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Volatility and cointegration in export of livestock and marine products of India
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ABSTRACT

This study was carried out to examine theinstability and volatility in the export of livestock and marine products
of India. It was found that marine export was a bit more stable and less volatile compared to livestock products
export. Further, cointegration between the two was also tested. It was concluded that the two export data series
were cointegrated. One of its benefits is that the long-run equilibrium relationship can be modelled by a
straightforward regression involving the levels of the variables. Finally, the forecast were also obtained, which

were quite reliable.
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Global trade negotiations and domestic reforms of
various kinds on many different aspects of livestock sector
improved the access of Indiato international marketsto a
large extend, particularly during the post-WTO period
(Kumar 2010). Also owing to this, export of livestock and
marine products show a high degree of fluctuations
characterised by sudden rise and abrupt fall. Thisiswhat is
called volatility and it seemsto be the norm rather than an
exception now-a-daysin International market (Jaffee 2005).
This may be due to structure of trade, climatic conditions,
and rapidity with which producers can respond to price
changes. The exports of many agricultural commodities
show agreat degree of fluctuations. Thisisbecause of delays
between production decisions and delivery to the market.
Kumar et al. (2012) examined the performance of buffalo
meat export from India and also assessed its
competitiveness; and showed that there has been a
commendable increase in the export of buffalo meat from
India during the last two decades.

Statistically, volatility is often measured as the sample

standard deviation. Sometimes, variance, 52, is aso used

as a volatility measure. Moreover, to test for volatility in
time-series datasetsSARCH-L M test statistics has al so been
developed. To model volatility in time-series data
Generalized autoregressive conditional heteroscedastic
(GARCH) family of parametric nonlinear time-series
models were proposed. GARCH estimates the conditional
volatility of volatile data generating processes thereby
helping the planners to make proper policy decisions.
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Hence, analysis of volatile datalike the export of livestock
and marine products assumes considerable significance in
formulating arobust policy. Inthis paper we study instability
aswell asthevolatility present in the datasets pertaining to
livestock and marine products. Subsequently, thetime-series
dataunder considerationisalso fitted using GARCH model.
Another important feature of financial time-series data is
the presence of cointegration, where each series are
nonstationary independently but a linear combination of
them becomes stationary. In this study, we also test for
presence of cointegration phenomenon in the 2 time-series
dataand carry appropriate statistical measure for the same.

MATERIALSAND METHOD

The study is based on time-series data of monthly export
of livestock and marine products in India available at
www.indiastat.com, which shows considerabl e fluctuations
|eading to volatility. The behaviour of such volatileproducts
isfundamental to policy makersto make proper and robust
planning to face risk in the future arising due to volatility.

The ratio method, which estimates standard deviation
in the ratio of current price to its one-step lag, was used in
the study. The export instability was estimated by carrying
out this method.

Export instability index (I) = standard deviation of

E
log (

tj *100
Et1

where, E is the export and t and t-1 denote the months
and its lag. Similar study was carried out by Kumar and
Rai (2011) to study the trends and volatility in domestic
and international prices oflivestock productsin India.

In the early stages of time-series analysis, main interest
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was to find a model which could explain effectively the
mean behaviour of data (Box et al. 2008). Recently,
concernsabout volatility in the data has been rai sed because
patternsinvolatility are observed in real datasets. Volatility
may vary considerably over time: large (small) changesin
returns are followed by large (small) changes. Thus
modelling and forecasting of volatility are crucial for
financial markets. Out of many approaches availablein the
literature for modelling volatile data sets, one approach is
the promising methodology of GARCH family of
parametric nonlinear time-series models.

The GARCH model can be written as

and

whereg ~11D (0,1),8,>0,a>0,i=12, ..., q. bj>0,j=1,2, o]

There are many procedures available in the literature
for parameter estimation of GARCH. One method is the
Gaussian maximum likelihood estimation procedure
availablein E-Views software which will be applied in our
analysis.

Another important economic measure usually
encountered in financial time-series datais the presence of
cointegration between 2 or more nonstationary time-series
data. In such situations, the results indicated that many of
the apparently significant relationships between
nonstationary economic variables in existing econometric
models could well be spurious. So, appropriate measures
areto betaken upto carry out meaningful statistical analysis.

In this paper, we tested the hypothesis that there is
astatistically significant connection between the livestock
export and marine export by testing for the existence of a
cointegrated combination of the 2 series.

If two nonstationary time-series y, and x; are
cointegrated, a linear combination of them must be
stationary. In other words:

X0yt = &
where g, is stationary.

This is done by the Engle-Granger two-step method
where, is estimated by using ordinary least squares and it
istested for stationarity by using the Dickey-Fuller test.

RESULTS AND DISCUSSION

Export instability of livestock and marine products: The
monthly export data of livestock and marine products of
India from June 2006 to June 2012 available at
www.indiastat.com were analysed to find the instability in
each of these products. The export data of both livestock
and marine products exhibited large variation which can
be concluded by the high value of instability index of 22.31
and 20.14 respectively.

A comparative figure of instability in monthly export of
livestock and marine products of Indiaispresented in Table
1. Theinter-month variationsin export of livestock products
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were comparatively higher than marine export (Table 1).
Themonthly instability trendsal so showed higher variations
in the year 2007 for marine products as well as livestock
products

Table 1. Inter-month variation of export data

Inter-month variation Livestock Marine
for the year
2006 15.52 16.89
2007 31.82 30.74
2008 21.08 19.44
2009 15.66 16.07
2010 24.04 20.97
2011 19.65 18.45
2012 15.22 13.44
Table 2. Descriptive statistics of export data
Livestock Marine
Mean 606.26 Mean 832.60
Median 457.35 Median 724.11
Maximum 1643.60 Maximum 1997.75
Minimum 176.83 Minimum 365.11
Std. Dev. 358.03 Std. Dev. 370.95
Skewness 1.12 Skewness 1.17
Kurtosis 3.35 Kurtosis 3.97
Jarque-Bera 15.97 Jarque-Bera 19.46
(0.0003) (0.00006)

The maximum value of export is roughly 10 times the
minimum in the case of livestock export (Table 2). And for
marine export the maximum is roughly 5 times the
minimum. So in this case ARIMA time-series modelling
cannot be applied. Moreover aperusal of data showed high
volatility at many time-epochs. So, to capture the volatility
in the 2 series we used the GARCH nonlinear time-series
modelling available in EViews software package, Ver. 4.

The fitted model for livestock data from June 2006 to
December 2011 is given by
y; = 1137.44 + 0.60y, ; + 0.34y, , + &

(661.50)  (0.19)

where &, = hi/zét , and h, satisfies the variance equation

(0.18)

h = 520.28 + 0.15 ef_l ~ 1.00h,

(157.27)  (0.01)  (0.07)
The fitted model for marine export data June 2006 to
December 2011 is given by
y; = 941.61 + 1.05y, ; —0.272y, , + &
(128.52) (0.07)
where € = h1/2§t , and h, satisfies the variance equation
h, = 890.76.35-0.15 sf_l - 0.92h,;
(277.73)  (0.05)  (0.07)
The valuesin the parentheses denote the corresponding
standard errors of the estimates.

(0.15)
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To study the appropriateness of the fitted models, the
autocorrelation function of the standardized residuals and
squared standardized residual s are computed. It was found
that, in both situations, the autocorrelation function was
insignificant at 5% level of significance, thereby
conforming that the mean and variance equations are
correctly specified.

The graph of fitted models along with data points are
exhibited in Figs 1 and 2, which indicated that the fitted
models are able to capture the volatilities present in the
datato areasonable good extend.
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Fig. 1. Fitted GARCH Model along with the livestock export
data points
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Fig. 2. Fitted GARCH Model along with the marine export
data points.

The sudden burst followed by sudden downfall in the
export may beattributed to the cyclical patterninthe growth
of theworld economy and al so movementsin the production
of these commodities, since livestock and marine products
both are believed to beincome elastic. For instancetherising
trendsin export of livestock and marine products after April
2011 may be attributed to the fact that there was sudden
increasein the demand from many importing countrieslike
Chinaand South East Asiadueto their high growth in their
economy. Further, the whooping income realized from the
inflated oil prices aided a strong import demand in the
Middle East and North African countries for the livestock
and marine products.
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Carrying out the Dickey-Fuller test at 5% level of
significance for testing the presence of unit root in the 2
data generating process, we concluded that the livestock
export aswell as marine export is both nonstationary aswe
fail to reject the null hypothesis of presence of unit root.
The main problem now is that statistical inference
associated with stationary processesisnot valid if thetime
series are nonstationary processes. Though differencing
could lead to stationarity of the time-series, much
information including that of the level serieswould be lost
and moreover Economic theories are generally postul ated
for levels of variables rather than for differences.

To thisend, we go for the Engle-Granger 2-step method
for testing the presence of cointegration between the series.
Thisis carried out in Matlab 2007a software package and
we conclude that the two series are cointegrated and they
share a common stochastic drift. Moreover the regression
coefficient was 0.587 when marine product was taken as
the dependent variable while regression coefficient as 1.05
when livestock was taken as the dependent variable with
extremely low p valuein both the cases. So, this showsthat
though the two time-series are nonstationary, there linear
combination is stationary.

Forecasting performance: Forecasting performance for
6 data points corresponding to All-India data of monthly
export of livestock and marine from January, 2012 to June,
2012 as hold-out-datais studied. One-step ahead forecasts
are computed and reported in Tables 3, 4.

Table 3. One-step ahead forecasts of livestock
export data (Z crore)

Months Actua Forecast
Jan-12 1,643.6 1,554.43
Feb-12 1,284.7 1,398.47
Mar-12 1,295.08 1,283.57
Apr-12 1,173.62 1,212.82
May-12 1,394.54 1,306.82
Jun-12 1,331.18 1,342.75

Table 4. One-step ahead forecasts of marine export data

(X crore)
Months Actual Forecast
Jan-12 1,299.42 1,151.05
Feb-12 1,089.06 1,003.37
Mar-12 1,115.84 1,087.94
Apr-12 1,082.86 1,045.66
May-12 1,242.12 1,224.11
Jun-12 1,326.38 1,271.45

To sum up, the livestock and marine export data shows

highinstability. Thiscan be concluded by itshighinstability
index. It also showed abrupt rise and fall which gaveinsight
into the volatility present in the data. The volatility was
satisfactorily modelled and forecasted using GARCH
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model. Moreover, it was seen that the 2 export time-series
data, though nonstationary, were cointegrated. The presence
of cointegration will be beneficial in modelling the long-
run equilibrium relationship of the two series.
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