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Export performance of Indian onion: Markov chain approach

Shreeshail Rudrapur'” and Deepa Hiremath?

Abstract

The study revealed that the growth in export value was found to be the highest (14.14%) followed by the growth in
production (6.23%) and area (5.02%) and was found significant at 1% level. More instability was also observed in the export
value (17.72%) followed by area (7.91%) and production (6.42%). Markov chain analysis and transition probability matrix
indicated that Nepal was found to be the most liable country to import Indian onions, with 68.69% of its previous year’s
trade. Similarly, the countries pooled under others, Malaysia and Bangladesh, were also found to be liable countries since
they retained almost more or less equal to 50% of their previous year’s trade. Therefore, Export policies of India need to
be oriented towards these countries since these countries can be trusted and India can rely on these countries to export
the onion. India can also think of identifying those minor countries pooled under the category ‘others’ that are retaining
a considerably good percentage of trade from the previous year.
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Introduction

India has been bestowed with a wide range of climate and
physic-geographical conditions, as such is most suitable for
growing various kinds of horticultural crops such as fruits,
vegetables, flowers, nuts, spices, and plantation crops. Fruits
and vegetables are important supplements to the human
diet as they provide the essential minerals, vitamins, and
fiber required to maintain good health. Fruits and vegetables
account for nearly 90% of the total horticulture production
in the country (shankariasparliament.com). India produces
11.88% of the world’s primary vegetable production
and ranks 2" whereas it ranks first in the production of
onion (dry) with a 24.95% contribution (agriwelfare.gov.
in). India’s geographical condition varies from region to
region for vegetable production which has immense
potential for vegetable production. India produced 204.96
million metric tonnes of vegetables during 2023-24, and
the area under cultivation of vegetables stood at 11.11
million hectares (Agricultural and Processed Food Products
Export Development Authority, APEDA). India is the largest
producer of Onions, ginger and okra among vegetables and
ranks second in the production of potatoes, cauliflowers,
brinjal, cabbages, etc (APEDA). The vast production of the
vegetable base offers India tremendous opportunities for
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export. During 2023-24, India exported vegetables worth
Rs. 6861.05 crores (APEDA). Onions, mixed vegetables,
potatoes, tomatoes and green chilies contribute largely
to the vegetable export market. Onion is the most widely
produced and consumed vegetables worldwide. It is the
most regularly used ingredient in cooking. The production
of onion has been increasing in India over the years. In
other words, India is producing more onions than the
domestic requirements. The major onion-producing states
are Maharashtra, Karnataka, Madhya Pradesh, Gujarat,
Bihar, Andhra Pradesh, Rajasthan, Haryana and Telangana.
Maharashtra ranks 1t in onion production (35%) followed
by Madhya Pradesh (17%) in 2023-24 (APEDA). The country
has exported around 1,717,439.35 MT of fresh onions to
the world for the worth of Rs. 3,922.78 crores (473.72 USD
million) during the year 2023-24 indicating that thereis a lot
of demand for the Indian onion in the world (APEDA). Against
this backdrop, the present study was undertaken to analyze
the growth and stability in the area, production, productivity
and export of onion from India and to examine the direction
of trade in the export of onion from India.

Materials and Methods

The study is based on secondary data on the area,
production, productivity and export of Indian onion over
the period of 15 years (2006-07 to 2020-21) and is collected
from different e-resources, such as Indiastat and APEDA.

Growth rate analysis
For computing the compound annual growth rate of
area, production, productivity and export of onion, the
exponential function of the following form was used.

Y =abte"

Where,

Y = Area /production /productivity/export

a = Intercept

b = Regression coefficient

‘a’ and ‘b’ are the parameters to be estimated

t =time period

U= Disturbance term in year ‘t’

The equation (1) was transformed into log linear form
and written as;

logY=loga+tlogb+U,

Equation (2) was estimated by using Ordinary Least
Squares (OLS) technique.

Compound annual growth rate (g) was then computed
by using the formula;
g=(b-1)*100

Where,

g: Compound growth rate in per cent per annum

b: Antilog of log b

The standard error of the growth rate was estimated and
tested for its significance with student’s t test.

Instability analysis
The coefficient of variation was used as a measure of
the variability in an area under cultivation, production,
productivity and export of Indian onion. The coefficient of
variation or index of instability was computed by using the
following formula;
Standard Deviation (s)
Cv=

Mean(X)

A linear trend was fitted to the original data of area,
production, productivity, and export of onion from India
for a period of 15 years. The trend coefficients were tested
for their significance. Whenever the trend of the series was
found to be significant, the variation around the trend
rather than the variation around the mean was used as an
index of instability. The formula suggested by Cuddy and
Valle (1978) was used to compute the degree of variation
around the trend. The coefficient of variation was multiplied
by the square root of the difference between the unity and
coefficient of multiple determinations (R?) to obtain the
Instability Index.

Intability index(lx)=cv*,/(1—R2) ceeeereieeee e (5)

Markov chain model

Annual export data of Indian onion was used for analysing
the direction of trade and changing pattern of export. The
trade directions of Indian onion were analyzed using the
first-order Markov chain approach. The lingo software was
adopted to study the transition probability matrix. Central
to Markov chain analysis is the estimation of the transitional
probability matrix ‘P* whose elements, P, indicate the
probability of exports switching from country ‘i’ to country j’
over time. The diagonal element Pij, where i=j, measures the
probability of a country retaining its market share or in other
words, the loyalty of an importing country to a particular
country’s exports. Annual export data for the period 2006-07
to 2020-21 for the period of 15 years was used to analyze
the direction of trade and the changing pattern of export of
Indian onion to different countries. The average exports to a
particular country were considered to be arandom variable
that depends only on the past exports to that country, which
can be denoted algebraically as

n
E, = Z[Eim :|Pij +e

i=1

Where,

E,= exports from India to the jt country in the year t

Ei, = exports of i country during the year t-1

P,= the probability that exports will shift from it country
to j!" country

e, = the error term, which is statistically independent
of Ei_,
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n = the number of importing countries
The transitional probabilities P,, which can be arranged
in a (c x n) matrix, have the following properties.

n
ZP,:landOS,Sl
)i} §

i=1

Thus, the expected export share of each country during
the period ‘t" was obtained by multiplying the exports
to these countries in the previous period (t-1) with the
transitional probability matrix. The probability matrix was
estimated for the period 2006-07 to 2020-21. Thus, the
transitional probability matrix (T) was estimated using a
linear programming (LP) framework by a method referred
to as minimization of Mean Absolute Deviation (MAD).

Min. OP* + 1 e

Subject to

XP*+V=Y

GP*=1

P*>0

Where,

P* is a vector of the probabilities P |

O is the vector of zeros

I is an appropriately dimensioned vector of export.

e is the vector of absolute errors

Y is the proportion of exports to each country.

Xis a block diagonal matrix of lagged values of Y

Vis the vector of errors

G is a grouping matrix to add the row elements of P
arranged in P* to unity.

Table 1: Growth rate and stability in area, production, productivity
and export of Indian onion

Year Areal Prod,uction Productivity Quan tig)/(po\/rat e
(000'ha) (000’ mt) mt/ha (000mt)  CroreRs.
2006-07 767.90 10847.40 14.10 24.18 157.35
2007-08 821.00 1390040 16.90 59.13 23041
2008-09 834.20 13564.50 16.10 27.48 143.17
2009-10 756.20 12158.80 14.20 28.96 238.65
2010-11  1063.80 15117.70 16.10 38.34 287.49
2011-12 1087.20 17511.10  16.00 56.09 388.00
2012-13 1051.50 16813.00 16.10 51.52 458.00
2013-14 1203.60 19401.70 16.10 40.88 509.85
2014-15 117330 18927.40 15.90 52.98 679.07
2015-16  1320.00 20931.00 17.20 53.67 730.92
2016-17 1306.00 22427.00 18.10 66.60 745.21
2017-18 1285.00 23262.00 18.70 63.34 591.97
2018-19 1220.00 22819.00 18.20 72.26 719.51
2019-20 1431.00 26091.00 16.40 60.84 795.24
2020-21 1624.00 26641.00 16.30 74.81 1063.25
Mean 1129.65 18694.20 16.43 5141 515.87
CAGR 5.02%**  §.23%** 1.09%* 6.50%**  14.14%**
::Ztsf"'ty 791 642 6.20 1947 17.72

Source: Indiastat, APEDA; Note: ***Significant at 1% level, **
Significant at 5% level mt indicates metric ton

Using the estimated transitional probabilities, the exports
of Indian onion to various destinations were predicted by
multiplying the same with the respective shares of a base
year. The export shares of Indian onion to different countries
were expected for the years 2021-22 to 2025-26 by using
2-step, 3-step, 4-step, and 5-step transitional probabilities.

Results and Discussion

Growth and stability in area, production,
productivity and export of Indian onion

Table 1 indicates that all the five parameters (area,
production, productivity, export quantity and export
value) considered for the study showed a positive growth
rate. Among these parameters, the highest growth rate
was observed in the case of export value (14.14%) followed
by export quantity (6.50%), production (6.23%) and area
(5.02%), whereas the growth rate in productivity of onion
was found to be just above 1%. All the parameters were
found to be significant at 1% except productivity which
was found significant at 5%. The results are in line with the
findings of Kulkarni et al. (2012).

It is also evident from the table that the instability was
observed more in the case of export quantity (19.47%)
followed by export value (17.72), area (7.91%), production
(6.42%), and productivity (6.20%).

Onion export trend

The transition probability matrix of export of onion from
India to different countries has been represented in table 2.
It provides a broad indication of changes in the direction of
trade of export of Indian onion to different countries over
the study period considered. The major export destinations
of Indian onion were Bangladesh, Malaysia, UAE, Sri Lanka,
Nepal and all other countries grouped under the category
‘others.’ The transitional probability matrix was obtained for
the study period considered. It can be observed from the
table that Nepal was found more stable in importing onion
from India, with a retention of 68.69% of its previous year's
trade and was found loyal to India. It lost 31.31% of its trade
to other countries. Similarly, other countries category was
also found stable and loyal to India in importing Indian onion
with retention of more than 50% (55.54%). It lost its previous
trade to the extent of around 30% to Sri Lanka, 10.43% to
UAE and 3.95% to Nepal, but at the same time, it gained
trade from competing countries like 42.04% from Sri Lanka,
31.31% from Nepal, 28.91%, from Malaysia and just around
3% from Bangladesh. This is contrary to the findings of the
Kusuma and Shreeshail (2016), where Bangladesh was the
most stable and loyal country to India in importing onions
from India and Nepal was a minor country and pooled
under the category ‘others’. That means Nepal is gaining the
major trade share year on year and has been found to be
a stable and loyal country to India in case of onion import
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Table 2: Transition probability matrix of Indian onion to different destinations

Bangladesh Pr Malasia UAE Sri Lanka Dsr Nepal Others
Bangladesh Pr 0.4700 0.3157 0.0973 0.0855 0.0000 0.0315
Malasia 0.0000 0.4920 0.1636 0.0552 0.0000 0.2891
UAE 0.7670 0.0000 0.2308 0.0022 0.0000 0.0000
Sri LankaDsr 0.5781 0.0000 0.0000 0.0000 0.0014 0.4204
Nepal 0.0000 0.0000 0.0000 0.0000 0.6869 0.3131
Others 0.0000 0.0000 0.1043 0.3008 0.0395 0.5554

Table 3: Actual and projected exports values of Indian Onion (Rs. Crore)

v Bangladesh Pr Malasia UAE Sri LankaDsr Nepal Others
ear
P A P A P A P A p A p
00607 31296 37586  270.44 231.84 20967 147.16 11755 111.54  22.06 2444 23062 27247
(26.90) (3231)  (23.25) (19.93)  (18.02) (1265  (10.11) (9.59) (1.90) (2100 (19.82) (23.42)
500708 41086 36566  206.42 23125 14417 12201  107.22 90.00 23.65 22.07 14345 204.79
(39.67) (35.30) (19.93) (2233) (13.92) (11.78)  (10.35) (8.69) (2.83) (2.13)  (13.85) (19.77)
500800 /3572 60276 319.28 38932 21535 21236  158.84 19291 2638 33.05 37195  397.12
(40.26) (32.98) (17.47) 2130) (11.78) (11.62)  (8.69) (1056)  (1.44) (1.81)  (2035) (21.73)
500910 112620 77820 41330 55883 179.04 257.80  193.04 23264  31.82 3700 37603 454.97
(48.56) (33.55) (17.82) (2409 (7720  (11.11) (832 (1003)  (1.37) (1600 (16.21) (19.62)
01011 57233 49925 49187 42266 16574 21050  178.42 18044 2530 3130 34562 435.14
(32.17) (28.06) (27.64) (2375) (932)  (11.83)  (10.03) (10.14)  (1.42) (1.76)  (1942) (24.46)
50111y 38621 45266  443.45 34008 22190 20865  174.64 19439 4346 48.02 45335 479.19
(2241)  (2627) (25.74) (19.74)  (12.88) (12.11)  (10.14) (1128)  (2.52) (2790 (2631) (27.81)
501213 43756 50682  491.06 37972 23821 23584  204.92 23211 39.60 4944 55528 562.70
(2225) (25.77) (24.97) (1931)  (12.11)  (11.99)  (10.42) (11.80)  (2.01) (2.51)  (28.24) (2861)
501314 88914 89742 63935 59522 32940 356.16 39249 36871  66.14 7972 853.11 87239
(28.05) (2831) (20.17) (1878)  (1039) (11.24)  (12.38) (11.63)  (2.09) (2.52)  (2692) (27.52)
501415 77965 70579 41622 45087 24773 24906  258.39 22833  139.40 11428  459.16 552.20
(33.89) (30.68) (18.09) (19.60) (10.77) (10.83)  (11.23) (9.92) (6.06) (497)  (19.96) (24.00)
201516 95014 95719 58642 58843 32728 32527  449.09 291.13  196.64 15896  587.63 77623
(30.68)  (30.90) (18.93) (19.00) (10.57) (10.50)  (14.50) (9.40) (6.35) (5.13)  (18.97) (25.06)
01617 97591 91764 493.09 550.64 39929 35236  264.21 35537  163.11 14446 81047 78558
(3142) (29.54) (15.87) (17.73)  (12.86) (11.34)  (8.51) (11.44)  (5.25) (465  (26.09) (25.29)
50171 59952 92447 58859 47882 41555 33204  560.39 319.68  143.63 13035  781.14 903.46
(19.41)  (29.93)  (19.06) (15.50)  (13.45) (10.75)  (18.14) (10.35)  (4.65) (422)  (25.29) (29.25)
501819 105814 99097 517.70 588.71 373.05 37963  359.00 42513 14635 141.16  1014.64 943.28
(30.50) (2857) (14.92) (16.97) (1075 (10.94)  (10.35) (1226)  (4.22) (407)  (29.24) (27.19)
501999 55014 65588 43429 38733 29699 261.12 29324 26771 9441 91.03 65162 657.63
(23.71)  (2826) (18.71) (16.69) (12.80) (11.25)  (12.64) (1154)  (4.07) (3.92)  (28.08) (28.34)
202051 75548 78963 46147 46551 33050 308.88  313.22 33181 16477 14530  801.09 785.41
(26.73) (27.94) (16.33) (1647) (11.69) (10.93)  (11.08) (11.74)  (5.83) (5.14)  (2834) (27.79)
2021-22 - 799.83 ~ 47828 - 30624  ° 33019 13134~ 780.66
(28.30) (16.92) (10.83) (11.68) (4.65) (27.62)
2022-23 - 80167 - 48778 - 308.21 - 330.33 - 12156 - 776.99
(28.36) (17.26) (10.90) (11.69) (4.30) (27.49)
2023-24 - 804.13 - 493.03 - 31002 - 32991 - 11469 - 774.75
(28.45) (17.44) (10.97) (11.67) (4.06) (27.41)
202425 - 806.43 - 49640 - 31130 - 32974 - 109.88 - 772.78
(28.53) (17.56) (11.01) (11.67) (3.89) (27.34)

Note: Figures in the parenthesis indicate percentage to total
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from India. Malaysia and Bangladesh were also found stable,
with nearly 50% retention of the previous year’s trade, and
similar interpretations can be made for these countries. UAE
was found to be less stable in retention of its previous year’s
trade with just 23.08%. It lost its major share to Bangladesh
to the extent of 76.70% and gained just around 16.36% from
Malaysia, 9.73% from Bangladesh, and 10.43% from other
competing countries. It is also important to notice that the
country Sri Lanka was found not a loyal country since it was
unable to retain even 1% of the previous year’s trade. The
probability of retention of the previous year’s trade by Sri
Lanka was just 0%. It lost its trade to Bangladesh (57.81%)
and to other minor countries (42.04%). The results are in line
with the findings of the Siddayya and Atteri (2010).

It can be observed from the table that Sri Lanka failed
to retain the import of onion from India, as indicated by 0%
retention, as shown in the results. Hence, India cannot trust
and cannot rely on Sri Lanka for the export of onions. On
the other hand, Nepal is the most stable and loyal country
to India in import of Indian onion since it retained a very
impressive trade share, followed by other minor countries,
Malaysia and Bangladesh. Hence, the export policies of India
need to be oriented towards these countries and rely on and
trust these countries in the export of Indian onion in the
future. UAE is also less stable and it lost its major share to
Bangladesh. India need not be dependent on the UAE in the
export of Indian onions in the near future. Instead, it needs
to identify those countries among other minor importing
countries and policies need to be oriented towards diverting
the export of Indian onion towards these countries.

Actual, estimated and projected export of Indian
Onion

The actual, estimated and projected export of Indian
onion to different countries has been depicted in Table 3.
The estimated values were obtained by using a transition
probability matrix and actual values. In contrast, the
projected values of the export of Indian onion were worked
out by using estimated values and a transition probability
matrix. The projections of Indian onion exports to different
countries were computed up to 2024-25 (Kusuma et al. 2014).
It could be seen from the table that the percentage share
of actual export of Indian onion to Bangladesh had shown
a very marginal decreasing trend from 26.90% (2006-07) to
26.73% (2020-21), whereas the estimated export showed a
comparatively more decreasing trend from 32.31% during
2006-07 to 27.94% during 2020-21. The projected market
share is expected to be 28.53% during 2024-25. In the case
of Malaysia, the actual as well as estimated market share of
importing onion from India showed a decreasing trend from
23.25% during 2006-07 to 16.33% in 2020-21 (actual) and
from 19.93% to 16.47% (estimated). The export projections
of Indian onion to Malaysia were also found to be decreasing

(17.56%) in 2024-25. The actual export of Indian onion to UAE
also showed a decreasing trend by a big margin like 18.02%
in 2006-07 to 11.69% in 2020-21, whereas the estimated
values showed a decreasing trend by a small margin, i.e.,
from 12.65% in 2006-07 to 10.93% in 2020-21. The projected
export is expected to be 11.01% by the year 2024-25.

On the other hand, the market share of export of Indian
onion to Sri Lanka has shown an increased trend. The
actual export value of Indian onion to Sri Lanka increased
from 10.11% in 2006-07 to 11.08% in 2020-21, whereas its
estimated value was 9.59% in 2006-07 and was increased to
11.74% in 2020-21. The export projections of Indian onion to
Sri Lanka were found to be 11.67% during 2024-25. Similarly,
Nepal also showed an increasing trend in importing onions
from India. The actual and estimated market share of export
value of Indian onion to Nepal was just 1.90 and 2.10%,
respectively, during 2006-07 and were increased to 5.83
and 5.14%, respectively, during 2020-21, whereas the export
projections were expected to be 3.89% during the year 2024-
25.1t can also be seen from the table that the market share
of Indian exports to other minor countries also showed an
increasing trend both in terms of actual values as well as
estimated values. The market share of actual export share of
Indian onion to other minor countries increased from 19.82%
during 2006-07 to 28.34% during 2020-21, whereas the
estimated market share increased from 23.42% in 2006-07 to
27.79% during 2020-21. The export of Indian onion to other
minor countries was projected to be 27.34% during 2024-
25.The export projections of Indian onion showed that the
export of Indian onion to Nepal is expected to decrease by
1.25% by the year 2024-25 by reducing its share from 5.14%iin
the last year (2020-21) to 3.89% during 2024-25. On the other
side, the export of Indian onion to Malaysia is expected to
increase by 1.09% by the year 2024-25. It was 16.47% during
2020-21 and is expected to increase to 17.56% during 2024-
25. The export of Indian onion to remaining countries is
expected to be more or less the same by the year 2024-25.

Conclusion

Positive growth in area, production and productivity of
onion in India was observed and, which, in turn, led to
positive growth in the export of Indian onion to different
countries over the study period considered. The major export
destinations of Indian onion are Bangladesh, Malaysia, UAE,
Sri Lanka and Nepal. Among these major countries, Nepal,
Malaysia and Bangladesh are trustworthy and liable to
India in importing Indian onion in the near future. Hence,
Indian export policies need to be oriented towards these
countries to gain export earnings through onion export. In
contrast, countries like Sri Lanka and UAE are not liable and
India need not trust these countries in the export of onion
in the near future. The Indian export policies for onion also
need to identify those minor countries from the countries
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pooled under ‘others’ that are gaining and retaining major
trade share and frame the policies accordingly to export
more quantities of onion in the near future. Future studies
may also be encouraged to identify those minor countries
and the direction of trade of Indian onion towards those
identified individual countries.
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