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ABSTRACT

There has been an increase in the number of trade agreements (TAs) signed by India, especially in recent
years, to boost exports. In this context, using the Stochastic Frontier Gravity Model (SFGM), the present study
examines how the selected RTAs, such as GSTP, APTA, SAPTA, SAFTA, ASEAN, and MERCOSUR, and the
regulatory quality of the partner nations, impact the efficiency of imports of Indian agricultural food products to 67
trading partners between 1995 and 2022. To verify the robustness of the results, the study also estimates fixed effects
(FE), ordinary least squares (OLS), pseudo-Poisson maximum likelihood (PPML), and the Heckman selection
approach. The results of the SFGM reveal that the GDP of India and its importing partner nations, the population of
the importing country, and the exchange rate positively correlate with India’s export efficiency. Whereas, distance
and population of India have a negative effect. In terms of RTAs, all agreements except SAPTA are found to be
significant, suggesting that the export efficiency of India's agri-food products has improved by signing such trade
agreements. On average, free trade agreements (FTAs) such as SAFTA and ASEAN (72 per cent) significantly
outperform preferential trade agreements (PTAs) like GSTP, APTA, SAPTA, and MERCOSUR (50 per cent),
highlighting that India benefits more as an exporting nation through FTAs. However, its exports are still below the
potential frontier. The study recommends prioritising agreements with politically and economically stable partners,
expanding the geographic scope of integration, reducing trade barriers, and broadening sectoral coverage in RTAs to
strengthen India’s agricultural export performance.
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|
INTRODUCTION

International trade serves as an instrument and catalyst for economic growth
(Frankel & Romer, 1999). Even classical and neoclassical economists perceived trade
as a means to contribute to a nation's development. This is because international trade
generates foreign exchange in addition to quantitative benefits such as contributions
to GDP (Chenery & Strout, 1966). Miller et al. (2020) reported that nations with
more trade autonomy have achieved higher levels of food security. Against the
backdrop of the spatial disparity between food production and consumption,
international agricultural trade is crucial for achieving global food stability
(Kinnunen et al., 2020). The international trade of agricultural products is significant,
given India’s sizable agrarian economy. Since 55 per cent of the population depends
on agriculture, there are several advantages to participating in international trade
(Agriculture Statistics at a Glance, 2023). Like any other emerging nation, India's
trade can contribute to more significant economic growth because of its untapped
potential, especially in the agricultural sector. Owing to its abundant land resources,
India can fulfil its significant local demand for essential commaodities such as wheat
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and rice while making excess supplies available for export. India’s competitive
advantage in the global market was further enhanced by opening its economy with
LPG programmes in 1991. As a member of the WTO, India gains access to a set of
regulations that support fair, transparent, and predictable economic ties (Khalid et al.,
2020). Building on the significance of international trade for economic development
and India’s unique agricultural potential, it is important to examine the performance
of the agri-food sector, which reflects both structural shifts in the domestic economy
and changing global trade dynamics.

1.1 India’s Agri-Food Export: An Overview

India’s agri-food sector is considered the primary sector of the economy. A
close examination of Figure 1 reveals that the proportion of agricultural income in
India's GDP decreased from 24.26 per cent in 1995 to 16.55 per cent in 2022. The
percentage of employment in the agricultural sector has declined from 1995 to 2022.
This is attributed to the fact that India has diversified sources of income, leading to
the neglect of the agricultural sector. An increase in population growth and the
explosive expansion of the service sector (Ravi Kumar et al., 2024a). At the same
time, India’s exports reached USD 778.21 billion in 2023-24, marking a historic rise
from USD 466.22 billion in 2013-2014, a 67 per cent increase. The value of
agricultural product exports rose from USD 22.70 billion in 2013-14 to USD 48.15
billion in 2023-24 (Ministry of Commerce and Industry, 2025). India was the eighth-
largest exporter of agricultural products globally during that year.
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FIGURE 1. INDIA’S GDP AND SHARE OF AGRICULTURE IN GDP
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Figures 2 and 3 highlight the major regions for Indian agri-food exports and
the major Indian agri-food import markets. Based on the export value (1995-2022),
the United States of America is India’s top trading partner country in agri-food
exports (with an export value of 2038041.89 thousand USD), followed by Vietnam,
the UAE, Saudi Arabia, and Bangladesh, with values of 1514694.72, 1334304.46,
1081584.286, and 921059.5 thousand USD, respectively. Similarly, five countries,
including Indonesia, Malaysia, Argentina, Ukraine, and the United States of America,
are among India’s major agri-food destinations. In 2021-22, agriculture and allied
exports increased by 20.79 percentage points to a value of Rs. 3,74,611.64 crores.
Major commodities that registered the highest growth in exports were wheat
(279.71%), dairy products (98.40%), sugar (66.17%), and coffee (42.59%)
(Government of India, 2025). Table 1 displays the performance of the Indian agri-
food sector during the period 1995-2022 and reveals that food imports and exports
accounted for 4.52 and 10.85 per cent of India’s total imports and exports,
respectively. India experienced a positive turnover in its agri-food industry during the
research period (see Table 1).
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FIGURE 2. INDIA’S TOP FIFTEEN EXPORT MARKETS, MEAN, 1995-2022: EXPORTS (1,000 USD).
Source. WITS
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FIGURE 3. INDIA’S TOP FIFTEEN IMPORT MARKETS, MEAN, 1995-2022: IMPORTS (1,000 USD)
Source. WITS

In light of observed trends in India’s agri-food export performance, it
becomes imperative to explore the key determinants influencing growth and
sustaining it, particularly using the gravity model. One such earlier study was
undertaken by Tinbergen (1962). He developed the gravity model in the early 1960s
to conduct an empirical macro-level analysis of global trade. The traditional model
posits that bilateral trade between any two nations is inversely proportional to

geographic distance and directly proportional to each country’s size, as proxied by its
GDP.

Other than the traditional factors such as GDP, distance, and population, as
mentioned in studies (Sevela, 2002 in Czech; Shuai, 2010 in China; Aguirre
Gonzélez et al., 2018 in Nicaragua; Nsabimana and Tirkaso, 2020 in Eastern and
Southern Africa; Kea et al., 2019 in Cambodia; Ravikumar et al., 2024a, 2024b in
India), certain research has highlighted the importance of Regional Trade Agreements
(RTAS) in enhancing trade efficiency. One such earlier study at the global level was
conducted by Kalirajan (2007). Kalirajan (2007) employed the stochastic frontier
(SF) version of the gravity model to measure the impact of trade agreements on
Australian export efficiency. He reported that TAs increased exports to their
importing partner nations by 15 per cent. The effect of East-West integration on trade
efficiency was examined by Ravishankar and Stack (2014) using the stochastic
frontier gravity model (SFGM), highlighting that the greater the trade integration, the
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fewer trade restrictions there are between two nations. Similarly, Ebaidalla and Yahia
(2014) studied the performance of intra-COMESA trade integration in contrast with
ASEAN integration. Two-stage gravity techniques suggest that regional trade
integration among COMESA members performs unfavourably.

In the Indian context, Kumar and Prabhakar (2017) found that the ASEAN
free trade agreements effectively increased the efficiency of bilateral trade between
India and its partner countries, as analysed using data from 2000 to 2014. Whereas
Barma (2017) focuses on how RTA agreements, such as ASEAN and SAFTA, and
African nations influence the exports of agricultural products at the aggregate level.
Kaushal (2022) employed the SFGM to examine the effects of trade agreements on
India's overall export efficiency. According to the research, India has been able to
significantly increase the efficiency of its exports to importing partner nations
through bilateral agreements (BAs) and free trade agreements (FTAS), including
those with ASEAN and SAFTA. She further criticised that exports are still below the
potential frontier. To conclude, most studies have clearly established that trade
agreements have increased the efficiency of exports. It should be highlighted here
that the Government of India is entering into various RTAs across the globe. India’s
RTAs have gained special attention as a developing superpower, and so it is
imperative to analyse the effect of RTAs on export efficiency.

However, the present study differs from the existing studies. Kumar and
Prabhakar (2017) and Kaushal (2022) investigated the effect of RTAs on overall
trade efficiency, while Barma (2017) examined the impact of RTAs on the export of
agricultural products overall. Instead of focusing on agricultural exports in general,
the current study utilises panel data from 1995 to 2022 on agri-food exports to 67
trading partner nations as the dependent variable, employing several gravity
equations that have not been examined in a single study. That is, the present study
utilises a stochastic frontier gravity model (SFGM) to examine the role of India’s
selected RTAs, such as the Global System of Trade Preferences among Developing
Countries (GSTP), Asia Pacific Trade Agreement (APTA), South Asian Free Trade
Agreement (SAFTA), South Asian Preferential Trade Agreement (SAPTA),
Association of Southeast Asian Nations (ASEAN), MERCOSUR trade bloc, and the
regulatory quality of member nations, along with traditional determinants such as size
of economy proxied by nominal GDP, distance, population, and the exchange rate, in
enhancing agri-food export efficiency.

The remaining portion of the article is structured as follows. The second part
discusses the analytical framework of the stochastic frontier approach, including a
description of the variables employed in the analysis and their corresponding data
sources. The third section of the paper presents the findings and discussion. The
article is summarised, and some policy insights are provided in the fourth section.
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I
METHODOLOGY

2.1 2.1 Stochastic Frontier Gravity Model: An Overview

The gravity model has emerged as the predominant framework in
international trade, analysing the impact of various variables on trade flows
(Abdullahi et al., 2021). The conventional gravity model may be expressed as
follows.

LnAF|NDjt: o+ BanGDP”\th + BanGDPjt + BgLnDiSij + EINDjt (1)

AFnpje represents the bilateral agri-food export trade flows between India and
other importing nations for the specified period (t= 1995-2022), where j=
1,234....... 67. GDP o and GDPj; indicate the economic size of both nations, while
Disinpj signifies the geographical distance between the capital city of India and that of
importing countries.

The extended gravity model of specification (Gros and Gonciarz, 1993) is
shown below.

LnAF|NDjt= o+ BanGDPth + BanGDPjt + BgLnDiSij + B4LnPOP|NDt +
BsLNPOPj + X5 AgZinpj + X5=1 oKAFnDjt + €npit 2

AFnpjt, GDPinpt, GDPji, and Disinp; have the same definition as above.
POPinot and POPj; are the populations of India and the importing nation,
respectively. Furthermore, equation (2) comprises the error term, gnpj; the
time-variant trade explanatory variables vector (distance), Zinpj; and the time-
variant trade stimulating (GDP, population) and trade stimulating variables
(GSTP, APTA, SAFTA, SAPTA, ASE, MER) affecting AFnpijt.

To address the inherent biases of the traditional time-varying gravity
model, which fails to distinguish between individual heterogeneity and
inefficiency, the present study employs the stochastic frontier gravity model
(SFGM), following Kalirajan (1999). This was further modified by Kalirajan
(2007) and Bhattacharya and Das (2014). The SFGM combines gravity and
stochastic frontier models (Kaushal, 2022). It is often considered an
innovative tool for measuring accurate efficiency scores and the variations
between the potential and actual values. Exports are presumed to be 100 per
cent technically efficient whenever a nation reaches its maximum trading
capability. Since the inefficiency component of the error term u; is the log
difference between the maximum output and actual output, u; x 100 per cent is
the percentage that, in the case of perfectly efficient production, the actual
output may be increased with the same inputs (Doan & Xing, 2018). The
estimated value of u; represents output-oriented technical inefficiency, and
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production is considered completely efficient when the value approaches the
estimated u; value (Kaushal, 2021).

To estimate India’s agri-food export trade, we developed a time-varying
export SFGM in this work by converting the traditional gravity model in
equation (2), which is expressed as follows.

LnAF|NDjt: o+ BanGDPth + BanGDPjt + BgLnDiSn\]Dj + B4LnPOP|NDt +
BsLNPOPj + X5_; AgZinpj + X5-1 oKAFnDjt + Vinpjt — Uinit (3)

Ln denotes natural logarithm.

In equation (3), Vinpjt indicates the statistical noise caused by
measurement error, and Unpj: represents the trade efficiency or performance.

This study uses a built-in STATA tool to estimate Unpj based on
Battese and Corelli’s (1995) inefficiency model. A hypothetical trade frontier
that represents the highest trade ability possible under the assumption of free
trade is necessary for estimating trade efficiency. Previous studies have used a
two-stage SF technique, which can lead to the omitted variable bias problem
(Wang and Schmidt, 2002). Therefore, to increase the reliability of the results,
the fixed effect (FE) model (based on the Hausman test), ordinary least
squares (OLS), Poisson pseudo maximum likelihood (PPML), and the
Heckman model were also utilised in the study. The FE approach considers
the unobserved variable and manages the Multilateral Trade Resistance
(MTR) phenomenon in the gravity model (Shahriar et al., 2019). OLS does
average and two-sided residual functions (Abdullahi et al., 2021). It also
produces accurate estimates of slope parameters. To solve the zero-trade
situation, this study employs the Heckman model and the PPML method
(Shahriar et al., 2019), which also solves the issues of heteroscedasticity and
multicollinearity. The above strategies were employed to ensure the
robustness of the SFGM.

2.2 Sources of Data, Variables and Postulates

The panel dataset spans 28 years, from 1995 to 2022, and includes
bilateral agri-food exports between India and 67 trading partner countries (N =
67 x T = 28 = 1,876). Indian agri-food exports to these 67 nations accounted
for 95 per cent of the total exports during the selected research period. The
year 1995 was chosen as the base year due to its importance in global trade, as
the World Trade Organisation (WTQO) was created in that year. The data used
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in the present study were obtained from various sources, as shown in Table 2.
The natural log has been used for all the variables except for dummies.

TABLE 2. VARIABLES DESCRIPTION

Variable Description Unit Source
AFnpit Total agricultural products export from 1000 USD WITS*
nation ‘IND’ (India) to country j’ for time
period ‘t’
GDP\pt Nominal GDP of the exporting nation 1000 USD World Bank
‘IND’ (India) at the time period ‘t’ Indicators*
GDPj Nominal GDP of the importing nation ‘j> 1000 USD World  Bank
at time period ‘t’ Indicators®
Disinpj Distance between the capitals of the nation  Kilometers CEPIIN
‘IND’ and country j’.
Ex;i/ EXinot Ratio of the exchange rate of nation j> at LCU per US World Bank
time period ‘t” and the exchange rate of dollar Indicators”
nation ‘IND’ at time period ‘t’
POP Dt Population of the nation ‘IND’ (India) at 1000 persons World  Bank
the period ‘t’ Indicators”
POP;; Population of nation ‘j’ at the period ‘t’ 1000 persons World Bank
Indicators”
GSTPinpjt Dummy variable with value 1 if the GSTP  Binary WTO*
trade agreement is active at time period ‘t’,
0, otherwise.
APTAnpjt Dummy variable with value 1, if the Binary wTto*
APTA trade agreement is active at time
period ‘t’, 0, otherwise.
SAFTAND; Dummy variable with value 1 for active Binary wTto*
SAFTA agreement at time period ‘t’, 0,
otherwise
ASE npijt Dummy variable with value 1 for active Binary WTO*
ASEAN agreement at time period ‘t’, 0,
otherwise
MER np; MERCOSUR trade agreement with value 1  Binary WTO*
for PTA India has signed with four South
American nations at time ‘t’, 0, otherwise
RQjt Regulatory quality of the importing nation Regulatory WTO*
‘j” at time period ‘t’ quality index

Source. Authors’ own evaluation
Note.* World Integrated Trade Solutions- UNSD Commodity Trade Database; "World Development
Indicators, World Bank; ~Centre d'Etudes Prospectives et d'Informations Internationales- Database,
France; *World Trade Organisation

The present study employs India’s GDP (LnGDPINDt) and the GDP of the
importing nation (LnGDPjt) as proxies for economic size. India’s GDP is considered

the ability of a nation to supply or export, while the importer’s GDP is related to the
demand for certain products in the international market. Higher GDP is associated
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with increasing purchasing power, market potential, and economic integration (Ravi
Kumar et al., 2024a). The influence of economic size on trade is represented in
various ways in the gravity model. Some researchers have employed the GDP of the
importing nation alone (Ahsan & Chu, 2014), whereas others have utilised the
combined impact of the GDP of importing and exporting nations (Kea et al., 2019;
Irshad et al., 2018). But the studies by Jambor and Tarok (2013) and Atif et al. (2016)
utilised the GDP of importing nations and exporting nations separately to distinguish
between supply and demand impacts. Certain studies (Kaushal, 2022; Shepherd et al.,
2019) suggest that when country-pair-specific numeraires are required but not readily
available, the use of accurate GDP data instead of nominal GDP can lead to bias due
to the use of a single common numeraire. Nonetheless, this issue is resolved by
utilising the nominal GDP to determine temporal effects (Baldwin & Taglioni, 2006).
Therefore, in the current gravity model, nominal GDP is considered an independent
variable and is expected to have a positive impact on India’s exports to its trading
partner nations.

While exporting, there are often three different types of costs: (i) shipping
costs, (ii) interaction costs (also known as unfamiliarity costs), and (iii) time-related
costs (Linnemann, 1966). Many studies (Kahouli, 2016; Kea et al., 2019) have
employed distance as a proxy for transportation expenses. The greater the distance,
the greater the costs related to transportation. The present study expects that distance
(LnDisINDj) has a detrimental effect on agricultural export efficiency.

In certain economic studies, in addition to GDP and distance, the populations
of exporting and importing nations are also included as important variables
influencing agricultural product trade (Abdullahi et al., 2021). Owoo (2021) observes
that a rise in the population of exporting nations will reduce agricultural exports due
to the strong demand for food from the domestic market. Moreover, an increase in the
population of the importing nation often raises the need for agricultural products
(Abdullahi et al., 2021). The current study considers the population of India
(LnPPINDt) and its trading partner nation (LnPPjt). A positive effect of importing
countries’ populations and a negative relationship of India’s population on agri-
export efficiency are expected.

Exchange rates are used in the augmented gravity model to account for
variation in bilateral trade (Bergstrand, 1985; Abdullahi et al., 2021; Xu et al., 2022).
The present study measures the exchange rate via the exchange rate specification
given by Binh (2013).

Yearly average of the national currency unit of India per USD

ExINDjt =
X Yearly average of the national currency unit of nation ‘j’ per USD
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The ratio examines India’s yearly mean exchange rate per unit of the
importing nation’s exchange rate (LnEx;/EXnor). Theoretically, a rise in this ratio
indicates a decline in India’s exchange rate. Thus, enhancing exports (Kaushal,
2021).

Regulatory quality (RQ) is considered to have a substantial impact on trade at
present. The regulatory quality of importing nations is also considered when
estimating the inefficiency equation of trade (Nabeshima & Obashi, 2021).
Regulatory quality reflects the attitudes of the importing countries' governments and
the capacity of state authorities to create and implement policies that safeguard and
promote the growth of private sector actors (Miao et al., 2020). Although the possible
impact of the variable is unknown a priori (Kaushal, 2022), the study assumes that
the greater regulatory quality of the importing country (RQj;) will have a favourable
impact on India’s export efficiency.

The agreements outlined in section 1 are taken into consideration in this
study. These were selected due to their relevance in shaping India’s agri-food trade
with developing and emerging economies. These agreements represent India’s key
regional and plurilateral trade partnerships that promote market access, reduce tariff
and non-tariff barriers, and enhance trade cooperation.

1]
RESULTS AND DISCUSSION

The present study estimates the SFGM using a two-stage technique to
determine the factors influencing India’s agricultural product export efficiency to its
major trading partners. Furthermore, fixed effect (FE), OLS, PPML, and Heckman
selection models were utilised. Tables 3 and 4 display the traditional and extended
SFGM results. The application of the SFGM is supported by both the LR and the A =
0.997 (Table 4). Similarly, the Hausman test favours the FE approach over the
random model. According to the findings in both Tables 3 and 4, economic size,
proxied by the GDP of both exporting (LnGDPINDt) and importing nations
(LnGDPjt), has a positive effect on export efficiency. At the same time, the distance
is having a detrimental impact. This often confirms the hypothesis in the traditional
gravity model developed by Tinbergen (1962). A 1 per cent rise in India's GDP
increases export efficiency by 2.10 per cent, as evident from the extended model. In
contrast, a 1 per cent rise in the importing nation's GDP increases Indian agri-export
efficiency by 0.578. These positive results were consistent across all the models. The
results show that wealthier nations import more due to their increased capacity for
consumption and diversified dietary preferences. This finding aligns with existing
studies by Atif et al. (2016), Abdullahi et al. (2021), and Kaushal (2022). It is worth
noting that India's domestic consumption has increased substantially by over 21 per
cent over the last three decades, driven by the growth of the nation’s middle class,
rising purchasing power, infrastructure development, and the expansion of service
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and technology industries. However, India’s economic development is driven mainly
by domestic consumption rather than exports, as evident from the greater impact of
India’s GDP on export efficiency compared to that of its importing partner nations.

From Tables 3 and 4, it is evident that distance (LnDisINDj) has a negative
influence on the export efficiency of Indian agri-food products. The longer the
distance, the higher the transportation costs, the longer the transit times, and the
greater the logistical barriers. Indian agri-exports are less competitive with those of
distant regions. The perishable nature of agri-food products demands that they be
delivered on time to preserve their quality. Even if trade agreements exist, inadequate
infrastructure and connection issues might impede smooth trade flows. This finding is
consistent with those of Miankhel et al. (2014), Abdullahi et al. (2016), and Kea et al.
(2019). The coefficient value of the exchange rate (LnExjt/LnEXINDt) has a
significant, favourable but insignificant effect in all models except in FE, as in Table
4. Exports have advantages due to the depreciation of the Indian currency, as it
decreases the amount required to purchase Indian goods and services for foreigners.
As a result, India’s competitiveness increases as the rupee's value decreases, allowing
foreign buyers to purchase more Indian products for the same amount in their own
currency. This apparent correlation between exchange rate fluctuations and trade
performance is demonstrated by empirical data showing that a 1 per cent rise in the
depreciation of the Indian rupee leads to a 0.2 per cent rise in exports, and this is in
conformity with Venkatraja (2018) and Kaushal (2022). Such an insignificant effect
under the FE model may be due to various reasons. First, the effect of exchange rate
changes on trade often materialises with a lag, as export contracts are usually
predetermined. Second, many of India’s export sectors are import-dependent, and
depreciation raises the cost of imported raw materials, thereby reducing the net
benefit of a weaker currency. Lastly, fluctuations in global demand and the low-price
elasticity of certain export products limit the responsiveness of trade flows to
currency changes.

The coefficient value of LnPPINDt is negative in all the models, with a
coefficient value of -0.423 in SFGM, and is statistically significant in all the models
except the OLS and Heckman selection models (Table 4). India, being the second-
largest nation in terms of population, is likely to influence export efficiency inversely
due to its high domestic consumption, which lowers the amount of surplus available
for export. The demand for essential goods, including industrial and agricultural
products, increases significantly as the population grows. The number of
commodities accessible for foreign markets is limited by this preference for local
requirements over exports, which lowers export efficiency. Ravi Kumar et al. (2024a)
reported that limiting the production capacity for exports and increasing population
expansion also stress resources such as land, water, and raw materials. LnPPjt has a
significant positive coefficient value in all the models. India’s agri-product export
efficiency increased at a rate of 1.347 as the population of importing nations
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increased by 1 per cent. A larger population in importing countries opened up new
markets, enabling Indian exporters to achieve economies of scale. Barma (2017)
documented similar results for India, and this outcome was also observed in many
studies (Kea et al., 2019; Ravi Kumar et al., 2024b; Miankhel et al., 2014; Abdullahi
etal., 2021).

In the case of regulatory quality (RQjt), the results support the notion that India's
RQjt declines its export efficiency. This finding, which contradicts Ricker (2022),
revealed a negative effect of regulatory quality. Ricker (2022), while analysing how
regulatory quality affects the efficiency of manufactured goods trade in the U.S.,
reported that improving the quality of regulation increases the export performance
and productivity of manufactured goods. However, in the case of India, stricter
standards and compliance requirements increase costs, create non-tariff barriers, and
necessitate the use of advanced products. These challenges limit India’s
competitiveness, particularly for low-technology exports, thereby offsetting the
potential benefits of trade facilitation.

In the case of RTAs, except for SAPTA, all other TAs considered in the
current study influence export efficiency. The coefficient value of SAPTA is negative
in all the models, but it is insignificant. The FTAs (ASEAN and SAFTA) had
positive and significant coefficients in all the models. Free trade agreements (FTAS)
with significant trading partners have raised imports, but export growth sometimes
lags, leaving certain regions with persistent trade imbalances. The benefits of FTAs
vary by sector, and concerns are raised about the long-term advantages of FTAs for
India’s economic stability.

ASEAN and SAFTA have positive impacts, with coefficient values of 4.63
per cent and 2.39 per cent, respectively, indicating an increase in export efficiency.
This finding aligns with those of Barma (2017). Preferential access to important
South Asian markets, including Indonesia, Malaysia, and Vietnam, is made possible
by the ASEAN-India FTA. Indian agricultural products, especially processed foods
and spices, are in great demand in these nations. In the case of SAFTA members,
including Bangladesh and Nepal, there is proximity, and the cost of transportation is
also lower, resulting in a high demand for Indian agricultural and food products. This
indicates that easing its “behind-the-border” restrictions leads to an increase in
exports (Barma, 2017). Kaushal (2022) argued that structural inefficiencies, non-
tariff barriers, and limited product diversification hindered India's ability to benefit
from these agreements fully.

In the case of PTAs, except APTA, both GSTP and MERCOSUR, efficiency
is negatively influenced. Agri-food products have greater elasticity of substitution
than processed products do. As a result, trade agreements have less impact on
primary Products.
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The coefficient value of GSTP is negative (-5.473), indicating that such an agreement
reduces the export efficiency of Indian agri-food products. This may be because GSTP
primarily covers developing nations with similar agricultural production patterns, which could
have a negative impact. The effectiveness of exports is negatively influenced by the logistical
and non-tariff restrictions mandated by several member nations. MERCOSUR has a negative
coefficient value (-3.179). India faces high trade restrictions concerning MERCOSUR,
including import permits, criteria for market entry, antidumping duties, evaluation, labelling,
and certification, as well as the provision of export subsidies and support to domestic
MERCOSUR producers. Further, India has a strong economic growth rate, which is
sometimes comparable with that of China. However, Latin American nations which are part of
MERCOSUR display greater instability and fluctuations (Bartesaghi, 2019). The coefficient
of the APTA is positive and significant. The agreement aims to increase bilateral trade by
fully utilising trade potential, expanding production capacities, and enhancing economic
growth (Agarwal et al., 2017). This was found true by the outcome of the present study. A
study by Bhasin and Manocha (2015) reported similar positive results. They found that the
APTA provided better market opportunities to India than did the SAARC.

In sum, India's agri-food export efficiency is significantly influenced by
GDP, population, distance, exchange rate, and regulatory quality. While India's
domestic consumption limits surplus for exports, a larger GDP and population in
importing nations positively impact trade. RTAs such as ASEAN, SAFTA, APTA,
GSTP and MERCOSUR enhance export efficiency, whereas SAPTA shows negative
or insignificant effects. The findings highlight that India’s agri-food export
performance is shaped more by partner-country demand factors and regional trade
agreements than by domestic supply conditions alone. Strengthening surplus
generation, aligning with favourable RTAs, and addressing regulatory and efficiency
barriers are essential to sustain competitiveness in global markets.

By employing Battese and Corelli’s (1995) criteria in the SF measuring
approach, export efficiency is computed. The results are presented in Table 5 and Fig.
4. RTAs, such as GSTP, SAFTA, and MERCOSUR, are significant at the 5 per cent
level, whereas APTA and ASEAN are significant at the 10 per cent level. India has
been effectively increasing its exports to all member countries, except those in the
SAPTA nations. There is an imbalance between imports and exports, with imports
from SAPTA nations exceeding exports from India to SAPTA members. India’s
overall export efficiency with importing member nations is 62 per cent, which is
comparatively more than the average efficiency of exports with non-member nations
(57 per cent). As Table 4 indicates, ASEAN has the greatest realised potential for
exports (72 per cent), followed by SAFTA (71 per cent), APTA (67 per cent), GSTP
(61 per cent), and MERCOSUR (51 per cent). That is, on average, in comparison to
PTAs (GSTP, APTA, SAPTA, MERCOSUR (with India)) (50 per cent), FTAs
(SAFTA, ASEAN) (72 per cent) have significantly increased total export efficiency.
That is, India will reap more benefits as an exporting nation that has entered the FTA.



1145

REGIONAL TRADE AGREEMENTS AND AGRI-FOOD EXPORT EFFICIENCY IN INDIA

UOIEN[BAB UMO , SL0n “a0.10g
*KoA1309dSa1 [3A3] 96G PUB ‘T U} & 90UBOIIUBIS [2INISITEIS SIUBSAITRI s PUB xxx "BION

9/81 9/81 9/8T 9/8T 9/8T
- 16¥°0 Shy'0 TGE0 -
-- -- -- *xx0000 --
- - - 1660
-- -- -- 90'6YTT
GE0'0 xxVS9'8T €200 xx1197¢T PT00  xxVVLV1 0000 *xx89T°9€- TO00 xxxE00PVT
mooo **moo.v- oooo ***me.m- mooo «.*voo.v- ._”ooo **‘L\Nm.w- wmoo «.*N._”._”.m-
¢00'0 xx00°C- 0000 xxxCV6°E- TO0O0  xxxC00C- TOO'0  »xx86T°¢C- 0000 xxxbLT°€E-
IT00  x%GTS°€ 100  xxc00'G 9100 *xV1S°€E 8200 *xC18'€ 9600  %x60LF
¥2Ze0 0EY'6- 6970 9.1 92¢'0 2EY'6- 97150 AN 8.¥'0 89Y°€T-
TO0O'0 »xx699'T 2000 *x9V76°C 0000  »xx099'T €000 *x806'T 700 *x68€°¢C
W00 xxG66°C €600  xxC66F 000 %x866'C 1200 *x[6V'E T200 %6297
2600  xx¥96°€- 6200 xx616'G- TE00  xx896°C- 0%0'0 *x68T - €000 xxELV'G-
TG00  xxG9P'T 2100 xxEVST 2800 «xlOV'T 100 *x8T9'T 2800 xxlVET
9000 xxE00°T- €000 xxIES0- 1000 *x100'T- €200 »xVTET- TO0O'0 xxxECYV0-
T00'0  %xx69S°0 T000  xxxC¥60 2000 *xCLS°0 1900 *x199°0 €700  %«TEY0
€0 7£9°0- 0000 xxxC€9T- TE00  xxC¥9°0- 9€00 xxTVL0- 0500  xx£260-
€100  »x/Q.T 1200 *xC69°0 G700 *xC9L'T €100 *x626'T 0000 *xx8.90
0T00  xx¥96'T 6000  xx/SET 11700 *x/96'T 0000 *xx8E0C 2000 %91
|zj<d ‘14800 |zj<d ‘14800 |z|<d ‘14800 |zj<d ‘14800 |z|<d ‘180D
(laNjy)uq uewyoeH  (MINIJw)u TNdd (TaNJy)U7 S0 (laNIy)u7 34 (TaNIJy)u7 WO4S

SUOIIRAIBS]O
J0 0N

A

159 UeWISNeH
Y

191 41
Jueisuo)
Loy
AN
:n_z_mm(cn_
NIy | dv/SuT]
1Ny | 7SUT
ANy J dwu
fanlg 1 sou
tddu
Ez_n_n_r_l_
aNIx3u \ﬂ._xw_cn_
_Oz_m_DC|_
f4aou
1aNIg@ou

S9|GRLIBA

NOILVINILS3 TIA0ON ALIAVYO 431LNOYH JILSYHIOLS 7 319V.L



1146 INDIAN JOURNAL OF AGRICULTURAL ECONOMICS

One of the main reasons PTAs do not change India’s export efficiency is the shallow
nature of the agreement, which involves only a limited amount of trade liberalisation.

TABLE 5. MEASUREMENT OF EXPORT EFFICIENCY ESTIMATES

Trade Agreements Average Export Efficiency
GSTP 0.614
APTA 0.672
SAFTA 0.711
SAPTA 0.568
ASEAN 0.729
MERCOSUR 0.513
Non-members 0.575
Overall Efficiency 0.626

Source. Authors’ own evaluation

In the case of GSTP, owing to reduced tariffs, Indian exporters can gain better
prices, especially for agri-food products. It is crucial in supporting trade-related
matters between India and the global south (Yaguy and Sun, 2025). Although the
APTA was found to increase the export efficiency of India’s agri-food products, the
extent to which it remains is a major question. This may be because, although tariff
rates in the agricultural and related sectors are often lower than the applied rates, they
have not been drastically reduced under the APTA. Moreover, the number of
commodities offered under the APTA is also low (Arthashastra Intelligence, 2023).

GSTP

0.614

Non- members ’ APTA
0.575 i 0.672

MERCOSUR

FIGURE 3. AVERAGE EXPORT EFFICIENCY
SOURCE: AUTHOR’S OWN EVALUATION

India’s SAFTA trade remains extremely low at approximately 5 per cent of
the total trade in the area. The primary reason is the high transportation costs
associated with moving commodities across regional borders. As Akhtar and Ejaz
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(2010) reported, if SAARC nations, including India, signed FTAs with non-member
nations, the potential for trade development through SAFTA would decrease or be
negligible. They added that SAFTA has more long-term benefits than short-term
benefits. Similarly, ASEAN agreements have been identified as a means to increase
the export efficiency of PTAs. This is evident from the fact that India and ASEAN
countries had a remarkable relationship in the trade of agricultural products, with
over 10 per cent of exports and 30-40 per cent of exports outside the world (Renjini
& Kar, 2016). Despite India’s modest trade liberalisation, MERCOSUR member
nations have extremely protective trade policies. It seems that tariff reductions are
insufficient to achieve genuine market integration. According to a special report by
Bartesaghi (2019), between 2001 and 2018, India’s average exports to MERCOSUR
increased by 15.3 per cent, and the tariff charged by MERCOSUR was 10 per cent
greater than the global average. So, the present agreement between India and
MERCOSUR needs to be strengthened. Hence, India’s agri-food export efficiency
improves significantly under FTAs, especially with ASEAN, SAFTA, and APTA.
PTAs remain less effective due to limited liberalisation. High tariffs and non-tariff
barriers in MERCOSUR hinder potential. Strengthening agreements is crucial for
India to realise its full export potential in global markets.

\Y%
POLICY IMPLICATIONS AND CONCLUSION

The present study, employing the stochastic frontier gravity model, aims to
understand how the selected RTAs influence India’s agricultural product exports
from 1995 to 2022, alongside traditional trade determinants such as GDP, population,
distance, exchange rate, and regulatory quality. To address concerns of endogeneity,
as improvements in the terms of trade lead to an increase in exports, which can in
turn foster more favourable conditions for securing additional trade agreements, this
study adopts rigorous econometric techniques, including the stochastic frontier
gravity model (SFGM). Also, it employs the fixed effect model, OLS, PPML, and the
Heckman selection model to verify the results obtained via the SFGM. These
methods help isolate the causal impact of trade agreements on agri-food export
efficiency by controlling for reverse causality and the potential bias from omitted
variables. The use of time-invariant fixed effects and robust estimation techniques,
such as the Poisson pseudo-maximum likelihood and Heckman selection model,
ensures unbiased results. Hence, the influence of trade agreements is shown to be
exogenous and statistically valid, ruling out significant endogeneity concerns to an
extent.

The study found that the GDP of India and its importing nations, the
population of the importing nations, and the exchange rate positively influence export
efficiency. The distance and population of India negatively affect exports. The
regulatory quality of its importing trading partners increases India’s export efficiency.
To promote trade across regions and ensure economies gain global competition,
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harmonising regulatory norms and reducing unintentional trade barriers are needed.
Furthermore, the study reveals that India’s agricultural product export efficiency has
improved significantly, averaging 50 per cent with PTA partners (GSTP, APTA,
SAPTA, and MERCOSUR) and 72 per cent with FTA partners (SAFTA and
ASEAN). However, with regard to non-member countries, India's export efficiency
has been exceptionally low compared to its trading with partner countries.

As RTAs play a crucial role in improving the potential export flow between
member nations, establishing free trade agreements (FTAs) is crucial for
strengthening ties with other regions and boosting export flows. The following steps
need to be taken to enhance deep integration among trading partner nations: (1)
expand the geographic scope of integration and eliminate the trade barriers among the
partner nations; (2) offer a mechanism to support exporters who encounter difficulties
in transferring goods and expand sectoral coverage in the RTA procedure. To
promote exports and boost economic growth, government institutions such as the
Ministry of Commerce and Industry must create and implement policies that are
business-friendly, encourage both local and international exporters, and improve the
trading environment. Given the positive effect of GDP on agri-food export, enacting
macroeconomic policies to increase India’s economic size (domestic efficiency)
would encourage agri-food export efficiency. Furthermore, there is a need to enhance
trade relations between India and the GSTA, APTA, SAPTA, and MERCOSUR.
Given the adverse effects of distance, India should increase its agricultural exports to
neighbouring countries. Given the positive effect of the exchange rate, export
efficiency can be facilitated by a comparatively lower but stable currency rate.
Policymakers should pay more attention to entering TAs with a trading partner,
considering their political and economic stability record. The present exercise has
identified the scope for future studies to determine export efficiency at a more
disaggregated level, i.e., at the individual agricultural product level in India.
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