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Abstract

India is an important producer and exporter of black pepper, and changes in international market condi-

tions necessitate continuous assessment of export-market stability and diversification. The present study

analysed the direction and stability of Indian black pepper export markets before and after the introduc-

tion of the Agriculture Export Policy (AEP), 2018. Secondary data on black pepper exports were col-

lected from the Spices Board of India and official website Indiastat for the period 2011–12 to 2024–25

and divided into pre-AEP (2011–12 to 2017–18) and post-AEP (2018–19 to 2024–25) periods. Major

export destinations were identified based on the triennium average export value during the latest three

years of the post-AEP period. Markov Chain Analysis was employed to examine market retention and

switching behaviour using transition probability matrices estimated through Linear Programming with

LINGO software. The results indicated that the U.S.A. remained a stable market in both periods,

whereas Germany was classified as a vulnerable market. The U.K. and Sweden were identified as

emerging markets during the pre-AEP period, while Canada emerged as an additional emerging market

in the post-AEP period. The transition probabilities also indicated changes in export-market retention

and greater movement of export shares among destinations during the post-AEP period. The findings

suggest that strengthening established markets while developing emerging destinations through im-

proved market access, quality compliance, export infrastructure and market promotion could enhance

the stability and diversification of Indian black pepper exports.

Keywords: Agriculture Export policy, Pepper, LINGO software, Markov Chain Analysis, Stable

markets

Introduction

India has emerged as an important participant in global agricultural trade, exporting a wide range of com-

modities, including spices. Among these, black pepper (Piper nigrum L.) occupies an important position due

to its extensive use as a spice, flavouring agent and ingredient in food, pharmaceutical and other value-added

products. India has a long history of pepper cultivation and trade, and black pepper continues to be an impor-

tant commodity in the country's spice export basket. Its export performance is influenced by production con-

ditions, international prices, exchange rate movements, global demand and changing market conditions

(Thomas et al., 2016) 
[1]

. The changing nature of international trade has therefore increased the importance

of understanding the performance and market orientation of Indian pepper exports.

The international trade of Indian pepper is influenced by several factors, including stringent quality and

food-safety standards, sanitary and phytosanitary requirements, changing import regulations, international

price fluctuations, competition from other pepper-producing countries and variations in global demand.

These factors have made export-market diversification and the maintenance of stable international markets

increasingly important. To address constraints affecting agricultural exports and to harness the export poten-

tial of Indian agriculture, the Government of India introduced the Agriculture Export Policy (AEP), 2018.

The policy aimed to diversify the agricultural export basket and export destinations, promote high-value and

value-added agricultural exports, improve market access, address sanitary and phytosanitary issues,

strengthen export infrastructure and integrate Indian agriculture with global value chains (Government of

India, 2018) 
[2]

. The policy also emphasized the development of appropriate infrastructure, improvement of

quality standards and facilitation of market access as important measures for strengthening India's agricul-

tural exports.

The emphasis of AEP on export-market diversification and improved market access is particularly relevant

to black pepper because of its exposure to changing international market conditions, quality requirements

and competition in global markets. Examining the direction of trade of Indian black pepper in the context of

the AEP provides an opportunity to understand changes in its export-market orientation and the stability of
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major destinations. Although earlier studies have examined the direc-

tion of Indian pepper exports, limited evidence is available on the

changes in destination patterns and market retention before and after

the introduction of the Agriculture Export Policy, 2018 
[2]

. Hence, the

present study was undertaken to analyse the direction of trade of

Indian black pepper before and after the implementation of the

Agriculture Export Policy, 2018 
[2]

, with particular emphasis on the

stability and retention of major export markets.

Materials and Methods

Study area

The study was conducted at the national level using secondary data on

the export of Black pepper. Data were collected from the Spices

Board of India and Indiastat website for the period from 2011–12 to

2024–25. The study period was classified into two phases namely, the

pre-AEP period (2011–12 to 2017–18) and the post-AEP period

(2018–19 to 2024–25), corresponding to the periods before and after

the introduction of the Agriculture Export Policy (AEP), 2018.

The major export destinations for Indian ginger were identified based

on the triennium average of export value during the latest three years

of the post-AEP period. The selected destinations were subsequently

used for analysing the direction of trade and stability of export mar-

kets during the pre-AEP and post-AEP periods.

Analytical tools employed

Markov Chain Analysis was employed to estimate the direction of ex-

ports of Black pepper from India to destination countries during the

pre-AEP and post-AEP periods. A transition probability matrix was

constructed in which each element, Pij, represented the probability

that export share shifted from the i
th

 importing country to the j
th

 im-

porting country during successive years. The diagonal elements repre-

sented the probability of retaining an existing market, whereas the

off-diagonal elements represented the probability of switching export

shares from one destination to another.

The Markov relationship may be expressed as:

𝐸𝑡 = ∑ [𝐸𝑡 − 1 ]𝑃𝑖𝑗 + 𝑒𝑡 𝑖 = 1,…,𝑛

Where,

Et = Export share of the selected spice to the j
th

 importing country in

year (t)

Et-1 = Export share of the selected spice to the i
th

 importing country

in year (t
−1

)

Pij = probability of shift in export share from i
th

 importing country to

j
th

 importing country

et = error-term statistically independent of Et-1

n = number of importing countries (5 countries)

The transition probabilities satisfy Σ Pij = 1 and 0 ≤ Pij ≤ 1. The tran-

sition probability matrix was estimated through Linear Programming

using LINGO software by minimizing Mean Absolute Deviation

(MAD). In the LP formulation, the vector of transition probabilities

was constrained to be non-negative and each row of the probability

matrix was constrained to sum to unity. The resulting diagonal proba-

bilities were interpreted as measures of destination-market retention,

while off-diagonal probabilities indicated the direction and magnitude

of market switching. The approach follows the Markov Chain–Linear

Programming framework used in studies of Indian agricultural export

markets (Joshi et al., 2015; Jhade et al., 2021) 
[4, 3]

.

The stability, vulnerability and growth potential of the selected export

markets were assessed by combining Markov chain transition proba-

bilities with export growth and market-share indicators. The Markov

chain approach was used to examine the persistence and movement of

export markets across different export-value categories. The transition

probability matrix provides the probability of a market moving from

one category to another between two consecutive periods. The diago-

nal elements represent the probability of retaining the same category,

whereas the off-diagonal elements represent the probability of switch-

ing from one category to another.

A market with a high retention probability was considered relatively

stable, whereas a low retention probability indicated greater instabil-

ity in the export destination. The off-diagonal transition probabilities

were also examined to assess the extent of switching or movement be-

tween export categories. Higher switching probabilities were inter-

preted as greater instability in the market position. This interpretation

is consistent with the use of Markov transition probabilities for as-

sessing the stability and switching behaviour of agricultural export

destinations reported by Joshi et al. (2015) 
[4]

.

The export share of each destination was used to assess its relative

importance in the export basket. A higher share indicated greater im-

portance of the destination market, while a relatively smaller share in-

dicated a comparatively lower contribution to total exports.

Destination-wise export shares have been used to assess the relative

importance of export markets in previous studies (Singh et al., 2025)

[5]
.

The compound annual growth rate (CAGR) of exports was estimated

to assess the direction and rate of change in export performance over

the study period. A positive CAGR indicated a growing export mar-

ket, whereas a negative CAGR indicated a declining market. CAGR

has been widely used as an indicator of export growth in agricultural

export studies (Priyanka et al., 2024) 
[6]

.

Based on the above indicators, the export markets were classified into

different categories. A stable and important market was identified by a

relatively high retention probability, particularly High-to-High persis-

tence, together with a substantial export share. A vulnerable market

was identified when a market had a relatively high export share but

exhibited a declining export trend and/or a relatively high probability

of downward movement from the High category to the Medium or

Low category. An emerging market was identified when the market

showed positive and relatively high export growth, particularly when

accompanied by upward transitions towards the High category, de-

spite having a relatively smaller export share. The combination of rel-

atively high growth and a smaller existing market position has also

been used to characterize emerging market potential. Markets having

a relatively low export share, low or negative growth and a high prob-

ability of remaining in the Low category were considered weak or

persistent low-performing markets.

Thus, the classification adopted in the present study was based on the

joint interpretation of (i) Markov retention and switching probabili-

ties, (ii) export share and (iii) CAGR. The use of Markov analysis in

conjunction with growth measures is also consistent with approaches

adopted in agricultural export-market studies, such as Yeledhalli et al.

(2012) 
[7]

. The criteria were combined in the present study to provide

a more comprehensive assessment of the stability, vulnerability and

emerging potential of the selected export destinations rather than rely-

ing on any single indicator.

Results and Discussion

The transition probability matrix of pepper exports indicated a change

in market stability and export orientation between the pre-AEP and

post-AEP periods is presented in Table 1. During the pre-AEP period,

U.S.A. and Canada recorded very high retention probabilities of 99.40

and 96.40 per cent, respectively, reflected strong and established trade

relationships. This stability may be attributed to consistent demand,

established distribution networks and India's established position in

these markets. In contrast, Sweden recorded zero retention, with its

exports shifting mainly to others (65.20%) and U.K. (20.90%), while

86.90 per cent of exports from U.K. shifted to Sweden, indicated con-

siderable movement among European markets. During the post-AEP

period, retention in U.S.A. and Canada declined to 87.20 and 59.70

per cent, respectively, whereas U.K. gained some stability, increasing

from 0.00 to 25.80 per cent. Sweden and Germany recorded zero re-

tention, suggesting a redistribution of export shares towards alterna-

tive markets. The major movements from Sweden to the U.S.A.

(100.00%), Germany to Canada (64.70%) and Germany to U.K.
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(35.30%) may be linked to differences in market demand, price com-

petitiveness, competition and market accessibility. Sharma et al.

(2024) 
[8]

, using Markov Chain Analysis, also found considerable

variation in the stability of Indian pepper export destinations, high-

lighted the changing importance of individual markets. Similarly, Jain

et al. (2025) 
[9]

 reported that macroeconomic conditions in importing

countries influence India's black pepper exports, suggesting that

changes in market conditions can affect export flows across destina-

tions. The movement of 33.50 per cent of exports from other destina-

tions towards Germany, while 66.50 per cent remained within the

other destinations category, further indicates that exporters continued

to maintain a diversified market base. Overall, the post-AEP period

showed some weakening of retention in the traditionally stable U.S.A.

and Canadian markets, accompanied by greater movement towards al-

ternative destinations, indicated a gradual adjustment in India's pep-

per export pattern in response to changing international market

conditions.

Table 1. Transition in pepper exports during the pre and post AEP regime

Pre-AEP

U.S.A Canada U.K Sweden Germany Others

U.S.A 0.994 0.000 0.000 0.006 0.000 0.000

Canada 0.012 0.964 0.024 0.000 0.000 0.000

U.K 0.000 0.000 0.000 0.869 0.000 0.131

Sweden 0.000 0.000 0.209 0.000 0.139 0.652

Germany 0.000 0.000 0.071 0.013 0.557 0.359

Others 0.000 0.000 0.000 1.000 0.000 0.000

Post-AEP

U.S.A 0.872 0.128 0.000 0.000 0.000 0.000

Canada 0.000 0.597 0.061 0.217 0.088 0.037

U.K 0.000 0.104 0.258 0.050 0.359 0.229

Sweden 1.000 0.000 0.000 0.000 0.000 0.000

Germany 0.000 0.647 0.353 0.000 0.000 0.000

Others 0.000 0.000 0.000 0.000 0.335 0.665

The market classification of Indian pepper exports showed changes in

the stability and growth status of individual destinations between the

pre-AEP and post-AEP periods (Table 13). During the pre-AEP pe-

riod, the U.S.A. was identified as a stable market, which may be at-

tributed to its sustained demand, established trade linkages and im-

portance as a major destination for Indian pepper. Earlier studies have

also identified the U.S.A. as an important and relatively stable market

for Indian pepper exports (Sujatha et al., 2008; Thomas et al., 2016)

[10, 1]
. Germany was classified as a vulnerable market, possibly due to

fluctuations in import demand, competition from other pepper-export-

ing countries and changing market conditions. The U.K. and Sweden

were identified as emerging markets, indicating scope for expanding

India's pepper exports to these destinations. During the post-AEP pe-

riod, the U.S.A. retained its position as a stable market, suggesting

continued demand and an established export relationship, while

Germany remained vulnerable. The U.S.A. has also been identified as

a relatively stable importer of Indian pepper in recent studies, with its

market retention supported by sustained import demand. A notable

change was observed in the emerging-market category, with Canada

joining the U.K. and Sweden, possibly indicating growing market op-

portunities and scope for further export expansion. Recent evidence

also identifies Canada and the U.S.A. as important and relatively sta-

ble destinations for Indian pepper, highlighting the potential of these

markets for strengthening India's export presence. Overall, the post-

AEP period indicated continued stability in the U.S.A., persistence of

vulnerability in Germany and a broadening of emerging export oppor-

tunities through Canada, the U.K. and Sweden, suggesting scope for

further market diversification.

Table 2. Classification of Export Market of Pepper Based on Market

Stability and Growth During the Pre- and Post-AEP Regime

Category Pre-AEP Post-AEP

Stable markets U.S.A. U.S.A.

Vulnerable markets Germany Germany

Emerging markets U.K., Sweden Canada, U.K., Sweden

Conclusion

The study revealed that the direction and stability of Indian black pep-

per export markets changed between the pre-AEP and post-AEP peri-

ods. The U.S.A. remained a stable market in both periods, indicating

the importance of sustained demand and established trade linkages,

while Germany continued to be classified as a vulnerable market, sug-

gesting the need for measures to improve market retention and com-

petitiveness. The emergence of Canada as an additional emerging

market, along with the continued presence of the U.K. and Sweden,

indicates scope for further diversification of Indian pepper export des-

tinations. The post-AEP period also showed greater movement of ex-

port shares among destinations, reflecting adjustments in India's ex-

port pattern in response to changing international market conditions.

Overall, the findings suggest that strengthening established markets

while developing emerging destinations through improved quality

compliance, market promotion, infrastructure, competitiveness and

market-specific strategies would help enhance the stability and diver-

sification of Indian pepper exports. These measures are consistent

with the objectives of the Agriculture Export Policy, 2018 
[2]

, particu-

larly its emphasis on export-market diversification and improved mar-

ket access.
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