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Production and export performanceof Indian onion-
Markov chananayss

H D.K. KUSUMA AND SHREESHAIL RUDRAPUR

SUMMARY : South Asiais native to onion (Allium cepa) and Indiais the second largest producer of
onion after China. Inthe present study Markov chain analysiswas attempted through linear programming
method to assess the transition probabilities for the major onion markets. It was estimated that during
2010-11 the major onion export destinationswere Bangladesh (36.55 %), Malaysia (21.03 %) and others
contributing about 16.47 per cent. The increasing share of other countries clearly showed the need to
explore and exploit the market potential of other countries. Efforts are also needed to improve the
efficiency of production and quality in order to stabilize the markets.
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BACKGROUND AND OBJECTIVES

Onion (Allium cepa) is indigenous to
South Asia. Onions are cultivated and used
around the world. As a foodstuff they are
usually served cooked, as avegetable or part
of a prepared savoury dish, but can also be
eaten raw or used to make pickles or
chutneys. They are pungent when chopped
and contain certain chemical substanceswhich
irritate the eyes. Onions contain phenolicsand
flavonoids that have potential anti-
inflammatory, anti-chol esterol, anticancer and
antioxidant properties. About 170 countries
cultivate onions for domestic use and about
eight per cent of theglobal productionistraded
internationally. Top ten producersof onionin
theworldinclude China, India, US, Egypt, Iran,

Turkey, Pakistan, Brazil, Russiaand Republic
of Korea. Indiaisthesecond largest producer
of onion after China with 15118000 million
tones of production. Major onion producing
states are Maharashtra, Bihar, Karnataka,
Guijarat, Andhra Pradesh, Uttar Pradesh,
Orissa and Madhya Pradesh.The major
importing countries of Indian onion are
Malaysia, Bangladesh, Sri lanka, UK, UAE
and others. Thisis made possible both due to
increased export and dueto diversificationin
countries of exports. However, no attempt has
been made to understand the dynamics of
these changes. The paper attemptsto quantify
the production and share of export, changing
structure of onion exports so asto understand
and the dynamics of the changes.
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RESOURCES AND METHODS

The secondary data based on area, production,
productivity and exports of onion were obtained from
Indian Horticulture database (2011) and various published
issues of APEDA.

Growth rate analysis:

For evaluating the trend in area, production and
productivity under onionin India, compound growth rates
were computed using the following form of the
relationship.

Yt=ab'u,

where

Yt =areq, yield or production of cropsinyear t
t = year which takes values 1, 2 ................ n

Ut = disturbance term

‘a’ and ‘b’ are parameters to be estimated.
Logarithmic transformation of provided the estimating
equation

Log Yt=log a+tlogb + log Ut

was estimated by ordinary least square technique
(OLS). Compound growth rate (g) was then estimated
by theidentity giveninequation

g = (b-1) 100 where,

g = estimated compound growth rate in percent per
year and

b=antilogof b

Thestandard error of the growth rate was estimated
and tested for its significance with‘t’ statistic

Tabular analysis:

Thistechnigue was adopted to determine the extent
and share of quantity exported to know export potentiality.
The datawere summarized with the aid of statistical tools
like averages, percentages etc. to obtain the meaningful
results.

Markov chain analysis:

Annual export datafor period 2001-02 to 2010-11
were used to analyzethe direction of trade and changing
pattern of Indian onion export. The major Indian onion
importing countries considered were Malaysia, Sri lanka,
U.A.E, Bangladesh and Singapore. Estimation of the
exportswas donefor the study period using Markov chain
analysis.

Markov chain analysiswas employed to analyze the

structural changein any systemwhose progressthrough
time can be measured interms of single outcomevariable
(Dent, 1967). In the present study, the dynamic nature
of trade patternsthat isthe gains and losses in export of
Indian onion in major importing countries was examined
using the Markov chain model. Markov chain analysis
involves developing a transitional probability matrix ‘P’,
whose elements, P indicate the probability of exports
switching from country ‘i’ to country ’j” over time. The
diagonal element P, where |=j, measuresthe probability
of acountry retaining its market share or in other words,
the loyalty of an importing country to a particular
country’s exports.

In the context of current application, structural
change was treated as a random process with seven
importing countries for onion the assumption was that
theaverage export of onion from Indiaamongst importing
countriesin any period dependsonly on the export inthe
previous period and this dependence was same among
al the periods. Thiswas algebraically expressed as

n
Eji =_21[Eit-1] Pij +ejt
i=

where,

E, = exports from India to the j*" country in the
year t

E., = exports of i""country during the year t-1

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

e, = theerror termwhichis statistically independent
of Eit-l
n = thenumber of importing countries

The transitional probabilities P,, which can be
arrangedina(c x n) matrix, havethefollowing properties.

é Pi=land 0 < Pil.Sl

Thus, the expected export share of each country
during period‘t’ is 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 2000-01 to 2010-11.

Thus transitional probability matrix (T) was
estimated using linear programming (L P) framework by
amethod referred to as minimization of mean absolute
deviation (MAD).

Min, OP* + 1 e

Subject to

XP*+V=Y
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PRODUCTION & EXPORT PERFORMANCE OF INDIAN ONION- MARKOV CHAIN ANALYSIS

GP*=1

P30

where,

P* isavector of the probabilitiesP |

O isthe vector of zeros

| isan appropriately dimensional vectors of areas

eisthe vector of absolute errors

Y isthe proportion of exportsto each country.

X isablock diagonal matrix of lagged values of Y

V isthe vector of errors

Gisagrouping matrix to add the row elements of P
arranged in P* to unity.

Prediction of quantity of fresh onion export ware
made by using thetransitional probability matrix.

B,=B,*T
Bt+i = Bt+i-1* T
where,

B, = Quantity exported in base years
B, = Quantity exported in next year (prediction)
T =Transitiona probability matrix

OBSERVATIONS AND ANALYSIS

Onionishbeing cultivated in amost all the states of
India. State wise area, production and productivity of
onion during 2010-11 are presentedin Table 1. Itisbeing
cultivated in an area of about 10.63 lakh hectareswith a
production of about 151 lakh tonesin India. Thenational
average productivity was14.2 M T per ha. Among states
Gujarat, Haryana, Bihar, M.P, A.P. and U.P. had above
national average productivity and rest of the states had
below national average productivity. From the table, it
was observed that even though M aharashtrawas|eading
in both area and production it was having very low
productivity. But Gujarat with 62000 haareaand 15 lakh
tonnes production it stood first in productivity.

The compound growth rate of area, production and
productivity of onionispresentedinTable 2. It could be
observed that a highly positive and significant growth
was in area, production and productivity. Area under
onion is growing at a rate of 8.80 per cent per annum,
production is growing at a rate of 14.74 per cent per
annum but productivity of onion is growing at arate of
5.48 per cent per annum. Table 2 al so depi ctsthe growth
in quantity exported and val ue gained out of onion export.
The datataken for the study wasfrom2001 to 2010. The
resultsrevealed that there was apositive and significant
growth in export of onion. Quantity of onion exported
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was growing at 16 per cent per annum where as value
gained by onion export was growing at 30 per cent per
annum. The study indicated that both production and
export bring better returns for the producers.

Table 3 depicts the quantity of onion exported out
of production. Production has increased from 5252.10
thousand MT to 15118.00 thousand M T and export has
increased from 343.25 thousand M T to 1163.42 thousand
MT share of onion exportedisinincreasing trend. Export
sharewas about 6.54 per cent in 2001 where asincreased
up to 13.69 per cent in 2009. But in the last year i.e.
2010 export of onion has decreased from 13.69 per cent
to 7.70 per cent.

Thetransitional probability matrix presentedin Table
4 providesabroad indication of changesinthedirection
of export of fresh onion from Indiafor the study period
(2001-02 to 2010-11). The major Indian fresh onion
importing countries were Bangladesh, Malaysia, UK,
UAE, Sri Lanka, Singapore and all other importing
countries were grouped under the category of the other
countries. Thetrangitional probability matrix was obtained
for the study period by using the actual proportion of
exports to different importing countries. This matrix
explained the changing direction of Indian fresh onion
trade among importing countries which was necessary
for taking the proper decision in view of their expected
changes (Kumar et al., 2007).

Therow dementsinthetransitiond probability matrix
providetheinformation on the extent of lossin trade, on
account of competing countries. The columns element
indicatesthe probability of gainsin volume of tradefrom
other competing countries and the diagonal element
indicates probability of retention of the previous year’s
trade volume by the respective country.

Itisevident from Table 4, that Bangladesh was one
of the most stable markets among the major importers
of Indian onion asreflected by the probability of retention
at 1.00 i.e., the probability that Bangladesh retainsits
export share over the study period was 100 per cent.
Thus, Bangladesh wasthe most reliable and loya market
for Indian onion. United Arab Emirates and Sri Lanka
had zero probability retention. Malaysiaretained 71 per
cent, Singaporeretained 51 per cent and other countries
retained 9 per cent of the export. These results are in
linewith findings of Mokashi (2012). Thisimplied that
Bangladesh was the most stable market; Malaysia and
Singapore were the moderately stable markets, where
as Sri Lanka and UAE were the most instable markets.
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Tablel: State-wisearea, production and productivity of onionsin India (2010-11)

S No sate 00" o0me: i
1 Maharashtra 415.0 4905.0 11.8
2. Karnataka 190.5 2592.2 136
3. Gujrat 62.0 1514.1 24.4
4. Bihar 53.3 1082.0 20.3
5. Madhya Pradesh 58.3 1021.5 175
6. Andhra Pradesh 47.8 812.6 17.0
7. Rajasthan 49.0 494.2 10.1
8. Haryana 22.2 453.9 20.5
9. Orissa 34.8 385.9 111
10. Uttar Pradesh 23.2 368.6 15.9
11 Others 107.8 1487.7 13.8
Tota 1063.8 15117.7 14.2

Table2: Compound growth ratesfor production and export of onionsin India (2001-2010)

Sr. No Particulars Compound growth rate
1 Production
Area 8.80
Production 14.74
Productivity 5.48
2. Export
Quantity 15.93
Value 24.97

Table 3: Share of onion export in total production of onion (2001-2010) (Qty: 000’ mt)

Year Production (Qty) Export(Qty) Per cent share
2001 5252.10 343.25 6.54
2002 4209.50 441.84 10.50
2003 6267.60 859.93 13.72
2004 7760.60 870.21 11.21
2005 9432.50 960.50 10.18
2006 10847.00 1378.37 12.71
2007 13900.00 1008.60 7.26
2008 13565.00 1670.18 12.31
2009 12158.80 1664.92 13.69
2010 15118.00 1163.47 7.70

Table4: Transtional probability matrix of Indian onion exports (2001-2010)

Malaysia Sri Lanka UA.E Bangladesh Singapore Others
Malaysia 0.7152 0.0237 0.0766 0.0203 0.0285 0.1358
Sri Lanka 0.0000 0.0000 0.0000 0.0408 0.0000 0.9592
UA.E 0.4544 0.5456 0.0000 0.0000 0.0000 0.0000
Bangladesh 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000
Singapore 0.0000 0.0000 0.0000 0.0000 0.5162 0.4838
Others 0.5316 0.1689 0.2034 0.0000 0.0018 0.0943
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