil
primarily exhibits a complementary relationship with coconut oil (-1.133), suggest-
ing that these oils are often consumed together in the preparation of traditional
dishes. However, groundnut oil acts as a substitute for mustard oil (0.014) and es-
pecially for vanaspati oil (0.937), indicating that when the prices of these oils rise,
consumers tend to prefer groundnut oil, likely due to its widespread availability
and cultural acceptance. Mustard oil predominantly maintains complementary
relationships, particularly with coconut oil (-0.126) and groundnut oil (-0.002),
underscoring its established role in local cooking where it is consumed alongside
these oils. Nonetheless, mustard oil serves as a substitute for vanaspati oil (0.049),
suggesting that some consumers view mustard oil as a healthier or more flavourful
alternative when vanaspati prices rise. Vanaspati oil plays a significant substitutive
role in Karnataka’s urban areas, particularly with coconut oil (0.441), groundnut
oil (0.053) and mustard oil (0.285). These positive coefficients highlight that vanas-
pati oil serves as an economical alternative when the prices of more traditional oils
rise, reflecting its continued relevance in urban households that are more sensitive
to price fluctuations. Coconut oil shows a clear substitutive relationship with
groundnut oil (0.347) and vanaspati oil (0.134), suggesting that when the prices of
these oils rise, consumers turn to coconut oil, especially in coastal regions where
it is culturally and economically more accessible. However, coconut oil retains a

complementary relationship with mustard oil (-1.198), reflecting its irreplaceable
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role in specific dishes that traditionally rely on the combined use of these oils.

In Kerala, edible oil consumption patterns are deeply influenced by cultural tra-
ditions, particularly the predominant role of coconut oil. While complementary
relationships dominate, notable substitution effects emerge under specific price
conditions. Groundnut oil predominantly maintains complementary relationships,
particularly with coconut oil (-0.023) and mustard oil (-46.156), the latter indicat-
ing a significant co-dependence in culinary applications. However, it shows a strong
substitutive relationship with vanaspati oil (9.708), suggesting that when vanas-
pati prices rise, consumers decisively increase their consumption of groundnut oil,
possibly due to its healthier profile. Mustard oil similarly reflects complementary
consumption patterns with coconut oil (-0.005) and groundnut oil (-0.960), high-
lighting its specialised role in flavouring and traditional recipes. Nonetheless, it
serves as a significant substitute for vanaspati oil (4.555), suggesting that mustard
oil is preferred over vanaspati when cost dynamics shift. Vanaspati oil maintains
strong complementary relationships with coconut oil (-0.008), groundnut oil (-
2.472) and mustard oil (-56.701). These results underline that vanaspati oil does
not serve as a primary substitute in Kerala’s urban areas and is instead consumed
alongside other oils in cost-sensitive households. Coconut oil, which holds a central
position in Kerala’s culinary identity, displays complementary relationships with
groundnut oil (-2.303) and mustard oil (-7.371), but acts as a significant substitute
for vanaspati oil (5.044). This indicates that when vanaspati oil prices rise, co-
conut oil consumption increases substantially, driven by both cultural preference

and its availability.

In Lakshadweep, edible oil consumption patterns are shaped by both traditional
dietary preferences and economic considerations, resulting in a balanced interplay
of substitution and complementary behaviours. Groundnut oil demonstrates a
substitutive relationship with coconut oil (0.017), suggesting that when coconut
oil prices rise, consumers marginally increase their use of groundnut oil, though
the effect is limited. Conversely, it maintains a complementary relationship with
vanaspati oil (-0.072), indicating that these oils are often used together rather than
as substitutes, perhaps to balance cost with nutritional value. Vanaspati oil con-
sistently exhibits complementary relationships, with negative coefficients against
coconut oil (-0.036) and groundnut oil (-0.375). This suggests that vanaspati oil
is typically consumed alongside these oils rather than serving as a standalone
replacement, likely influenced by the traditional reliance on coconut oil in Lak-

shadweep’s cuisine. Coconut oil retains its cultural and culinary dominance, acting
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as a substitute for both groundnut oil (0.605) and vanaspati oil (0.146). These
positive coefficients indicate that when the prices of groundnut and vanaspati oils
rise, consumers tend to fall back on coconut oil, a readily available and culturally

significant alternative in the region.

In Madhya Pradesh, edible oil consumption patterns are dominated by strong com-
plementary relationships, underscoring the enduring role of traditional culinary
practices. However, selective substitution effects emerge, particularly in response
to price fluctuations. Groundnut oil primarily exhibits complementary relation-
ships, especially with coconut oil (-0.162) and vanaspati oil (-0.270), indicating
that these oils are often consumed together in local dishes. However, it serves as a
notable substitute for mustard oil (0.593), suggesting that when mustard oil prices
rise, consumers shift towards groundnut oil, possibly due to its affordability and
cultural acceptance. Mustard oil consistently reflects complementary relationships
across all categories—coconut oil (-0.208), groundnut oil (-0.389) and vanaspati
oil (-0.044). This highlights mustard oil’s specialised culinary role, particularly
in the preparation of flavour-rich dishes, where it is valued for its distinct aroma
and taste. Vanaspati oil maintains complementary relationships across all compar-
isons—coconut oil (-0.059), groundnut oil (-0.103) and mustard oil (-0.063). These
patterns indicate that vanaspati oil serves a supporting rather than substitutive
role in the state’s urban culinary habits, often used alongside more traditional
oils to manage household budgets. Coconut oil shows a substitutive relationship
with mustard oil (0.093), suggesting that when mustard oil prices rise, some con-
sumers opt for coconut oil as a replacement. However, it retains complementary
relationships with groundnut oil (-0.043) and vanaspati oil (-0.038), reflecting its

continuing importance in traditional recipes alongside these oils.

In urban regions of Maharashtra, the consumption of edible oils is overwhelmingly
characterised by complementary relationships, reflecting the deep-rooted culinary
traditions of the region. Nonetheless, selective substitution patterns emerge, par-
ticularly in response to economic considerations. Groundnut oil demonstrates a
strong complementary relationship with coconut oil (-3.295), mustard oil (-1.652)
and vanaspati oil (-0.404). These significant negative coefficients suggest that
groundnut oil is often consumed alongside these oils in traditional Maharashtrian
dishes rather than acting as a substitute. Mustard oil similarly maintains com-
plementary relationships across all categories—coconut oil (-5.065), groundnut oil
(-1.858) and vanaspati oil (-0.050). This pattern highlights mustard oil’s role as

a flavour-enhancing ingredient in specific dishes rather than a primary cooking
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medium. Vanaspati oil shows a mixed pattern of consumption. While it main-
tains a complementary relationship with coconut oil (-0.081), it acts as a substi-
tute for groundnut oil (0.140) and mustard oil (0.190), suggesting that when the
prices of these traditional oils increase, some consumers turn to vanaspati oil as an
economical alternative. Coconut oil, which plays an important role in coastal Ma-
harashtrian cuisine, retains strong complementary relationships with groundnut
oil (-1.544) and mustard oil (-1.859). However, it acts as a substitute for vanas-
pati oil (0.109), indicating that when vanaspati prices rise, coconut oil becomes
a preferred alternative, likely driven by its availability and cultural acceptance in

coastal urban areas.

In Meghalaya, edible oil consumption is characterised by a dynamic interplay be-
tween substitution and complementary relationships, reflecting a market respon-
sive to both economic constraints and traditional culinary habits. Groundnut
oil serves predominantly as a substitute for coconut oil (0.886), indicating that
when coconut oil prices rise, urban consumers increasingly turn to groundnut oil.
However, it maintains complementary relationships with mustard oil (-0.036) and
vanaspati oil (-3.192), suggesting that despite price fluctuations, groundnut oil is
often consumed alongside these oils rather than replacing them entirely. Mustard
oil demonstrates a strong substitutive relationship with groundnut oil (4.465), im-
plying that rising groundnut oil prices lead to significant increases in mustard oil
consumption, possibly due to mustard oil’s bold flavour and deep-rooted cultural
significance. However, mustard oil retains complementary relationships with co-
conut oil (-1.922) and vanaspati oil (-2.525), indicating that it remains an essential
ingredient used alongside these oils in traditional dishes. Vanaspati oil displays
clear substitution patterns, particularly with groundnut oil (3.214), reflecting its
role as a lower-cost alternative when groundnut oil becomes expensive. It also acts
as a substitute for coconut oil (0.052), but maintains a complementary relationship
with mustard oil (-0.015), suggesting mustard oil remains irreplaceable in specific
culinary contexts. Coconut oil demonstrates mixed behaviours. It substitutes for
both mustard oil (0.0001) and vanaspati oil (0.0046), albeit marginally, indicating
that while coconut oil can replace these oils under certain conditions, the effect is
limited. However, it maintains a complementary relationship with groundnut oil

(-0.016), reflecting its enduring role in the preparation of traditional recipes.

In Mizoram, edible oil consumption is firmly rooted in complementary consump-
tion patterns, with selective substitution behaviour emerging primarily between

groundnut and mustard oils. Groundnut oil demonstrates strong complementary



Results and Discussion of Edible Oils 99

relationships with coconut oil (-1.550) and vanaspati oil (-0.388), indicating that
these oils are consumed together in traditional recipes rather than serving as sub-
stitutes. However, groundnut oil exhibits a significant substitutive relationship
with mustard oil (0.485), suggesting that when mustard oil prices rise, consumers
shift toward groundnut oil, likely valuing its cost-effectiveness and versatility. Mus-
tard oil also shows a strong substitution effect with groundnut oil (1.582), indi-
cating a reciprocal preference for mustard oil when groundnut oil prices increase.
Nonetheless, it retains complementary relationships with coconut oil (-0.179) and
vanaspati oil (-0.231), confirming its specialised culinary role in regional cuisine, of-
ten consumed alongside these oils rather than replacing them entirely. Vanaspati
oil consistently exhibits complementary relationships with coconut oil (-1.503),
groundnut oil (-0.522) and mustard oil (-0.012), suggesting that it is not widely
used as a direct substitute but is instead consumed in conjunction with traditional
oils to manage cost while maintaining flavour profiles. Coconut oil shows comple-
mentary relationships across all categories, including with groundnut oil (-0.148),
mustard oil (-0.006) and vanaspati oil (-0.151). These negative coefficients confirm
the integral role of coconut oil in Mizoram’s urban culinary practices, serving as

a core ingredient used alongside other oils rather than being replaced.

In Nagaland, edible oil consumption patterns are highly responsive to price fluctua-
tions, resulting in prominent substitution behaviours, although complementary re-
lationships remain significant for certain oils. Groundnut oil demonstrates a strong
substitutive relationship with coconut oil (4.161) and vanaspati oil (1.679), indicat-
ing that when the prices of these oils rise, consumers increasingly turn to ground-
nut oil, likely driven by its availability and affordability. However, it maintains a
complementary relationship with mustard oil (-0.021), suggesting that groundnut
and mustard oils are often used together in traditional cooking. Mustard oil shows
complementary relationships with coconut oil (-0.077) and groundnut oil (-0.487),
indicating that mustard oil plays a supportive role in regional dishes. However,
it serves as a substitute for vanaspati oil (1.288), reflecting a consumer preference
for mustard oil when vanaspati prices rise, likely influenced by health perceptions
and culinary preferences. Vanaspati oil exhibits significant substitution effects,
particularly with coconut oil (0.702), suggesting that when coconut oil prices rise,
vanaspati oil becomes a preferred alternative among cost-conscious consumers.
Nonetheless, it retains complementary relationships with groundnut oil (-1.635)
and mustard oil (-0.040), indicating that it is still frequently consumed alongside

these oils rather than fully replacing them. Coconut oil maintains complementary
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relationships with groundnut oil (-3.400) and mustard oil (-0.010), underscoring
its strong culinary significance in the region. However, it acts as a substitute for
vanaspati oil (0.796), indicating that when vanaspati prices increase, coconut oil
consumption also rises, possibly due to its established role in imparting distinctive

flavours to local cuisine.

In Odisha, the edible oil market is primarily shaped by complementary relation-
ships, which reflect the persistence of traditional cooking practices. However,
significant substitution effects are observed where cost considerations prompt con-
sumers to adjust their purchasing behaviours. Groundnut oil demonstrates strong
complementary relationships with coconut oil (-7.959) and mustard oil (-0.055),
indicating that these oils are consumed together rather than serving as alterna-
tives. However, groundnut oil acts as a significant substitute for vanaspati oil
(1.565), suggesting that when vanaspati oil prices rise, consumers prefer switching
to groundnut oil, likely due to its perceived health benefits. Mustard oil fol-
lows a similar pattern, maintaining a complementary relationship with coconut oil
(-0.941) and vanaspati oil (-0.377), but serving as a substitute for groundnut oil
(0.121). This implies that when groundnut oil prices increase, mustard oil becomes
a viable alternative in urban households, especially for its distinctive flavour and
versatility. Vanaspati oil exhibits consistent complementary relationships across
all oils such as coconut (-0.491), groundnut (-0.995) and mustard (-0.042) high-
lighting that it is more often used alongside traditional oils to stretch household
budgets rather than completely replacing them. Coconut oil, a culturally signifi-
cant cooking medium, maintains strong complementary relationships with ground-
nut oil (-1.621) and mustard oil (-0.011). However, it substitutes for vanaspati oil
(0.361), indicating that when vanaspati oil prices rise, some consumers turn to co-
conut oil, likely reflecting a preference for traditional and healthier options despite

higher costs.

In Punjab, edible oil consumption patterns reveal significant substitution effects
alongside strong complementary relationships, indicating that consumers are re-
sponsive to price changes but continue to preserve traditional cooking practices.
Groundnut oil exhibits an exceptionally strong substitutive relationship with co-
conut oil (63.401), indicating that when coconut oil prices rise, there is a sub-
stantial shift towards groundnut oil. However, it maintains complementary re-
lationships with mustard oil (-0.024) and vanaspati oil (-0.148), suggesting that
groundnut oil continues to be consumed alongside these oils rather than fully re-

placing them. Mustard oil predominantly maintains complementary relationships



Results and Discussion of Edible Oils 101

across all categories—coconut oil (-17.401), groundnut oil (-0.362) and vanaspati
oil (-0.146). This reflects mustard oil’s entrenched role in Punjabi cuisine, where it
is used for its unique flavour profile and is less frequently substituted. Vanaspati
oil displays a strong substitution effect with coconut oil (12.312), suggesting that
when coconut oil becomes expensive, consumers shift decisively toward vanaspati
oil, likely driven by its lower cost. However, it retains complementary relationships
with groundnut oil (-1.371) and mustard oil (-0.048), indicating its supporting role
in specific dishes. Coconut oil demonstrates a complementary relationship with
groundnut oil (-1.682), while acting as a substitute for both mustard oil (0.054)
and vanaspati oil (0.010). These positive coefficients suggest that coconut oil con-
sumption increases when the prices of mustard and vanaspati oils rise, reflecting

a growing preference for coconut oil in urban households.

In Rajasthan, edible oil consumption patterns are shaped predominantly by com-
plementary relationships, reflecting the state’s strong adherence to traditional
cooking practices. However, instances of substitution emerge in specific oil com-
binations, particularly under economic pressures. Groundnut oil exhibits comple-
mentary relationships with coconut oil (-0.365), mustard oil (-0.028) and vanas-
pati oil (-1.405), suggesting that groundnut oil is typically used alongside these
oils rather than as a substitute. This is consistent with its established role in the
regional cuisine, especially in vegetarian dishes where it enhances flavour and nu-
tritional content. Mustard oil retains its prominence, particularly in flavour-rich
Rajasthani dishes. While it maintains complementary relationships with coconut
oil (-0.109) and vanaspati oil (-0.736), it acts as a substitute for groundnut oil
(0.034), suggesting that when groundnut oil prices rise, mustard oil becomes a
marginally preferred alternative. Vanaspati oil functions mainly as a substitute
for coconut oil (0.083), indicating that when coconut oil becomes more expensive,
urban consumers in Rajasthan turn toward vanaspati oil due to its affordability.
However, it retains a complementary relationship with mustard oil (-0.051), sug-
gesting that vanaspati is used alongside mustard oil rather than fully replacing it.
Coconut oil maintains a complementary relationship with vanaspati oil (-0.211),
reinforcing its specialised culinary role in specific traditional recipes rather than

serving as a broad substitute.

In Tamil Nadu, edible oil consumption is uniformly characterised by complemen-
tary relationships across all oil categories, reflecting the state’s deeply ingrained

culinary traditions that rely on the co-use of various oils for their unique functional
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and flavouring attributes. Groundnut oil demonstrates strong complementary rela-
tionships with coconut oil (-1.668), mustard oil (-0.519) and vanaspati oil (-0.852).
These negative coefficients indicate that groundnut oil is routinely used in tandem
with these oils, rather than serving as a substitute. This pattern reflects its inte-
gral role in Tamil cuisine, particularly in vegetarian preparations and fried dishes
where oil blending is common. Mustard oil similarly retains a consistent comple-
mentary profile with coconut oil (-0.946), groundnut oil (-0.644) and vanaspati
oil (-0.092). These figures suggest that mustard oil, though less central in Tamil
cooking compared to northern regions, is still used in conjunction with other oils,
especially for tempering and pickling purposes. Vanaspati oil maintains comple-
mentary relationships across all comparisons—coconut oil (-0.366), groundnut oil
(-0.343) and mustard oil (-0.025). These values highlight that vanaspati oil is
used alongside rather than in place of traditional oils, possibly to manage cost
while preserving the integrity of local flavour profiles. Coconut oil, which plays a
dominant role in Tamil Nadu’s cuisine, exhibits complementary relationships with
groundnut oil (-0.908), mustard oil (-0.444) and vanaspati oil (-0.486). These fig-
ures underscore coconut oil’s foundational status in urban Tamil kitchens, where
it is often used as a base oil in combination with others to achieve desired flavour,

texture and aroma.

In Tripura, the consumption patterns of edible oils are overwhelmingly dominated
by complementary relationships across all oil categories. This indicates a strong
adherence to traditional culinary practices and a low degree of substitution be-
tween different oils, even in the face of price variations. Groundnut oil exhibits
highly significant complementary relationships with coconut oil (-7.191), mustard
oil (-0.021) and vanaspati oil (-2.122). These negative coefficients suggest that
groundnut oil is routinely consumed alongside these oils rather than replacing
them, reflecting the integrated use of multiple oils in Tripuri cuisine. Mustard oil
also demonstrates strong complementary relationships with coconut oil (-2.199),
groundnut oil (-0.792) and vanaspati oil (-1.086). These relationships highlight
mustard oil’s essential role in the preparation of local dishes, often used for its dis-
tinct aroma and flavour-enhancing properties, rather than as a substitute for other
oils. Vanaspati oil continues this trend, maintaining complementary relationships
with groundnut oil (-1.702) and mustard oil (-0.045). Despite its affordability,
vanaspati oil is not widely used as a replacement for traditional oils but rather

supports household cooking needs in conjunction with them. Coconut oil remains
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central to the culinary traditions of Tripura, demonstrating complementary re-
lationships with groundnut oil (-0.501), mustard oil (-0.006) and vanaspati oil
(-0.305). These results further reinforce the indispensable role of coconut oil in

local cooking practices, where it is valued for its unique flavour and texture.

In Uttar Pradesh, edible oil consumption patterns are dominated by strong com-
plementary relationships across all oil categories, suggesting that despite market
variations, traditional cooking practices remain deeply inherent. There is a no-
table absence of significant substitution behaviours. Groundnut oil consistently
shows complementary relationships with coconut oil (-0.316), mustard oil (-0.019)
and vanaspati oil (-0.613). These negative coefficients indicate that groundnut
oil is frequently used alongside other oils in traditional recipes rather than serv-
ing as a substitute, highlighting its sustained culinary importance. Mustard oil
further reinforces this trend with complementary relationships across all com-
parisons—coconut oil (-0.143), groundnut oil (-1.506) and vanaspati oil (-2.178).
These strong negative coefficients emphasise mustard oil’s vital role in Uttar
Pradesh’s cuisine, especially in flavour-rich vegetarian preparations. Vanaspati oil
also maintains complementary relationships with coconut oil (-0.119), groundnut
oil (-2.153) and mustard oil (-0.022). This suggests that despite its affordability,
vanaspati oil does not act as a primary substitute for traditional oils but is often
used alongside them to achieve desired flavour and texture in local dishes. Co-
conut oil holds a distinct culinary role with complementary relationships across
all oil types such as groundnut oil (-1.743), mustard oil (-0.003) and vanaspati oil
(-0.068). These results reaffirm the enduring presence of coconut oil in specific

regional dishes, despite its relatively limited overall use compared to other oils.

In West Bengal, the edible oil consumption pattern is primarily defined by the
dominant role of mustard oil, a staple in Bengali cuisine, complemented by selective
substitution behaviour, particularly between mustard oil and coconut oil. Mustard
oil exhibits a highly significant complementary relationship with coconut oil (-
15.796), indicating that these oils are consumed together rather than serving as
substitutes. This is consistent with the traditional culinary practices of the state,
where mustard oil imparts its distinctive pungent flavour and coconut oil is used
selectively to enhance the taste and texture of specific dishes, particularly in sweets
and coastal recipes. Coconut oil, conversely, acts as a substitute for mustard
oil, as reflected by a strong positive coefficient of (6.828). This suggests that

when mustard oil prices rise, some consumers shift toward coconut oil, possibly
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in response to health considerations or as a means to manage household budgets,

although the core preference for mustard oil remains prevalent.
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Chapter 5

Results and Discussion of Pulses

Pulses comprise of a primary part of the Indian diet while also serving as an im-
portant source of protein. This food group too like edible oils influence culinary
practices across the diverse socio-cultural landscape of India. This thorough anal-
ysis of the consumption patterns of pulses in India, focuses on the variations in
elasticities observed between rural and urban areas and across different states and
union territories. The analysis is based on expenditure elasticities and cross-price
elasticities derived from demand system estimations, providing insights into the
economic factors influencing consumer behaviour. Understanding expenditure or
income elasticity of demand for pulses across rural and urban regions in India is
critical for assessing consumer behaviour and formulating effective nutrition poli-
cies. This analysis interprets the detailed elasticity data for five categories of pulses
such as arhar, split and whole gram, moong, masur, urad, peas, khesari and other
pulses which includes regionally less common oils. Drawing from state-level data,
the analysis explores the socio-economic and cultural underpinnings that shape
pulse consumption patterns, emphasizing differences and substitutability between
rural and urban households. This chapter aims to present a detailed econometric
analysis using which we interpret the varying nature of consumption responses to
income changes, providing insight into the evolving food demand of India, which
can further help derive relevant policies and market informative discussion of the
consumption patterns of pulses. This chapter is broken down into different sub-
sections starting with a discussion on the consumption patterns of pulses across
rural and urban based on the empirical data of expenditure (income) elasticities,
followed by a discussion on consumption patterns across rural and urban based on

the cross elasticities.
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5.1 Consumption Patterns of Pulses across India

based on Expenditure Elasticity

5.1.1 Rural Consumption Patterns of Pulses

The rural expenditure elasticity estimates of pulses data as seen in table 5.1,
shows significant heterogeneity across the states of India and the types of pulse
consumed. Few pulses show consistently positive elasticities indicative of nec-
essary or superior goods, while others have negative values, suggesting inferior
good status. The variation is reflective of not only regional dietary preferences
and socio-cultural consumption habits but also broader structural disparities in
income levels, market access and nutritional awareness among rural populations.
Several pulses, such as arhar, whole gram and urad, demonstrate relatively high
positive elasticities in many states, reinforcing their role as central components
in the rural dietary basket. These observations also hint at potential opportuni-
ties for rural nutritional interventions and agri-food policies that can promote the

production and availability of highly demanded pulses.

Arhar is widely consumed and appears to be a superior good in many rural areas.
States like Bihar (4.319), Haryana (2.685), Punjab (2.874) and Sikkim (9.937) show
very high positive elasticities. These high values suggest that as rural incomes rise,
the demand for arhar increases significantly, highlighting its status as a preferred
pulse and an aspirational good among rural households. The dietary significance of
arhar is particularly important because it is rich in protein and commonly used in
everyday meals. Its superior good classification in many states implies that public
investment in its production, price stabilization and distribution through public
distribution systems (PDS) could play a vital role in improving protein access as
rural incomes grow. However, the presence of negative elasticity in states like
Himachal Pradesh (-7.977) and West Bengal (-0.268) signals regional differences
in consumption patterns, possibly due to the availability of substitutes, differing

agricultural practices, or cultural preferences.

Split gram generally shows moderate positive elasticities across most states, with
values hovering around one. In Andhra Pradesh (1.005) and Bihar (0.966), the
demand suggests a stable consumption pattern that grows proportionally with
income. States like Goa (2.489) exhibit much higher responsiveness, possibly re-

flecting evolving dietary preferences, increased availability of processed gram-based
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products, or shifts in consumption due to urban influences, where split gram will
continue to be a dietary mainstay in rural India and any upward shift in income
will lead to proportional or more than proportional increases in its demand. This
supports the rationale for ensuring stable supply chains and rural market accessi-

bility for split gram to sustain and enhance food security.

Whole Gram presents a more diverse picture. Karnataka’s exceptionally high elas-
ticity (13.002) is particularly notable and may reflect specific local consumption
trends or statistical anomalies driven by rapidly changing consumer behaviour.
Rajasthan (2.613) and Tripura (3.586) also exhibit strong income responsiveness,
highlighting the pulse’s growing importance in some regional diets. In contrast,
states like Maharashtra (-1.612) and Nagaland (-0.440) show negative income elas-
ticities, which may be attributed to substitution with more premium pulses or

non-pulse protein sources as income rises.

Moong is widely consumed and displays a broad range of income elasticities. In
Andaman and Nicobar (6.689) and Tamil Nadu (1.941), the elasticity values sug-
gest that moong is viewed as a premium or desirable item, possibly due to its
digestibility, nutritional profile and versatility in cooking. In contrast, Goa (0.130)
and Uttar Pradesh (-1.667) show limited or negative responsiveness, which could
indicate saturation of demand or substitution with other protein-rich foods. The
varied elasticity of moong reflects its multifunctionality in Indian cuisine and the
need to support region-specific extension services that can improve its cultivation,

processing and market integration to respond to demand shifts.

Masur or red lentil exhibits a more mixed pattern. While Andhra Pradesh (1.330)
and Jammu and Kashmir (2.171) show high responsiveness, other regions like
Tamil Nadu (-0.444), Puducherry (-3.635) and Madhya Pradesh (-0.637) show
negative elasticity. These differences may be linked to regional dietary preferences,
agronomic limitations, or the comparative availability of alternative pulses. For
instance, if masur is relatively expensive or less culturally embedded, consumers

may substitute it with more familiar or affordable pulses as incomes rise.

Urad, a pulse known for its role in staple foods like idlis and dosas, generally shows
positive elasticity, especially in Kerala (1.533), Punjab (1.256) and Arunachal
Pradesh (4.403). However, in Assam (-1.093) and Uttar Pradesh (-2.315), the
demand decreases with income, suggesting a perception of urad as a less desirable

option among wealthier households or shifts toward more premium dietary options.
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These findings indicate that while urad remains important in certain culinary

cultures, it may be losing ground in others.

Peas present an intriguing case of divergence. High positive values in Gujarat
(5.752) and Tripura (5.073) suggest a strong income-response, possibly driven
by recent culinary trends or increased use in processed food products. Negative
elasticities in Rajasthan (-2.984) and Goa (-6.444) suggest peas are being replaced
by more desirable foods as incomes grow. These shifts could be driven by the

perception of peas as a cheap or a filler food.

Khesari displays predominantly negative elasticities across the rural states. Orissa
(-9.678), Uttar Pradesh (-11.850) and Bihar (-0.529) emphasize its status as an in-
ferior good, historically consumed under compulsion and often linked with poverty.
These negative values align with health concerns associated with khesari, includ-
ing lathyrism, making it imperative for policymakers to phase out khesari and
replace it with safer, nutritionally sound alternatives. Surprisingly, a few states
like Arunachal Pradesh (6.562) report high positive elasticity, possibly due to re-

gional food habits or lack of awareness.

The “other pulses” category captures a range of less commonly consumed or niche
varieties and presents considerable variability. Tamil Nadu (13.994), Arunachal
Pradesh (12.703) and Assam (2.118) report high positive elasticities, suggesting
a growing market for novel pulses as incomes increase. Negative values in states
like Bihar (-0.970) and Madhya Pradesh (-0.173) may indicate limited familiarity
or availability of these varieties. Economic incentives for diversification in pulse
farming and awareness programs can help promote underutilized varieties that
support both nutrition and agricultural sustainability. Rural India thus presents
a diverse but informative landscape of pulse demand elasticity. Pulses like arhar,
moong and urad are consistently positioned as superior or necessary goods in
many states. Their rising demand with income reinforces their importance in

rural nutrition strategies.

5.1.2 Urban Consumption Patterns of Pulses

The expenditure elasticity estimates of pulses as seen in table 5.2, show that,
arhar’s demand in urban regions reveals a generally positive relationship with in-
come, with elasticity estimates such as Andaman and Nicobar (1.069), Arunachal

Pradesh (1.309) and Delhi (1.274) indicating a steady or more than proportionate
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increase in demand. These values confirm arhar’s status as a staple that retains
its relevance even in relatively affluent urban settings. However, the significantly
lower elasticity in Punjab (0.622) and negative values in West Bengal (-6.854) raise
questions about regional substitution patterns or changing consumer preferences,
possibly toward other source of proteins or processed alternatives. Economically,
this suggests a complex dynamic in urban centres where tradition and moderniza-

tion intersect.

Split gram shows elasticity values that mostly hover around one, with Chandigarh
(1.007), Delhi (1.027) and Goa (1.104) reinforcing its role as a steady dietary
component. However, significant negative elasticity in Puducherry (-0.651) implies
possible substitution away from split gram as incomes rise. In contrast, Tripura
(2.252) reports a markedly high positive elasticity, indicating that pulses are still
seen as an aspirational food group in less urbanized or economically diverse urban

zones.

Whole gram in urban India generally maintains a positive elasticity with income,
though values are less extreme than in rural areas. Jammu and Kashmir (1.215),
Gujarat (1.329) and Goa (1.111) all display moderate increases in demand with
rising income. However, the presence of negative elasticity in states like Madhya
Pradesh (-0.247) and Manipur (-2.073) is significant. These declines may reflect
shifting consumption toward higher-end legumes or a departure from traditional

cooking practices in rapidly urbanizing regions.

Moong continues to show strong income responsiveness in urban India, especially
in states like Assam (4.914), Arunachal Pradesh (2.091) and Sikkim (1.918). These
values suggest moong is gaining favor in urban diets, possibly due to its health
benefits and suitability for fast cooking. However, lower elasticities in states like
Tamil Nadu (0.283) and Bihar (0.925) suggest saturation or substitution in more
mature consumption markets. The implication is that moong remains an im-
portant product in nutrition-sensitive strategies, particularly in states with rising

middle-class populations where dietary diversification is accelerating.

Masur generally shows positive elasticities, with Tamil Nadu (2.528) and Puducherry
(5.598) suggesting significant growth potential. However, states like Bihar (0.953)
and Uttar Pradesh (0.189) show minimal responsiveness, indicating masur’s possi-
ble saturation or established status in urban household consumption. These con-

trasting trends underline the need for segmentation in public nutrition programs.
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While masur may serve as a staple in some states, in others it may represent a

premium or emerging option that warrants promotion.

Urad’s urban elasticity patterns mirror some rural tendencies but with key differ-
ences. States like Jammu and Kashmir (1.606), Kerala (1.317) and Tripura (0.268)
suggest rising demand, while Bihar (-1.781), Punjab (-1.877) and Arunachal Pradesh
(-1.565) exhibit negative responsiveness. These negative values are noteworthy and
may signal a broader shift in urban dietary preferences, with urad being replaced
by pulses perceived as more versatile or modern. Policymakers might consider
revisiting promotion strategies for urad, especially in northern India, to counter-
act its declining perception and reposition it through value-added ready to cook

products.

Peas in urban areas show extremely variable elasticity. Daman and Diu (12.349)
and Orissa (2.244) show high positive responsiveness, while states like Manipur
(-38.166) and Tripura (-2.810) suggest sharp declines. These extremes suggest
that pea consumption is highly influenced with past consumption patterns, local
prices, culinary preferences and supply dynamics. This volatility implies that peas
may not be an ideal staple for uniform policy interventions but could be promoted

in specific regional markets where demand is growing.

Khesari again reveals its status as an inferior good, with negative elasticities in a
wide array of states such as Dadra and Nagar Haveli (-1.259), Orissa (-39.376) and
Puducherry (-5.431). These figures align with health concerns and declining social
acceptance of khesari in urban environments. However, a few positive elasticities
such as Nagaland (3.494) and Meghalaya (3.408) suggest lingering consumption
traditions or lack of alternatives in some urban pockets. The policy imperative is
quite clear suggesting a linear phase out of khesari through safer alternatives and
nutritional awareness initiatives, particularly in economically marginalized urban

areas.

Other pulses in urban settings demonstrate high variability. High elasticities in
Gujarat (2.562), Sikkim (1.348) and Puducherry (2.468) suggest expanding inter-
est in non-traditional or specialty pulses. This may reflect a broader urban trend
toward dietary diversification and the adoption of health foods. Negative elas-
ticities in states like Madhya Pradesh (-3.059) highlight challenges in familiarity
or affordability. Supporting the production and marketing of such pulses can en-
hance dietary diversity and open new avenues for farmers and food entrepreneurs

targeting urban consumers. Overall, the urban pulse consumption landscape is
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marked by greater elasticity volatility compared to rural areas. While some pulses
retain their staple status, many others are seeing either rapid growth or decline

based on income shifts, lifestyle changes and culinary modernization.

5.1.3 Comparative Analysis of Rural and Urban Consump-

tion Patterns of Pulses

The comparative analysis of rural and urban income elasticities of demand for
pulses offers crucial insights into how socio-economic contexts, cultural prefer-
ences and regional development patterns influence food consumption in India. By
evaluating the elasticity patterns side by side, we observe not only the direction of
change with rising incomes but also how the magnitude of responsiveness diverges
across space, demographics and types of pulses. This section integrates the find-
ings from rural and urban analyses, focusing on similarities, contrasts and their
broader implications for nutrition policy, agricultural planning and food system

sustainability.

Across the spectrum of pulses, rural areas tend to exhibit higher and more con-
sistent income elasticities compared to urban areas, particularly for staple pulses
like arhar, moong and urad. This suggests that in rural India, where incomes
are generally lower and diets are more constrained, increases in income translate
more directly into higher consumption of protein-rich pulses. For instance, arhar
demonstrates significantly high elasticities in rural Bihar (4.319), Sikkim (9.937)
and Haryana (2.685), whereas urban elasticities are positive but more moderate,
such as in Delhi (1.274) and Arunachal Pradesh (1.309) and even negative in
West Bengal (-6.854). This indicates that in urban settings where income lev-
els are already higher, consumers may shift away from traditional pulses toward
either other source of proteins or processed foods, especially in more affluent or
cosmopolitan regions. The implication here is that nutrition programs aimed at
increasing pulse consumption may have more traction and impact in rural areas

where pulses remain aspirational goods.

Split gram shows remarkable parity between rural and urban elasticity patterns
in many states, suggesting its classification as a consistent dietary staple. In both
settings, elasticities cluster around 1.0 in states like Delhi (urban 1.027, rural
0.999) and Chandigarh (urban 1.007, rural 0.996), indicating proportional con-

sumption increases with income. However, in some urban regions like Puducherry
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(-0.651), consumption falls with rising income, while rural areas show a positive
elasticity (1.202), reinforcing the notion that split gram retains higher relevance
in lower-income, more traditional households. This reinforces the value of sustain-
ing public procurement and distribution mechanisms for split gram in rural areas,

while exploring ways to modernize its appeal in urban food markets.

Whole gram reveals sharper contrasts. In rural Karnataka (13.002) and Rajasthan
(2.613), the extremely high elasticities suggest a luxury consumption pattern likely
driven by specific culinary traditions and recent income growth. Urban areas, while
also responsive, show lower elasticities in Gujarat (1.329), Goa (1.111) and even
negative values in Manipur (-2.073) and Madhya Pradesh (-0.247). The divergence
points to a rural revitalization of traditional pulses possibly tied to self-cultivation
and home cooking, while urban areas face the dilution of such patterns due to
modern lifestyles, limited cooking time and exposure to substitutes. Encouraging
culinary integration of whole gram through ready-to-eat or quick-cook formats

may be essential for maintaining its demand in urban India.

Moong, another key pulse, reflects consistently high income responsiveness in both
rural and urban contexts, though again with more extreme values in rural areas
like Andaman and Nicobar (6.689) and Tamil Nadu (1.941). Urban elasticities
remain high in Assam (4.914) and Arunachal Pradesh (2.091), showing that even
among higher-income populations, moong retains appeal, likely due to its health
benefits and fast cooking attributes. This makes moong a strong candidate for
inclusion in nationwide nutrition enhancement strategies, school feeding programs

and fortified food initiatives.

Masur shows nuanced rural-urban differentiation. In urban Tamil Nadu (2.528)
and Puducherry (5.598), masur acts as a luxury item, while in rural Madhya
Pradesh (-0.637) and Puducherry (-3.635), it displays inferior good characteris-
tics. This may reflect regional cost structures, availability, or cultural preference.
The implication is that masur can be promoted as a modern, health-oriented
pulse in urban spaces through branding and convenience packaging, while rural
interventions might focus on affordability and accessibility where it is already well-

integrated or struggling with negative perceptions.

Urad shows one of the most divergent patterns. In rural Punjab (1.256), Kerala
(1.533) and Arunachal Pradesh (4.403), it is a superior or luxury good, while in
urban Punjab (-1.877) and Bihar (-1.781), it appears to be in decline. This suggests

that urad, though regionally important, is at risk of displacement in urban diets,
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perhaps due to the rising appeal of imported legumes or processed foods. Strategic
promotion of urad-based convenience products could help sustain its relevance in

urban dietary patterns.

Peas and khesari exhibit significant volatility and differentiation. While rural
Gujarat (5.752) and Assam (2.126) show high demand elasticity for peas, urban
Madhya Pradesh (-1.588) and Manipur (-38.166) show deep negative values. Khe-
sari remains largely inferior across both rural and urban domains, with states like
rural Uttar Pradesh (-11.850) and urban Madhya Pradesh (-39.376) reinforcing
this trend. These results call for aggressive public health interventions, consumer
education and the provision of safe, affordable alternatives in vulnerable commu-
nities. The category of other pulses reveals a growing niche in both rural and
urban sectors. Rural Tamil Nadu (13.994) and Arunachal Pradesh (12.703) and
urban Gujarat (2.562) and Puducherry (2.468) exhibit strong positive elasticity,

signalling a shift toward dietary novelty and health-conscious consumption.



122

Results and Discussion of Pulses

a8ed 9XoU UO ponuUIUO))

(00°0) (£0°0) (t00)  (800)  (200)  (000) (00°0) (¥0°0) (10°0)

120°T 6VCT 680 €8ST  FEOT  L0O'T 866°0 170 80CT B[RIOY]

(100) (#0°0) (L00)  (200)  (900)  (20°0) (86°0) (€1°0) (100)

¢9.L°0 16¢°C GLE'T €840 80C0- 1I8L0 ¢00°¢T 6681 GLT'T By R)RULICY]

(00°0) (01°0) (¥10)  (€00)  (¢T0)  (200) (10°0) (L0°0) (80°0)

096°0 6G0°T 919'T L6L'T TATC S8TL°0 098°0 9LE°C 6891 Juayses] pue nwwe

(20°0) (100) (L00)  (200)  (v00)  (10°0) (50°0) (00°0) #¥0)

¢c9'0 GCl'T 964’0 L¢T'T L1900 98670 760°T 96670 LL6°L- Usepeld [eyorewilH

(¢v0) (01°0) (¢zz0)  (200)  (000)  (200) (60°0) (200) (01°0)

G6¢°G 68¢°1 98¢’ 1- G6L°0 €001 991°0 9¢c’'1 8V0°'1 GR9°¢C eueAIef]

(80°0) (50°0) (92'0)  (100)  (100)  (10°0) (01°0) (L0°0) (10°0)

CIC'¢C 1190 ¢GL'G 680°T L90'T ¢66°0 88C' G ¢eT’0 GeT'T jere(ny)

(01°0) (11°0) (16:0)  (v00)  (200)  (150) (L1°0) (9¢°0) (€0°0)

2690 L29T  ¥PP9- 6S0°T 1660  0ET°0 GGE'T 687°C 8¢6°0 vOD)

(80°0) (¥z0) Fo0) (oro) (Fr0) (200 (10°0) (90°0) (z00)

90¢'1T 0291 G080 €IET €980 ¢e0'l 906°0 6660 ¢eR0 ed

(0z°0) - (¥10) (1800  (02°0)  (€0°0) (¥0°0) (L0°0) (€0°0)

T9L'T - €09'0 €0Tv 1I¥E€0 ¢I80 160°T €L6°0 6260 nidJ pue uewe

(60°0) (L2°0) (800)  (c00)  (€90)  (200) (L0°0) (€0°0) (€0°0)

0400 610°0- LL8°0 T19¢'T 7¥cI'0- 9960 0980 L6670 FET'T  [[eAR[] IeSeN pue vIpe(]

(01°0) - (¢c0) (191)  (200)  (¥0°0) (50°0) (20°0) (¥e0)

cov'l - 6ve'c  LeL'G 88670 ¢c6°0 G8.L°0 966°0 17429 yresipuey))

(12°0) (£0°0) (co0)  (800)  (100)  (L0°0) (¥0°0) (20°0) (82°0)

0L6°0- 6¢5'0-  ¢06'0 PVIST 9101 GLC'T L8T'T 99670 61EV Teyrg

(c00) (88°0) (910)  (s20)  (100)  (€0°0) (¥0°0) (10°0) (€0°0)

SIT'¢C ¥6¢¢l-  9¢l'c €60°1- 6¢6°0 SIT'T 980T 1,260 1.G°T wessy

(L171) (9€°0) (cr0) (870)  (100)  (2T°0) #1°0) (01°0) (c1°0)

€0L'¢CT ¢96'9  8Lc0- €OvV'y  €IL0 €0L'T 671°0- LLET GGe'l Usopeld [eyoeunty

(100) (20°0) (€00)  (€00)  (200)  (10°0) (10°0) (00°0) (100)

GLCO 8C8'1 88C'T LS80 0€¢'1 7¥6°0 €160 G001 W'l soprld eIlypuy

(16°0) (50°0) (or0) (€00)  (200)  (8LT) (90°0) (90°0) (¥0°0)

6vL¢- 78E'T I160°'T S66°0 VOO'T 6899 886°0 8T16°0 OLT'T TeqOOIN pue uewepuy
sos[ng Ioy)() LIRSy sead  peI[) INSR[\ SUOO[\ WRIX) 9[0yA\ weln) jdg Ieyry 971e1g

RIPUT JO Sa3®)Q [V SSOIOo® SPIOYLSNOYH [eIny .I0J Sas[ld JI0] PUuRUD(] JO Sojetll)}SH \mﬁosmdﬁm @.HD@SUQ@QN@ 1°G "IdVv],

sas[nJ Jo soyewtrysy Ao13se[q] aanyipuadxy F°1°Q



123

Results and Discussion of Pulses

sesot[juated UI oI SIOLIO PIEpUR)S :DJO0N

SUOIYR[NOTRD S, I0YINY 19DIN0G

(20°0) (50°0) (€00)  (600)  (000)  (000) (10°0) (00°0) (01°0)

96L°0 6v.L0 T1€¢'T 980 9GI0'T Sizall 18¢°0 LEET 89¢°0- [eSuag 1S9

(00°0) (¢e0) (t00)  (gro)  (000)  (900) (£0°0) (00°0) (00°0)

¢60°'T 0S8 TT- 8LZE0 SQIE€C- ©L8°0  L99'1- 0791 cel'l ge60 sopeld JIelif)

(¥0°0) (82°0) (180) (zro)  (000)  (¥0°0) (ze0) (80°0) (80°0)

€9¢'1 LV G €L0°¢ €610 1TI¥6°0 697°0 98¢°¢ 0v6°0 808°0 eanduay,

(¢g0) (10°0) (900)  (000)  (1T0)  (60°0) (00°0) (20°0) (00°0)

766°C1 17190 8V8'T  €90'T ¥iP'0- 1¥V6'1 €46°0 Vel 120 T NpeN [fwe],

(€0°0) (c0°0) (€00)  (100)  (100)  (¥0°0) (90°0) (62°0) (€0'1)

TGS'T L9L°T ¢ec’'l €860 €GL0 €l 668°0 ¥0¥°0 LE6°6 WIS

(50°0) (90°0) (or0) (v00)  (800)  (10°0) (50°0) (€0°0) (200)

760°T 6LE°1T ¥86°¢- Lcc'T  1GL°0 180T €19'¢ 9101 LST'T ueseley

(€0°0) (€9°0) (t00)  (€00)  (000)  (20°0) (10°0) (10°0) (19°0)

6780 G0L0- 0¢T'T 9G9¢'T SIO'T 6G1°T VIT'T YOT'T V.8'C qelung

(¢v0) (11°0) (200)  (8T0)  (9¢70)  (000) (20°0) (L0°0) (10°0)

€90°¢ €001 966 T 9990- 6€9'¢-  LL0OO 6¢8°0 ¢0c'1 896°0 Aryonpng

(50°0) (¥8°0) (zo0)  (c00)  (200)  (10°0) (50°0) (¢T°0) (10°0)

198°¢C 8.9°6- €860 90F'0 9¢¢0 126,70 £60°0- 09¢'¢- 6S0°0 BSSLIO)

(10°0) (L£0) (cz0)  (L0o0)  (100)  (20°0) (€€°0) (11°0) (09°0)

198°0 8¢l'c-  ¢90°0- S00°'T 6990 9¢v°0 07 0- GCS'1 8160~ puereseN

(€L0) (Lz0) (¢r0) (@e0) (1000  (600) (80°0) (L8°0) (c0°0)

¥¥0°0- G6¢°G ¢06'¢c ¢s0'¢- 0¢60 Geeo VaL'T Vel'v 874 0- WelozZIN

(10°0) (cv°0) (600)  (600)  (100)  (LT0) (£0°0) (20°0) (€0°0)

8CG'1 918G~  98T°0 1I80°0- ¢%60 78E'T 8€L°0 908°0 006°0 eAerey3Soyy

(€0°0) (¢2°0) (900)  (200)  (200)  (90°0) (50°0) (20°0) (80°0)

8611 88L°0- 1960 0€8°0 <880 4! 8CT'T i 8LC'T mdrueyy

(20°0) (¢1°0) (¥00)  (¢00) (v00)  (200) (92°0) (00°0) (00°0)

Greo ITV'¢c-  0LG0 LVvC'T  €LG'T 9¢6°0 Gl9'T- 800°T 990°T vIysereyeIN

(€0°0) (er'1) (co0)  (200)  (100)  (10°0) (00°0) (20°0) (10°0)

SLT0- 89¢'TI- 060°¢ <¢IS'T L€90- 9¢90 GOT'T ¢Lc0 TL1'C  Usopeld eAUpeIN

(22°0) (ze0)  (e10)  (100)  (600)  (L0°0) (6£°0) (z1°0) #0°0)

9G¢'T 0€c0 V0T 9€0°'T  9¥80 Cer'1 86SG°T €180 6660 doomprerysyer]
sos[nd Ioy)() LeSoUy Seod  pel) JInse[\y SUOOJ\ WRIX) 9[0YA\ wrern) ydg Ieyry SULEITN

penurjuoy) - RIpUJ JO SajelS [[Y SSOId® SP[OYSSNOY [RINY 0] Sos[nd I0J purma(] JO S93RUIIISH .\mﬁoﬁwdﬁm @.HSPSUQQQNMH 16 dIdVv ],



124

Results and Discussion of Pulses

o8ed 1xou uo penuruo))

(50°0) (80°0) (70'0)  (800)  (100)  (000) (100) (100) (00°0)

€ea'1 £80°¢C 6vVP'T  LICT EVI'T 610°T 996°0 1701 ¢96°0 BleIoy

(€0°0) (60°0) (c00)  (c00)  (200)  (100) (€1°0) (100) (00°0)

8790 064°¢C T90°T 2980 SSI'T TET'T I8ST°0- G96°0 960’1 e RJRUIR Y]

(100) (1€°0) (zoo)  (€00)  (1t000)  (€0°0) (20°0) (00°0) (¥0°0)

1L6.°0 2691 Y160  909'T 9€6°0 2890 CIC'1 6L0°1T 1297 ATWUSe}] pue nwwe

(00°0) (0)) (too)  (100)  (000)  (¥9°0) (00°0) (00°0) (00°0)

7660 8891~ 90T°'T <960 6001 T06°T 086°0 0660 €G0'1 Usepeld [eyoewily

(#0°0) (01°0) (200)  (c00)  (100)  (100) (86°0) (100) (20°0)

1870 96670 8¢V’  G¢I'T 9860 9760 6977 ¢l60 980°T euRAIRY]

(60°0) (¥0°0) (g00)  (000)  (80°0)  (10°0) (€0°0) (10°0) (00°0)

¢96°¢ 96¢°1 IST'0 6960 T19¢°¢C ¢86°0 6¢E’1 890°T ¢OT'T jerelny)

(£0°0) (0z°0) (¢00)  (600)  (800)  (0T°0) (c1°0) (6£°0) (20°0)

9¢L°0 €91°¢ 9%9'0  €8L°0 9.80 90¢'T TTT'T FOT'T 9,60 BOD)

(50°0) (€2°0) (200)  (#r0)  (1000)  (10°0) (10°0) (20°0) (c0°0)

1,670 9ev'1 SOF'1T  19L°0 10T 0c0'T 886°0 Lc0°'T VLG T red

(90°0) - (¥6:0)  (¢10)  (9%70)  (¥0°0) (€0°0) (11°0) (€0°0)

¢l0'1 - 6ve ¢l ¢eS'T  T109°¢ €8L°0 8L0°T 0601 8G6°0 nrd pue ueureJ

(01°0) (65°0) (c10)  (€00)  (FOT)  (200) (11°0) (11°0) (10°0)

0960 6GC¢'T-  ¢690 TLOT 108°C 996°0 TLT'T ¢98°0 $GO'T  I[eAR[] IeSeN pue vIpe(]

(50°0) - (180) (1200  (20'0)  (€0°0) (#0°0) (€0°0) (c0°0)

GIT'T - V.8 T VEO'T 64670 T1.0°T 91L0 L00°T 9901 gresrpuery)

(z1°0) (£0°0) (800)  (0z0)  (100)  (v0°0) (L1°0) (L0°0) (10°0)

L66°C- GL8'T TT1S9°0 I8LT- €460 Gc6°0 1680 GGé6°0 T00'T Teqrg

#1°0) (20°0) (€00)  (820)  (100)  (9€0) (¥0°0) (#0°0) (L0°0)

8GEC GLL O E8T'T  T19L°0- 8060 V167 Y9V 1 8E80 cel'e wessy

(zz0) (62°0) (¥00)  (og0)  (t00)  (60°0) (60°0) (60°0) (90°0)

0€8'T GeS'T- ¥8V'0  G9¢'T- G980 160°¢ Gve'l LGG9°T 60¢°1 [sope.ld [eyoeurly

(L2°0) (£0°0) (7z'0)  (000)  (200)  (LT0) (50°0) (100) (00°0)

LL8 L c000 89¢ v 186°0 69L°0 c9¢0 1¢6°0 1,86°0 1.0°T Usoprild elypuy

(L2°0) (20°0) (o0)  (€00)  (g00)  (200) (€1°0) (L1°0) (100)

069°0- T0T'T SIT'T <¢ST'T 9060 LCET 8CT'1T eVLl 6901 IBqOOIN pue urwepuy
sosng IPY)() LIeseyy Seod  peI[) ISR SUOOJ\ WRIY) 9[0YA\ welIn) Jdg  Ieyry 971e1g

RIPUT JO Sa3®Ilg [[V SSOId9® SP[OYaSNOH urg.I() JI0J Sas[d JI0] PuRWS(] JO SojetI)SH \mﬁoﬁm@ﬁm @HDQM@QQQNM 166 d1dv],



125

Results and Discussion of Pulses

sesot[juated Ul oIk SIOLIO PIRPURIS :9I0N

SUOT)R[NORD S, IOYINY :9IIN0G

(€0°0) (82°0) (20°0) (z00)  (000)  (000) (€0°0) (#0°0) (62°0)

€101 ceLT ¢69°0  L0T 0860  €S0°T L0€°0 oer0  1S8'9- [eSuag 1soM

(20°0) (L0°0) (100) (t00)  (z00)  (100) (90°0) (00°0) (100)

89€°0 1eeT-  FIET 6617 6810  2ST'1 859°0- L8670 LPLT  ysepelq Iejy)

(60°0) (91°0) (90°T) (L000)  (000)  (g00) (zro) (12°0) (61°0)

1¢9°'1 991 0I8°¢- 89¢°0 ¢¥V6°0 TIGT'T 18L°0 r4raré C0L°T- eandray,

(£0°0) (20°0) (100) (t00)  (z10)  (20°0) (00°0) (00°0) (00°0)

608°T 8€C0- 1LL°0 660°'T 8¢4'C €8¢°0 096°0 ¢e0'T 0c0'T npeN [fe],

(20°0) (80°0) (€0°0) (t00)  (100)  (11°0) (100) (€1°0) (91°0)

SVET 6LT°C 6LT°T COT'T 8790 S8I6°T 000°T 0L9°0 VLV C WIS

(€0°0) (80°0) (60°0) (010) (2000  (100) (61°0) (20°0) (#0°0)

08T°0 9L0°0- SCT'1 ¢e6’'0 0680 G86°0 LEV'C G86°0 A1 uejseleyy

(20°0) (16°0) (€0°0) (9.0)  (100)  (100) (00°0) (100) (£0°0)

8880 8L 690 LL8T- 9860 T1S0T 00T oIl 290 qelung

(29°0) (06°0) (€0°0) (800) (e0)  (01°0) (90°0) (€9°0) (100)

891°C 167°G- GeC'l 619°T 86¢°¢ 986°0 €v6°0 169°0- 176°0 AroyonpnJ

(£0°0) (9z°¢) (L0°0) (€00)  (z00)  (100) (10°0) (00°0) (00°0)

¢l0'¢ 9L€°6¢- Y¥e ¢ GIE'T L8CO 7670 CIT'T 1,880 €66°0 BSSLI()

(80°0) (¢€°0) (€1°0) F00) (100)  (200) (100) (z1°0) (£0°0)

LLS0 767 ¢ Tre0  L0T'T  L0L0  89LT 8¢0'T 2681 1CT'T puereseN

(cT0) (ce0) (c00) (1r0)  (100)  (F0°0) (c00) (18°0) (9¢°0)

eaT'1 8CR'C ¢L1°0 9¢T°'¢ 0860 6800 08¢0 LV6°G- GeS V- WeIoZIN

(11°0) (¢€°0) (er18e)  (62°0)  (100)  (91°0) (92°0) (€1°0) (€0°0)

G6C'1T 807'¢ OIS TLGE- €86V 6160 G9¢'1 IALRS 911 699°0 eAereySoN

(11°0) (90°0) (L9°GT) (900)  (800)  (10°0) (87°0) (11°0) (z€0)

7700 09¢°0 991°8¢- L1.°0  €8C0 0v0°'T €L0°¢- 6L6°1 L1V'G mdrueyy

(10°0) (10°0) (100) (000) (g00)  (30°0) (20°0) (20°0) (00°0)

6LC°T 1¢L0 VOT' 1 610°T 7,90 9CT'1 8.6°0 ¥16°0 GEO'T vnysereyey

(80°0) (98°21) (¢0°0) F00) (1000  (100) (€0°0) (100) (00°0)

650°¢- car 09l 886G~ €08'¢c CLG'T 9IL'T LVC 0- 9280 7LG'T  Usopeid RAUPRIN

(#0°0) (17°0) #1°0) (90'1)  (¢20)  (2070) (L0°0) (20°0) (20°0)

G96°0 7¢0°0 7G0T 08¢'T OI8'T ¢o0'T LOT'T 600°T ¥.6°0 doompreysyer]
sos[ng I0Y3() LIesoyy| seod per ansepy SUOOJ\ WRIY) 9[0TA\ wrern) ydg Ieyry 971e1G

penurnjuoy) - vIpujy JO SajR}g§ [y SSOId® SP[OYaSNOH uUrg.I[() JI0J SaS[Id JI0] PUBTS(] JO SojeUI)}SH \mﬁowpmdﬁm @Hﬁﬁ@ﬁ@hﬁmm HASRCULSAA ]



Results and Discussion of Pulses 126

5.2 Consumption Patterns of Edible Oils across

India based on Cross Elasticity

This section studies the cross elasticities computed for each pulse against all the
other pulses present in the broad category of this food group. Hence, to start with,
the cross elasticity of arhar is computed against itself and other pulses such as split
gram, whole gram, moong, masur, urad, peas and khesari for all the rural regions
and then followed the cross elasticity of split gram against itself and the remaining
pulses and so on. Although the tables contain the cross elasticity estimates of each
of the pulses against the “others pulses” category, these estimates are not used for
interpretation as it won’t do justice to the substitutability patterns if we are not
certain about the type of pulse. But these estimates are kept in the tables for future
study and can be interpreted by certainty that each pulse might be substituted,
wherever applicable by the other type of pulse when it loses its dominance in that

market.

5.2.1 Rural Consumption Patterns of Pulses across India

The data for cross elasticity estimates of pulses for rural India are presented from
table 5.3 to 5.10. In rural Andaman and Nicobar Islands, the consumption pat-
terns of pulses exhibit a complex interplay of substitution and complementary
behaviours, strongly influenced by economic conditions and regional dietary prac-
tices. Arhar functions predominantly as a substitute for khesari (0.859) and moong
(25.635), the latter indicating an exceptionally strong substitutive relationship.
This suggests that when the price of moong rises, consumers decisively shift to-
wards arhar, possibly due to its wider availability and cost-effectiveness. Arhar
also acts as a substitute for urad (0.391). However, it maintains complementary
relationships with masur (-0.169), peas (-0.592), split gram (-0.400) and whole
gram (-0.254), indicating that these pulses are often used together in traditional
dishes rather than replacing one another. Khesari demonstrates a mixed pattern,
acting as a substitute for moong (1.519) and urad (0.041), though the substitutive
effect with urad is marginal. Its complementary relationships with arhar (-0.030),
masur (-0.010), peas (-0.152), split gram (-0.134) and whole gram (-0.118) suggest
that khesari remains an accompanying pulse in a range of culinary preparations

rather than a full substitute. Masur maintains a substitutive relationship with
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moong (9.901) and peas (0.380), indicating that when prices of these pulses in-
crease, consumers switch to masur. However, it remains a complement to arhar
(-0.449), khesari (-3.383), split gram (-0.181), urad (-0.600) and whole gram (-
0.250), reflecting its role in balanced pulse consumption combinations common in
rural diets. Moong exhibits strong substitutive relationships with masur (0.402),
peas (0.432), highlighting its status as a preferred alternative when these pulses
become costlier. Despite this, moong maintains strong complementary relation-
ships with arhar (-0.563), khesari (-5.265), urad (-0.304) and whole gram (-70.517),
suggesting these combinations are essential components of the regional diet. Peas
play a dual role, acting as a substitute for khesari (0.360), moong (4.127) and
urad (0.274), while maintaining complementary relationships with arhar (-0.064),
masur (-0.027), split gram (-0.289) and whole gram (-0.449). This suggests that
while peas can replace certain pulses when prices shift, they are also commonly
consumed alongside others. Split gram shows a substitutive relationship with khe-
sari (0.552), moong (3.438) and urad (0.179), indicating substitution when these
pulses become expensive. Nonetheless, it continues to be consumed alongside arhar
(-0.076), masur (-0.016), peas (-0.472) and whole gram (-0.608), reflecting its crit-
ical role in the rural diet as a complementary protein source. Urad is consumed as
a substitute for khesari (0.345), moong (9.024), with a particularly strong substi-
tutive effect with moong. Yet, urad maintains complementary consumption with
arhar (-0.150), masur (-0.045), split gram (-0.366) and whole gram (-0.471), sug-
gesting that despite some substitution effects, urad remains a staple component
of pulse combinations. Whole gram exhibits substitution tendencies with masur
(0.250), moong (3.414) and peas (0.542), indicating that consumers often shift
towards whole gram when the prices of these pulses rise. However, it maintains
complementary relationships with arhar (-0.051), khesari (-6.726), split gram (-
0.674) and urad (-0.809), demonstrating its indispensable role in the traditional

rural diet.

In Andhra Pradesh, the consumption patterns of pulses display a complex combi-
nation of strong substitution effects and persistent complementary relationships,
shaped by both economic factors and longstanding culinary traditions arhar func-
tions predominantly as a substitute for khesari (1.108), masur (1.420) and peas
(0.617), suggesting that when the prices of these pulses rise, consumers actively
switch to arhar. However, arhar maintains complementary relationships with
moong (-0.622), split gram (-0.144), urad (-0.298) and whole gram (-0.279), un-

derscoring its essential role in local diets alongside other pulses. Khesari exhibits a
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mixed pattern. While it serves as a substitute for masur (0.587) and peas (2.201),
indicating a significant consumer shift when these pulses become more expensive,
it remains complementary to arhar (-0.117), moong (-0.083), split gram (-0.068),
urad (-0.251) and whole gram (-0.416), showing that khesari still plays a support-
ive role in the regional diet. Masur displays substitution effects with peas (0.688)
and urad (0.507), suggesting it is a preferred alternative when the prices of these
pulses rise. However, it remains complementary to arhar (-0.187), khesari (-0.323),
moong (-0.144), split gram (-0.042) and whole gram (-0.139), reflecting its con-
tinued presence in mixed pulse consumption patterns. Moong primarily shows
complementary relationships with arhar (-0.370), khesari (-0.274), masur (-0.186),
split gram (-0.079) and urad (-0.117), suggesting these pulses are often consumed
together. However, moong serves as a substitute for peas (0.382) and whole gram
(0.475), highlighting its role as an affordable alternative under changing price con-
ditions. Peas display strong substitutive relationships with khesari (1.373), masur
(0.270) and moong (0.005), indicating substitution preferences when the prices of
these pulses fluctuate. Yet, peas remain complementary to arhar (-0.066), split
gram (-0.031), urad (-0.124) and whole gram (-0.211), reaffirming their role in
balanced dietary habits. Split gram acts as a substitute for khesari (0.790), masur
(0.399) and peas (0.637), indicating that when prices of these pulses rise, split
gram consumption increases. Nevertheless, it maintains complementary relation-
ships with arhar (-0.186), moong (-0.197), urad (-0.228) and whole gram (-0.196),
reflecting its importance as a dietary staple. Urad demonstrates strong substitu-
tion tendencies with khesari (0.725), masur (0.355) and peas (0.600). However,
it retains complementary relationships with arhar (-0.092), moong (-0.127), split
gram (-0.056) and whole gram (-0.129), underscoring its essential role in traditional
recipes. Whole gram serves as a substitute for peas (1.220) and urad (0.977), re-
flecting significant consumer shifts when these pulses become expensive. Despite
this, whole gram maintains complementary relationships with arhar (-0.113), khe-
sari (-0.360), masur (-0.124), moong (-0.077) and split gram (-0.042), highlighting

its indispensable position in rural Andhra diets.

In Arunachal Pradesh, the consumption patterns of pulses reveal a highly respon-
sive market with strong substitution effects balanced by significant complementary
relationships, underscoring both economic pressures and entrenched dietary pref-
erences. Arhar serves as a substitute for khesari (1.962), peas (0.489) and whole

gram (0.951), indicating that when the prices of these pulses rise, consumers turn



Results and Discussion of Pulses 129

to arhar. However, arhar maintains complementary relationships with masur (-
0.017), moong (-0.700), split gram (-0.661) and urad (-2.644), highlighting its
continued role in combination with other pulses rather than acting purely as a
substitute. Khesari displays substitution tendencies with peas (0.074) and whole
gram (0.232), suggesting that consumers favour khesari when these pulses become
more expensive. Nevertheless, it retains complementary relationships with arhar
(-0.078), masur (-0.006), moong (-0.070), split gram (-0.439) and urad (-1.432),
indicating its continued relevance in balanced pulse consumption. Masur exhibits
substitution effects with urad (1.131) and whole gram (0.852), but maintains com-
plementary relationships with arhar (-0.839), khesari (-10.675), moong (-0.710),
peas (-0.260) and split gram (-0.536). This suggests that despite certain substitu-
tion patterns, masur remains a critical component of mixed pulse consumption in
rural diets. Moong functions as a strong substitute for peas (1.758), urad (0.389)
and whole gram (1.883), indicating that price increases in these pulses lead to
higher moong consumption. However, moong is also consumed alongside arhar
(-0.697), khesari (-3.113), masur (-1.401) and split gram (-0.380), demonstrating
its integration into a diverse range of culinary preparations. Peas primarily act
as a substitute for khesari (3.328) and whole gram (0.619), while maintaining
complementary relationships with arhar (-0.647), masur (-0.004), moong (-0.498),
split gram (-0.775) and urad (-2.432), highlighting their role in both substitution
and combined consumption patterns depending on household needs. Split gram
demonstrates strong substitution effects with khesari (8.415) and peas (0.582),
suggesting that when these pulse prices rise, split gram becomes a preferred al-
ternative. Despite this, it also plays a complementary role with arhar (-0.383),
masur (-0.008), moong (-0.251) and urad (-3.216), reflecting its critical place in
local diets. Urad acts as a significant substitute for khesari (7.650), peas (0.273)
and whole gram (0.602), indicating strong consumer shifts in response to price
changes. However, urad retains complementary consumption patterns with arhar
(-0.351), masur (-0.012), moong (-0.247) and split gram (-0.941), underscoring its
irreplaceable culinary role. Whole gram serves as a substitute for peas (4.322)
and urad (0.264), but maintains complementary relationships with arhar (-0.339),
khesari (-1.313), masur (-2.299), moong (-0.246) and split gram (-0.878), further

affirming its foundational role in the traditional rural pulse economy.

In Assam, the consumption patterns of pulses present a complex landscape domi-
nated by strong substitution effects, particularly influenced by price sensitivity and

diverse dietary practices. Complementary relationships are also evident, reflecting
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the essential role of certain pulses in the region’s traditional cuisine. Arhar acts
primarily as a substitute for khesari (7.634) and urad (1.200), indicating that when
the prices of these pulses increase, consumers strongly shift toward arhar. However,
it shows complementary relationships with masur (-0.006), moong (-0.172), peas
(-2.207), split gram (-0.153) and whole gram (-0.554), highlighting its continued
presence in mixed pulse consumption rather than complete substitution. Khesari
exhibits substantial substitution effects with urad (0.967), but maintains comple-
mentary relationships with arhar (-0.274), masur (-0.017), moong (-0.118), peas
(-2.955), split gram (-0.139) and whole gram (-0.610). Despite being a lower-cost
option, khesari retains a complementary role in Assam’s rural diet. Masur demon-
strates a strong substitution effect with peas (15.142), indicating that when peas
become expensive, masur is a preferred alternative. Yet, it retains complemen-
tary relationships with arhar (-0.392), khesari (-1.030), moong (-0.500), split gram
(-0.004), urad (-1.590) and whole gram (-0.206), confirming its foundational role
in traditional culinary practices. Moong exhibits strong substitution behaviour
with masur (1.506), peas (9.903) and whole gram (0.300). Despite this, moong
maintains complementary relationships with arhar (-0.390), khesari (-0.214), split
gram (-0.138) and urad (-0.317), suggesting that it remains an essential pulse
used alongside others. Peas show significant substitution tendencies with khesari
(7.781) and urad (0.632). However, they retain complementary relationships with
arhar (-0.220), masur (-0.004), moong (-0.074), split gram (-0.061) and whole gram
(-0.379), reflecting the role of peas in enriching dietary diversity despite economic
pressures. Split gram serves as a strong substitute for khesari (6.783) and urad
(0.927), while retaining complementary relationships with arhar (-0.324), masur
(-0.005), moong (-0.125), peas (-1.471) and whole gram (-0.413). This illustrates
split gram’s function as both a primary substitute and a complementary compo-
nent of protein-rich diets. Urad shows powerful substitution effects with khesari
(7.460), while acting as a complement to arhar (-0.309), masur (-0.015), moong
(-0.237), peas (-1.822), split gram (-0.099) and whole gram (-0.371). This suggests
that while urad serves as a cost-effective alternative under certain price conditions,
it continues to hold a unique place in Assamese cuisine. Whole gram functions
as a strong substitute for masur (0.601) and peas (7.390), indicating that price
increases in these pulses drive consumers toward whole gram. However, it main-
tains complementary relationships with arhar (-0.268), khesari (-0.345), moong
(-0.092), split gram (-0.101) and urad (-1.816), reflecting its indispensable role in

traditional cooking.
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In Bihar, pulse consumption patterns are characterised by deep-rooted comple-
mentary behaviours, with selective but significant substitution effects shaped by
market forces and traditional dietary preferences. Arhar exhibits strong com-
plementary relationships with khesari (-0.996), masur (-0.043), moong (-1.148),
split gram (-0.133) and whole gram (-0.366). These results indicate that arhar
is typically consumed alongside these pulses rather than acting as a substitute.
However, substitution behaviour is observed with peas (0.137) and urad (0.976),
suggesting that when these pulses become more expensive, consumers increase
their reliance on arhar. Khesari retains its role as a low-cost complementary
pulse, showing negative coefficients with arhar (-2.368), masur (-0.049), moong
(-0.819), split gram (-0.073) and whole gram (-0.338). Nonetheless, substitution
patterns emerge with peas (0.245) and urad (1.867), indicating that rising prices of
these pulses lead to increased khesari consumption. Masur is mainly consumed in
combination with other pulses, reflected in its complementary relationships with
arhar (-0.662), moong (-1.167), peas (-0.964), split gram (-0.108) and whole gram
(-0.268). However, substitution effects are evident with khesari (1.377) and urad
(0.061), suggesting moderate consumer shifts under price pressures. Moong serves
as a strong complement to arhar (-7.033), peas (-0.961), split gram (-0.048) and
urad (-0.233), reflecting its importance in traditional recipes. It also acts as a sub-
stitute for masur (0.825) and whole gram (5.146), indicating significant consumer
shifts when prices of these pulses rise. Peas are primarily consumed in comple-
mentary fashion with arhar (-1.894), khesari (-1.500), masur (-0.034), moong (-
0.613), split gram (-0.065) and whole gram (-0.271). However, strong substitution
behaviour is observed with urad (2.263), suggesting that when urad prices rise,
peas become a preferred alternative. Split gram generally retains a complemen-
tary role with arhar (-4.979), khesari (-0.903), moong (-0.938) and whole gram
(-0.275). Substitution effects emerge with masur (0.806), peas (0.138) and urad
(0.138), highlighting its versatility as a replacement pulse under fluctuating price
conditions. Urad maintains complementary relationships with most pulses: arhar
(-1.045), khesari (-0.986), masur (-0.017), moong (-0.341), split gram (-0.030) and
whole gram (-0.160). Substitution is primarily observed with peas (0.204), indi-
cating that when peas become more expensive, urad consumption rises. Whole
gram plays a dual role, acting as a substitute for khesari (0.827), masur (0.549)
and urad (0.161), while maintaining complementary relationships with arhar (-
0.225), moong (-0.484), peas (-0.804) and split gram (-0.063). This emphasizes its
flexible role in household diets, serving both as a nutritional complement and as

a substitute under specific price conditions.
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Gujarat displays the consumption patterns of pulses which are highly dynamic,
marked by significant substitution behaviours driven by market prices, yet bal-
anced by strong complementary consumption patterns rooted in traditional di-
etary habits. Arhar primarily acts as a substitute for masur (0.895), peas (3.695),
urad (3.695) and whole gram (2.008), indicating strong consumer shifts toward
arhar when these pulses become expensive. However, arhar retains complemen-
tary relationships with khesari (-0.233), moong (-0.309) and split gram (-1.918),
suggesting that it continues to be consumed alongside these pulses in specific culi-
nary practices. Khesari maintains a mostly complementary role, with negative
coefficients against arhar (-0.002), masur (-0.014), moong (-0.001) and split gram
(-0.050). However, it acts as a substitute for peas (1.127), urad (0.016) and whole
gram (0.041), indicating some responsiveness to price changes in these categories.
Masur exhibits strong substitution effects with khesari (1.103), urad (4.042) and
whole gram (0.904), suggesting that price increases in these pulses lead to sig-
nificant shifts toward masur. Nonetheless, it continues to be consumed alongside
arhar (-0.044), moong (-0.060), peas (-0.905) and split gram (-0.637), reflecting its
enduring role in the local cuisine. Moong serves largely as a substitute for khesari
(1.242), masur (0.639), urad (1.003) and split gram (0.085), demonstrating a flexi-
ble role in response to price movements. It maintains complementary relationships
with arhar (-0.185), peas (-0.004) and whole gram (-0.347), which suggests that
despite its substitutive function, it remains integral to mixed pulse dishes. Peas
display clear substitution behaviours with urad (0.231) and whole gram (0.691).
However, peas show strong complementary consumption patterns with arhar (-
0.031), khesari (-1.500), masur (-0.090), moong (-0.039) and split gram (-0.438),
reaffirming their role in providing dietary diversity. Split gram acts as a strong
substitute for peas (2.113), urad (0.520) and whole gram (0.583), but remains
complementary with arhar (-0.086), khesari (-0.420), masur (-0.117) and moong
(-0.004), illustrating its dual function as both a core dietary staple and a price-
sensitive alternative. Urad plays a substitutive role with peas (1.851) and whole
gram (0.897), while maintaining complementary relationships with arhar (-0.056),
khesari (-0.138), masur (-0.064), moong (-0.070) and split gram (-0.560). These
patterns reflect its critical role in local diets despite market fluctuations. Whole
gram acts as a substitute for khesari (1.083), masur (0.446) and urad (2.916), but
exhibits complementary consumption with arhar (-0.063), moong (-0.071), peas (-
0.220) and split gram (-0.529), highlighting its foundational position in Gujarat’s

rural diet.
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In Haryana, pulse consumption is shaped by a complex interplay of price sensi-
tivity and deeply ingrained culinary traditions. The market exhibits strong com-
plementary relationships across most pulses, although distinct substitution effects
are evident when certain pulse prices rise. Arhar primarily exhibits complemen-
tary relationships with moong (-0.048), peas (-0.656), split gram (-0.127), urad
(-0.656) and whole gram (-0.501). Despite this, arhar serves as a substitute for
khesari (0.964) and masur (0.063), suggesting that under specific price conditions,
consumers may switch to arhar for its affordability and nutritional value. Khe-
sari generally retains its role as a complementary pulse, particularly with arhar
(-0.028), moong (-0.002), split gram (-0.005) and whole gram (-0.006). Masur dis-
plays clear substitution patterns with peas (0.234) and urad (0.273), highlighting
its use as an alternative under price fluctuations. However, it continues to play
a complementary role with arhar (-0.934), khesari (-2.894), moong (-0.074), split
gram (-0.187) and whole gram (-0.630), underlining its importance in Haryana’s di-
etary traditions. Moong is predominantly complementary across most categories
such as arhar (-0.821), khesari (-3.123), split gram (-0.243), urad (-0.385) and
whole gram (-0.424). Yet, moong serves as a substitute for masur (0.126) and peas
(0.595), suggesting that it remains a flexible choice when the prices of these pulses
increase. Peas exhibit a strong substitutive relationship with khesari (26.646) and
urad (0.007), indicating that they are a preferred alternative when these pulses
become costly. However, peas remain complementary with arhar (-0.104), moong
(-0.003), split gram (-0.008) and whole gram (-0.023), reflecting their enduring
place in the rural diet. Split gram serves as a substitute for khesari (0.579), peas
(0.335) and urad (0.111), while retaining complementary relationships with arhar
(-0.903), masur (-0.004), moong (-0.107) and whole gram (-0.605). This balance
highlights its role as both a dietary staple and a flexible alternative based on price
changes. Urad shows substitution tendencies with khesari (0.457) and peas (0.005).
However, urad predominantly remains complementary with arhar (-0.552), masur
(-0.011), moong (-0.044), split gram (-0.102) and whole gram (-0.441), reaffirming
its integral role in traditional recipes. Whole gram functions as a substitute for
masur (0.039), peas (0.094) and urad (0.053), while continuing to play a comple-
mentary role with arhar (-0.482), khesari (-3.172), moong (-0.024) and split gram
(-0.122). This dual role stresses its importance both as a primary protein source

and a price-responsive alternative.

In rural Himachal Pradesh, pulse consumption reflects a highly responsive market

with strong substitution behaviours, balanced by well-established complementary
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relationships based on traditional dietary habits. Arhar serves predominantly as a
substitute for khesari (0.347), moong (0.014) and whole gram (0.173), suggesting
that when the prices of these pulses rise, consumers in Himachal Pradesh tend to
favour arhar. However, arhar exhibits strong complementary relationships with
masur (-0.091), peas (-2.392), split gram (-0.020) and urad (-0.091), highlighting
its important role in pulse combinations typical of the region’s cuisine. Khesari
largely retains a complementary profile, particularly with arhar (-7.372), masur
(-0.017), peas (-3.263), split gram (-0.002) and urad (-0.020). It functions as a
substitute only with moong (0.007) and whole gram (0.009), indicating that while
it remains a staple for lower-income households, it does not serve widely as a sub-
stitute across pulse categories. Masur plays a dual role, acting as a substitute
for khesari (0.216), moong (0.086), peas (0.108) and whole gram (0.421), while
maintaining complementary relationships with arhar (-1.866), split gram (-0.029)
and urad (-0.146). This demonstrates that masur consumption increases under
certain market conditions, although it remains a key component of mixed pulse
consumption. Moong is primarily a substitute for khesari (0.265), peas (0.019)
and urad (0.288), suggesting that when these pulses become more expensive, con-
sumers turn toward moong. However, it maintains complementary relationships
with arhar (-1.295), masur (-0.186) and whole gram (-1.452), confirming its cen-
tral role in traditional Himachali cuisine. Peas present a complex consumption
pattern, acting as a substitute for khesari (0.661), moong (0.012) and whole gram
(0.035), while retaining strong complementary relationships with arhar (-11.509),
masur (-0.053) and urad (-0.052). This suggests that while peas are a flexible
dietary component, they are still regularly consumed alongside other pulses. Split
gram exhibits substitution effects with moong (0.092) and whole gram (0.659), but
remains largely complementary with arhar (-4.362), masur (-0.323), peas (-0.007)
and urad (-0.137). This highlights its dual role as both a dietary staple and a
cost-effective alternative when certain pulse prices rise. Urad acts as a substitute
for moong (0.094) and whole gram (0.785), but continues to be consumed along-
side arhar (-1.874), masur (-0.386), peas (-0.421) and split gram (-0.026). These
results reinforce urad’s strong presence in local diets despite its occasional role as
a substitute. Whole gram demonstrates a flexible consumption pattern, serving
as a substitute for khesari (0.315) and moong (0.052), while maintaining comple-
mentary relationships with arhar (-1.225), masur (-0.310), peas (-0.023) and split
gram (-0.046). This reflects whole gram’s critical role as both a standalone protein

source and an essential component of diverse meal preparations.
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In rural areas of Jammu and Kashmir, pulse consumption patterns are domi-
nated by strong complementary behaviours across most categories, highlighting
the region’s reliance on mixed dietary practices. Nevertheless, distinct substitu-
tion effects are observed, particularly between high-value pulses, reflecting price
sensitivity among consumers. Arhar exhibits significant complementary relation-
ships with khesari (-5.275), moong (-0.009), peas (-3.486), split gram (-0.029),
urad (-0.184) and whole gram (-0.040). These results suggest that arhar is pre-
dominantly consumed alongside other pulses. However, substitution effects appear
with masur (0.843), indicating that when masur prices increase, arhar consump-
tion rises, possibly driven by its nutritional profile and cost considerations. Khesari
maintains a largely complementary role with arhar (-2.052), peas (-2.231), urad
(-0.077) and whole gram (-0.004), but shows substitution tendencies with masur
(0.168), moong (0.002) and split gram (0.002). While khesari continues to be a
staple for low-income households, these figures suggest a moderate role as a sub-
stitute under certain market conditions. Masur is primarily complementary, with
negative coefficients against arhar (-0.792), khesari (-0.013), moong (-0.013), peas
(-0.361), split gram (-0.616) and urad (-0.470). However, it acts as a substitute for
whole gram (0.040), indicating that when whole gram prices rise, consumers turn
toward masur for its affordability and protein content. Moong functions mainly
as a complement to arhar (-0.224), khesari (-0.093), masur (-0.439), split gram
(-0.691) and whole gram (-0.374). It exhibits a substitution relationship only with
peas (0.017) and urad (0.116), suggesting that although moong is generally con-
sumed alongside other pulses, its role as a substitute emerges when the prices of
peas and urad increase. Peas act as a substitute for masur (0.254), moong (0.008)
and split gram (0.042), but remain largely complementary with arhar (-2.042),
khesari (-3.357), urad (-0.154) and whole gram (-0.002). These results confirm
that peas occupy a dual role as both a primary dietary staple and a substitute
under certain price pressures. Split gram exhibits strong substitution effects with
masur (1.463) and peas (0.249), reflecting significant consumer shifts when the
prices of these pulses rise. Despite this, split gram remains complementary with
arhar (-0.214), moong (-0.088), urad (-0.238) and whole gram (-0.167), indicating
its vital role in balanced diets. Urad is primarily consumed as a complement to
arhar (-0.914), khesari (-0.943), moong (-0.077), peas (-1.301), split gram (-0.284)
and whole gram (-0.203). However, it plays a substitutive role with masur (1.652),
suggesting that when masur prices increase, consumers prefer urad due to its culi-
nary flexibility and availability. Whole gram shows a substitutive relationship

only with peas (1.049), while maintaining complementary relationships with arhar
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(-0.654), khesari (-0.036), masur (-0.505), moong (-0.007), split gram (-0.541) and
urad (-0.141). This highlights whole gram’s established role as a dietary staple

and its limited substitution dynamics except when peas become unaffordable.

In Karnataka, the consumption patterns of pulses display a dynamic and highly
responsive market characterised by pronounced substitution effects, tempered by
traditional complementary behaviours. This reflects a delicate balance between
price sensitivity and entrenched culinary traditions. Arhar serves predominantly as
a substitute for khesari (1.474), peas (0.103) and particularly whole gram (12.099),
indicating that when the prices of these pulses increase, consumers strongly shift
towards arhar. However, it maintains complementary relationships with masur
(-0.436), moong (-0.481), split gram (-1.100) and urad (-0.359), underscoring its
important role in mixed pulse consumption. Khesari plays a mixed role, acting as
a substitute for arhar (0.033), peas (1.035) and whole gram (2.707), while main-
taining strong complementary relationships with masur (-1.642), moong (-0.018),
split gram (-0.162) and urad (-0.010). This indicates that while khesari is a fall-
back option under rising prices, it remains a key component in pulse combinations
typical of the region’s diet. Masur exhibits powerful substitution effects with urad
(1.748) and whole gram (6.250), suggesting that when the prices of these pulses
rise, consumers readily turn to masur. However, it retains complementary rela-
tionships with arhar (-0.038), khesari (-0.073), moong (-0.040), peas (-3.527) and
split gram (-0.554), confirming its central role in local cuisine. Moong functions as
a strong substitute for masur (0.128), urad (2.548) and whole gram (0.285), while
demonstrating complementary relationships with arhar (-0.128), khesari (-0.086),
peas (-0.304) and split gram (-0.896). This highlights its dual role as both a substi-
tute under price fluctuations and a traditional dietary staple. Peas act primarily
as a substitute for whole gram (5.004), while remaining complementary with arhar
(-0.012), khesari (-1.890), masur (-1.463), moong (-0.015), split gram (-0.263) and
urad (-0.032). These results suggest that peas occupy a marginal substitution role,
but are predominantly consumed alongside other pulses. Split gram is a substitute
for peas (0.199) and whole gram (7.000), while retaining complementary consump-
tion patterns with arhar (-0.025), khesari (-0.340), masur (-0.481), moong (-0.100)
and urad (-0.240). This highlights split gram’s flexibility as both a cost-effective
alternative and a critical component of balanced diets. Urad shows strong substi-
tution tendencies with masur (0.177), peas (0.248) and whole gram (5.832), but
remains complementary with arhar (-0.109), khesari (-0.264), moong (-0.177) and
split gram (-2.270). These relationships illustrate urad’s role as both a substitute
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under economic pressure and a vital pulse in traditional dishes. Whole gram func-
tions largely as a substitute for peas (0.316) and urad (0.598), while maintaining
complementary relationships with arhar (-0.074), khesari (-0.125), masur (-0.098),
moong (-0.078) and split gram (-1.348). This highlights its critical role as both a

standalone protein source and an integral part of pulse-based meals.

In Kerala, the consumption patterns of pulses reveal a predominantly complemen-
tary structure, driven by deep-rooted culinary traditions. Nevertheless, the market
also reflects sharp substitution tendencies, particularly influenced by price fluctua-
tions and economic factors. Arhar largely maintains complementary relationships
with khesari (-0.219), masur (-1.152), moong (-0.067), peas (-0.012), urad (-1.152)
and whole gram (-0.001). However, it serves as a substitute for split gram (0.181),
suggesting that when the price of split gram increases, consumers marginally in-
crease their reliance on arhar. Khesari plays a dual role, acting as a substitute for
masur (0.215) and split gram (0.208), but maintains complementary relationships
with moong (-0.002), peas (-0.013) and urad (-0.028). This indicates that while
khesari is a fallback option under certain price conditions, it is more commonly
consumed alongside other pulses. Masur shows substitution tendencies with arhar
(0.002), khesari (0.017) and split gram (0.614), while retaining complementary
relationships with moong (-0.018), peas (-1.143), urad (-0.047) and whole gram
(-0.001). Despite some price-driven substitution, masur remains a critical dietary
component. Moong serves primarily as a substitute for khesari (0.026), split gram
(0.401) and urad (0.003), but maintains complementary relationships with arhar
(-0.049), masur (-1.009), peas (-0.008) and whole gram (-0.763). This pattern
suggests that although moong is frequently consumed alongside other pulses, it
also serves as a flexible alternative when prices change. Peas act as a substitute
for arhar (0.016), masur (0.172) and split gram (0.376), while retaining comple-
mentary relationships with khesari (-0.182), moong (-0.022), urad (-0.503) and
whole gram (-0.002). This highlights peas’ dual role as both a complement and
a substitute under varying economic conditions. Split gram exhibits substitution
effects with arhar (0.009) and masur (0.405), while remaining complementary with
khesari (-0.713), moong (-0.010), peas (-0.073) and urad (-0.156). This suggests
its critical importance as both a staple and a responsive substitute. Urad plays a
limited substitutive role, showing only minor substitution with split gram (0.428)
and whole gram (0.002), while exhibiting complementary relationships with arhar
(-0.014), khesari (-0.203), masur (-0.170), moong (-0.056) and peas (-0.073). These



Results and Discussion of Pulses 138

patterns underscore urad’s strong role in traditional diets, despite limited substitu-
tion flexibility. Whole gram acts as a substitute for khesari (0.474) and split gram
(0.319), while maintaining complementary relationships with arhar (-0.036), ma-
sur (-0.993), moong (-0.034) and peas (-0.492). This demonstrates whole gram’s
key role as both a dietary staple and an economical substitute in Kerala’s rural

consumption landscape.

In Madhya Pradesh, pulse consumption patterns are highly dynamic and reflect
significant substitution effects, indicating a highly responsive market influenced
by price fluctuations and economic constraints. However, strong complementary
relationships remain embedded in traditional culinary practices. Arhar serves pre-
dominantly as a substitute for masur (0.469), peas (0.626), urad (0.469) and whole
gram (0.115), suggesting that when the prices of these pulses rise, consumers prefer
switching to arhar. Yet, it retains strong complementary relationships with khesari
(-6.830), moong (-0.353) and split gram (-0.517), indicating its continued presence
in balanced pulse consumption combinations. Khesari plays a mixed role, acting as
a substitute for peas (0.239), masur (0.011) and whole gram (0.012), while main-
taining complementary relationships with arhar (-0.020), moong (-0.004), split
gram (-0.020) and urad (-0.007). This suggests that although khesari is often
viewed as a fallback option under economic duress, it is also consumed in conjunc-
tion with other pulses. Masur demonstrates a strong substitutive relationship with
peas (2.271), urad (0.128) and whole gram (0.131), indicating significant shifts in
consumption when prices of these pulses increase. However, masur continues to
be consumed alongside arhar (-0.241), khesari (-0.293), moong (-0.145) and split
gram (-0.176), reflecting its important role in local diets. Moong is primarily a
substitute for peas (1.587) and whole gram (0.721), with moderate substitution for
khesari (0.036). Complementary consumption is noted with arhar (-0.387), ma-
sur (-0.116), split gram (-0.235) and urad (-0.046), confirming its role in diverse
dietary habits. Peas show strong substitutive tendencies with urad (0.058) and
whole gram (0.164), while maintaining complementary relationships with arhar (-
0.190), khesari (-15.902), masur (-0.282), moong (-0.141) and split gram (-0.304).
This emphasizes peas’ dual role as a substitute under certain price conditions and
a staple in mixed diets. Split gram acts as a substitute for khesari (0.452), masur
(0.094), peas (0.249) and urad (0.199), while maintaining complementary relation-
ships with arhar (-0.179), moong (-0.273) and whole gram (-0.009). This highlights
its role as both a dietary staple and a flexible alternative. Urad demonstrates sig-
nificant substitution effects with khesari (0.758), peas (0.107) and whole gram
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(0.060), indicating that price increases in these pulses lead to greater consumption
of urad. Nevertheless, urad remains complementary with arhar (-0.253), masur
(-0.279), moong (-0.270) and split gram (-0.179), reaffirming its culinary impor-
tance. Whole gram serves as a substitute for urad (0.478), masur (0.014) and peas
(0.053), while retaining complementary relationships with arhar (-0.063), khesari
(-0.380), moong (-0.016) and split gram (-0.179). This confirms whole gram’s role
as a flexible protein source that is consumed both independently and alongside

other pulses.

In rural regions of Maharashtra, pulse consumption patterns exhibit a highly re-
sponsive market characterised by significant substitution effects, particularly in
response to price fluctuations. However, traditional dietary preferences continue
to preserve important complementary relationships. Arhar serves as a strong sub-
stitute for masur (2.586) and urad (2.586) suggesting that when prices of these
pulses rise, consumers shift decisively toward arhar. Despite this, arhar maintains
complementary relationships with khesari (-5.103), moong (-0.553), peas (-0.746)
and split gram (-0.136), indicating its continued use in combination with these
pulses. Khesari primarily plays a complementary role with arhar (-0.026), moong
(-0.070), peas (-2.394), split gram (-0.064) and whole gram (-10.912). However,
substitution effects are observed with masur (0.510) and urad (2.217), indicat-
ing that khesari remains a critical fallback option for households under financial
constraints. Masur retains complementary relationships with arhar (-0.040), khe-
sari (-0.402), peas (-3.290), split gram (-0.040) and urad (-0.717), underscoring
its role in balanced diets. Moong functions primarily as a substitute for masur
(1.711) and whole gram (0.343), while maintaining complementary relationships
with arhar (-0.064), khesari (-0.318), peas (-1.567), split gram (-0.074) and urad
(-2.727), demonstrating its central position in local culinary practices. Peas act
predominantly as a substitute for masur (0.281) and urad (1.114), but maintain
complementary consumption patterns with arhar (-0.015), khesari (-6.604), moong
(-0.012), split gram (-0.033) and whole gram (-5.859). This suggests that while
peas are used as substitutes under price fluctuations, they remain essential in
combination with other pulses. Split gram serves as a substitute for masur (0.295)
and urad (2.082), while retaining complementary relationships with arhar (-0.037),
khesari (-4.059), moong (-0.175) and whole gram (-0.009), highlighting its role as
both a flexible alternative and a dietary staple. Urad shows strong substitution ef-
fects with masur (0.350), while exhibiting complementary relationships with arhar
(-0.016), khesari (-3.626), moong (-0.112), split gram (-0.053) and whole gram
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(-3.367). These patterns reaffirm urad’s importance in local dietary traditions,
despite its responsiveness to price dynamics. Whole gram acts as a substitute for
masur (1.078) and peas (0.402), while maintaining complementary relationships
with arhar (-0.019), moong (-0.068) and split gram (-0.040). This dual role con-
firms whole gram’s versatility as both a primary protein source and a substitute

when economic conditions necessitate it.

In Orissa, the consumption patterns of pulses are profoundly influenced by tradi-
tional culinary practices, which favour strong complementary relationships. How-
ever, significant substitution effects also emerge under economic pressures, partic-
ularly among cost-sensitive consumer groups. Arhar exhibits predominantly com-
plementary relationships with khesari (-6.020), masur (-0.478), moong (-0.043),
peas (-0.141), split gram (-1.420), urad (-0.141) and whole gram (-0.067). These
negative coefficients suggest that arhar is an essential part of a balanced diet,
frequently consumed alongside a variety of other pulses. Khesari continues its
role as a low-cost complementary pulse with negative coefficients against arhar (-
0.004), masur (-0.050), moong (-0.009), peas (-0.202), split gram (-0.730) and urad
(-0.288). This reflects its importance in maintaining dietary diversity among low-
income households. Masur shows a mixed pattern, acting as a substitute for arhar
(0.135) and khesari (3.413), suggesting a shift toward masur when these pulses
become costly. Nevertheless, it remains a complement to moong (-0.084), peas
(-3.498), split gram (-0.891), urad (-0.239) and whole gram (-0.806), underscoring
its continued relevance in traditional meals. Moong plays a strong substitutive role
with, masur (0.744) and urad (0.009), indicating that when these pulses become
expensive, consumers turn to moong. However, moong retains complementary
relationships with peas (-0.020), split gram (-0.265) and whole gram (-0.459), re-
flecting its balanced role in Orissa’s diet. Peas primarily act as a substitute for
khesari (-7.289), though they retain complementary relationships with masur (-
0.078), moong (-0.024), split gram (-0.652), urad (-0.577) and whole gram (-0.838).
These results indicate that despite some substitution effects, peas continue to hold
a significant place in local diets. Split gram exhibits substitution effects with whole
gram (3.987), suggesting that rising whole gram prices drive consumers toward
split gram. Nevertheless, split gram shows complementary relationships with all
other pulses, including arhar (-0.021), khesari (-8.309), masur (-1.981), moong
(-0.057), peas (-0.273) and urad (-0.273). Urad is primarily consumed in a com-
plementary fashion across all categories, including arhar (-0.005), khesari (-4.582),
masur (-0.071), moong (-0.012), peas (-0.380), split gram (-1.663) and whole gram
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(-0.797). These results confirm urad’s enduring presence in Orissa’s traditional
diets. Whole gram shows a substitutive relationship with khesari (0.512) and
peas (0.017), suggesting some price-driven consumption shifts. However, whole
gram maintains complementary relationships with arhar (-0.012), masur (-0.567),
moong (-0.137), split gram (-1.541) and urad (-0.382), underscoring its critical role

in providing dietary protein.

In Punjab, the pulse consumption landscape is distinctly characterised by sharp
substitution effects, reflecting a highly responsive market shaped by price varia-
tions. While complementary relationships exist, consumers exhibit a strong ten-
dency to shift between pulses based on economic considerations. Arhar predomi-
nantly acts as a substitute for khesari (8.000), peas (0.249), urad (0.249) and whole
gram (0.048), demonstrating a high sensitivity to price changes. Nevertheless,
arhar retains complementary relationships with masur (-0.226), moong (-0.129)
and split gram (-0.085), indicating its continued use alongside these pulses in re-
gional dietary patterns. Khesari maintains a balanced role, serving as a substitute
for arhar (0.685) and whole gram (0.001), while remaining complementary with
masur (-0.002), split gram (-0.004) and urad (-0.010). These patterns highlight
khesari’s versatility as both a fallback option and a component of mixed pulse con-
sumption. Masur shows strong substitution tendencies with arhar (3.965), peas
(2.053) and whole gram (0.042), indicating that price increases in these pulses
lead to higher masur consumption. However, masur remains complementary with
khesari (-0.537), moong (-0.212), split gram (-0.134) and urad (-0.017), preserving
its role in traditional cooking. Moong functions primarily as a substitute for arhar
(5.555) and urad (0.048), while exhibiting complementary consumption patterns
with khesari (-0.776), masur (-0.438), peas (-0.395), split gram (-0.399) and whole
gram (-0.049). This indicates that moong is frequently consumed as both a stan-
dalone protein source and alongside other pulses. Peas display an overwhelming
substitutive role with khesari (125.156) and arhar (1.537), reflecting strong price
sensitivity. However, peas retain complementary relationships with split gram
(-0.006) and urad (-0.024), suggesting their importance in meal diversification.
Split gram serves primarily as a substitute for arhar (3.901), khesari (2.527), ma-
sur (1.140) and peas (0.249), while maintaining complementary relationships with
moong (-0.183), urad (-0.010) and whole gram (-0.020). This dual role confirms
split gram’s critical importance in both economic and nutritional contexts. Urad

demonstrates strong substitution effects with arhar (5.027), khesari (3.120) and
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peas (0.077), while retaining complementary consumption patterns with masur (-
0.053), moong (-0.189) and split gram (-0.049). These patterns underscore urad’s
prominent role in rural diets despite its price sensitivity. Whole gram acts as a
substitute for arhar (3.408), while maintaining complementary relationships with
khesari (-0.775), masur (-0.233), moong (-0.060), peas (-0.068) and split gram (-
0.119). This reinforces whole gram’s status as a versatile dietary staple consumed

both independently and alongside other pulses.

In rural Rajasthan, pulse consumption patterns reflect a balanced interplay be-
tween substitution and complementary behaviours. While economic factors prompt
consumers to switch between pulses, deep-rooted culinary traditions ensure that
many pulses continue to be consumed together. Arhar exhibits strong comple-
mentary relationships with khesari (-0.356), masur (-0.298), moong (-0.050), peas
(-0.959), split gram (-0.160) and urad (-0.959), confirming its integral role in tra-
ditional dishes. However, it also acts as a substitute for whole gram (0.559),
suggesting that when whole gram prices increase, consumers shift to arhar as an
alternative protein source. Khesari plays a dual role, serving as a substitute for
arhar (0.011) and whole gram (0.112), while maintaining complementary relation-
ships with masur (-0.049), moong (-0.003), peas (-1.849), split gram (-0.012) and
urad (-0.017). These patterns indicate that while khesari is occasionally used as a
substitute, it remains a consistent, low-cost dietary component. Masur functions
mainly as a substitute for arhar (0.110) and whole gram (0.315), but continues to
play a complementary role with khesari (-0.976), moong (-0.302), peas (-0.272),
split gram (-0.191) and urad (-1.017). This suggests that masur is both a stan-
dalone protein source and an essential component of pulse mixtures. Moong dis-
plays limited substitution behaviour, acting only as a substitute for masur (0.004)
and arhar (0.002). It retains complementary relationships with khesari (-0.087),
peas (-0.283), split gram (-1.089), urad (-0.424) and whole gram (-0.612), under-
lining its critical role in balanced rural diets. Peas act primarily as a substitute
for arhar (0.058) and whole gram (0.636), while remaining complementary with
khesari (-2.787), masur (-0.333), moong (-0.027), split gram (-0.070) and urad (-
0.123). This indicates that while peas are a flexible dietary component, they also
hold a prominent place in mixed meal preparations. Split gram functions as a
substitute for arhar (0.131) and whole gram (0.040), but retains complementary
relationships with khesari (-0.414), masur (-0.116), moong (-0.115), peas (-0.848)
and urad (-0.848), demonstrating its significance as both a primary protein source

and a dietary complement. Urad shows strong substitution effects with arhar
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(0.202) and whole gram (0.396), while maintaining complementary relationships
with khesari (-0.392), masur (-1.038), moong (-0.076), peas (-1.344) and split gram
(-0.199). These findings reflect urad’s critical role in regional cuisine despite its
responsiveness to market fluctuations. Whole gram acts as a substitute for arhar
(0.170) and peas (1.420), while maintaining complementary consumption patterns
with khesari (-0.072), masur (-0.236), moong (-0.776) and split gram (-0.145).
This emphasizes whole gram’s role as both a standalone protein source and an

important part of diverse pulse combinations.

In Uttar Pradesh, the consumption of pulses reveals a complex and highly price-
sensitive market structure, exhibiting strong substitution effects alongside well-
established complementary consumption patterns. These behaviours are reflective
of the region’s diverse dietary habits and the socio-economic factors shaping house-
hold consumption decisions. Arhar demonstrates strong substitutive behaviour
with peas (1.728), split gram (0.165) and whole gram (0.633), indicating that
as prices of these pulses increase, consumers readily switch to arhar. However,
arhar exhibits strong complementary relationships with masur (-3.645), moong
(-1.124) and urad (-0.251), highlighting its continued integration into composite
pulse-based dishes. Khesari serves as both a complement and a substitute de-
pending on the pulse in question. It exhibits substitutive relationships with split
gram (0.018) and whole gram (0.099), while maintaining complementary relation-
ships with arhar (-0.014), masur (-0.008), moong (-0.521), peas (-0.041) and urad
(-0.283). These results underline khesari’s position as a low-cost dietary staple
that can be flexibly incorporated into a variety of meals. Masur plays a dual role.
It acts as a substitute for arhar (0.154), khesari (0.164), split gram (0.099) and
whole gram (0.187), indicating a shift toward masur when these pulses become
expensive. However, it retains complementary relationships with moong (-1.725),
peas (-3.918) and urad (-0.075), affirming its role as a critical protein source in
rural diets. Moong exhibits remarkably strong substitution effects with whole
gram (10.054), suggesting significant shifts in consumption toward moong when
whole gram prices rise. Substitution effects are also present with arhar (0.130),
khesari (0.129), masur (0.003), peas (0.129) and urad (0.102). However, it retains
a complementary relationship with split gram (-0.399), reflecting its role in main-
taining dietary variety. Peas show powerful substitution behaviour with whole
gram (0.060), split gram (0.024) and masur (0.011), while maintaining comple-
mentary relationships with arhar (-0.112), khesari (-6.290), moong (-0.235) and
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urad (-1.949). These results suggest that while peas are often a preferred alterna-
tive under price fluctuations, they continue to feature prominently in combination
with other pulses. Urad is primarily consumed in a complementary fashion across
all comparisons, including moong (-1.920), peas (-0.030), split gram (-0.023) and
whole gram (-0.014). These results underscore urad’s continued culinary impor-
tance despite price fluctuations. Whole gram displays substitution effects with
split gram (0.058), while maintaining complementary relationships with arhar (-
0.032), khesari (-0.045), masur (-1.251) and moong (-0.004). This highlights whole
gram’s crucial role as both a standalone protein source and a versatile dietary com-

ponent in mixed meals.

In rural West Bengal, pulse consumption patterns are highly responsive to price dy-
namics, marked by dominant substitution effects, particularly among the more ex-
pensive pulses. This is balanced by selective complementary consumption, rooted
in Bengal’s rich culinary heritage. Arhar functions primarily as a substitute for
masur (1.387), moong (0.800), peas (1.441), urad (0.423) and whole gram (1.867).
These positive coefficients reflect a clear preference shift toward arhar when the
prices of these pulses rise. However, arhar maintains a complementary relation-
ship with khesari (-0.096) and split gram (-0.077), indicating its ongoing presence
alongside these pulses in composite dishes. Khesari serves as a versatile substitute,
particularly for moong (1.157), urad (1.544) and whole gram (1.588), with modest
substitution effects for arhar (0.960) and peas (0.471). Despite this, khesari ex-
hibits complementary relationships with masur (-0.042) and split gram (-0.102),
reaffirming its role as a low-cost, supplementary dietary staple. Masur is primarily
consumed as a substitute for arhar (0.834), moong (1.506) and whole gram (1.135),
but retains complementary relationships with split gram (-0.227). These patterns
suggest that while masur consumption rises when certain pulse prices increase,
it continues to be consumed alongside other pulses to maintain nutritional diver-
sity. Moong demonstrates strong substitution effects with arhar (0.966), masur
(1.162), urad (1.371) and whole gram (-7.257), indicating significant shifts toward
moong when these pulses become more expensive. Complementary relationships
exist only with split gram (-0.105), confirming moong’s prominent standalone role
in Bengal’s dietary landscape. Peas act predominantly as substitutes for arhar
(0.910), moong (1.178), urad (0.999) and whole gram (1.359), demonstrating their
flexibility in consumption under price variations. Complementary relationships
are observed with khesari (-0.471), masur (-0.021) and split gram (-0.065), sug-

gesting that peas still retain a supportive role in mixed dishes. Urad functions
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predominantly as a substitute for arhar (1.007), moong (0.797), peas (0.334) and
whole gram (1.642), while maintaining complementary relationships with khesari
(-0.569), masur (-0.018) and split gram (-0.090). This reflects urad’s importance
as both a flexible alternative and a traditional culinary staple. Whole gram dis-
plays robust substitution effects with arhar (0.726), masur (1.016), moong (0.492),
peas (0.139) and urad (-5.999). However, it retains complementary consumption
with split gram (-0.054), suggesting its role as a principal protein source while

continuing to support traditional meal compositions.
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5.2.3 Urban Consumption Patterns of Pulses across India

The cross elasticity estimates of pulses for the urban regions of India are presented
from table 5.11 to 5.18. In Andaman and Nicobar Islands, pulse consumption
patterns exhibit a dynamic interplay between substitution and complementary re-
lationships, shaped by modern consumption patterns alongside traditional dietary
preferences. Arhar acts primarily as a substitute for khesari (0.324), moong (0.677)
and split gram (1.232), suggesting that when the prices of these pulses rise, con-
sumers increasingly shift toward arhar. However, arhar maintains complementary
relationships with masur (-0.459), peas (-0.192), urad (-0.278) and whole gram (-
0.698), indicating its continued integration in composite dishes that rely on diverse
pulses. Khesari primarily serves as a complementary pulse, particularly with arhar
(-0.009), masur (-0.026), peas (-0.047), urad (-0.024) and whole gram (-0.304).
However, it exhibits substitution tendencies with moong (0.046) and split gram
(0.423), suggesting that under certain price pressures, khesari becomes a preferred
alternative due to its affordability. Masur presents a balanced profile, acting as a
substitute for arhar (0.130), peas (0.202), urad (0.198) and whole gram (0.677),
while maintaining complementary consumption with khesari (-0.205), moong (-
0.352) and split gram (-0.639). These patterns highlight masur’s flexible role in
urban diets, both as a nutritional mainstay and a price-responsive alternative.
Moong shows strong substitution effects with khesari (0.303), split gram (1.061),
suggesting that as prices of these pulses increase, moong becomes a preferred alter-
native. Complementary relationships are maintained with arhar (-0.161), masur
(-0.235), peas (-0.235) and whole gram (-0.821), reflecting its enduring presence
in varied culinary preparations. Peas act largely as substitutes for khesari (0.185),
moong (0.132) and split gram (0.917), but maintain complementary relationships
with arhar (-0.019), masur (-0.076), urad (-0.145) and whole gram (-1.152). These
results underline the dual role of peas, as both a complementary and substitutive
pulse under fluctuating market conditions. Split gram exhibits strong substitution
tendencies with khesari (0.216), moong (0.106), indicating significant shifts in con-
sumption toward split gram when these pulses become more expensive. Despite
this, split gram retains complementary relationships with arhar (-0.023), masur
(-0.044), peas (-0.142) and urad (-0.098). Urad acts as a substitute for khesari
(0.059), moong (0.221) and split gram (1.116), while maintaining complementary
relationships with arhar (-0.046), masur (-0.122), peas (-0.264) and whole gram
(-1.203). These patterns confirm urad’s critical role in urban diets as both a pri-

mary protein source and a price-sensitive alternative. Whole gram exhibits strong
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substitution effects with khesari (0.213), moong (0.112) and split gram (2.119),
reflecting consumer shifts toward whole gram when prices of these pulses rise.
Nonetheless, it retains complementary consumption with arhar (-0.016), masur
(-0.061), peas (-0.248) and urad (-0.145), confirming its central position in urban

pulse consumption patterns.

In Andhra Pradesh, pulse consumption patterns reveal a significant predominance
of complementary behaviours, deeply influenced by traditional dietary practices.
However, notable substitution effects arise under specific price variations, partic-
ularly involving high-value pulses. Arhar serves as a substitute for peas (4.475),
suggesting that as the price of peas rises, urban consumers strongly shift towards
arhar, likely due to its comparable protein content and cultural familiarity. Con-
versely, arhar exhibits strong complementary relationships with khesari (-0.114),
masur (-0.567), moong (-8.825), split gram (-0.315), urad (-0.018) and whole gram
(-1.183), indicating its persistent role alongside these pulses in regional recipes.
Khesari plays a predominantly complementary role across most categories, in-
cluding arhar (-0.031), masur (-0.219), moong (-1.175), split gram (-0.148), urad
(-0.015) and whole gram (-1.797). However, it serves as a notable substitute for
peas (15.025), suggesting a significant shift towards khesari consumption when
peas become costlier, likely driven by its affordability and nutritional value. Ma-
sur acts as a substitute for peas (3.091), reflecting strong consumer preferences for
masur when peas become expensive. Nonetheless, it remains complementary to
arhar (-0.043), khesari (-0.298), moong (-1.971), split gram (-0.092), urad (-0.010)
and whole gram (-0.536), underscoring its important role in balanced urban diets.
Moong retains a predominantly complementary profile, particularly with arhar (-
0.075), khesari (-0.189), masur (-0.196), peas (-0.787), split gram (-0.173), urad
(-0.025) and whole gram (-0.562). The absence of significant substitution effects
indicates that moong remains a staple pulse in urban diets, consumed largely
in combination with other pulses. Peas play a complex role, functioning as a
substitute for moong (0.057) while remaining complementary with arhar (-0.012),
khesari (-0.624), masur (-0.104), split gram (-0.067), urad (-0.009) and whole gram
(-0.904). This suggests that while peas are occasionally used as a substitute, they
predominantly serve as a complementary ingredient in diverse culinary prepara-
tions. Split gram demonstrates a significant substitution effect with peas (3.931),
reflecting a clear consumer preference shift when Pea prices rise. However, split
gram retains strong complementary relationships with arhar (-0.047), khesari (-
0.156), masur (-0.171), moong (-2.944), urad (-0.012) and whole gram (-0.792),
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reinforcing its critical role as a dietary staple. Urad exhibits a strong substi-
tution relationship with peas (4.079), highlighting its importance as a preferred
alternative when peas become more expensive. Despite this, urad continues to
be consumed in conjunction with arhar (-0.024), khesari (-0.346), masur (-0.144),
moong (-1.799), split gram (-0.123) and whole gram (-0.548), confirming its en-
during cultural significance. Whole gram functions primarily as a substitute for
peas (6.687), suggesting that significant price increases in peas lead to substantial
shifts toward whole gram. However, whole gram also maintains complementary
consumption patterns with arhar (-0.021), khesari (-0.560), masur (-0.102), moong
(-1.065), split gram (-0.092) and urad (-0.008), illustrating its foundational role in
the urban diets of Andhra Pradesh.

In Assam, pulse consumption patterns are marked by a strong prevalence of com-
plementary relationships, which reflects the state’s enduring culinary traditions.
However, selective substitution effects emerge, particularly in response to price
fluctuations, showcasing economic adaptability among consumers. Arhar pre-
dominantly maintains complementary relationships with khesari (-0.270), masur
(-0.003), moong (-2.018), peas (-0.371) and whole gram (-0.220). However, it
demonstrates substitution effects with split gram (0.447) and urad (0.579), indi-
cating that when the prices of these pulses increase, arhar serves as a preferred
alternative in urban consumption. Khesari largely exhibits complementary rela-
tionships with arhar (-0.626), masur (-0.018), moong (-2.504), peas (-0.496) and
whole gram (-0.312). Yet, it plays a substitution role with split gram (0.359) and
urad (0.499), suggesting that when prices of these pulses rise, khesari becomes a
viable lower-cost alternative. Masur continues this trend, showing complementary
consumption with arhar (-1.154), khesari (-0.133), moong (-7.662), peas (-0.243)
and whole gram (-0.401). However, it acts as a substitute for split gram (0.246)
and urad (1.399), indicating that price-sensitive consumers substitute masur for
these pulses under changing market conditions. Moong is mostly consumed in con-
junction with other pulses, maintaining complementary relationships with arhar
(-0.682), khesari (-0.105), masur (-0.029), peas (-0.273) and whole gram (-0.291).
Nevertheless, substitution effects are evident with split gram (0.338) and urad
(1.083), underscoring moong’s role as a flexible dietary option. Peas retain their
complementary role with arhar (-0.410), khesari (-0.283), masur (-0.004), moong
(-1.423) and whole gram (-0.207). However, they act as substitutes for split gram
(0.205) and urad (0.311), which highlights their relevance as a price-sensitive al-

ternative. Split gram is consumed primarily as a complement to arhar (-0.692),
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khesari (-0.246), masur (-0.004), moong (-1.436), peas (-0.248) and whole gram
(-0.232). It shows substitution tendencies only with urad (0.449), reflecting its
key role in diversified pulse consumption patterns despite occasional substitution.
Urad demonstrates a complementary profile with arhar (-0.819), khesari (-0.276),
masur (-0.021), moong (-2.767), peas (-0.284) and whole gram (-0.197). Substitu-
tion is primarily observed with split gram (0.419), indicating that when split gram
prices rise, urad consumption increases marginally. Whole gram remains largely
complementary, with negative coefficients across arhar (-0.495), khesari (-0.284),
masur (-0.002), moong (-0.980) and peas (-0.291). However, it serves as a sub-
stitute for split gram (0.292) and urad (0.294), underscoring its flexible role as a

staple protein source in response to market changes.

In Bihar, pulse consumption patterns display a nuanced balance between substi-
tution and complementary relationships, reflecting the interplay of market-driven
economic considerations and deeply entrenched culinary traditions. Price sensi-
tivity is notably high, prompting substantial shifts in consumption patterns under
varying cost structures. Arhar acts as a strong substitute for khesari (0.434) and
whole gram (1.858), suggesting that when prices of these pulses rise, consumers
turn to arhar as a preferred alternative. Nevertheless, arhar continues to play
a complementary role with masur (-0.034), moong (-0.008), peas (-0.889), split
gram (-0.409) and urad (-1.797), indicating that it remains integral to composite
pulse dishes despite price variations. Khesari predominantly serves a complemen-
tary function, especially with arhar (-0.028), masur (-0.054), moong (-0.033), peas
(-1.528), split gram (-0.300) and urad (-4.213). However, it demonstrates substitu-
tion tendencies with whole gram (1.533), suggesting that when whole gram prices
increase, urban consumers opt for khesari as a cost-effective alternative. Masur
exhibits strong substitution effects with whole gram (1.067), indicating that price
increases in whole gram lead to significant shifts toward masur. However, ma-
sur remains complementary with arhar (-0.083), khesari (-0.062), moong (-0.001),
peas (-0.505), split gram (-0.526) and urad (-1.131), underscoring its continued im-
portance in traditional recipes. Moong functions largely as a substitute for arhar
(0.047), khesari (0.315) and whole gram (1.365), while retaining complementary
relationships with masur (-0.051), peas (-0.540), split gram (-0.321) and urad (-
1.733). This pattern highlights moong’s role as a flexible dietary component that
responds to price fluctuations while maintaining cultural relevance. Peas act as
a substitute for khesari (0.555) and whole gram (1.379), reflecting their position

as a preferred alternative when prices of these pulses increase. However, they
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remain complementary with arhar (-0.016), masur (-0.035), moong (-0.024), split
gram (-0.241) and urad (-5.107), confirming their continued role in mixed pulse
consumption. Split gram is primarily consumed as a complement to most pulses,
including khesari (-0.016), masur (-0.076), moong (-0.037), peas (-0.816) and urad
(-1.334). However, it also acts as a substitute for arhar (0.079) and whole gram
(1.426), indicating significant consumer shifts toward split gram under rising prices

for these pulses.

In Gujarat, pulse consumption reflects a market highly responsive to price fluctu-
ations. Substitution effects dominate the consumption patterns, especially among
economically sensitive households, while traditional culinary practices continue to
reinforce complementary behaviours for certain pulses. Arhar serves prominently
as a substitute for khesari (0.475), masur (1.205) and whole gram (0.530), indicat-
ing that when the prices of these pulses rise, consumers shift substantially toward
arhar. However, it maintains complementary relationships with moong (-0.246),
peas (-1.017), split gram (-0.021) and urad (-0.063), demonstrating its established
role in balanced pulse consumption. Khesari exhibits mixed behaviour, functioning
as a substitute for masur (0.154), split gram (0.002) and whole gram (0.011), while
maintaining complementary relationships with arhar (-0.001), moong (-0.001),
peas (-0.279) and urad (-0.001). This suggests that while khesari plays a fallback
role under economic constraints, it also continues to be consumed alongside other
pulses. Masur functions as a substitute for khesari (1.304), split gram (0.018) and
whole gram (0.238), indicating that price increases in these pulses lead to shifts
toward masur. Nevertheless, it remains complementary to arhar (-0.033), moong (-
0.047), peas (-1.018) and urad (-0.027), confirming its culinary importance. Moong
shows a highly substitutive role with khesari (0.100), masur (0.694), split gram
(0.058) and whole gram (0.263). Despite these substitution effects, it remains
complementary with arhar (-0.132), peas (-0.617) and urad (-0.045), suggesting
that moong is both a primary alternative and a key dietary component. Peas
act predominantly as substitutes for khesari (2.183), masur (0.920), split gram
(0.017) and whole gram (0.174), highlighting their popularity as an economical
alternative under price pressure. Complementary relationships exist with arhar
(-0.023), moong (-0.031) and urad (-0.017), reaffirming their enduring role in tra-
ditional diets. Split gram plays a balanced role, acting as a substitute for khesari

(0.622), masur (0.879) and whole gram (0.180), while remaining complementary
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with arhar (-0.062), moong (-0.002), peas (-0.646) and urad (-0.037). This high-
lights its dual function as both a nutritional staple and a price-responsive alter-
native. Urad serves as a substitute for khesari (0.237), masur (0.754), split gram
(0.032) and whole gram (0.241). However, it maintains complementary relation-
ships with arhar (-0.040), moong (-0.047) and peas (-0.437), indicating its essential
culinary role in traditional dishes despite price sensitivity. Whole gram displays
strong substitution effects with khesari (0.297), masur (0.869), split gram (0.054),
indicating that it becomes a preferred choice when the prices of these pulses rise.
Nonetheless, it remains complementary with arhar (-0.045), moong (-0.056) and

peas (-0.734), confirming its prominent place in urban Gujarati diets.

In Haryana, the consumption patterns of pulses are defined by dominant comple-
mentary relationships, shaped by strong culinary traditions. However, significant
substitution effects emerge in specific pulse categories, indicating that consumers
in urban areas respond to price changes by modifying their consumption choices.
Arhar demonstrates primarily complementary relationships with khesari (-0.946),
masur (-0.044), moong (-0.018), peas (-0.638), split gram (-0.061) and whole gram
(-7.240). However, a substitution effect is observed with urad (0.249), indicating
that arhar consumption increases when urad becomes more expensive, possibly
due to its comparable utility in daily cooking. Khesari maintains complementary
relationships with arhar (-0.018), masur (-0.001), moong (-0.001), peas (-4.648),
split gram (-0.002) and whole gram (-0.091). It exhibits a limited substitution
effect only with urad (0.007), confirming its role as a staple complement in local
diets rather than a flexible substitute. Masur displays complementary consump-
tion with arhar (-0.374), khesari (-0.302), moong (-0.068), peas (-0.245), split gram
(-0.079) and whole gram (-9.537), while acting as a substitute for urad (0.257).
This suggests that masur consumption responds moderately to changes in urad
prices, although it continues to occupy a central role in composite dishes. Moong
largely functions as a complementary pulse with arhar (-0.152), khesari (-0.296),
masur (-0.070), peas (-0.266), split gram (-0.097) and whole gram (-5.178). How-
ever, it acts as a substitute for urad (0.237), indicating that moong becomes a
preferred option when urad prices rise. Peas primarily retain their complementary
status, especially with arhar (-0.062), khesari (-26.061), masur (-0.003), moong
(-0.002), split gram (-0.004) and whole gram (-0.323). However, a notable substi-
tution effect is observed with urad (0.027), indicating some consumer flexibility
under price variations. Split gram is consumed in a complementary manner with
arhar (-0.285), khesari (-0.621), masur (-0.076), moong (-0.085), peas (-0.282)
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and whole gram (-8.959), but serves as a substitute for urad (0.200), reflecting
its importance as both a nutritional complement and a fallback option during
price hikes. Urad retains a complementary role across almost all pulses, including
arhar (-0.224), khesari (-0.421), masur (-0.060), moong (-0.047), peas (-0.352),
split gram (-0.044) and whole gram (-6.239), with no significant substitution ten-
dencies, indicating its consistent demand despite price volatility. Whole gram acts
as a substitute for urad (0.194) but remains complementary with arhar (-0.245),
khesari (-0.191), masur (-0.057), moong (-0.032), peas (-0.176) and split gram (-
0.050). These patterns underscore whole gram’s flexible role in the urban diets of
Haryana, serving both as a principal protein source and a substitute under certain

price conditions.

In Himachal Pradesh, pulse consumption patterns reflect a complex interplay be-
tween substitution and complementary behaviours, shaped by the dual influence
of traditional dietary habits and price sensitivity. While complementary consump-
tion is prevalent, especially in staple pulses, significant substitution effects emerge
under market price fluctuations. Arhar demonstrates a significant complementary
relationship with khesari (-17.623), moong (-3.247), split gram (-0.040) and whole
gram (-0.015), highlighting its continued integration into diverse culinary prac-
tices. However, arhar functions as a substitute for masur (0.013), peas (0.303)
and urad (0.100), suggesting that price increases in these pulses lead consumers
to shift toward arhar as an affordable and versatile alternative. Khesari remains
largely complementary across most pulses, particularly with moong (-0.471), split
gram (-0.004). Yet, it serves as a substitute for arhar (0.097), peas (0.403) and
urad (0.027), indicating that khesari continues to function as a low-cost alterna-
tive during periods of price increases in higher-value pulses. Masur exhibits a
mixed pattern. It serves as a substitute for arhar (0.080), urad (0.210), but re-
mains complementary with khesari (-0.876), moong (-9.605), split gram (-0.056)
and peas (0.000), underlining its importance as a balanced dietary component de-
spite price movements. Moong primarily acts as a substitute for arhar (0.001),
masur (0.006) and urad (0.227), while maintaining complementary relationships
with khesari (-0.460), peas (-0.013), split gram (-0.067) and whole gram (-0.024).
This pattern suggests moong’s versatility as a flexible dietary option responding
to market shifts. Peas serve as a substitute for arhar (0.152) and urad (0.061),
while maintaining strong complementary relationships with moong (-0.862), split

gram (-0.001) and whole gram (-0.003). Peas thus act as both a critical component
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of balanced diets and a price-sensitive substitute when needed. Split gram dis-
plays substitution tendencies with arhar (0.064), masur (0.010) and urad (0.155),
but retains complementary consumption patterns with khesari (-0.534), moong
(-10.586), peas (-0.024) and whole gram (-0.057), illustrating its dual role as a
dietary staple and a substitute under specific economic conditions. Urad main-
tains complementary relationships with khesari (-1.890), masur (-1.088), moong
(-9.734), split gram (-0.042) and whole gram (-0.068). However, it acts as a substi-
tute for arhar (0.013) and peas (0.030), suggesting that when these pulses become
expensive, urad consumption rises modestly. Whole gram functions mainly as a
substitute for khesari (0.092), masur (0.014) and urad (0.367), while maintaining
complementary relationships with moong (-6.426), peas (-0.002) and split gram
(-0.091). This reflects whole gram’s role as a versatile pulse that adjusts to both

economic pressures and traditional culinary demands.

In Jammu and Kashmir, the consumption of pulses is predominantly shaped by
complementary relationships, indicating a strong adherence to established culi-
nary traditions. However, selective substitution behaviours also emerge, partic-
ularly when price fluctuations make certain pulses less affordable for consumers.
Arhar shows significant complementary relationships with khesari (-16.692), ma-
sur (-0.020), moong (-0.011), split gram (-0.007), urad (-0.135) and whole gram
(-0.120), indicating its consistent integration in local dietary patterns. Despite
this, it acts as a substitute for peas (0.305), suggesting that when Pea prices rise,
consumers turn to arhar as a practical alternative. Khesari retains a complemen-
tary role across most categories, including arhar (-1.304), masur (-0.006), urad (-
0.055) and whole gram (-0.019). However, it serves as a substitute for peas (0.198)
and marginally for moong (0.000) and split gram (0.001), indicating that price in-
creases in these pulses prompt some consumption shifts toward khesari. Masur
similarly demonstrates complementary relationships with arhar (-0.500), khesari
(-1.340), moong (-0.101), urad (-0.305) and whole gram (-0.206). Substitution
effects are observed with peas (0.065) and split gram (0.007), suggesting that ma-
sur is a preferred alternative when these pulses become more expensive. Moong
retains its complementary role with arhar (-0.130), khesari (-0.209), split gram (-
0.020), urad (-0.247) and whole gram (-0.181). Substitution is marginally observed
with masur (0.003) and peas (0.066), highlighting moong’s flexibility under certain
market conditions. Peas primarily act as a substitute for moong (0.013), reflect-
ing a tendency to shift towards peas when moong prices rise. Nonetheless, they

retain complementary relationships with arhar (-1.297), khesari (-10.626), masur
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(-0.008), split gram (-0.035), urad (-0.117) and whole gram (-0.017), demonstrat-
ing their central role in the region’s diet. Split gram is consumed largely in a
complementary manner with arhar (-0.143), masur (-0.049), moong (-0.163), peas
(-0.035), urad (-0.226) and whole gram (-0.367). A substitution effect is evident
only with khesari (0.122), indicating that split gram is mostly consumed alongside
other pulses. Urad continues to exhibit complementary relationships with arhar
(-0.591), khesari (-2.920), masur (-0.056), moong (-0.077), split gram (-0.037) and
whole gram (-0.469). It functions as a substitute only for peas (0.125), suggest-
ing limited substitution flexibility. Whole gram remains primarily complementary
across all pulses, including arhar (-0.419), khesari (-0.689), masur (-0.060), moong
(-0.077), split gram (-0.065) and urad (-0.352). Substitution is observed only with
peas (0.008), highlighting whole gram’s role as a staple protein source with limited

price-driven substitution behaviour.

Karnataka has pulse consumption patterns which reflect a market highly respon-
sive to both price dynamics and traditional culinary preferences. Substitution ef-
fects dominate for several pulses, particularly under conditions of price volatility,
while complementary relationships remain strong for pulses integral to regional di-
ets. Arhar acts primarily as a substitute for khesari (3.016), masur (0.296), moong
(0.513), peas (0.099) and split gram (0.100). These high positive coefficients sug-
gest that when the prices of these pulses rise, consumers in Karnataka’s urban
centres shift towards arhar. However, arhar exhibits complementary relationships
with urad (-0.724) and whole gram (-2.936), confirming its role in balanced meal
compositions. Khesari exhibits substitution effects with masur (0.692), moong
(0.018), peas (0.423) and split gram (0.021), although the substitution effects are
marginal except for masur and peas. It maintains complementary consumption
with urad (-0.014) and whole gram (-1.104), indicating its continued role as a
low-cost complementary pulse. Masur plays a dual role, acting as a substitute
for moong (0.044), peas (0.717) and split gram (0.062), but remains complemen-
tary to arhar (-0.021), khesari (-6.620), urad (-0.078) and whole gram (-1.389).
These patterns demonstrate that masur remains a flexible option for consumers
but continues to be integral in traditional dishes. Moong serves predominantly as
a substitute for masur (0.064), peas (0.048) and split gram (0.110), suggesting its
preferred role when prices of these pulses rise. However, it retains complementary
relationships with arhar (-0.075), khesari (-0.586), urad (-0.331) and whole gram
(-0.979), indicating its indispensable role in local diets. Peas function largely as a

substitute for masur (0.636), moong (0.018) and split gram (0.031), but maintain
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complementary relationships with arhar (-0.006), khesari (-3.562), urad (-0.064)
and whole gram (-1.104). Despite their price sensitivity, peas continue to play
a supporting role in Karnataka’s dietary diversity. Split gram displays substi-
tution effects with masur (0.141), moong (0.057) and peas (0.093) reflecting its
appeal when the prices of these pulses rise. However, it retains complementary
relationships with arhar (-0.014), khesari (-0.673) and urad (-0.443), confirming
its dual role as a staple protein source and a fallback option. Urad exhibits sub-
stitution tendencies with masur (0.083), moong (0.073), peas (0.088) and split
gram (0.251), but remains complementary to arhar (-0.064), khesari (-0.254) and
whole gram (-1.086). This balance highlights urad’s essential role in traditional
preparations, even as it serves as a substitute under economic pressures. Whole
gram acts as a substitute for masur (0.297), moong (0.105), peas (0.257) and split
gram (0.155), while maintaining complementary relationships with arhar (-0.042),
khesari (-1.162) and urad (-0.188). These results confirm its position as a key

protein source that adapts flexibly to price changes.

In Kerala, pulse consumption demonstrates a strong adherence to traditional di-
etary compositions, with an overwhelming prevalence of complementary relation-
ships. Nevertheless, the dataset also reflects measured substitution effects, sug-
gesting adaptive responses to price variations among a subset of urban consumers.
Arhar is predominantly consumed in a complementary manner with khesari (-
0.590), masur (-0.070), moong (-0.040), peas (-0.364) and urad (-0.940), highlight-
ing its embeddedness in local culinary practices. However, it shows limited sub-
stitution tendencies with split gram (0.059) and whole gram (0.168), indicating a
modest shift in consumption when these pulses become expensive. Khesari retains
a complementary profile across most comparisons, including arhar (-0.002), masur
(-0.188), moong (-0.002), peas (-0.064) and urad (-0.024). Substitution effects are
marginally evident with split gram (0.128) and whole gram (0.006), suggesting
minor consumer shifts under economic constraints. Masur shows complementary
relationships with arhar (-0.005), khesari (-3.403), moong (-0.005), peas (-0.214)
and urad (-0.081), reinforcing its integrated role in Kerala’s food culture. Substi-
tution is only observed with split gram (0.379) and whole gram (0.024), indicating
price-responsive consumption among some urban consumers. Moong maintains a
largely complementary profile with arhar (-0.068), khesari (-0.513), masur (-0.030),
peas (-0.394), split gram (-0.008) and urad (-0.803). It serves as a substitute only
for whole gram (0.158), suggesting that moong gains prominence when whole gram

prices escalate. Peas are consumed primarily as complements with arhar (-0.019),
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khesari (-0.602), masur (-0.110), moong (-0.009) and urad (-0.390). They exhibit
substitution tendencies with split gram (0.237) and whole gram (0.077), indicating
a partial shift in dietary preferences under certain economic conditions. Split gram
plays a complementary role with arhar (-0.015), khesari (-2.133), masur (-0.351),
moong (-0.008), peas (-0.313) and urad (-0.130), affirming its foundational pres-
ence in everyday meals. Substitution effects are visible with whole gram (0.034),
hinting at adaptive consumption patterns. Urad sustains complementary relation-
ships with arhar (-0.073), khesari (-0.255), masur (-0.098), moong (-0.043) and
peas (-0.494), reflecting its culinary centrality. Notably, it serves as a substitute
only for whole gram (0.186), revealing its versatility in the context of price-driven
choices. Whole gram is mostly consumed as a complement with arhar (-0.053),
khesari (-0.431), masur (-0.135), moong (-0.033), peas (-0.368) and urad (-0.709),
underscoring its dietary importance. It shows minimal substitution effect only

with split gram (0.063), pointing to occasional price-sensitive adjustments.

In Madhya Pradesh, the pulse consumption landscape is shaped by substantial
substitution effects, particularly reflective of a price-sensitive market. However,
certain pulses maintain their traditional complementary roles, ensuring continuity
in dietary patterns amidst economic pressures. Arhar exhibits remarkably strong
substitution effects with khesari (111.102), masur (0.622) and urad (0.845), in-
dicating that when the prices of these pulses rise, urban consumers heavily rely
on arhar. Conversely, arhar maintains complementary relationships with moong
(-0.312), peas (-1.005), split gram (-0.105) and whole gram (-0.528), reflecting
its continued role in composite pulse dishes. Khesari retains a complementary
profile with arhar (-0.015), masur (-0.006), moong (-0.001), peas (-0.752), split
gram (-0.006), urad (-0.010) and whole gram (-0.078), confirming its position as
a low-cost protein option traditionally consumed alongside other pulses. Despite
high substitution coefficients in other regions, in urban Madhya Pradesh, khesari
remains firmly complementary. Masur plays a dual role, acting as a substitute
for urad (0.375) but retaining complementary relationships with arhar (-0.238),
khesari (-18.659), moong (-0.202), peas (-0.524), split gram (-0.025) and whole
gram (-0.245). The strong negative relationship with khesari highlights cultural
preferences for masur over lower-cost options like khesari. Moong primarily serves
as a substitute for peas (0.001) and urad (0.461), while retaining complementary
relationships with arhar (-0.201), khesari (-50.669), masur (-0.166), split gram (-
0.170) and whole gram (-0.173). These patterns illustrate moong’s flexibility in

urban diets and its resilience against price fluctuations. Peas act as significant
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substitutes for khesari (172.277), masur (0.126) and urad (0.360), demonstrating
a strong consumer shift toward peas under rising prices of these pulses. Despite
this, they remain complementary with arhar (-0.060), moong (-0.090) and whole
gram (-0.856), reflecting their essential role in balanced meals. Split gram plays a
dual role, acting as a substitute for khesari (3.386) and urad (0.088), while being
complementary with arhar (-0.096), masur (-0.110), moong (-0.150), peas (-1.026)
and whole gram (-0.040). This confirms its widespread use in urban diets both
as a primary and supplementary protein source. Urad displays limited substitu-
tion tendencies, with modest substitution for masur (0.074), but remains largely
complementary across arhar (-0.098), khesari (-15.596), moong (-0.170), peas (-
0.374) and split gram (-0.052). This emphasizes urad’s enduring role in traditional
culinary practices despite market variations. Whole gram is consumed both as a
complement and substitute, with substitution effects for khesari (30.074), masur
(0.109) and urad (0.359). However, it remains complementary with arhar (-0.035),
moong (-0.087), peas (-1.651) and split gram (-0.057), confirming its flexibility and

central position in urban Madhya Pradesh diets.

In urban regions of Maharashtra, the consumption of pulses reflects an intricate
balance between complementary culinary traditions and market-driven substitu-
tion behaviours. Price sensitivity remains a critical factor, particularly among
economically vulnerable segments of the urban population. Arhar exhibits a sig-
nificant substitution effect with moong (1.810) and peas (0.549), suggesting that
when the prices of these pulses rise, consumers turn decisively toward arhar. How-
ever, it maintains complementary relationships with khesari (-0.429), masur (-
0.893), split gram (-1.401), urad (-0.021) and whole gram (-0.271), underscoring
its critical role in balanced dietary patterns. Khesari plays a dual role, acting as a
substitute for moong (0.225) and peas (1.385), while maintaining complementary
relationships with arhar (-0.009), masur (-0.355), split gram (-0.670), urad (-0.022)
and whole gram (-0.323). This pattern reflects khesari’s continued relevance as
an affordable pulse that also substitutes for more expensive options under rising
price conditions. Masur shows substitution effects with moong (0.412) and peas
(0.408), but largely retains its complementary role across other pulses, including
arhar (-0.001), khesari (-0.218), split gram (-0.394), urad (-0.022) and whole gram
(-0.123). This suggests that while masur can serve as a substitute under certain
economic pressures, it remains a foundational pulse in urban Maharashtra diets.
Moong acts predominantly as a substitute for peas (0.027) but maintains comple-
mentary relationships with arhar (-0.010), khesari (-0.111), masur (-0.313), split
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gram (-0.785), urad (-0.020) and whole gram (-0.130). These relationships confirm
moong’s entrenched role in traditional cooking, despite moderate substitution ten-
dencies. Peas function mainly as a substitute for moong (0.041), while remaining
complementary with arhar (-0.006), khesari (-0.495), masur (-0.183), split gram
(-0.351), urad (-0.016) and whole gram (-0.173). This indicates that although
peas are used as substitutes in certain contexts, they are still regularly consumed
alongside other pulses. Split gram plays a substantial role as a substitute for
moong (0.553) and peas (0.526), reflecting strong consumer shifts toward split
gram under price increases for these pulses. However, it maintains complementary
relationships with arhar (-0.019), khesari (-0.264), masur (-0.240), urad (-0.037)
and whole gram (-0.156), confirming its indispensable role in the local pulse econ-
omy. Urad acts as a substitute for moong (0.364) and peas (0.284), while retaining
complementary relationships with arhar (-0.008), khesari (-0.277), masur (-0.216),
split gram (-0.558) and whole gram (-0.093). This illustrates urad’s resilience
in traditional recipes despite its sensitivity to market fluctuations. Whole gram
serves as a substitute for moong (0.221) and peas (0.668), indicating that when
prices for these pulses rise, whole gram consumption increases. However, it re-
mains complementary with arhar (-0.008), khesari (-0.463), masur (-0.202), split
gram (-0.426) and urad (-0.012), underscoring its enduring position as a dietary

staple in Maharashtra’s urban centres.

In Orissa, pulse consumption reflects a pronounced reliance on complementary
dietary patterns rooted in long-standing culinary traditions. However, significant
substitution effects emerge when market prices fluctuate, particularly among cost-
sensitive consumer groups. Arhar exhibits strong complementary relationships
with khesari (-14.986), masur (-0.262), moong (-0.172) and peas (-0.742), suggest-
ing that it continues to play a central role in mixed pulse consumption despite price
variations. Substitution effects are observed with split gram (0.237), urad (0.526)
and whole gram (0.391), indicating that when these pulses become more expen-
sive, consumers turn to arhar as a reliable alternative. Khesari largely functions as
a complementary pulse with arhar (-0.008), masur (-0.031), moong (-0.021), split
gram (-0.078) and whole gram (-0.304). Yet, it plays a substitution role with peas
(0.679) and urad (0.192), reflecting its appeal as a low-cost alternative when the
prices of these pulses increase. Masur demonstrates a nuanced consumption pat-
tern, acting as a substitute for peas (1.055), urad (0.251) and whole gram (0.099),
while retaining complementary relationships with arhar (-0.043), khesari (-19.631),
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moong (-0.080) and split gram (-0.119). This highlights masur’s versatility in ur-
ban diets, balancing between substitution and complementarity based on price
dynamics. Moong exhibits a pronounced substitution effect with khesari (2.761),
peas (1.262) and urad (0.314), suggesting that moong becomes a preferred pulse
when the prices of these alternatives rise. However, it remains complementary
with arhar (-0.172), masur (-0.076), split gram (-0.088) and whole gram (-0.255),
reaffirming its importance in local dietary traditions. Peas retain complemen-
tary relationships with arhar (-0.014), khesari (-30.341), masur (-0.049), moong
(-0.060), split gram (-0.078) and whole gram (-0.050). Substitution behaviour is
only observed with urad (0.318), indicating a limited role for peas as a price-
driven substitute despite their importance in balanced diets. Split gram serves as
a strong substitute for peas (1.015), urad (0.590) and whole gram (0.147), reflect-
ing significant consumption shifts when prices of these pulses increase. However,
it continues to maintain complementary relationships with arhar (0.001), khesari
(-35.792), masur (-0.131) and moong (-0.059), affirming its centrality in diverse
meal preparations. Urad acts as a substitute for masur (0.602), peas (1.055) and
whole gram (0.090), while remaining complementary with arhar (-0.025), khesari
(-19.631), moong (-0.042) and split gram (-0.100). These patterns highlight urad’s
dual function as both a staple in traditional cooking and a flexible dietary option
in response to price movements. Whole gram plays a substitutive role across most
pulses, including peas (1.281) and urad (0.373), confirming its prominence as a
preferred alternative under economic pressures. Nonetheless, it remains comple-
mentary with arhar (-0.026), khesari (-128.053), masur (-0.113), moong (-0.063)

and split gram (-0.158), underscoring its continued relevance in local food culture.

In Punjab, pulse consumption patterns are heavily influenced by substitution be-
haviours, indicating a highly price-sensitive market environment. Despite this,
complementary relationships continue to play a significant role, reflecting deep-
rooted culinary traditions. Arhar serves primarily as a substitute for khesari
(13.262), masur (0.068) and urad (5.736), suggesting that significant price in-
creases in these pulses prompt consumers to shift toward arhar. However, arhar
retains complementary relationships with moong (-0.005), peas (-0.424), split gram
(-0.115) and whole gram (-0.001), demonstrating its ongoing role in a balanced
diet. Khesari functions as a strong substitute for masur (0.003) and urad (0.250),
suggesting that they are quickly replaced with khesari when their prices rise. Com-
plementary consumption persists with arhar (-0.044), moong (-0.005), split gram

(-0.005) and whole gram (-0.001), underlining khesari’s role as an economical
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pulse supporting household nutrition. Masur displays a significant substitution
effect with urad (6.830) and moderate substitution with khesari (1.771). Comple-
mentary consumption remains evident with arhar (-0.190), moong (-0.005), peas
(-0.061), split gram (-0.180) and whole gram (-0.031), underscoring masur’s im-
portance in traditional recipes despite its substitution flexibility. Moong acts as
a substantial substitute for khesari (5.718), masur (0.155) and urad (9.773), re-
flecting strong market responsiveness to price movements. However, moong is
still consumed complementarily with arhar (-0.315), peas (-0.054), split gram (-
0.237) and whole gram (-0.041), affirming its critical place in Punjabi cuisine. Peas
primarily act as a substitute for khesari (212.271) and urad (0.610), while main-
taining complementary relationships with arhar (-0.100), masur (-0.061), moong
(-0.054), split gram (-0.008) and whole gram (-0.001). This highlights peas’ signif-
icant role in the region’s dietary habits, even as they serve as a flexible alternative
under market pressures. Split gram shows strong substitution effects with khesari
(2.782), masur (0.108), moong (0.010), peas (0.035) and urad (2.726). Despite
these substitution patterns, it continues to play a complementary role with arhar
(-0.195), whole gram (-0.039) and several other pulses, indicating its centrality
in household meal planning. Urad demonstrates pronounced substitution effects
with khesari (3.393), masur (0.094), moong (0.019) and whole gram (5.309). Nev-
ertheless, urad maintains complementary relationships with arhar (-0.353), peas
(-0.077) and split gram (-0.062), reinforcing its culinary significance despite eco-
nomic pressures. Whole gram primarily serves as a substitute for masur (0.096),
moong (0.002), peas (0.064) and urad (5.309), while remaining complementary
with arhar (-0.230), khesari (-0.109) and split gram (-0.145). These patterns high-
light whole gram’s dual role as both a primary protein source and a cost-effective

substitute under price fluctuations.

In Rajasthan, the consumption patterns of pulses are marked by a dominant pres-
ence of substitution effects, driven primarily by economic factors and fluctuations
in pulse prices. However, traditional culinary practices sustain complementary
consumption for several key pulses. Arhar demonstrates significant substitution
effects with masur (1.065), peas (1.180), urad (1.023) and whole gram (2.957), indi-
cating that as prices for these pulses rise, consumers shift decisively toward arhar.
Complementary consumption persists with khesari (-0.518), moong (-0.032) and
split gram (-0.144), reaffirming arhar’s essential role in daily diets despite eco-

nomic pressures. Khesari acts as a substitute for masur (0.047), peas (1.436),
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urad (0.056) and whole gram (0.534), while maintaining complementary relation-
ships with arhar (-0.024), moong (-0.002) and split gram (-0.010). These patterns
suggest that khesari remains a fallback option for households managing dietary
costs. Masur functions predominantly as a substitute for peas (1.262), urad (1.018)
and whole gram (2.433), while exhibiting complementary consumption with arhar
(-0.625), khesari (-0.413), moong (-0.042) and split gram (-0.164). This dual be-
haviour highlights masur’s role as both a foundational dietary component and a
flexible alternative under shifting market conditions. Moong serves as a significant
substitute for masur (1.258), peas (0.725), urad (1.161) and whole gram (1.244),
yet retains complementary relationships with arhar (-0.753), khesari (-0.531) and
split gram (-0.316). Moong’s versatility stresses its importance in the urban pulse
economy. Peas act predominantly as substitutes for masur (0.361), urad (0.398)
and whole gram (3.084). Despite this, peas remain complementary with arhar
(-0.200), khesari (-6.180), moong (-0.020) and split gram (-0.058), underscoring
their vital role in local cuisine despite price fluctuations. Split gram demonstrates
strong substitution tendencies with masur (0.963), peas (0.650), urad (0.892) and
whole gram (1.237). However, it remains a key complementary pulse alongside
arhar (-0.348), khesari (-0.717) and moong (-0.074), affirming its centrality in
daily meals. Urad plays a substantial substitutive role with masur (1.036), peas
(1.228) and whole gram (2.644), but retains complementary relationships with
arhar (-0.713), khesari (-0.581), moong (-0.048) and split gram (-0.173), indicat-
ing its flexibility in urban diets. Whole gram functions primarily as a substitute
for masur (0.776), peas (3.066) and urad (0.760), while maintaining complemen-
tary relationships with arhar (-0.859), khesari (-2.130), moong (-0.036) and split
gram (-0.120). These patterns highlight whole gram’s critical role as both a staple

food and a price-sensitive alternative.

In Uttar Pradesh, pulse consumption patterns reveal a market significantly influ-
enced by economic factors, particularly evident through widespread substitution
effects. Nevertheless, strong complementary relationships persist, reflecting tradi-
tional culinary structures embedded in urban households. Arhar shows a complex
profile: it is consumed complementarily with khesari (-0.019), masur (-0.600), split
gram (-0.025) and whole gram (-0.764), confirming its integration in mixed meal
structures. Yet, it acts as a substitute for moong (0.140), peas (0.126) and urad
(0.216), indicating a responsive shift towards arhar under price increases in these
categories. Khesari plays a dual role, functioning as a substitute for moong (0.053),

peas (0.023) and urad (0.011), while being complementary to arhar (-0.007), masur
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(-0.074) and whole gram (-0.564). This reflects khesari’s status as a cost-effective
pulse that both complements and replaces higher-value pulses when necessary.
Masur demonstrates substitution behaviour with moong (0.379), peas (0.076) and
urad (0.051), while showing complementary relationships with arhar (-0.197), khe-
sari (-0.494), split gram (-0.064) and whole gram (-0.339). These results underline
masur’s flexibility as both a fallback and a core pulse in urban diets. Moong
exhibits substitution effects with split gram (0.023) and urad (0.123), though it
remains complementary to arhar (-0.139), khesari (-1.086), masur (-0.380), peas
(-0.114) and whole gram (-0.811). This indicates that while moong adapts to price
changes, it still retains its role in multi-pulse preparations. Peas primarily act as
substitutes for moong (0.100) and urad (0.070), but are consumed complementar-
ily with arhar (-0.227), khesari (-0.896), masur (-0.282), split gram (-0.004) and
whole gram (-0.592). This duality demonstrates peas’ significance in urban diets
as both a core and a flexible pulse. Split gram acts as a substitute for moong
(0.085) while retaining strong complementary relationships with arhar (-0.132),
khesari (-0.566), masur (-0.158), peas (-0.039), urad (-0.036) and whole gram (-
0.865). Its consistent negative associations suggest that it remains foundational
to traditional cooking across income levels. Urad shows minor substitution effects
with peas (0.001) and split gram (0.010), yet it continues to be consumed com-
plementarily with arhar (-0.260), khesari (-0.194), masur (-0.317), moong (-0.154)
and whole gram (-0.431). This highlights urad’s resilience as a key pulse despite
price variability. Whole gram reflects a predominantly complementary profile,
with negative coefficients across arhar (-0.047), khesari (-1.580), masur (-0.162),
moong (-0.101), peas (-0.051) and urad (-0.431). A minor substitution effect is
evident only with split gram (0.009), confirming its central role as a stable dietary

component.

In West Bengal, pulse consumption is defined by a well-developed system of sub-
stitution behaviours, highly responsive to price changes, combined with sustained
complementary consumption rooted in the region’s rich culinary heritage. This
complex market behaviour reflects both economic necessity and a strong adherence
to traditional dietary preferences. Arhar acts primarily as a substitute for khe-
sari (2.569), peas (2.255) and whole gram (1.965), suggesting that price increases
in these pulses drive significant consumption shifts towards arhar. Complemen-

tary relationships are retained with moong (-0.029), split gram (-0.047) and urad
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(-0.272), reaffirming arhar’s prominent role in balanced diets despite price fluctu-
ations. Khesari serves mainly as a complement to other pulses, including arhar (-
2.419), masur (-0.044), moong (-0.117), peas (-0.055), split gram (-0.054) and urad
(-0.245). Substitution effects appear only with whole gram (0.125), indicating that
when whole gram prices rise, some consumers shift towards khesari, likely driven by
affordability. Masur exhibits strong substitution effects with arhar (4.796), peas
(0.015), split gram (0.246) and whole gram (0.461), suggesting that consumers
readily turn to masur when these pulses become costly. Nevertheless, masur re-
tains complementary relationships with moong (-0.033), peas (-0.019) and urad
(-0.213), confirming its continued importance in composite dishes. Moong plays a
highly flexible role, acting as a substitute for arhar (4.037), peas (0.086), split gram
(0.037) and whole gram (0.102), while remaining complementary with khesari (-
3.002), masur (-0.007) and urad (-0.197). This highlights moong’s widespread use
as a price-responsive dietary alternative. Peas demonstrate a strong substitutive
role with arhar (2.255), moong (0.086) and whole gram (0.095). Despite this,
peas are consumed complementarily with khesari (-2.073), masur (-0.019), split
gram (-0.004) and urad (-0.157), confirming their essential role in West Bengal’s
diverse cuisine. Split gram is predominantly a substitute, with significant posi-
tive coefficients for arhar (3.451), masur (0.246) and whole gram (0.091). Yet,
it remains complementary to khesari (-1.903), moong (-0.015), peas (-0.029) and
urad (-0.174), indicating its critical position in the region’s dietary traditions.
Urad functions as a substitute for arhar (2.255) and whole gram (0.103), while
maintaining complementary relationships with khesari (-2.366), masur (-0.018),
moong (-0.014), peas (-0.041) and split gram (-0.057). This dual role illustrates
urad’s significance in both traditional cooking and as a flexible alternative during
price shifts. Whole gram primarily acts as a substitute for arhar (1.965), khesari
(0.125) and urad (0.103), while being consumed complementarily with masur (-
0.008), moong (-0.006), peas (-0.065) and split gram (-0.052). These results affirm
whole gram’s centrality as both a staple protein source and a flexible option in

response to economic constraints.
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Chapter 6

Results and Discussion on Import

Competitiveness

6.1 Import Competitiveness of Edible Oils

The analysis of India’s import dependency on edible oils, a critical component of
the nation’s food security, reveals a dynamic landscape characterized by fluctu-
ations in import value. Examining the “Decomposition of India’s Import Value
Change”, we observe a consistent trend of negative growth from 2000 to 2015,
as seen in table 6.1, followed by a substantial positive shift in the 2015 to 2021
period. The initial decrease, amounting to a reduction of approximately USD
845 million from 2000 to 2005, deepened significantly in the subsequent five-year
period, reaching a decline of roughly USD 4.07 billion. This downward trend per-
sisted until 2015, with a further reduction of USD 3.74 billion. However, the period
from 2015 to 2021 witnessed a remarkable reversal, with import values surging by
approximately USD 6.83 billion.

A deeper dive into the constituent effects reveals the pivotal role of the “Compet-
itiveness Effect”. From 2000 to 2005 period, this effect contributed positively to
import value, suggesting India’s enhanced ability to source edible oils during this
period. However, the effect turned negative from 2010 to 2015 period, indicating
challenges in maintaining import competitiveness. Notably, the “Competitiveness
Effect” rebounded strongly in the 2015 to 2021 period, becoming the primary

driver of the overall increase in import value. This suggests that factors such
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as favourable trade agreements, competitive pricing from suppliers, or increased

domestic demand may have played a significant role.

The “Effect of Growth of World Trade (World Growth Effect)” was consistently
negative between 2000 and 2015, indicating that changes in the overall global
import market negatively impacted India’s import volumes during that period. It
turned positive between 2015 and 2021. The “Commodity Effect” was negative
from 2000 to 2010, indicating that India’s imports were not aligned with growing
global demand. However, the effect turned positive from 2010 to 2021 period,
suggesting that India’s imports were aligned with growing global demand. The
“Regional Market Effect” was negative from 2000 to 2010 period, indicating that
India’s imports were not aligned with growing regional markets. However, the
effect turned positive between 2010 to 2015 period, suggesting that India’s imports
were aligned with growing regional markets. However, the effect turned negative
from 2015 to 2021.

The “Decomposition of India’s Import Share Change” for oils paints a similar
picture of volatility, as observed in table 6.2. India’s market share of edible oil
imports increased by 2.256% from 2000 to 2005, signalling a growing reliance
on foreign sources. However, this trend reversed in the subsequent decade, with
market share declining by 0.761% from 2005 to 2010 and further by 3.794% from
2010 to 2015. The period from 2015 to 2021 witnessed a resurgence, with market
share increasing by 4.704%.

The “Commodity Composition Effect” and the “Commodity Adaptation Effect”
offer insights into India’s ability to align its import basket with global demand
trends. The positive “Commodity Composition Effect” from 2000 to 2005 suggests
that India’s imports were aligned with growing global demand. However, the
negative “Commodity Adaptation Effect” during the same period indicates that
while India’s imports were in growing sectors, they were not adapting as well as
the world average. The negative “Market/Region Composition Effect” from 2000
to 2015 period, combined with the fluctuations in the “Market/Region Adaptation
Effect”, point to a similar dynamic in the regional sourcing of edible oils. This
suggests that India’s sourcing strategies have not consistently aligned with the

fastest-growing regions for edible oil exports.
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6.2 Import Competitiveness of Pulses

The analysis of India’s import dependency on pulses, another vital component of
the nation’s dietary staples, reveals a distinct pattern characterized by a significant
surge in import reliance in recent years. As shown in table 6.3, the “Decomposition
of India’s Import Value Change” indicates a substantial decrease in import value
from 2010 to 2015, amounting to a reduction of approximately USD 1.54 million.
However, the period from 2015 to 2021 witnessed a remarkable turnaround, with

import values increasing by USD 1.45 million.

The “Competitiveness Effect” plays an important role in shaping India’s pulse
import dynamics. The effect remained consistently negative from 2015 to 2021
period, suggesting persistent challenges in sourcing pulses competitively. However,
the substantial positive shift in the “Competitiveness Effect” from 2015 to 2021

indicates a significant improvement in India’s ability to secure pulse imports.

The “Decomposition of India’s Import Share Change” for Pulses, as shown in table
6.4, reveals a dramatic increase in India’s market share of pulse imports between
2010 and 2021, with a peak of 17.028% from 2010 to 2015. This surge signifies a

growing reliance on foreign sources to meet domestic pulse demand.

The “Commodity Composition Effect” and the “Commodity Adaptation Effect”
offer contrasting insights into India’s pulse import strategies. The positive “Com-
modity Composition Effect” from 2010 to 2015 suggests that India’s imports were
aligned with growing global demand. However, the consistently negative “Com-
modity Adaptation Effect” from 2010 to 2021 indicates that India’s import com-
position was not adapting as effectively as the world average. This suggests that
while India was importing pulses that were globally in demand, it was not doing

so at the same pace as other importing countries.
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Chapter 7

Conclusion

7.1 Conclusion

In conclusion, the quantitative analysis of India’s edible oil and pulse import dy-
namics reveals a complex and evolving landscape. While the nation has made
significant strides in enhancing self-sufficiency in pulses, it continues to face sub-
stantial challenges in reducing our import dependence of edible oils. The consump-
tion of edible oils in India is characterized by distinct rural and urban patterns,
shaped by regional preferences and economic factors. While the analysis of pulse
consumption patterns in India highlights the importance of understanding the di-
verse factors that shape dietary habits across the country. This study showcases
the distinct consumption patterns in both rural and urban areas, offering valuable
insights into the nutritional dynamics and socio-economic influences that drive
pulse consumption. In addition, the adaptation of CMS for import analysis pro-
vides a valuable lens to examine India’s import dependency, which offers insights
into the factors shaping India’s reliance on foreign sources for essential commodi-
ties like edible oils and pulses. The demand and supply scenario of edible oils
in India is characterized by a significant gap between domestic production and

consumption, leading to high import dependency.

The analysis of cross price elasticity of edible oils in rural India, offers insights
into the patterns of substitution and complementarity, influenced by regional tra-
ditions, economic constraints, and nutritional preferences. The rural consumption
patterns reveal a strong adherence to traditional oils, particularly mustard and

groundnut. Substitution effects primarily arise under financial stress or significant
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price fluctuations. Vanaspati oil, with its lower price point, is the dominant sub-
stitute, especially in lower-income regions. Coconut oil remains highly localized to
Southern India, with minimal substitution elsewhere. Looking at the inter-oil dy-
namics, vanaspati oil is widely consumed as a substitute, particularly in Northern
and Eastern states. Its low cost makes it attractive when the prices of mustard and
groundnut oils rise. However, awareness of its lower nutritional value limits its in-
tegration in culturally stable diets. Mustard oil dominates in the North and East,
especially in Uttar Pradesh, Bihar and West Bengal. It exhibits low substitutabil-
ity in these regions due to its cultural and culinary importance. Complementarity
is observed with groundnut oil in mixed preparations. Groundnut oil plays a sig-
nificant role in Western India, particularly in Gujarat and Maharashtra. It is both
a staple and a substitute for mustard oil. High price volatility leads to substitu-
tion with vanaspati in financially weaker rural populations. Coconut oil maintains
cultural prominence in Kerala and parts of Tamil Nadu, showing low cross-price
elasticity. Its role is more resistant to substitution due to deep-rooted culinary tra-
ditions. The regional trends of edible oil consumption showcase a diverse pattern.
In North and East, mustard oil is dominant. Rural populations rely on vanaspati
as a fallback during price surges. In the West, groundnut oil is the primary edible
oil, but rising prices trigger substitution with vanaspati. In South, coconut oil
remains culturally entrenched. Vanaspati substitution is limited, except in poorer

segments.

The analysis of cross price elasticities of edible oils in the urban regions, highlights
how urban consumption is increasingly influenced by price sensitivity, health con-
sciousness, and changing dietary habits. Urban markets are highly elastic and
responsive to price fluctuations. Consumers are more likely to substitute between
oils based on market conditions, with vanaspati oil occupying a significant share in
low-income urban segments. Health-conscious consumers in higher-income brack-
ets are driving demand for traditional and premium oils like groundnut and co-
conut. The analysis of inter-oil patterns of consumption, reveal that vanaspati oil
dominates the substitution space, particularly in low-income urban households.
It replaces mustard and groundnut oils during price surges and remains widely
available through commercial food outlets. Mustard oil continues to be impor-
tant in Eastern urban centers but faces substitution pressure from vanaspati and
groundnut oils as prices rise. Groundnut oil serves both as a health-conscious

choice in higher-income households and a substitute for more expensive oils like



Conclusion 205

coconut in middle-income segments. Coconut oil is increasingly marketed as a pre-
mium, health-focused product. While its consumption is stable in South Indian
cities, elsewhere it is largely limited to high-income, health-conscious consumers.
The regional patterns depict that in the North and East states substitution with
vanaspati is quite prevalent. Mustard oil retains cultural relevance but is sensi-
tive to price increases. In West states of Gujarat and Maharashtra, groundnut oil
consumption is high but faces substitution with vanaspati, among price-sensitive
consumers. In South coconut oil dominates, particularly in states of Kerala and

Tamil Nadu. Substitution patterns are minimal except in low-income groups.

The cross-price elasticities analysis of pulses in rural India reveals diverse consump-
tion dynamics influenced by regional preferences, price sensitivities, and nutritional
accessibility. Across rural India, pulses exhibit mixed roles as substitutes and com-
plements. Complementarity is deeply rooted in traditional cooking practices, while
substitution emerges under economic constraints and price fluctuations. Arhar,
moong and masur are frequently complemented with other pulses, while peas, urad
and whole gram show stronger substitution dynamics, especially in economically
vulnerable states. Looking at the inter-pulse dynamics, it is obvious that arhar is
consistently a staple across most states. It is largely complemented by pulses like
khesari and masur, while functioning as a substitute for peas and urad in more
price-sensitive regions such as Bihar, Uttar Pradesh and Assam. Khesari holds a
marginal yet crucial position. While mostly a complement, it becomes a substi-
tute in extreme price conditions or where it is more culturally accepted in states of
Odisha and Madhya Pradesh. Masur functions in dual roles in states like Jammu
& Kashmir, Odisha and Punjab, where it complements broader consumption bas-
kets. Yet in Maharashtra, West Bengal and Madhya Pradesh, it substitutes for
more expensive pulses like moong and whole gram. Moong is often a substitute
for urad and peas due to its culinary flexibility and perceived digestibility. It
maintains complementarity in states with composite diets such as Uttar Pradesh,
Kerala, and Assam. Peas exhibit high substitutability, especially for pulses such
as masur and urad. This is particularly evident in states with constrained pulse
supply or high price volatility, such as Rajasthan and Odisha. Split gram is mostly
complementary in states with established thali-based consumption patterns, but
shifts toward substitution, notably for urad and peas in Gujarat, Bihar and Ma-
harashtra. Urad is highly substitutable, particularly for masur and Split gram,
and less frequently complements pulses like moong or peas, except in South In-

dian and Eastern states. Whole gram displays strong substitution across nearly
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all states, reflecting its status as a standalone protein source. However, it remains
complementary in regions with high vegetarian dietary prevalence. Looking at the
regional trends arhar and masur are staples and complemented widely in Northern
States such as Punjab, Haryana, Uttar Pradesh. Whole gram and urad serve as
substitutes in more urbanised or semi-urbanised rural economies. Moong plays a
consistent complementary role. In the Eastern and North-Eastern States of As-
sam, Tripura, West Bengal the pulse consumption is broader. Arhar and moong
dominate, with high substitutability of peas and khesari. In the Southern states of
Karnataka, Andhra Pradesh and Kerala high complementarity dominates. Arhar
and moong are widely co-consumed, while substitution is reserved for peas and
whole gram in economically marginal districts. In the Central and Western states
of Madhya Pradesh, Rajasthan and Gujarat moong and split gram are often sub-
stitutes, particularly where markets are exposed to intra-state trade fluctuations.
Arhar and masur are complemented within staple diets. Odisha and Bihar exhibit
strong substitution effects across multiple pulses, particularly where affordability
is key. Khesari, though marginal in consumption, substitutes for costlier pulses.
States with higher elasticities for substitution tend to demonstrate market respon-
siveness to pulse price volatility, which suggests potential for price-based policy
levers such as subsidies or minimum support price interventions. States with
higher complementarity reflect diet stability, where interventions must preserve
access to diverse pulses rather than substituting one for another. The rural analy-
sis highlights the dual pressures of economic affordability and cultural stability in
shaping pulse consumption in India. While substitution signals flexibility in times
of scarcity, complementarity indicates enduring dietary cohesion. State-specific
interventions must thus balance price responsiveness with nutritional sufficiency,

particularly in under-served and economically fragile rural populations.

The cross-elasticity data on urban pulse consumption patterns across Indian states
shows that pulses play an essential role in the dietary structures of Indian house-
holds, particularly within urban settings where nutritional transitions and market
dynamics coexist. Across most states, pulses like masur, moong and urad main-
tained strong complementary relationships, indicating their persistent inclusion
in traditional culinary practices despite price movements. States such as Kerala,
Uttar Pradesh and Bihar demonstrated this most prominently, with consistently
negative cross-elasticity values between key pulse categories. High substitution
elasticities were observed under price volatility particularly in states with more

pronounced market sensitivity, including Maharashtra, Gujarat and West Bengal.
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Pulses such as arhar and whole gram often served as substitutes when the prices of
high-protein pulses like urad and moong escalated. The substitution coefficients
in these states highlight a significant shift towards more affordable pulse options
under price pressure. Despite known health concerns, khesari remains a critical
fallback pulse in economically weaker households, particularly in states like Uttar
Pradesh, Bihar and West Bengal. High substitution elasticities between khesari
and pulses like peas and masur point to its continued role as a dietary staple
for cost-sensitive consumers. Looking at the regional trends distinct consumption
patterns emerged. In Western India, Gujarat, Maharashtra and Rajasthan, high
substitution elasticity is seen, indicating a market-responsive consumer base. In
the Eastern and Northern states of West Bengal, Bihar and Uttar Pradesh, mixed
behaviours with a balance between traditional consumption and price-driven sub-
stitution is quite noticeable. In Southern states of Kerala, Karnataka, Andhra
Pradesh, strong complementary patterns and lower substitution effects are seen,
underlining culinary consistency. Overall, in urban regions, pulses such as split
gram and whole gram consistently appeared to be both substitutes and comple-
ments, indicating their role as flexible nutritional stabilisers. Their accessibility
and affordability make them critical instruments in maintaining dietary protein
intake when prices of other pulses rise. The econometric analysis of urban pulse
consumption patterns reveals a complex interplay between economic constraints
and cultural food practices. While substitution behaviours demonstrate consumer
adaptability, the persistence of complementary relationships underscores the im-

portance of traditional culinary values.

The analysis of India’s import dependency on edible oils reveals a complex and
dynamic landscape. The “Competitiveness Effect” emerges as a critical factor in-
fluencing India’s import dynamics, underscoring the importance of factors such as
trade agreements, supplier pricing and domestic demand pressures. The volatility
in edible oil imports underscores the need for strategies to mitigate the impact of
global price fluctuations and supply disruptions. The spikes in the competitive-
ness effect is a cause for concern and needs to be investigated. The volatility in
edible oil imports underscores the need for strategies to mitigate the impact of
global price fluctuations and supply disruptions, particularly the substantial fluc-
tuations in the “Competitiveness Effect”, suggests a high degree of sensitivity to
external market forces. The well-documented volatility of global edible oil prices,
influenced by factors like weather patterns, production levels in major exporting

nations and biofuel demand, is likely a primary driver. Changes in India’s trade
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policies, including import tariffs and quotas, along with currency exchange rate
variations, further contribute to this volatility. The consistently negative “World
Growth Effect” from 2000 to 2015 indicates that global import market dynam-
ics did not favour India’s import volumes during this period, potentially due to
shifts in global demand or disruptions in supply chains. Conversely, the varying
“Commodity Effect” and “Regional Market Effect” reflect India’s evolving import
strategies, which may prioritize diversification and domestic production policies
over solely pursuing the fastest-growing markets. The analysis of India’s import
dependency on pulses marks an increase in India’s pulse import market share
from 2010 to 2021 which highlights a growing reliance on foreign sources, driven
by rising domestic demand and agricultural production challenges. The shift from
a negative to a positive “Competitiveness Effect” for pulses suggests recent im-
provements in sourcing, although the persistent negative “Commodity Adaptation
Effect” indicates a need to better align import composition with global trends.
Supply chain enhancements, changing global supply dynamics and India’s specific

varietal preferences are likely contributing factors.
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7.2 Policy Interventions and Recommendations

The Indian government has implemented various policies to address the issue of
import dependency and improve domestic production of edible oils. These include
the launch of oilseed development schemes, minimum support prices (MSP) for
oilseeds and initiatives to promote the cultivation of oil palm, which has higher oil
content compared to traditional oilseeds (Dinesh et al. 2023) (Meena, Mishra, and
Narayanan 2015) (Chandrashekhar 2023). However, the impact of these policies
has been limited due to challenges such as poor infrastructure, low adoption of
technology and supply chain inefficiencies (Thomas, Jha, and Pal 2013) (Dohlman,
Persaud, and Landes 2003). To achieve self-sufficiency in edible oils, India needs
to focus on improving oilseed productivity, expanding the area under oil palm
cultivation and strengthening domestic supply chains. Additionally, policies such
as differential tariffs on palm oil and promoting healthier alternatives can help re-
duce import dependency while addressing nutritional and environmental concerns

(Garcia-Dorado 2019) (Chandrashekhar 2023) (Kumar 2022).

Globally, many oilseed-producing countries, such as Brazil and the USA, have
implemented highly efficient agricultural policies that support high-yielding crop
varieties, advanced farming technologies and mechanized agriculture. These na-
tions also benefit from extensive research and development (R&D) initiatives that
focus on increasing oilseed productivity, which has contributed to their sustained
growth in the edible oil sector. India has been proactive in implementing several
policies to bridge the gap between supply and demand in edible oils. The National
Mission on Edible Oils Oilseeds (NMEO-OS) is a major policy initiative aimed at
enhancing domestic oilseed production, with a target to raise production to 70
million tonnes by 2030-31. Additionally, the National Mission on Edible Oils Oil
Palm (NMEO-OP) is focused on promoting oil palm cultivation, especially in the
North-East and other suitable regions, to increase palm oil production and reduce
import dependency. Despite these efforts, India’s policies face challenges such as
insufficient technological adoption, low seed replacement rates (SRR) and inade-
quate agricultural infrastructure. Globally, the promotion of genetically modified
(GM) crops has played a pivotal role in enhancing yields, something India has yet
to fully explore. While India does have some GM crops, particularly in cotton,

GM crops are not yet widely used in oilseeds, limiting yield growth potential.

The findings of this study have several policy implications. Given the varying

expenditure elasticities, policies can be tailored to address the needs of different
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regions. In states with high expenditure elasticities for specific oils, targeted sub-
sidies or price controls can be implemented to ensure affordability for low-income
households. Policies can also focus on promoting local production of preferred oils
to enhance food security and reduce reliance on imports. Consumer education
programs can help consumers make informed choices based on price and avail-
ability. Efficient supply chain management can stabilize prices and ensure timely
delivery of edible oils to consumers. Market regulation can prevent price goug-
ing and ensure fair competition. Encouraging sustainable practices in edible oil
production can help ensure long-term food security and environmental sustain-
ability. Some strategic recommendations include increasing the area under oilseed
cultivation, particularly in non-traditional regions, can augment domestic supply.
Implementing measures to enhance productivity, such as the adoption of improved
seed varieties, advanced farming practices and efficient irrigation systems, is cru-
cial. Encouraging the cultivation of oil palm in suitable agro-climatic zones can
supplement domestic palm oil supply, thereby reducing import dependence. De-
veloping robust processing infrastructure can enhance value addition and minimize

post-harvest losses.

With respect to edible oils in rural regions of India, government should enhance
local production of mustard and groundnut oils to stabilise their prices. Looking
at the nutritional aspects, limiting vanaspati proliferation through higher taxation
and controlled distribution and inclusion of healthier oils in rural welfare programs
such including them, in the mid-day meals would enhance nutritional significance.
We also need to promote nutritional awareness regarding the long-term health

effects of vanaspati consumption.

In the urban regions, policies are required to promote consumption of healthier oils
through targeted urban nutrition programs and health campaigns. There is a need
to regulate the marketing and consumption of vanaspati, especially in processed
food sectors. We need to encourage urban cooperative stores to stock affordable
mustard and groundnut oils in order increase its demand and reduce the demand
of vanaspati. Strengthening supply chain would bring efficiency and reduce urban

price volatility, ensuring availability of healthy alternatives to vanaspati.

The efforts initiated by agricultural extension network in the form of were already
paying rich dividends. Few initiatives such as scientific methods of farming with
emphasis on adoption of HYVs of seeds and improved cultivation practices ini-

tiated by agricultural extension network were already paying rich dividends and
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they have the potential to raise the farm yields of soybean to match with the
demo yield by being scaled up. The shortage in supply was further accentuated
due to pandemic and recent international disturbances. Such factors bring about
the need to attain self-sufficiency in edible oils (Shah and Shroff 2024). Policy-
makers should primarily focus on closing the demand supply gap of edible oils
in India. The technological, institutional and policy-based changes coupled with
bridging the extension gaps will help in raising the productivity and sustainabil-
ity of oilseed production (Shah and Shroff 2024). Foremost, the most important
aspect in closing the gap is expanding the area under oilseed cultivation, particu-
larly in underutilized areas such as rice fallows and wastelands, would significantly
boost oilseed production. This could be achieved through the promotion of high-
yielding, climate-resilient oilseed varieties, improved irrigation systems and better
crop management practices. India should focus on both horizontal expansion,
which is increasing the cultivated area and vertical expansion which is improv-
ing yields through modern farming technologies and better agricultural inputs.
Policy and infrastructural support is must in strengthening the oilseed supply
chain, improving seed quality, investing in processing infrastructure and increas-
ing public-private partnerships will help enhance production efficiency and meet
the growing demand. Lastly a targeted focus on oil palm cultivation in suitable
areas, such as the North-East and Andaman & Nicobar Islands, could provide a

significant boost to palm oil production, which remains the dominant import.

India has implemented various policy initiatives to enhance pulse production, in-
cluding subsidies and minimum support prices, aiming to stabilize domestic prices
and encourage exports (Reddy et al. 2024). The country is a significant player
in the global pulse market, being the largest producer, consumer and importer,
which underscores the importance of strategic trade policies (Bhat et al. 2022).
While India has made progress in increasing pulse production and reducing import
dependency, the demand continues to outpace supply for certain varieties, necessi-
tating ongoing imports. Strategic policy measures and technological advancements
are crucial to achieving self-sufficiency and stabilizing the pulse market in India.
Policy interventions such as technological advancements and private sector partici-
pation are needed. With a view to achieve food security in India, there will be need
to augment capital investment in agriculture with grater emphasis on investment
on research and development. The policy makers as well as well-informed farmers
have to come out with strategies to combat challenges posed before agriculture

sector in the future to safeguard agricultural sector of India as well as assuring
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adequate food supply at reasonable prices to both rural and urban population
(Shah 2012). By implementing targeted measures and fostering a conducive envi-
ronment for agricultural growth, India can enhance its food security and reduce its
reliance on imports. This strategic imperative is critical for ensuring the nation’s
long-term economic stability and resilience. Few strategic recommendations such
as maintaining remunerative prices for pulse farmers through minimum support
prices and market interventions is essential to sustain production growth. Ensuring
access to high-quality seeds and promoting seed replacement can enhance produc-
tivity and disease resistance. Expanding irrigation infrastructure can mitigate the
impact of rainfall variability and ensure stable yields. Investing and developing
adequate storage infrastructure can minimize post-harvest losses and ensure the
timely availability of pulses. By recognizing the specific needs and preferences
of both rural and urban populations, policymakers and stakeholders can develop
targeted interventions to promote nutritional security, enhance productivity and

ensure access to affordable and nutritious pulses for all segments of society.

Understanding cross-elasticities among pulses and edible oils is crucial for pol-
icymakers to anticipate consumer responses to price fluctuations and to design
effective interventions ensuring affordable access to nutritional staples in rural as

well as urban states.

With regards to pulses, in rural regions of India, price stabilization for pulses such
as peas, whole gram and urad with high substitution effects is required. Buffer
stock operations and targeted subsidies are essential, especially in states of Bi-
har, Madhya Pradesh and Maharashtra. Looking at the nutritional interventions,
complementary pulses such as arhar, moong and masur should be included in the
mid-day meal schemes across India to maintain dietary diversity. The supply chain
diversification is needed in order to strengthen the logistics in high-substitution
states to reduce price transmission asymmetries that prompt nutritional shifts.
Promotion of low-cost pulse such as khesari is necessary. Though controversial
due to health implications at excessive intake, can be rehabilitated via controlled

distribution and agronomic innovation in food-insecure districts.

In the Urban regions, targeted price stabilisation schemes are justified given the
high substitution effects of pulses like arhar and whole gram. Targeted price sta-
bilisation schemes should focus on these pulses to prevent nutritional deficiencies
during periods of inflation. Buffer stock policies must prioritise these key stabilis-

ing pulses. Nutrition-based subsidies can be implemented in highly substitutable
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yet nutritionally dense pulses like masur and moong can help prevent a decline in
dietary protein intake among vulnerable urban populations. Nutritional interven-
tions should incorporate cross-elasticity data to determine the optimal pulse cat-
egories for inclusion. While khesari serves as a crucial economic pulse, its health
risks due to neurotoxins necessitate careful regulation. Fortification programs
or substitution strategies should be implemented to gradually phase out its re-
liance without compromising food security in the urban regions. Public awareness
campaigns can help maintain a balanced intake of pulses despite market-driven
consumption shifts. Educational initiatives should focus on the nutritional value
of lesser-consumed pulses like moong and urad, which are often overlooked due
to price volatility. Investments in improving supply chains, especially for highly
substitutable pulses, can reduce price volatility and ensure consistent availability.
Urban consumption centres should be the focal point for enhanced storage and

transportation infrastructure.

Policymakers can leverage this opportunity by promoting indigenous pulses through
geographic indication (GI) labelling, organic certification and farmer-market link-
ages. In sum, while rural areas exhibit more consistently high and positive income
elasticities across pulse types, urban areas show greater variance, reflecting the
complexity and fragmentation of consumer behaviour in cities. Rural demand
still responds directly to income gains, especially for pulses seen as nutritious,
traditional, or aspirational. Urban demand, meanwhile, is influenced by lifestyle,
convenience, exposure to global diets and marketing. These insights emphasize
the need for differentiated food and agricultural policies. In rural India, interven-
tions should focus on enhancing access, affordability and awareness around pulses
to align rising incomes with improved nutrition. In urban India, where substitu-
tion effects and food competition are more pronounced, strategies should revolve
around product innovation, market segmentation and health messaging. By align-
ing policy instruments with these nuanced demand dynamics, India can support

equitable and nutrition-sensitive agricultural development.

Diversification of Import Commodities will help build a robust import strategy
begins with identifying commodities whose global demand growth is sluggish and
expanding the range of imports into high-growth sectors, such as information tech-
nology hardware and sustainable product inputs. Governments may deploy fiscal
incentives such as tax credits or reduced duties to encourage private-sector im-
porters to venture into these new commodity classes. Concurrently, information

campaigns can raise importer awareness of shifting global demand patterns and
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emerging opportunities. Countries that rely excessively on a handful of suppli-
ers expose themselves to geopolitical and economic risk. By conducting periodic
CMS analysis of trading-partner concentration, policymakers can detect such over-
dependence and proactively negotiate free-trade agreements or bilateral treaties
with high-growth economies. Trade missions and diplomatic outreach would fur-
ther cement relationships with alternative suppliers, thereby broadening the pool
of sourcing options and enhancing price competitiveness by expanding and diver-
sifying the source markets. To maximize the benefits of import diversification, it
is essential to streamline customs procedures and reduce administrative burdens.
The adoption of electronic single-window clearance systems and the simplification
of tariff structures potentially through tariff rate quotas can lower input costs and
facilitate timely access to imported goods. Clear, up-to-date guidance on regu-
latory requirements, developed in consultation with industry stakeholders, would
ensure transparency and predictability for importers and enhance the domestic

market competitiveness.

Investment in infrastructure and logistics is needed for efficient import operations
demand modern ports, specialized terminals and temperature controlled storage
facilities. To prioritize building infrastructure, public-private partnerships (PPP)
offer a means to finance these capital-intensive projects, while innovation grants
can spur the development of advanced logistics solutions such as real-time track-
ing systems that reduce wastage and preserve the quality of perishable imports.
Additionally, monitoring and adapting the global trends is crucial as to the global
trade is in constant flux. Therefore, continuous analysis of CMS is vital. Es-
tablishing dedicated research units within trade ministries would enable regular
analysis of supply, demand and price trends. Policymakers should maintain flexi-
bility in adjusting tariffs, quotas and support mechanisms in response to evolving
data and build strategic reserves of essential commodities to cushion against sud-
den disruptions. Policymakers should attempt to promote sustainable and ethical
imports and environmental and social considerations must be embedded within
import strategies. Governments can mandate or incentivize certifications such as
the Round-table on Sustainable Palm Oil (RSPO) label or recognized fair-trade
standards to ensure that imports adhere to sustainability and labour rights cri-
teria. Consumer education initiatives can further stimulate demand for sourcing
goods responsibly and thus reinforcing global sustainability objectives. Finally,
contemporary events from trade wars to technological revolutions exert profound

influence on import performance. Elevated tariffs during economic disputes inflate
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sourcing costs and prompt businesses to seek alternative suppliers. Health crises,
such as pandemics, disrupt production and logistics, emphasizing the importance
of strategic stockpiling and supply chain visibility. Technological advancements,
including blockchain for traceability and Al-driven demand forecasting, offer pow-
erful tools to enhance import management. Finally, international environmental
agreements and evolving consumer preferences necessitate the adoption of green
policies and the promotion of sustainable products. By understanding and re-
sponding to these multifaceted dynamics, countries can refine their import strate-

gies to bolster economic resilience and achieve long-term competitiveness
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7.3 Limitations of the study

In cases where the elasticity for edible oil and pulses is estimated by the model
with a very high standard error, such cases makes the elasticity estimates almost
meaningless for comparisons. One would expect this situation mainly for two rea-
sons, one, if the average income per person is higher in urban regions and secondly.
with growing urbanization there is a normal tendency towards diversification in
the composition of food and secondly due to an increase in expenditures on food
taken outside the home. If these differences should continue to exist, the rate
of increase in total food expenditure would probably accelerate with the grow-
ing urbanization, because of the higher rate of increase in income per head in
those urban areas which have fairly similar expenditure elasticities of overall food

expenditures.

The AIDS model is essentially static in nature and might not adequately cap-
ture the dynamic aspects of consumer behaviour, such as habit formation, learn-
ing effects or adjustment costs. More so, the CMS model is based on the non-
probabilistic results, hence cannot be used for further statistical inferences. Al-
though it is important to note that in this study, the data of imports is not a
sample data, and hence, neither statistical testing is required nor hypothesis are

constructed.

7.4 Future Scope of the Study

The NSSO dataset has an extensive list of household characteristics on which data
is available, such as religion and social groups. A similar analysis can further by
studied on the basis of these variables in order to understand the consumption
behaviour across socio-economic factors based on religion and social groups across
the rural and urban regions of India. The demand systems can also be extended
for better estimation of the elasticities by using AIDS-extensions such as General-
ized AIDS, Quadratic AIDS (QUAIDS), Generalized QUAIDS, Translog Demand
System, Linear Expenditure Demand System or the Cobb-Douglas Demand Sys-

tem.
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