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ABSTRACT

This paper analyzed the price dynamics and volatility among tomato-producing (Solan and Ludhiana)
and consuming (Delhi and Bangalore) markets using monthly price data from April 2005 to March 2023.
The Cudda Della-Valle index and seasonality index were used to assess the price dynamics of the
tomato market. Correlation analysis, Regression analysis, Vector Error Correction Model, and Granger
causality were used to analyze the market integration. The GARCH model is used to measure the price
volatility in the selected markets. Results showed that the maximum instability in tomato prices was
in May (53 to 77 %), and the seasonality index showed that farmers received more than average prices
between July and November. The significance of the Engle-Granger tau-statistic revealed that all the
selected markets were well integrated into the long run. The speed of adjustment was highest in the
Delhi market (56 %) followed by Bangalore (55 %) and Solan (27 %). The Bangalore market was the key
market that influenced the price of all other markets by the Granger Causality test. Further, GARCH
(1,1) model is used to estimate price volatility in the selected market. The price volatility was high in
the Solan market and low in all the selected markets.
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Due to its diversified soil and climate, India has
ample scope to cultivate a range of horticulture
crops (Singh et al., 2022a, b). With an area of over
14 percent and a share of nearly 37 percent in all
agricultural exports, the horticulture sector contributes
30 percent to the total agricultural GDP (Gol, 2022).
Keeping in mind the significance of such crops in the
economy, the central government launched “Operation
Greens”, a programme for integrated development of
the Tomato, Onion, and Potato (TOP) value chain in
2018-19 (Government of India 2019). The main goal of
the programme was to stabilize prices since vegetable
crops, because of the weather-sensitive and cyclical
nature of production, have relatively high price volatility
compared to other crops. Of these three crops, tomatoes
are known for having the most volatile prices. Tomato
price fluctuation can be related majorly to its perishable
nature, among other factors like weather patterns,
supply-demand dynamics, problems with transportation
and storage, and governmental regulations.

The market behavior of tomatoes in different
regions of the country in the past has demonstrated
that the produce continues to be a bone of contention
for both growers and the government. Markets are
geographically dispersed, yet prices show long-term
spatial links between various market centers, indicating
that all exchange locations are linked and that prices
deliver pertinent market signals (Ghosh, 2010; Singh
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et al., 2020; Kumar et al., 2022). Studies have found
that, in the case of tomato markets, the level of spatial
market integration is relatively low, resulting in price
differentials and higher price volatility (Kumar et al.,
2016; Kumar et al., 2016; Singh and Mishra, 2018; Dey
et al., 2019; Ankita et al., 2021). This indicates that if
markets are spatially integrated, the government can
concentrate on stabilizing market prices in the impetus
market, and the same signal will be communicated to
the other markets.

Hence, understanding the dynamics of price
behavior, market integration, and price volatility in the
tomato market is crucial for policymakers, farmers,
traders, and consumers. This research paper aims to
contribute to this understanding by examining the co-
movement of prices among different domestic markets
for tomato crops in north India. It also aims to estimate
the degree of market integration and measure the level
of price volatility. This may help policymakers anticipate
price movements and stabilize prices, which will benefit
both consumers and producers by helping avoid sudden
price shocks.

MATERIALS AND METHODS

The study is based on secondary data; collected
from the Agmarknet portal of the Ministry of Agriculture
and Farmers Welfare, Government of India. The monthly
time series data on tomato prices and arrivals from April
2005 to March 2023 were analyzed to investigate market
integration across four major wholesale markets: Solan
(Himachal Pradesh), Ludhiana (Punjab), Azadpur



(Delhi), and Bangalore (Karnataka). These markets
were selected based on their location and the volume
of produce handled. Solan and Ludhiana are situated
in tomato-producing regions (Babu, 2016; Singh, 2017;
Singh et al., 2022c), while Delhi and Bangalore are
located in consuming areas.

Statistical analysis

Different analytical tools such as seasonality
analysis, unit root test, log-log regression analysis,
Granger’s causality analysis, vector error correction
model, and GARCH model were used to examine the
price dynamics and volatility. The analysis of data was
performed by using Eviews 12 and R software.

Instability analysis

The coefficient of variation (C.V.) is used to estimate
instability in time series data. However, a limitation of
C.V. is that it overestimates the level of instability in
the time series data characterized by long-term trends
(Nimbrayan and Bhatia, 2019; Singh et al., 2020a, b;
Paul et al., 2013). This limitation is overcome by the
Cuddy-Della Valle index (CDVI) suggested by Cuddy
and Della Valle (1978), which corrects the coefficient of
variation.

CDVI = CV+/1 —12
where, r2=coefficient of determination

Seasonality index

The range in seasonality was estimated by using
the method suggested by Ali (2000):

S, = average of ith month (I, /1)

S, = Seasonal indices
I = Actual value of price series
I, = Estimated value of price series

Test for stationarity

Before conducting tests for co-integration and
Granger causality in time series analysis, the initial
step is to assess the stationarity of each individual time
series included in the analysis. The Augmented Dickey-
Fuller (ADF) unit root test (Dickey and Fuller, 1981) was
employed to achieve this. The ADF test was utilized to
determine the order of integration using the following

model:
q

APt = Qp +61t+ﬁlpt—1+ZﬁlAPt—j+£t
j=0
Where,

P = the price in each market,

A = difference parameter (i.e., AP, =P —P_,, AP
=P_ —-P_andAP__ =P -

1
a,= constant or drift

=1

n-1 n-2
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t = time trend variable
g = number of lag length and
g, = pure white error term,

The null hypothesis is that B, (the coefficient of P, ,)
is zero. The alternative hypothesis is: B, < 0. A non-
rejection of the null hypothesis suggests that the time
series under consideration is non-stationary (Gujarati,
2010).

Log-log regression model

In order to estimate the long-run relationship
between the markets, a log-log regression model was
used in this study. The coefficient of the model gives the
percentages. The functional form of the model is given
below.

LnY, =B, + B, LnX, + B,LnX, + B,LnX,
Where Y, is the dependent market and X,, X, X, are
the independent markets

B, is the intercept and B, B,, and B, are the elasticity
coefficients.

Engle-Granger tau-statistic was also estimated in
order to find the significance of long-term relationships
in Eviews (Guleria et al., 2023).

Vector error correction model

After establishing the long-term relationship, then
the next step is to find the short-run relationship along
with the speed of adjustment towards equilibrium using
the error correction model, represented by equations:

AlnX, = ocg+ Z By AlnY,_; + Z By AlnX,_; + yECT,_,

AlnY; = By + z < AlnX,_; + z ay; AlnY;_; + yECT,_4

where ECT,, is the lagged error correction term; X,
andY  are the variables under consideration transformed
through natural logarithm; and X jand Y, are the lagged
values of variables X and Y. The parameter y is the error
correction coefficient that measures the response of the
regressor in each period to departures from equilibrium.
The negative and statistically significant values of y
depict the speed of adjustment in restoring equilibrium
after disequilibria, and if it is positive ad zero, the series
diverges from equilibrium.

Granger causality test

To examine the presence and direction of a long-
term causal price relationship between markets, the
Granger causality test is performed using a VAR model
(Granger, 1969). The F-test is utilized to evaluate the
significance of any alterations in one price series on
another price series (Gujarati, 2010). Moreover, this



test identifies the crucial market that has an impact on
the prices of all other markets.

Measuring price volatility: The ARCH family
model

Volatility is a term used to describe the potential
range of outcomes for an uncertain variable. Typically,
this is measured using the sample standard deviation
or variance, which quantifies the variability in returns
over a certain time period. Volatility is commonly used
to assess the overall risk of financial assets and is
often incorporated into Value-at-risk models to gauge
market risk. The level of volatility can be estimated by
examining the sum of a and 3, which are values derived
from the ARCH and GARCH models, respectively.
A sum of a+B of 1 or greater indicates high volatility,
which can result in sudden and significant fluctuations
in asset prices. In contrast, a sum of a+f3 less than 1
suggests low volatility, with changes in prices occurring
less frequently and persisting over a longer period. It
is important to note that while volatility is a commonly
used measure of risk, it is not the only factor to consider
when assessing potential investment outcomes.

RESULTS AND DISCUSSION

This section deals with the analysis of price
dynamics by seasonality and instability indices. The
long-term and short-term relationship between the
selected markets was estimated by the log-linear
model, vector error correction model, and Granger
Causality test. Lastly, to measure the price volatility in
the selected markets, the GARCH model was used.

Seasonality and instability analysis

Table 1 presents an analysis of the instability in
tomato prices across the selected markets. The highest
CDVI (Cuddy Della Vella Index) value was observed in
May for all markets except Solan, where the highest
CDVI value was recorded in June.

The lowest CDVI value was observed in March for
the Solan and Ludhiana markets, in April for the Delhi
market, and in February for the Bangalore market.
The seasonality index was greater than one between
July and November for all markets except Bangalore,
where it was higher between May to July and October
to December, indicating that farmers received prices
above the average during these periods. Similar findings
were reported by Shrestha and Huang (2014), who
found that tomato prices exhibited high fluctuations,
with high prices from June to October and low prices
from January to April every year.

Correlation analysis

Table 2 displays the outcomes of the correlation
analysis of monthly tomato prices in the chosen
markets. The correlation coefficients between the
markets were found to be highly significant, ranging
from 0.62 to 0.94. These results indicate that tomato
prices in these markets exhibited a strong and integrated
movement. Moreover, the results suggest that the price
differentials in the markets were not higher than the
cost of transportation, indicating that the markets were
efficient.

Table 1. Instability and seasonality in tomato price in selected markets

Month Solan Ludhiana Delhi Bangalore

(47 CDVI Sl Ccv CDVI Sl (47 CDhvi Sl (47) CDhvi Sl
January 48.42 3067 0.88 37.89 2795 091 4107 3537 076 6143 51.83 0.91
February 43.08 3056 094 3796 2486 079 36.67 2888 069 5778 39.70 0.63
March 35.67 26.12 0.97 34.69 2241 0.81 3544 2839 0.75 5595 46.71 0.60
April 4486 29.71 1.05 4049 2326 084 38.76 2824 0.72 5459 4559 0.78
May 65.41 53.05 0.72 59.01 4548 055 6856 57.80 053 87.15 76.78 1.22
June 65.20 5419 0.87 50.85 4397 0.7 65.93 5578 083 6959 59.73 1.34
July 50.24 3990 117 4100 29.84 128 4193 3388 144 66.74 61.01 1.25
August 49.89 39.71 1.05 4267 3163 133 4494 3957 136 8212 7551 0.82
September 5442 3817 1.06 4518 3258 116 4272 3433 132 5265 41.75 0.88
October 53.42 2956 117 4554 2445 125 4466 2540 1.41 5745 4359 1.08
November 69.40 53.89 119 5479 4247 134 6045 4938 130 7258 6739 1.33
December 68.28 4649 090 4734 3453 1.04 5410 43.01 0.85 7344 66.77 1.15

CV-Coefficient of Variation (%), CDVI- Cuddy-Della Valle index and Sl-Seasonality Index
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Table 2. Correlation coefficients of Monthly Tomato Prices between selected markets

Markets Solan Ludhiana Delhi Bangalore
Solan 1.00

Ludhiana 0.90* 1.00

Delhi 0.86* 0.94* 1.00

Bangalore 0.71* 0.62* 0.66* 1.00

*indicates p<0.05

Augmented Dickey-Fuller test (ADF)

Although correlation analysis provides an initial
understanding of price movements, it may not be
sufficient to establish market integration. Therefore, to
obtain more accurate insights, advanced econometric
techniques such as the Log-log regression model,
Granger causality test, and vector error correction
model were employed in this study. To ensure reliable
results, it was crucial to verify the stationarity of
the variables. Additionally, to establish a long-term
equilibrium relationship among the price series, it was
necessary to check for co-integration. If the variables
have a unit root, co-integration is not possible, and the
order of integration among the variables needs to be
determined by conducting a stationarity test.

In order to determine whether the price series were
stationary at their level, as well as their differences, the
ADF-based unit root test procedure was conducted. The
results presented in Table 3 reveal that the t-statistic

Table 3. ADF test to check the stationary of the data

value for all the markets was significant, indicating that
the series were stationary and free from the effects
of unit root. As a result, the analysis could proceed to
determine the long term relationship.

Estimation of long-term relationship

Johansen Co-integration test was not used to find
long-term relationships between selected markets
because all the price series are stationary at level.
Therefore, the Log-Linear form of the regression model
is used to determine the long-term relationship between
the selected markets in Table 4. The value of the Engle-
Granger tau-statistic was found to be significant for all,
indicating that selected markets were well integrated.
As the results revealed that the Solan market has a
positive and significant long relationship with Ludhiana
and Bangalore markets. While a one percent change
in the tomato prices of Solan and Delhi markets leads
to a change in the Ludhiana prices by 0.371 and 0.561
percent, respectively. Delhi market has a positive and

Market At level
t-Statistic p value Stationarity
Solan -6.90 0.00 Stationary
Ludhiana -6.67 0.00 Stationary
Delhi -7.73 0.00 Stationary
Bangalore -6.32 0.00 Stationary
Table 4. Long-term relationship between selected markets
Particulars Log(Solan) Log(Ludhiana) Log(Delhi) Log(Bangalore)
Intercept -0.013 0.352 -0.219 0.658
(0.100) (0.060) (0.085) (0.203)
Log(Solan) - 0.371* -0.020 0.584*
(0.036) (0.059) (0.137)
Log(Ludhiana) 0.882* - 0.989* -0.268
(0.087) (0.061) (0.219)
Log(Delhi) -0.027 0.561* - 0.458*
(0.080) (0.034) (0.162)
Log(Bangalore) 0.135* -0.026 0.079* -
(0.032) (0.021) (0.028)
Engle-Granger tau-statistic -8.296* -10.290* -9.378* -14.443*

*indicates p<0.05
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significant relationship with Ludhiana and Bangalore
markets. Similarly, the Bangalore market also has a
positive and significant relationship with Solan and
Delhi markets.

Vector error correction model

Vector Error Correction Model (VECM) was
employed to examine the short-term equilibrium among
the selected tomato markets in this study. This model
provides information about the speed of adjustment
among the variables for achieving long-term equilibrium.
To determine the appropriate number of lags in the
VECM, the Akaike Information Criterion (AIC) was
used, and a lag of two was selected for all the selected
markets (Solan, Ludhiana, Delhi, and Bangalore) as
it had the lowest AIC value. The error correction term
was used to analyze the stability, endogeneity, and
movement towards long-term equilibrium, which are
indicators of market efficiency. Additionally, the study
examined the short-term causality among the prices of
selected markets to identify which market affects the
price of the other markets.

Vector Error Correction Equations:

AInSolan= -0.269ECT, ,-0.384AInSolan,,-0.402AIn
Ludhiana,,+0.472AInDelhi_,+0.342AInDelhi ,

AlnLudhiana=0.229ECT ,-0.628AInLudhiana_,-
0.403AlInLudhiana,,-0.338AInSolan _,+0.745AInDelhi, ,
+0.470AInDelhi,_,

AInDelhi= -0.557ECT ,+0.604AlInDelhi_+0.420AIn
Delhi _,-0.341AInSolan ,-0.711AlnLudhiana_,-0.166AIn
Bangalore, ,

AlnBangalore =-0.551ECT ,+0.527AInBangalore, ,-
0.210AInBangalore, ,-0.482AInSolan _,+0.464
AlnLudhiana, ,

Table 5. Results of Granger causality test

When considering Solan markets as dependent on
other markets, the speed of adjustment is generally low,
at 27 percent, respectively. This may be due to the fact
that these markets are said to be producing markets,
supplying produce to other markets, with only one-way
transactions. However, in Delhi and Bangalore markets,
where they are found to be consuming markets, the
speed of adjustment is higher at 56 percent and 55
percent, respectively. This faster error correction
mechanism suggests that stored quantities may be
released. Similar findings were reported by Saxcena
and Chand (2017) in Lasalgaon and Solapur markets for
onions, where they found one market to be a producing
market and the other to be a consuming market.

The results revealed that there is a two-month lag
effect of tomato prices in the Solan and Bangalore
markets on the prices in the Delhi market. Additionally,
the prices in Solan and Ludhiana markets have an
impact on the prices in the Bangalore market, with a
lag of two months. Moreover, the prices in the Ludhiana
market are influenced by the prices in Solan and Delhi
markets, with a lag of one or two months. Furthermore,
the Wald test showed that short-run equilibrium exists
among all the selected markets at lag one in the case
of Solan.

Granger causality test

Table 5 and Fig. 1 present the results of the Granger
Causality analysis on the price series of the selected
markets. The analysis reveals that the tomato prices
in the Bangalore market have a bidirectional causality
transmission with the tomato prices in other markets.
The Delhi market has a bidirectional relationship with
the Bangalore and Ludhiana markets, meaning that it
influences their prices and is also influenced by their
prices. The Ludhiana market, on the other hand, has a

Null Hypothesis Observations F-Statistic p value
LUDHIANA does not Granger Cause SOLAN 215 1.407 0.247
SOLAN does not Granger Cause LUDHIANA 2.244 0.109
DELHI does not Granger Cause SOLAN 215 0.820 0.442
SOLAN does not Granger Cause DELHI 0.442 0.643
BANGALORE does not Granger Cause SOLAN 215 7.875 0.001
SOLAN does not Granger Cause BANGALORE 9.941 0.000
DELHI does not Granger Cause LUDHIANA 215 14.065 0.000
LUDHIANA does not Granger Cause DELHI 3.918 0.021
BANGALORE does not Granger Cause LUDHIANA 215 10.475 0.000
LUDHIANA does not Granger Cause BANGALORE 10.461 0.000
BANGALORE does not Granger Cause DELHI 215 6.504 0.002
DELHI does not Granger Cause BANGALORE 6.622 0.002
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bidirectional relationship with the Delhi and Bangalore
markets, while the Solan market only unidirectionally
influences the Ludhiana market and has a bidirectional
relationship with the Bangalore market. The analysis
shows that the Bangalore market plays a key role in
influencing the price of tomato crops in all other selected
markets.

| Ludhiana -
A
Y
Bangalore
L ]
‘ Delhi ‘ Solan ’

Fig. 1. Causation between prices of selected markets
(Key market: Bangalore)

Testing the ARCH effect in the key market

The Box-Jenkins approach has a basic assumption
that the residuals remain constant over time. Thus, the
ARCH - Lagrange multiplier (LM) test was carried out on
the square of the residuals and to test whether residuals
do in fact remain constant. The result of ARCH-LM test
is given in the Table 6. The results revealed that there
was presence of volatility in all the selected markets.

Table 6. ARCH - LM test for price series of selected market

Markets F statistic p value Volatility
Solan 55.97 p<0.01 Present
Ludhiana 60.81 p<0.01 Present
Delhi 28.52 p<0.01 Present
Bangalore 32.42 p<0.01 Present

Measuring price volatility

GARCH (1,1) is used to measure the extent of price
volatility in the selected markets. The estimates of the

Table 7. Results of GARCH model

parameters of GARACH (1,1) model were presented
in Table 7. The parameter a of square of residuals at
one lag in the model was significant for all the selected
markets.

The high value of a indicates severe external shocks
to the tomato markets. As the results indicates that the
value of a is more than one for Solan market indicates
that tomato prices in this market is strongly influenced
by external factors other than price. However, the
parameter B of variance at one lag was found negative
and significant only for Bangalore market indicates own
variance of this markets helps in observing effect of any
price shock in the market. The value of a+ 3 for the
Solan markets was found to be more than one, indicates
this market is high volatile and effect of external forces
were more in this market. The severity level of price
volatility was low for all the other markets as value of a+
B was less than one.

The study revealed that tomato prices in the
selected markets were unstable, particularly in May, and
farmers received higher prices than the average during
the months of July to November. Correlation analysis
showed that market prices moved together and were
well-integrated, implying that price differentials were
not greater than transportation costs. The selected
market prices were stationary at level, and regression
analysis indicated that tomato prices had a long-term
relationship. The Delhi market had the highest speed
of adjustment (56%), followed by Bangalore (55%)
and Solan (27%). The Granger causality test showed
that Bangalore market was the most influential market
in terms of affecting the prices of the other selected
markets. GARCH model was used to estimate price
volatility in the selected markets. Solan market was
found to be highly price volatile as compared to other
selected markets. Strengthening of cold storage
infrastructure and create fully integrated supply chain
so as to reduce the variation in arrivals and prices.

Market Mean Variance equation Log Volatility Severity
Intercept &, (a) o, (B) likelihood (a+B) level
Solan 897.94 94005.13 1.22* 0.07 -1711.46 1.28 High
(31.07) (25294.14) (0.19) (0.06)
Ludhiana 1198.30 208408.50 0.80* -0.04 -1714.74 0.76 Low
(42.66) (59509.83) (0.20) (0.14)
Delhi 961.12 211830.50 0.87* -0.06 -1709.55 0.82 Low
(35.99) (27558.35) (0.20) (0.06)
Bangalore 940.98 528457.50 0.48* -0.15* -1750.46 0.33 Low
(70.65) (563972.89) (0.07) (0.03)

*p<0.05, Figure in parenthesis indicates standard errors
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