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ABSTRACT
The dynamics of international trade play a pivotal role in shaping economic growth
and development for nations worldwide. This significance is particularly pronounced
in the context of India’s agrarian economy. With a substantial portion of its population
dependent on agriculture, engaging in global trade presents a myriad of advantages.
As a member of the World Trade Organization (WTO), India benefits from a framework
that fosters transparent and fair-trade relations, enabling dispute resolution and
favourable negotiations. India’s agro-climatic diversity grants it a competitive edge in
cultivating various agricultural products, predominantly rice. Enabling policies, like
Minimum Support Price and subsidies, incentivize farmers, while adherence to inter-
national quality standards enhances the acceptance of Indian rice abroad. The gravity
model employed in this study to analyze India’s rice trade with major importing coun-
tries, offers valuable insights into trade dynamics. When delving into specific determi-
nants of trade, the Heckman selection equation proves useful. Factors like Gross
Domestic Product (GDP), per capita income, trade history, and exchange rates consist-
ently impact partner selection. The likelihood of choosing a trading partner is influ-
enced by economic compatibility, historical trade relations and WTO membership.
Additionally, shared borders and regional affiliations play a role, while economic reces-
sions tend to decrease partner selection due to reduced demand. Examining trade
quantity reveals nuanced dynamics. Historical trade interactions, economic indicators
and WTO membership consistently influence trade volumes. Larger GDPs, per capita
incomes, and populations of trading partners enhance trade prospects, while dispar-
ities in income and exchange rate fluctuations impact trade negatively. Importantly,
distance remains a key factor affecting trade volume, as logistical complexities and
transportation costs influence trade decisions. These findings shed light on trade
dynamics, enabling evidence-based policy decisions to enhance trade relationships,
boost competitiveness and propel India’s rice exports to new heights.
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1. Introduction

International trade serves as a crucial driver of economic growth and development, extending a nation’s
reach beyond its domestic borders. This engagement with other countries enables access to a wider cus-
tomer base, resulting in expanded production and economies of scale. This, in turn, fosters economic
advancement. Moreover, international trade’s encouragement of specialization allows countries to focus
on areas where they hold a comparative advantage, leading to efficient resource allocation, heightened
productivity, and global economic benefits. One prominent advantage lies in the enhanced consumer
choices made possible through importing goods and services that might be absent or more affordable
elsewhere. This diversity of offerings elevates living standards and consumer satisfaction. Furthermore,

CONTACT Adinan Bahahudeen Shafiwu jaganmaligi@gmail.com Jayashankar Telangana State Agricultural University (PJTSAU),
Government of Telangana, Hyderabad, India.
� 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

COGENT ECONOMICS & FINANCE
2024, VOL. 12, NO. 1, 2312367
https://doi.org/10.1080/23322039.2024.2312367

http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2024.2312367&domain=pdf&date_stamp=2024-02-26
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/23322039.2024.2312367
http://www.tandfonline.com


international trade’s role in job creation cannot be understated. Export-driven industries often experi-
ence employment growth as they cater to international markets, thereby reducing unemployment rates
and elevating incomes. Beyond economic ramifications, international trade facilitates the exchange of
knowledge, technology, and best practices between nations. This interchange nurtures innovation and
progress, propelling global development through the adoption of novel methods and technologies. This
dynamic exchange of ideas accelerates overall societal advancement (Saxena et al., 2023). The signifi-
cance of international trade extends to diplomatic and political arenas. It fosters robust relationships
between countries, fostering peaceful cooperation and creating avenues for future collaboration. This
dialogue-driven interaction cultivates mutual understanding and decreases the likelihood of conflicts.
Additionally, the diversification of goods and services sources mitigates dependency on a single market
or supplier, offering resilience against supply chain disruptions and domestic demand fluctuations. This
attribute is particularly valuable during economic uncertainties (Anh Lan Thi et al., 2022).

In the context of India’s substantial agrarian economy, international trade of agricultural commodities
holds immense significance. With a significant portion of population (58%) relying on agriculture for live-
lihood, engaging in global trade offers numerous advantages (Agricultural Statistics at a Glance, 2021). It
grants access to larger markets, facilitates diversification, and introduces modern technology and techni-
ques. This, in turn, stimulates economic growth, reduces poverty, and elevates living standards in rural
areas. By participating in international trade as a member of the World Trade Organization (WTO), India
benefits from a framework of rules that promote fair, transparent, and predictable trade relations. This
involvement strengthens India’s ability to resolve disputes, negotiate favorable agreements and safe-
guard its interests in the global agricultural market (Khalid et al., 2020). Engaging in international trade
empowers India’s agricultural sector by providing access to global markets, extending opportunities for
farmers and businesses beyond national borders, increase foreign exchange earnings, facilitate exchange
of knowledge, technology, and best practices etc. So, the international trade of agricultural commodities,
especially rice, provides India with a pathway to economic prosperity, technological advancement, and
cooperative global engagement, while simultaneously benefiting the global agricultural landscape
(Kumar, 2019; Nguyen, 2022; Nikolche & Usama, 2022; Sreevidhya & Elango, 2019).

India’s diverse agro-climatic zones provide a fertile ground for cultivating a wide range of agricultural
products. The availability of vast land resources enables the country to produce staple crops like rice
and wheat, meeting the substantial domestic demand, while also having surplus quantities available for
export. Additionally, India can cultivate cash crops such as cotton, sugarcane, spices, and others, further
contributing to its competitive edge in international market. India’s rich biodiversity and traditional
knowledge of agricultural practices further bolster its comparative advantage. Low production cost is
another key factor that contributes for India’s competitiveness in global agricultural market. Labor costs
in India is comparatively lower than in many other countries, enabling cost-effective agricultural produc-
tion. Access to affordable agricultural inputs also plays a crucial role in keeping production costs com-
petitive. India’s farming community is large and skilled, with extensive experience in agriculture. This
skilled workforce contributes to efficient farm management, timely harvesting, and post-harvest han-
dling, ensuring a steady supply of high-quality agricultural produce for export. The Government of
India’s favourable policies and initiatives further support the agricultural sector and boost agricultural
exports. Schemes like the Minimum Support Price (MSP) and agricultural subsidies incentivize farmers,
encouraging them to increase productivity and enhance their competitiveness in global markets. In add-
ition to traditional strengths, India has made significant strides in adhering to international quality and
safety standards for agricultural produce. This compliance enhances acceptance of Indian agricultural
commodities in international markets, instilling confidence in buyers regarding the safety and quality of
the products. The government actively promotes agricultural exports through various export promotion
schemes, incentives, and diplomatic efforts. This support facilitates market access with other countries,
fostering India’s position as a reliable supplier of agricultural commodities (Gupta & Kumar, 2020;
Nguyen et al., 2020; Nugroho et al., 2021).

The application of the gravity model to analyze India’s international trade of rice with its major
importing countries serves as a robust analytical tool to unravel the intricate dynamics that govern these
trade relationships. This model, widely used in international economics, considers factors such as eco-
nomic sizes of countries and distance between them, providing a systematic framework to comprehend
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trade patterns and devise policies accordingly. The strategic selection of Bangladesh, Benin, China, Ivory
Coast, Iran, Iraq, Nepal, Saudi Arabia, Senegal, and Vietnam (Figure 1) as the focal points of this analysis
stems from their collective contribution of 54% to India’s total rice exports (www.fao.org). This subset’s
substantial representation emphasizes its significance in India’s trade portfolio and signals its influential
role in shaping country’s rice export landscape. This specific group of countries mirrors a diverse set of
market conditions, economic statuses, and geographical locations, amplifying the complexity of India’s
trade interactions and making it an ideal cohort for analysis. This focused analysis offers insights into
the core drivers of India’s rice exports, their economic impact, and market trends. It enables policy-
makers to tailor strategies that align with specific demands, enhance market penetration, and diversify
offerings. Moreover, the examination identifies potential risks arising from concentrated dependence,
aiding in the development of risk mitigation measures and market diversification strategies. The gravity
model’s insights guide evidence-based trade policy formulation, foster sustainable trade relations, and
bolster India’s global competitiveness, positioning it to seize emerging trade opportunities (Adhikari
et al., 2016; Nazir et al., 2021; Suman et al., 2022). Ultimately, this study is crucial for shaping effective
trade strategies, optimizing market access, and sustaining India’s role as a reliable and substantial partici-
pant in the global rice trade landscape, with potential to reshape policies, drive economic growth and
foster lasting trade partnerships.

2. Review of literature

Moustafa Ismaiel et al. (2023) undertook an examination of the determinants shaping Egypt’s overall
trade dynamics and, more specifically, its rice trade with 11 rice-importing partner nations: Libya,
Lebanon, Syria, Saudi Arabia, Sudan, Jordan, Turkey, the United Kingdom, Ukraine, Belgium and
Romania. Delving into the 2001 to 2016 rice crop data with the aforementioned trading partners, the
research yielded noteworthy insights through employing Gravity model. Among its key findings, the
study identified that Egypt’s Gross Domestic Product (GDP) variable negatively impacted the total value
of imports while positively contributing to total exports, agricultural exports, and rice exports. Egyptian
imports, exports, and population growth are found adversely affected by Egyptian population. The study
also recognized that higher transportation costs led to diminished trade volumes for both imports and
exports, in line with economic theory. Additionally, the variable representing the distance between capi-
tals exhibited a negative effect on Egyptian exports. This study advocated for the enhancement of

Figure 1. Leading importing countries of rice (in term of quantity) from India (2021).
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economic relations between Egypt and its trading partners, urging a shift from mere import-export col-
laboration toward strategic cooperation aimed at bolstering food security.

Amjad et al. (2021) in their study analyzed the influence of the China-Pakistan Regional Trade
Agreement on Pakistan’s export performance through employing gravity trade model utilizing Poisson
Pseudo Maximum Likelihood (PPML) estimator for export data spanning a 16-year period from 2003 to
2018. The analysis focuses on ten specific products categorized at the HS-4 level, ensuring a comprehen-
sive evaluation of the trade dynamics. The findings showed that the traditional variables associated with
the gravity equation, such as GDP, bilateral distance, colonial relationship, language commonality, and
landlocked importing countries demonstrate a statistically significant and positive impact of the China-
Pakistan Regional Trade Agreement on Pakistan’s exports. This finding underscores the substantive value
of the trade agreement in bolstering the country’s export activities and highlights its effectiveness in
promoting international trade interactions.

Nazir et al. (2021) uncovered the primary determinants influencing Nigerian cocoa exports, utilizing
the gravity model as its analytical framework. Employing three distinct approaches—Heckman selection
models, Generalized Least Squares (GLS), and PPML—the research addresses challenges including multi-
collinearity, serial correlation, heteroscedasticity, and zero trade. Drawing on panel data spanning
24 years (1995 to 2018) encompassing 36 significant cocoa importing partners, this study inferred that
the EU countries, including the Netherlands, Germany, and France, along with the USA, Canada and
Malaysia emerge as pivotal markets for Nigerian cocoa exports. Furthermore, GDP, WTO membership, EU
involvement and shared colonial history exhibit a positive correlation with Nigerian cocoa export flows.
The study also highlights the favorable impact of exchange rate policies. Conversely, per capita GDP, dis-
tance, landlocked status, African Union, ECOWAS and Asian markets are identified as negative factors
affecting Nigerian cocoa export flows. So, to bolster cocoa export revenue, a gradual devaluation of the
Naira, coupled with an export policy that encourages cocoa production, is advised.

In their study, Sokvibol et al. (2019) utilized a dynamic gravity framework and employed GLS, PPML
and Heckman Sample Selection models to analyze the essential determinants influencing the export of
Cambodian rice using a comprehensive 22-year panel data set spanning 1995 to 2016 and encompass-
ing 40 selected importing partners. The findings revealed that historical ties, exchange rate policies, and
agricultural land reforms significantly stimulate rice exports. Notably, economic recession poses a chal-
lenge, constraining export flows and demanding targeted attention. Exchange rate policies and agricul-
tural land expansion are identified as core driving forces behind the promotion of rice exports.

Irshad et al. (2018a) employed PPML estimator to study determinants for rice exports from Pakistan
across 144 importing countries spanning 2003 to 2016. The findings established that GDP of Pakistan
and its trading partners, per capita differences, distance, bilateral exchange rates, contiguity, WTO mem-
bership, and trade agreements showed positive association with rice exports. However, bilateral
exchange rates were discovered to have a negative impact, implying that appreciation of the Pakistani
currency could decrease rice exports. Trade agreements had no significant influence on rice exports. The
study cautioned that Pakistan should focus on addressing challenges such as high taxation, production
costs, insufficient infrastructure, and electricity shortages hindered Pakistani rice producers and
exporters.

Shaiara and Shanjida (2015) conducted a comprehensive analysis of the gravity model for rice exports,
revealing noteworthy findings. The coefficients associated with the distance variable were found to be
statistically significant exhibiting the anticipated negative sign. Notably, the random effects estimations,
both one-way and two-way, yielded larger coefficients (−2.19 and −2.18%), emphasizing the amplifica-
tion of trade distance elasticity when accounting for country-specific heterogeneity in comparison to the
pooled Ordinary Least Squares (OLS) estimate. The economic mass, represented by the product of
the GDP of countries, displayed a positive correlation with trade, aligning with expectations. However,
the two-way fixed effects estimate of the GDP variable presented an unexpected negative sign. Per cap-
ita GDP variables consistently exhibited significance at the one percent level with positive signs across
both one-way and two-way fixed effects estimation methods. This consistency indicates that an escal-
ation in the economic development of the combined entity defined by the two countries results in a
more than proportional increase in trade volume. The R2 values for both one-way and two-way fixed
effects estimations stood at 0.84, surpassing the R2 values derived from pooled OLS and random effects

4 K.N. RAVI KUMAR ET AL.



estimations. This underscores the importance of considering country-specific heterogeneity when esti-
mating trade flows and highlights the robustness of fixed effects models in effectively capturing the
determinants of rice exports in the gravity model.

Numerous other studies also harnessed Gravity model approach viz., Thorbecke (2015) for China’s
exports; Irshad and Xin (2017) for South Korea’s international trade dynamics; Irshad et al. (2018b) on
China’s trade interactions with OPEC member countries, etc., and they underscored both versatility and
applicability of this model in analyzing diverse trade relationships and uncovering the multifaceted
dynamics that govern international trade patterns. Building upon the insights from previous reviews, this
study aimed to meticulously examine the pivotal determinants that exert a substantial influence on per-
formance of India’s rice agricultural exports within the global market. This investigation will be con-
ducted through the utilization of a dynamic panel gravity model. The central focus is to pinpoint and
comprehend fundamental factors that play a significant role in shaping export performance of Indian
rice. By achieving this objective, the study seeks to make a noteworthy contribution to the existing
body of literature concerning India’s agricultural trade, with a specific emphasis on its rice exports. The
significance of this research is underscored by a multitude of compelling factors. Firstly, it enriches the
existing literature by extending application of commodity-specific gravity model to agricultural trade.
Several studies explored export determinants of individual products, such as rice (Cosslett & Cosslett,
2018; Thuong, 2018), soybean (Boerema et al., 2016; Wang, 2016), tea (Hwang & Lim, 2017), poultry
(Zhou et al., 2019), egg (Tamini et al., 2016), sea-food (Natale et al., 2015), beef (Ghazalian et al., 2012;
Schierhorn et al., 2016), sheep meat (Lee & Tcha, 2005), wine (Castillo et al., 2016; Dal Bianco et al.,
2016; Dascal et al., 2002) and honey (Wei et al., 2012), this research contributes by broadening the scope
to encompass multiple determinants within a single study. Secondly, this research stands out by inte-
grating various analytical approaches—namely GLS, PPML, Heckman selection models and one-way and
two-way Fixed effects model—in a singular investigation (Anderson & Wincoop, 2004; Baier &
Bergstrand, 2007; Baldwin & Taglioni, 2006; Jemal & Tekilu, 2021; Rose & Van Wincoop, 2001). While
these methods have been previously employed individually in trade literature, their concurrent applica-
tion in this study enhances the analysis by providing increased depth and precision. The study’s innova-
tive approach aligns with the diverse nature of trade dynamics, ensuring a more comprehensive
assessment of the determinants affecting Indian rice exports. Thirdly, the research addresses a critical
gap in the literature by examining the determinants of Indian rice exports across a 27-year period
(1995–2023), involving a comprehensive dataset encompassing a total of 10 countries. By expanding the
coverage of both time and countries, the study enhances the robustness and applicability of its findings.
This temporal and geographical breadth enables a nuanced understanding of the evolving trade dynam-
ics and the factors that have shaped India’s rice export performance.

3. Methodology

3.1. Sample size and data sources

In examining the determinants of Indian rice exports, we propose adoption of a dynamic panel com-
modity-specific gravity model. This methodological choice is underpinned by the recognized benefits of
panel data in addressing biases inherent in cross-sectional and time-series estimations, as underscored
in the works of notable economists (Baltagi et al., 2018; Matyas, 2017; Shepherd, 2019). Encompassing
the period from 1995 to 2021, India’s rice trade network extended its reach to engage with the top 10
rice-importing nations globally, namely Bangladesh, Benin, China, Ivory Coast, Iran, Iraq, Nepal, Saudi
Arabia, Senegal, and Vietnam (Figure 1) are purposively selected for this study. The geographic distribu-
tion of these interactions is visually represented on the global stage in Figure 2. Notably, the cumulative
rice exports from India to these 10 nations contribute significantly, comprising 54% of India’s overall rice
exports (www.fao.org). The intentional inclusion of this select subset accentuates its paramount signifi-
cance within India’s expansive trade portfolio, indicating a pivotal role in sculpting the nation’s rice
export landscape. Consequently, this study meticulously canters on India and its prominent 10 rice-
importing partners over a comprehensive 27-year span. The choice of these 10 nations stems from their
mean annual rice import volumes, ensuring a robust and meaningful dataset. Critically, the rice exports
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to these key destinations during the specified timeframe constituted approximately 55 percent of India’s
total rice export quantity, resulting in a thorough dataset comprising a total of 270 observations (N¼ 10
� T¼ 27). Elaborate information regarding the data sources for the employed variables is provided in
Table 1. The estimation of parameters was carried out using Stata version 17.0 software package, ensur-
ing a rigorous analytical framework.

3.2. Techniques employed

3.2.1. Panel cross-section dependence (CD) test
Cross-section dependence in macro panel data has gained attention in panel time series literature. This
correlation result from global shocks impacting countries differently (say, 2008 global economic reces-
sion), or local spillover effects (Eberhardt & Teal, 2010; Moscone & Tosetti, 2009). Prior to estimating the
gravity equation, a CD test is crucial to detect cross-sectional dependence. Neglecting this test, following
Breusch and Pagan (1980) and Pesaran (2004) may bias gravity results. We employ three tests—
Pesaran’s residual CD test (Eq. 1), Friedman test (Eq. 2), and Frees test (Eq. 3)—aligned with temporal
aspects (Rafael & Vasilis, 2006). CD tests apply to temporal variables, excluding time-invariant ones
(Rasoulinezhad, 2017; Rasoulinezhad & Kang, 2016). Notably, zero values and dummies are excluded
from CD tests, considered across the sample.

CD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2
NðN − 1Þ

s XN−1
i¼1

XN
j¼iþ1

ffiffiffiffiffi
Tij

p
q̂ ij

0
@

1
A (1)

Rave ¼ 2
NðN - 1Þ

XN−1
i¼1

XN
j¼iþ1

r̂ ij (2)

R2ave ¼
2

NðN − 1Þ
XN−1
i¼1

XN
j¼iþ1

r̂2ij (3)

The null hypothesis (Ho) in the above tests states that there is no cross-sectional dependence present
in the panel data model. In other words, the residuals (errors) of the model are independent across dif-
ferent entities, and any observed correlations or dependencies are due to random chance. So, if the p-
value associated with the above test statistics is sufficiently smaller than 0.05, then there is evidence to

Figure 2. Leading trading partners for Indian rice (2021).
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reject the null hypothesis and accept alternative hypothesis indicating the presence of cross-sectional
dependence in the panel data model.

3.2.2. Trade-related Indices
The utilized trade-related indices in this study are outlined below (Alka & Harpreet, 2023).

Table 1. Description and expected sign of empirical models’ independent variables.

Variable Description & Units of measurement Source References
Expected
sign (±)

XINDjt Quantity export of rice from India
(‘IND’) to trading partners (‘j’) in
period ‘t’ (tonnes)

www.fao.org Gashi et al. (2016),
Kahouli (2016), Nguyen
(2010), Sokvibol et al.
(2019)

XINDj, t−1 Dynamic (lagged) quantity export of
rice from India (‘IND’) to trading
partners (‘j’) (tonnes)

www.fao.org Gashi et al. (2016),
Kahouli (2016), Nguyen
(2010), Sokvibol et al.
(2019)

þ

GDPINDt:GDPjt Product of GDPs of India (‘IND’) and
trading partners (‘j’) in period
‘t’ (US$)

www.fao.org Narayan and Nguyen
(2016)

þ

PCIIDt:PCIjt Product of per capita income of India
(‘IND’) and trading partners (‘j’) in
period ‘t’ (US$)

www.fao.org Popova and
Rasoulinezhad (2016)

þ

DPCIINDjt Absolute difference between per
capita income of India (‘IND’) and
trading partners (‘j’) in period ‘t’

www.fao.org Irshad et al. (2018b),
Rasoulinezhad and
Kang (2016)

±

GFCFjt Gross Fixed Capital Formation in
trading partners (‘j’) in period
‘t’ (US$)

www.fao.org – −

TIRjt Total Imports of Rice in trading
partners (‘j’) in period ‘t’ (tonnes)

www.fao.org Wang (2016) −

AREAjt Area under rice in trading partners (‘j’)
in period ‘t’ (Ha)

www.fao.org1 Thuong (2018), Wang
(2016)

−

PRODjt Production of rice in trading partners
(‘j’) in period ‘t’ (tonnes)

www.fao.org – −

EXCRTjt Bilateral exchange rate of ‘Rupee’ of
India in relation to trading partners
‘j’ in period ‘t’

www.fao.org Irshad et al. (2018a),
Rasoulinezhad and Wei
(2017)

þ

POPjt Population in trading partners ‘j’ in
period ‘t’ (Million)

www.fao.org – þ

DISTjt Distance between capital of India and
capital of trading partners ‘j’ in
period ‘t’ (kms)

Distance calculator of
www.timeanddate.com

Marti et al. (2014) −

COBjt Border dummy; 1: country ‘j’ share
land border to India in period ‘t’, 0:
otherwise

http://www.cepii.fr2 Fan et al. (2016), Zhou
et al. (2019)

±

COLONYjt Colony dummy; 1: country ‘j’ is
colonized in period ‘t’, 0: otherwise

http://www.cepii.fr Lee and Pyun (2018),
Santos Silva and
Tenreyro (2006)

±

LLjt Land Locked dummy; 1: country ‘j’ is
a landlocked country in period ‘t’,
0: otherwise

http://www.cepii.fr Carr�ere (2006), Mart�ınez-
Zarzoso and
Johannsen (2017)

−

WTOmemjt WTO membership dummy; 1: country
‘j’ is a WTO-member in period ‘t’, 0:
otherwise

www.wto.org3 Lien and Lo (2017),
Rasoulinezhad and
Popova (2017)

±

ASEANjt WTO membership dummy; 1: country
‘j’ is a member of ASEAN in period
‘t’, 0: otherwise

https://asean.org4 Li et al. (2019), Soeng
and Cuyvers (2018)

±

AFICAjt WTO membership dummy; 1: country
‘j’ is in African continent in period
‘t’, 0: otherwise

https://au.int/en/
memberstates/
countryprofiles2

Bui and Chen (2017) ±

REC2008j 2008 economic recession dummy; 1:
country ‘j’ experienced recession
between 2008 to 2016, 0:
otherwise

https://bigeconomics.org Kahouli (2016) −

Note. 1 - Food and Agriculture Organization;.
2 - CEPII: Centre for Prospective Studies and International Information;.
3 - World Trade Organization.
4 - The Association of Southeast Asian Nations.
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i. Trade Intensity index (TII): This index serves as a metric to elucidate a country’s global trade impor-
tance. Mathematically derived, this index quantifies a nation’s significance in the world trade arena by
the following formula:

TIIij ¼ XINDj=XIND
Xwj=Xw

(4)

where, XINDj and Xwj are the India’s exports and world’s exports of rice to trading partners ‘j’ (trade part-
ners); XIND and Xw are total exports of rice from India and world respectively. TII is notably influenced by
a combination of factors including politico-historical ties, economic complementarity, and geographical
proximity.

ii. Export Intensity index (EII): This index for India is given by:

EIIij ¼ XINDj=XIND
Mj=ðMw −MINDÞ

" #
�100 (5)

where, XINDj ¼ India’s export of rice to trading partners; XID ¼ Total India exports of rice; Mj ¼ Total trad-
ing partners import of rice; Mw ¼ World’s imports of rice; MIND ¼ Total India imports of rice.

iii. Import Intensity index: This index for India with trading partners is given by:

IIIij ¼ MINDj=MIND

Xj=ðXw − XINDÞ

" #
� 100 (6)

where, MINDj ¼ India’s import of rice from trading partners; MIND ¼ Total India imports of rice; Xj ¼ Total
export of rice from trading partners; Xw ¼ World’s exports of rice; XIND ¼ Total India exports of rice.

3.2.3. Gravity model
This model posits that, bilateral trade between countries is directly correlated with product of their eco-
nomic sizes (GDPs) and inversely correlated with the distance between them. The origin of this model
can be traced back to the pioneering research of Tinbergen (1963), Poyhonen, (1963) and Chaney (2008,
2018). This economic relationship is encapsulated in the following mathematical expression:

XINDj ¼ a:ðYb1
i :Yb2

j ÞDb3
ij

where, Xij is the flow of exports into country ‘j’ from country ‘IND’, YIND and Yj are country ‘IND’s and
country ‘j’s GDPs and DINDj is the geographical distance between the countries’ capitals.

Building upon this foundational concept, the dynamic gravity framework was applied through a com-
bination of analytical models, namely the GLS, PPML and Heckman Sample Selection models, as eluci-
dated below.

i. GLS approach: This approach to analyze dynamic gravity model of Indian rice exports takes the fol-
lowing form:

log ðXINDjtÞ ¼ aþ b1 log ðXINDj, t−1Þ þ b2 log ðGDPINDt:GDPjtÞ þ b3 log ðPCIINDt:PCIjtÞ
þb4 log ðDPCIINDjtÞ þ b5 log ðGFCFjtÞ þ b6 log ðTIRjtÞ þ b7 log ðAREAjtÞ
þb8 log ðPRODjtÞ þ b9 log ðEXCRTjtÞ þ b10 log ðPOPjtÞ þ b11 log ðDISTjtÞ
þb12 log ðCOBjtÞ þ b13 log ðWTOmemjtÞ þ b14 log ðCOLONYjtÞ þ b15 log ðLLjtÞ
þb16 log ðASEANjtÞ þ b17 log ðAFRICAjtÞ þ b18 log ðREC2008jÞ þ eINDjt

(7)

where, the log(.) is logarithm form. The detail description and expected sign of variables are given in
Table 1. ‘a’ denotes the intercept term, while bs are estimated coefficients, and Eijt is the statistical error
term.

ii. “zeros” trade problem: The issue of "Zeros" in trade values poses a challenge when dealing with
the logarithmic form of the gravity equation, as the logarithm of ‘0’ is undefined (Sokvibol et al., 2019).
This is particularly relevant when some country pairs do not engage in trade during specific time peri-
ods. To address this concern, we adopted the PPML method (Santos Silva & Tenreyro, 2006), along with
the Heckman Sample Selection model (Heckman, 1979). These two approaches are widely used in grav-
ity model to effectively handle the "Zeros" trade problem.
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a. PPML approach: As outlined by Santos Silva and Tenreyro (2006), in this approach, the dependent
variable considered is ‘Xijt ’ and not ‘log(Xijt)’ to effectively address the "Zeros" trade problem. This model
is formulated as below.

XINDjt ¼ aþ b1log XINDj, t−1ð Þ þ b2log GDPINDt:GDPjtð Þ þ b3log PCIINDt:PCIjtð Þ
þb4 logðDPCIINDjtÞ þ b5 logðGFCFjtÞ þ b6 logðTIRjtÞ þ b7 logðAREAjtÞ
þb8 logðPRODjtÞ þ b9 logðEXCRTjtÞ þ b10 logðPOPjtÞ þ b11 logðDISTjtÞ
þb12 logðCOBjtÞ þ b13 logðWTOmemjtÞ þ b14 logðCOLONYjtÞ þ b15 logðLLjtÞ
þb16 logðASEANjtÞ þ b17 logðAFRICAjtÞ þ b18 logðREC2008jÞ þ EINDjt

(8)

b. Heckman Sample Selection model: This consists of two different equations, namely, sample selec-
tion equation and outcome equation. The sample selection equation take form as follows:

BLT�INDjt ¼ g0ZINDjt þ lINDjt (9)

In the above equation, the latent variable ‘BLT�INDjt’ is not directly observable; however, the trade
occurrence between India (exporter) and trade partner pairs is observed, indicating whether trade takes
place (BLT�INDjt 5 1) or not (BLT�INDjt ¼ 0). This binary outcome reflects the presence or absence of bilat-
eral trade between India and importing countries. Additionally, ZINDjt represents a vector of variables
influencing BLT�INDjt: The error term, lINDjt, introduces randomness in the model. The detailed expression
for Eq. (9) is presented below:

BLT�INDjt ¼ aþ b1 logðGDPINDt:GDPjtÞ þ b2 logðPCIINDt:PCIjtÞ þ b3logðDPCIINDjtÞ
þb4 logðTIRjtÞ þ b5logðGFCFjtÞ þ b6logEXCRTjt þ b7logðAREAjtÞ þ b8 logðPRODjtÞ
þb9 logðDISTjtÞ þ b10 logðPOPjtÞ þ EINDjt

(10)

However, there are some more variables that might affect the outcome equation. So, the study has
also added some dummies to find out impact of other dummy variables like COBjt , WTOmemjt ,
COLONYjt , LLjt , ASEANjt , AFRICAjt and REC2008 on rice exports (Nazir et al., 2021). So, the outcome equa-
tion of Heckman selection model takes the same form as the gravity model in Eq. (7), as shown below:

logðXINDjtÞ ¼ aþ b1 logðXINDj, t−1Þ þ b2 logðGDPINDt:GDPjtÞ þ b3 logðPCIINDt:PCIjtÞ
þb4 logðDPCIINDjtÞ þ b5 logðGFCFjtÞ þ b6 logðTIRjtÞ þ b7 logðAREAjtÞ
þb8 logðPRODjtÞ þ b9 logðEXCRTjtÞ þ b10 logðPOPjtÞ þ b11 logðDISTjtÞ
þb12 logðCOBjtÞ þ b13 logðWTOmemjtÞ þ b14 logðCOLONYjtÞ þ b15 logðLLjtÞ
þb16 logðASEANjtÞ þ b17 logðAFRICAjtÞ þ b18 logðREC2008jÞ þ EINDjt

(11)

c. Fixed effects model: Further, in this study, fixed effect models, including both one-way and two-
way fixed effects, are employed to provide a robust solution for controlling unobserved factors that
could lead to biased estimates in GLS or PPML or Heckman selection models. In the realm of rice
exports, factors such as trade policies, infrastructure, and governance that vary across countries can be
adequately addressed by these fixed effects, ensuring a more accurate estimation of gravity model
parameters. Moreover, the two-way fixed effect model allows for the control of both time-invariant and
time-variant unobserved heterogeneity. This added flexibility is beneficial when dealing with dynamic
changes in factors affecting rice exports over time. In contrast, GLS might not effectively handle unob-
served heterogeneity, and Heckman selection models, designed to address sample selection biases,
might not be the primary concern in the context of rice exports.

In a one-way fixed effects model, variation along one dimension (countries) is captured by introduc-
ing dummy variables, assuming that unobserved factors are constant across time. This is suitable when
there are entity-specific effects that remain consistent over the observation period. On the other hand, a
two-way fixed effects model extends this concept to account for variations along two dimensions –

countries and time (Jemal & Tekilu, 2021; Shaiara & Shanjida, 2015). It includes both country-specific and
time-specific dummy variables, accommodating changes in unobserved factors over time. Both models
offer a robust approach to control for unobserved effects and enhance the accuracy of regression analy-
ses in panel datasets.
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For the one-way fixed effects model:

logðXINDjtÞ ¼ ai þ b1logðGDPINDt:GDPjtÞ þ b2logðPCIINDt:PCIjtÞ þ b3logðDPCIINDjtÞ
þb4logðAREAjtÞ þ b5logðPRODjtÞ þ b6logðPOPjtÞ þ b7logðTIRjtÞ
þb8 logðEXCRTjtÞ þ EINDjt

(12)

Here, ai represents country-specific fixed effects, b is the vector of coefficients, and EINDjt is the error
term.

For the two-way fixed effects model:

logðXINDjtÞ ¼ ai þ ct þ b1logðGDPINDt:GDPjtÞ þ b2logðPCIINDt:PCIjtÞ þ b3logðDPCIINDjtÞ
þb4logðARAjtÞ þ b5logðPRODjtÞ þ b6logðPOPjtÞ þ b7logðTIRjtÞ
þb8 logðEXCRTjtÞ þ EINDjt

(13)

In this equation, ai captures country-specific fixed effects, ct represents time-specific fixed effects, b
is the vector of coefficients, and EINDjt is the error term.

These models allow for the inclusion of fixed effects to control for unobserved heterogeneity across
entities and/or time, providing a more accurate representation of the relationships within panel data.

As the selection of appropriate explanatory variables poses a challenging task, this study has adhered
to trade theories and precedent empirical investigations to guide the identification of pertinent variables
for shaping the empirical gravity model’s specification. This approach underscores the significance of
incorporating both economic reasoning and empirical insights to construct a robust and comprehensive
model that accurately captures the complexities of trade dynamics.

4. Results and discussion

4.1. Descriptive statistics

Table 2 furnishes a comprehensive overview of various logarithmically transformed variables, each
accompanied by crucial statistical measures encompassing mean, Standard Deviation (SD), minimum
(Min), and maximum (Max) values. Regarding ’log XINDjt ’ variable, its mean of 4.25 serves as a beacon of
the broad spectrum of trade volumes encapsulated within dataset. The substantial SD of 1.86 attests to
the significant variability in trade levels exhibited across the different cases. This variability is a testament
to the multifaceted nature of trade, influenced by factors such as economic conditions, trade agree-
ments, and the ebb and flow of market dynamics. It is this intricate interplay that gives rise to the pro-
nounced range between the minimum (0.00) and maximum (6.39) values, as the diverse economic
scenarios of individual cases impact their trade performance. For ’log(GDPINDt:GDPjt)’, the mean value of
10.93 stands as a signpost indicating a substantial average magnitude. The relatively modest SD of 1.03
hints at a distribution that clusters closely around this mean. However, the span from 8.94 to 13.75 is
where the richness of economic disparities becomes evident. This range underscores existence of diverse
economies within the dataset, each characterized by varying levels of GDP. These variations are due to
natural resource endowments, economic strengths, and the intricate web of trade relationships that fos-
ter interdependencies among economies (Sokvibol et al., 2019). Similarly, the mean of 6.18 for
‘log(PCIINDt:PCIjt)’ provides a snapshot of the logarithmic product of PCI levels. The relatively constrained
SD of 0.69 suggests a distribution that clusters around the mean. However, the range from 4.89 to 7.73
unveils a moderate variance that underscores the nuanced economic capacities of the countries
involved. These distinctions are due to industry specialization, technological advancement, and differing
access to resources and opportunities. Further delving into ’log(DPCIINDjt)’, the mean of 2.75 denotes the
average magnitude of change in PCI levels. This statistical marker is accompanied by a notable SD of
0.79, which indicates substantial variability around this mean. The range from 0.47 to 4.36 bears testi-
mony to the considerable extent of change in PCI across cases. This divergence could be attributed to
varying economic growth rates, shifts in industrial composition, and changes in policy frameworks that
contribute to the evolving economic landscape.

As we examine ’logGFCFj’, its mean of 4.22 signifies the average magnitude of gross fixed capital for-
mation. The considerable SD of 0.99 indicates significant variation in investment levels, underscoring
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the diverse investment patterns within the dataset. The range spanning from 1.98 to 6.87 mirrors the
economic cycles and infrastructural initiatives that influence investment decisions. The dynamic nature
of economic growth and infrastructure development contributes to this discernible variation in invest-
ment. In the realm of ’logTIRj’, the mean of 5.57 underscores an average magnitude of total imports of
rice by trade partners. The SD of 0.94 hints at relatively clustered values around the mean, while the
range from 0.30 to 6.69 reveals a spectrum of total imports. This spectrum is shaped by trade agree-
ments, economic specialization, and market access that contribute to observed variability. The higher
mean value of 5.45 for ’logAREAj’ is complemented by a relatively higher SD of 1.79, indicating substan-
tial variability in land areas. The range spanning from 0.04 to 7.50 reflects the broad spectrum of land
sizes across cases, serving as a reflection of geographical diversity and the varied land utilization pat-
terns that influence economic activities. Similarly, the ’logPRODj’ variable, with a mean of 5.96 and a not-
able SD of 1.93, unveils the significant variability in production quantities. The range spanning from 0.32
to 8.33 underscores the wide variation in production levels, which is attributed to the diverse economic
activities and sectors encompassed within the dataset. Moving on to ’logEXCRTj’, the mean of 2.47 and
higher variability (SD ¼ 1.15) is underscored by the range from 0.57 to 4.62, which serves as a testament
to dynamic nature of international currency markets. This dynamism is fuelled by various factors viz.,
economic indicators, geopolitical events, and market sentiments that contribute to observed variability.
The range of ’logPOPj’ from 3.78 to 6.15 encapsulates diverse population sizes, reflecting the demo-
graphic landscape of the observed cases, and is characterized by a mean of 4.67. Similarly, the mean of
3.45 for ’logDISTj’ spanning from 2.18 to 4.08, reflects the diverse trade relationships influenced by fac-
tors like geographic proximity, transportation infrastructure, and trade agreements (Yadav, 2021).

The tabulated data also comprises binary indicator variables. Regarding ’COBj’, denoting common bor-
der between India and trade partners, the mean value of 0.3 indicates that approximately 30 per cent of
trade partners have a common border with India (Bangladesh, China and Nepal). This historical aspect
could potentially exert influence on trade dynamics through shared historical ties and economic legacies.
The ’WTOmemj’ variable assumes a mean of 0.6, signifying that 60% of trade partners are WTO members.
This condition applies to key trade partners like Bangladesh, Benin, China, Côte d‘Ivoire, Senegal, and
Vietnam. Membership in the WTO implies adherence to standardized trade regulations, potentially fos-
tering smoother trade transactions and diminished trade barriers. Regarding ’COLONYj’, reflecting colonial
relationships, the mean of 0.1 signifies that 10% of trade relationships involve colonial links
(Bangladesh). Conversely, the lower values for other nations indicate the absence of this historical aspect
in their trade relationships. The ’LLj’ variable holds a mean of 0.1, implying Nepal is only landlocked sta-
tus and can introduce distinct trade challenges due to reliance on neighboring countries for transporta-
tion routes, potentially shaping trade patterns and intensity. Similarly, with a mean of 0.1, ’ASEANj’
shows Vietnam is the sole ASEAN country and this membership can confer preferential trade agreements
and regional economic cooperation, thereby influencing trade interactions. The ’AFRICAj’ variable carries
a mean value of 0.2, implying that approximately 20% of trade partners are African nations. This aspect

Table 2. Descriptive statistics of selected variables.
Variable Mean S.D Min Max

log(XINDjt) 4.25 1.86 0.00 6.39
log(GDPINDt:GDPjt) 10.93 1.03 8.94 13.75
log(PCIINDt :PCIjt ) 6.18 0.69 4.89 7.73
log(DPCIINDjt) 2.75 0.79 0.47 4.36
log GFCFjt 4.22 0.99 1.98 6.87
log TIRjt 5.57 0.94 0.30 6.69
log AREAjt 5.45 1.79 0.04 7.50
log PRODjt 5.96 1.93 0.32 8.33
log EXCRTjt 2.47 1.15 0.57 4.62
log POPjt 4.67 0.61 3.78 6.15
log DISTjt 3.45 0.51 2.18 4.08
COBjt 0.30 0.46 0 1
WTOmemjt 0.60 0.49 0 1
COLONYjt 0.10 0.30 0 1
LLjt 0.10 0.30 0 1
ASEANjt 0.10 0.30 0 1
AFRICAjt 0.20 0.40 0 1
REC2008j 0.70 0.46 0 1
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holds significance for Benin and Senegal. This membership can impart distinct trade dynamics due to
regional economic agreements and policies that shape trading relationships. Lastly, the binary indicator
’REC2008j’ assumes a mean value of 0.7, indicating that around 70% of trade partners experienced a reces-
sion between 2008 and 2016. This information proves pivotal in understanding trade patterns during
economic downturns. Notably, the absence of recession within Ivory Coast, Nepal, and Senegal during
this period could potentially contribute to their trade resilience. These indicators offer a nuanced under-
standing of India’s trade relationships with top partners in terms of rice exports. The interplay of histor-
ical, economic, and regional factors shapes these dynamics, highlighting the multifaceted nature of
international trade.

4.2. Panel CD test

Table 3 presents the outcomes of the Panel CD test using different tests. These results collectively sug-
gest strong evidence of CD among residuals (Ho: No CD among residuals). The confirmed CD guarantees
that the forthcoming outcomes of the gravity model will rest upon a thorough understanding of the
complex interrelationships and interactions present among the variables. This enhances the reliability
and accuracy of the ensuing analysis, leading to a more nuanced and insightful exploration of the
underlying dynamics governing the data.

4.3. Trade-related Indices for India in relation to leading importing partners

The Export, Import, and Trade Intensity Indices (TE 2021) provide insights into the trade relationship
between India and its top 10 leading trade partners in terms of rice (Table 4). These indices help us
understand the dynamics of rice trade between India and these countries.

i. EII: This index serves as a pivotal metric, illuminating the importance of India’s rice exports to its
top 10 leading trade partners. This index quantifies the magnitude of India’s rice exports to a specific
partner concerning its overall rice export portfolio. In this context, the EII values spanning from 1.490
(quantity) to 2.008 (value) underscore India’s active participation in rice trade with these nations. Several
key factors synergistically contribute to this dynamic trade landscape. Geographical proximity and geo-
politics emerge as influential forces, especially in the cases of countries like Bangladesh, Nepal, and Iran.
The geographical closeness shared with India plays a pivotal role in facilitating streamlined trade logis-
tics, consequently lowering transportation costs for commodities such as rice. Moreover, historical and
geopolitical connections could be nurturing more robust trade relationships, thereby amplifying the
observed EII values. Even the sizable populations of trading partners along with distinctive rice con-
sumption patterns fuelled heightened demand for rice imports. As a trusted and reliable rice supplier,
India is strategically positioned to meet this surging demand, consequently boosting the observed EII
values.

ii. III: This index unveils the intricate tapestry of factors that underscore the critical role of Indian rice
in the import strategies of these partner nations. It gauges the degree of dependence these countries

Table 3. Results of Panel CD test.
Test Statistic Prob

Pesaran 4.361�� 0.000
Friedman 59.562�� 0.000
Frees 3.991�� 0.179#

Note. ��Significant at 1% level.
#Critical value from Frees’ Q distribution at 1% level.

Table 4. India’s Export, Import and Trade Intensity Indices of rice among top 10 leading trade partners (TE 2021).
Indices Quantity Value

Export Intensity Index (EII) 1.490 2.008
Import Intensity Index (III) 0.205 0.185
Trade Intensity Index (TII) 1.375 1.891
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have on India as a primary source of rice imports, in comparison to other potential trade partners. The
III values, spanning from 0.185 (value) to 0.205 (quantity), vividly underscore the pivotal status of India
as a key rice supplier to these nations. Notably, the quality and variety of Indian rice significantly con-
tribute to its prominence within these countries’ import portfolios. Renowned for its diverse array of rice
varieties that align adeptly with varying culinary preferences, Indian rice stands out as an enticing choice
for these partner nations. This culinary compatibility is a compelling factor that heightens the promin-
ence of Indian rice within their import baskets. The price competitiveness of Indian rice emerges as
another compelling driver. Striking the right balance between quality and pricing, Indian rice is notably
attractive to these partner nations. The fusion of affordability and acceptable quality presents a compel-
ling proposition, potentially spearheading the robust III values. Moreover, supply assurance plays an
instrumental role in solidifying the reliance on Indian rice imports.

iii. TII: This index, a comprehensive metric factoring in both EII and III, provides a holistic panorama
of the bilateral trade dynamics. With TII values spanning from 1.375 (quantity) to 1.891 (value), these
indices serve as a barometer of the depth and vigour characterizing these trade relationships. These val-
ues underscore the reciprocal advantages yielded through trade of rice. The spirit of mutual cooperation
and existence of favourable diplomatic ties can catalyze the expansion of trade, thereby reflecting in
higher TII values. The enduring trade partnerships between India and its counterparts have significantly
propelled Indian rice exports, amplifying the TII values.

These three indices collectively provide a comprehensive framework through which to comprehend
the intricate dynamics of India’s rice trade with its top 10 leading trade partners. These indices serve as
insightful tools that unveil the multifaceted tapestry of factors underpinning the significant trade rela-
tionships in the global rice market. This intricate interplay of various elements sheds light on the key
drivers that contribute to India’s remarkable rice exports to these partner nations.

4.4. Determinants for bilateral trade between India and trading partners:

The utilization of Heckman selection equation (Table 5) serves the purpose of delving into the complex
dynamics that underlie the decision-making process behind the selection of trading partners. This analyt-
ical model effectively addresses potential biases that could arise when studying a subset of potential
trading partners. By doing so, it provides valuable insights into the intricate interplay of factors that
influence the probability of opting for a particular partner for bilateral trade with India. The coefficients
in this equation are indicative of direction of influence each factor holds in this selection process.

The positive coefficient of þ12.518 associated with the variable log(GDPINDt:GDPjt) indicates that the
interaction between GDPs of India and its trading partners has a notable and favorable influence on the
likelihood of selecting a particular partner for bilateral trade (Anh Thu et al., 2019; Liu et al., 2020). This
suggests that when the combined GDPs of India and a trading partner are higher, it signifies economic
compatibility and trade potential. Such partnerships offer larger consumer markets, increased demand

Table 5. Determinants for bilateral trade between India and trading partners (Selection equation from Heckman
model).
Variable Coefficient S.E Prob

log(GDPINDt:GDPjt) 12.518�� 3.125 0.000
log(PCIINDt :PCIjt ) 1.375�� 0.355 0.000
log(DPCIINDjt) −1.010�� 0.342 0.003
log TIRjt 5.476� 2.430 0.024
log GFCFjt −0.972�� 0.289 0.000
log EXCRTjt 7.567�� 2.735 0.006
log AREAjt −0.196 0.376 0.602
log PRODjt −1.663�� 0.623 0.008
log DISTjt −1.378�� 0.381 0.001
log POPjt 1.018 0.649 0.117
Cons 39.196�� 10.136 0.000
Wald chi2 292.57�� (0.000)
Mills lambda (k) 0.5215157
Rho (q) 0.59477
Sigma (r) 0.8768384
��, � indicates significant at 1% and 5%, respectively.

COGENT ECONOMICS & FINANCE 13



for goods and services, and diversified trade opportunities across sectors. The elevated GDPs also reflect
economic stability and resilience, fostering confidence in trade relationships. Similarly, regarding inter-
action variable viz., log(PCIINDt:PCIjt), the positive coefficient of 1.375 signifies that countries with higher
per capita incomes are more attractive as trading partners due to their enhanced purchasing power.
Conversely, the log(DPCIINDjt) coefficient of −1.010 carries a negative sign, indicating that an increase in
difference between per capita incomes between India and a trading partner, the probability of selecting
that partner for bilateral trade diminishes. So, when substantial income disparities exist, the appeal of
engaging in trade with such partners wanes due to differing levels of economic capacity and consumer
demand. The coefficient of logTIRj (5.476�) suggests that, as total imports of rice by a trading partner
increase, the likelihood of India selecting that partner for bilateral trade also increases (Sokvibol et al.,
2019). Similarly, coefficient of logGFCFj at −0.972 unveils an intriguing pattern: an increase in GFCF in a
trading partner’s economy is linked with a decreased likelihood of being selected for bilateral trade. This
alignment implies that partners with greater investment focus might prioritize domestic production over
imports, thereby mitigating their reliance on trade. In the realm of exchange rates, the coefficient of
logEXCRTj (7.567) demonstrates that depreciation of Indian currency results in increase in probability of
rice exports to trading partners (Igue & Ogunleye, 2014; Irshad et al., 2018b; Jordaan & Eita, 2012). The
negative coefficient for logAREAj (−0.196) indicates that an increase in area under rice of a trading part-
ner reduces the likelihood of selecting that partner for bilateral trade. Furthermore, the negative coeffi-
cient of logPRODj (−1.663) suggests that an elevation in the level of production within a trading
partner’s economy corresponds to a lower likelihood of being chosen for bilateral trade. This trend could
reflect a preference for trading with partners specializing in distinct goods to promote diversification.

The influence of distance on partner selection is evident through coefficient of logDISTj (−1.378). As
distance between India and a trading partner increases, the probability of choosing that partner for
bilateral trade declines. This outcome underscores the higher costs and logistical complexities associated
with greater geographical separation (Braha et al., 2017; Nasrullah et al., 2020; Yadav, 2021). The positive
coefficient of logPOPj (1.018) implies that a larger population in a trading partner’s country heightens
the likelihood of being selected for bilateral trade. Larger populations equate to expanded consumer
bases and more substantial trade prospects.

4.5. Determinants for quantity of rice trade

Table 6 provides details about the estimates of gravity model from three distinct models—GLS (Sokvibol
et al., 2019), PPML (Amjad et al., 2021; Martin & Pham, 2020; Santos Silva & Tenreyro, 2011); Heckman

Table 6. Estimation of Gravity model through GLS, PPML and Heckman approaches.

Variables

GLS model PPML model Heckman model

Coefficient S.E Prob Coefficient S.E Prob Coefficient S.E Prob

log(XINDj:t−1) 0.316�� 0.057 0.000 0.577�� 0.122 0.000 0.145�� 0.032 0.000
log(GDPINDt:GDPjt) 7.204�� 1.920 0.000 7.148�� 2.563 0.005 7.026�� 2.665 0.008
log(PCIINDt :PCIjt ) 7.426�� 2.328 0.001 7.924�� 2.903 0.006 7.900�� 1.278 0.000
log(DPCIINDjt) −0.519� 0.235 0.027 −0.262� 0.123 0.033 −0.254�� 0.082 0.002
log GFCFjt −0.831 0.637 0.192 −0.584�� 0.153 0.000 0.131�� 0.025 0.000
log TIRjt 0.194 0.155 0.211 1.945�� 0.433 0.000 1.111�� 0.240 0.000
log AREAjt −0.522 0.458 0.254 −0.121 0.099 0.222 −0.189 0.378 0.617
log PRODjt −0.316 0.266 0.235 −0.236�� 0.091 0.009 −0.250� 0.105 0.017
log EXCRTjt 0.148�� 0.046 0.001 0.631� 0.269 0.019 1.791�� 0.229 0.000
log POPjt 3.956 2.223 0.075 0.905 2.641 0.732 18.044 13.270 0.174
log DISTjt −3.688�� 1.303 0.005 −5.038�� 1.282 0.000 −6.213�� 2.020 0.002
COBjt 5.929 4.711 0.208 3.154�� 1.066 0.003 3.128�� 1.199 0.009
WTOmemjt 1.370� 0.586 0.019 2.611� 1.255 0.038 1.800�� 0.296 0.000
COLONYjt −5.110 7.474 0.494 −9.721 6.245 0.119 −8.815 6.626 0.184
LLjt −8.233 9.583 0.390 −5.666 3.036 0.062 −4.513 9.176 0.623
ASEANjt −2.476 1.607 0.123 −2.136 1.182 0.071 −1.224 3.856 0.751
AFRICAjt −0.193 1.316 0.883 −0.935 0.606 0.123 −0.851 0.667 0.202
REC2008j −1.480 2.880 0.607 −3.218� 1.175 0.006 −1.812 0.967 0.061
Cons 27.319�� 9.406 0.004 57.727�� 16.042 0.000 12.210�� 4.248 0.004
Observations 260 260 260
Wald chi2 454.69�� (0.000) 597.95�� (0.000) 311.41�� (0.000)
Log likelihood −399.678 Log pseudolikelihood −16894480.27

Pseudo R2 0.76 (0.000)

Note. ��, � indicates significant at 1% and 5%, respectively.
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(Haq et al., 2013; Hasiner & Yu, 2019; Semykina & Wooldridge, 2013; Sokvibol et al., 2019; Xiong & Chen,
2014). The signs of estimated coefficients consistently align with expectations and attain statistical sig-
nificance at conventional levels. Notably, the outcomes of the PPML and Heckman approaches exhibit
greater significance when compared to GLS model. This emphasizes the robustness and enhanced statis-
tical validity of the PPML and Heckman methodologies, offering more substantial insights into the rela-
tionships being explored. The findings showed that ‘log(XINDj:t−1)’ consistently displays positive
coefficients in all models, indicating that historical trade interactions positively influence selection of
partners for current bilateral trade. This suggests that trade relationships are built upon past engage-
ments, fostering a sense of familiarity and trust among partners. Previous studies like Mart�ınez-Zarzoso
et al. (2009), Olivero and Yotov (2012), Gashi et al. (2016) and Kahouli (2016), also provided empirical evi-
dences to support the importance of history in performance of trade. The interactions of economic indi-
cators, such as log(GDPINDt:GDPjt) and log(PCIINDt:PCIjt), consistently show strong and positive coefficients
across models (Filippini & Molini, 2003; Shahriar et al., 2018). This signifies that partners with larger com-
bined GDPs and PCIs are more preferred for bilateral trade. The enhanced market potential, purchasing
power, and economic compatibility associated with larger GDPs and incomes contribute to this positive
relationship. Notably, the variable log(DPCIINDjt) consistently demonstrates negative coefficients across
models highlighting that larger disparities in per capita incomes among trading partners affect rice trade
from India. This consistently negative and statistically significant effect underscores adherence of Indian
rice exports to the principle of Linder hypothesis (Linder, 1961). According to this hypothesis, countries
with comparable income levels tend to share similar characteristics, supply capacities, and demand pro-
files, consequently fostering higher levels of trade between them. This could also be attributed to trade
challenges arising from significant income differences, affecting market preferences and trade capacities.
A body of existing research further reinforces this key tenet of the Linder hypothesis. Studies such as
those by Arnon and Weinblatt (1998), Choi (2002), Chow et al. (1999), and McPherson et al. (2000) lend
support to this hypothesis by substantiating the idea that nations with akin income levels are inclined
to engage in more extensive trade interactions with one another. The coefficients associated with logTIRj
also have consistent patterns across the models. In the PPML and Heckman models, the coefficients are
positive and statistically significant implying positive correlation between trading partner’s rice imports
and India’s rice exports. That is, as total imports of rice by a trading partner increase, there is corre-
sponding rise in demand for rice exports from India. However, it is important that this relationship is
also influenced by various market factors, supply-demand dynamics, and the competitive position of
Indian rice in trading partner’s market.

Both ‘logAREAj’ and ‘logPRODj’ exhibit negative association with quantum of trade between India and
trading partners. That is, an increase in area and production of rice in trading partners, the trade
quantity between India and that partner tends to decrease. This finding underscores the role of dis-
tance-related factors, including transportation costs and market accessibility, which can deter trade and
consequently influence trade volumes. It also indicates the inclination for India to engage in trade with
partners specializing in different goods, avoiding excessive competition that could impact trade volumes.
Similarly, the uniform positive coefficients for logEXCRTj underscore a pivotal aspect: the depreciation of
Indian currency between India and its trading partners can make Indian rice more attractive and afford-
able to international markets. As a result, trading partners increase their demand for

Indian rice, leading to an upsurge in its exports. The preceding research conducted by Bui and Chen
(2017) and Irshad et al. (2018b), similarly underscores the significant influence exerted by exchange rate
policies on the realm of rice exports.

The positive coefficients for logPOPj prevalent across models accentuate a compelling trend: trading
partners with larger populations typically engage in larger trade volumes with India, though non-signifi-
cant. This trend can be explained by factors such as heightened demand, specialization, and geographic
factors. The coefficient of logDISTj consistently displayed negative sign across all the models, indicating
that as distance between India and its trading partners increases, trade volumes tend to decrease. This
outcome reflects the various cost-related, logistical, and administrative challenges ultimately influencing
trade decisions and resulting in reduced trade volumes. The coefficient of COBj is consistently positive
and found significant both in PPML and Heckmen models. This implies, trade between countries sharing
a border tends to increase due to factors like reduced transportation costs, quicker delivery times,
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improved infrastructure, trade agreements, cultural affinities fostering cooperation, and spillover effects
benefiting both economies. Proximity enables efficient supply chains and access to neighboring markets,
encouraging trade growth. The positive coefficients for ‘WTOmemj’ across all models indicate that mem-
ber countries of WTO tend to engage in larger quantities of rice trade with India. This is due to facilita-
tion of trade agreements, reduced trade barriers, and increased market access that often accompany
WTO membership, encouraging more substantial bilateral trade volumes (Rahman et al., 2019; Soeng &
Cuyvers, 2018). Additionally, streamlined customs procedures and harmonized trade facilitation efforts
reduce transaction complexities and costs. Alignment with international trade standards and the
enhanced reputation of being a responsible trading partner further enhance the appeal of WTO mem-
bers. Altogether, these factors create a synergy that encourages bilateral trade selection, offering part-
ners the benefits of reduced barriers, a secure legal framework, and increased trade opportunities.

However, the influence of certain factors viz., COLONYj, LLj, ASEANj and AFRICAj appears negative and
non-significant influence on quantum of rice trade from India (Paudel & Cooray, 2018). These findings
disclose that if the importer is landlocked, transaction costs are too high (Milner & Mcgowan, 2013). The
variable REC2008j consistently shows negative coefficients across the models, indicating a certain trend in
its impact on quantity of rice trade between India and its trading partners. However, this negative effect
is found statistically significant only in PPML model. This indicates decreased demand for rice imports
among trading partners from India (Huot & Kakinaka, 2007; Kahouli, 2016).

Table 7 presents estimates from both the one-way and two-way fixed effects models for the determi-
nants of rice exports from India in the gravity model context. Notably, the coefficient for (GDPINDt:GDPjt)
is statistically significant in both models, with a substantial increase in magnitude in the two-way fixed
effects model. This suggests a strong positive correlation between the economic sizes of the trading
partners, indicating that larger economies tend to engage in more agricultural trade. Similarly, the coeffi-
cient for log(PCIINDt:PCIjt) is negative in both models, implying that as the income disparity between the
trading partners decreases, agricultural trade increases. The two-way fixed effects model shows a more
pronounced negative impact, suggesting that income parity is a crucial factor influencing agricultural
exports. The log(DPCIINDjt) has a positive and significant effect on agricultural exports in both models,
indicating that as the income levels of both countries change, agricultural trade is positively affected.
The log(AREAjt) of the importing country’s area and log(PRODjt) has a negative impact, but it is statistic-
ally insignificant in the one-way fixed effects model. However, in the two-way fixed effects model, the
coefficient for log(PRODjt) becomes significant and negative, suggesting that larger agricultural areas
and production in the importing country could hinder agricultural exports from India. Population size of
the importing country does not show a significant impact on agricultural exports in either model. The
log(TIRjt) has a positive impact in both models is a result of a combination of factors ranging from
India’s production capacity, competitive pricing, adherence to quality standards, diplomatic relations, cul-
tural preferences, and efficient trade logistics. The log(EXCRTjt) has a positive impact in both models,
suggesting that a depreciation of the importing country’s currency may stimulate agricultural exports
from India. The F-test for overall model significance is statistically significant in both models, indicating
that the models are collectively meaningful. The Hausman test suggests a preference for the fixed

Table 7. Gravity model estimates: one-way and two-way fixed effects model (n¼ 270).

Variables

One-way fixed effect model Two-way fixed effect model

Coefficient S.E Prob Coefficient S.E Prob

log(GDPit:GDPjt) 0.568�� 0.156 0.000 7.431�� 2.782 0.008
log(PCIit :PCIjt) −0.789� 0.335 0.019 −6.088� 3.009 0.043
log DPCIijt 0.490�� 0.140 0.000 0.471�� 0.124 0.000
log AREAjt −0.763 0.492 0.121 −0.596 0.476 0.211
log PRODjt −0.399 0.271 0.141 −0.221� 0.098 0.024
log POPjt 8.143 7.393 0.271 4.600 7.232 0.525
log TIRjt 0.338�� 0.116 0.004 0.195�� 0.036 0.000
log EXCRTjt 0.120� 0.050 0.016 0.511� 0.231 0.027
Cons 34.217�� 12.204 0.005 59.198�� 20.134 0.003
F test F(8,252)¼15.93�� F(34,226) ¼ 6.64��
Hausman test 52.41�� (0.000) 49.61�� (0.000)
R2 0.81 0.81

Note. ��, � indicates significant at 1% and 5%, respectively.
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effects model over random effects model. The R2 values for both models are reasonably high indicating
that the models explain a substantial portion of the variability in agricultural exports.

5. Summary and conclusions

In summary, international trade stands as a linchpin of economic growth and development, enabling
nations to expand their economic horizons beyond domestic borders. This engagement with global
economy brings forth a myriad of advantages, from increased consumer choices and job creation to the
exchange of knowledge and technology. International trade fosters diplomatic relationships, mitigates
supply chain vulnerabilities, and provides avenues for stability during economic uncertainties. For India,
a country with a substantial agrarian economy, the international trade of agricultural commodities, par-
ticularly rice, holds immense significance. This engagement opens doors to larger markets, stimulates
economic growth, reduces poverty, and elevates living standards.

India’s participation in international trade is reinforced by its membership in WTO, which offers a
framework for fair and transparent trade relations. This membership empowers India to resolve disputes,
negotiate favourable agreements, and protect its interests in global agricultural market. Leveraging its
diverse agro-climatic zones, India has emerged as a leading exporter of rice in international market. The
country’s expansive land resources, ranging from the fertile plains of Punjab and Haryana to the deltas
of the eastern and southern coasts, provide ideal conditions for cultivating a wide variety of rice. India’s
ability to produce both traditional and aromatic rice varieties give it a competitive edge, catering to
diverse preferences in global markets.

The EII values, ranging from 1.375 to 2.008, highlight active rice trade driven by factors like geograph-
ical proximity, reducing transportation costs, and geopolitics. The III values, spanning 0.185 to 0.205,
underscore India’s pivotal status as a primary rice supplier. Indian rice’s diverse varieties align with culin-
ary preferences, enhancing its prominence. The TII, combining EII and III, with values, 1.375 to 1.891,
showcased the depth and vigour of trade relationships. Political stability, diplomacy, and long-term part-
nerships catalyze trade intensity, reflecting in higher TII values, fostering mutual cooperation and robust
interactions.

The Gravity model employed in analyzing India’s international rice trade provides a robust analytical
framework to unravel intricate dynamics governing these trade relationships. By focusing on major
importing countries like Bangladesh, Benin, China, Ivory Coast, Iran, Iraq, Nepal, Saudi Arabia, Senegal,
and Vietnam, the study offers insights into the core drivers of India’s rice exports, their economic impact,
and market trends. The model underscores the influence of historical trade interactions, economic indi-
cators, geographical proximity, WTO membership, and other factors on partner selection and trade
quantity.

In comparing the outcomes of PPML and Heckman models with the one-way and two-way fixed
effects models for determining rice exports from India in the context of the gravity model, several key
insights emerge. Notably, both PPML and Heckman approaches exhibit greater significance compared to
GLS model, highlighting their robustness and enhanced statistical validity. The findings emphasize the
substantial influence of historical trade interactions, as indicated by the consistently positive coefficients
of ‘log(XINDj:t−1)’ across all models. This underscores the notion that past engagements foster familiarity
and trust among trading partners, influencing current bilateral trade decisions. Economic indicators, such
as log(GDPINDt:GDPjt) and log(PCIINDt:PCIjt) consistently display strong and positive coefficients, emphasiz-
ing that partners with larger combined GDPs and PCIs are more preferred for bilateral trade. The consist-
ently negative coefficient of ’log(DPCIINDjt)’ underscores adherence to the Linder hypothesis, suggesting
that disparities in per capita incomes among trading partners negatively affect rice trade from India.
Moreover, variables like ’ logTIRj’ exhibit positive correlations with India’s rice exports, implying that as
total rice imports by a trading partner increase, there is a corresponding rise in demand for rice exports
from India. Conversely, ‘logAREAj’ and ‘logPRODj’ show negative associations, indicating that an increase
in the area and production of rice in trading partners tends to decrease trade quantity between India
and that partner. This reflects the role of distance-related factors, including transportation costs and mar-
ket accessibility. The positive coefficients for ’logEXCRTj’ underscore the significant influence of currency
depreciation in the importing country, making Indian rice more attractive and affordable to international
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markets. Population size of the importing country (logPOPj) and the distance between India and its trad-
ing partners also demonstrate expected trends, with larger populations and shorter distances positively
impacting trade volumes. The one-way and two-way fixed effects models provide additional insights
into the determinants of rice exports. The coefficients for ‘log(GDPINDt:GDPjt)’ and ‘log(PCIINDt:PCIjt)’
remain statistically significant, with the two-way fixed effects model exhibiting a more pronounced
impact. Income parity and changes in income levels continue to influence agricultural trade positively.
Importantly, the two-way fixed effects model introduces the significance of ‘logAREAj’ and ‘logPRODj’,
suggesting that larger agricultural areas and production in the importing country could hinder agricul-
tural exports from India. PPML, Heckman and one-way and two-way fixed effects models provide a
nuanced understanding of the determinants of rice exports from India. Each model contributes unique
perspectives, emphasizing the importance of considering historical interactions, economic indicators, and
geographical factors in comprehensively analyzing the complex dynamics of agricultural trade.

This study offers valuable insights to strategically enhance international trade relationships. India’s
active involvement in global trade, particularly in rice, reflects its commitment to utilizing strengths and
contributing to the global market. The policy implications range from diversifying markets and improv-
ing quality to facilitating trade, diplomatic engagement, sustainability, and capacity building. Diversifying
markets is crucial, urging policymakers to explore new regions through proactive trade agreements.
Elevating the quality of Indian rice requires investing in research and development to keep its appeal
high. Streamlined customs procedures and efficient logistics networks are essential for smooth cross-bor-
der trade. Encouraging sustainable agricultural practices can enhance competitiveness. Empowering
farmers through training, technology, and financial support is vital. By strategically addressing these
areas, India can solidify its role as a major player in global rice trade, promoting economic growth, agri-
cultural development, and international cooperation. These policies align with Sustainable Development
Goals, enabling India to fortify its position in the global rice trade and contribute positively to a sustain-
able and prosperous future.
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