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Application of GARCH Model in Research on Price of
Agricultural Products

HE Hai”

Guizhou University of Finance and Economics, Guiyang 550004, China

Abstract Taking the price of grain in Guizhou Province as an example, by establishing GARCH model, | calculate VAR of logarithm return of grain
price index, in order to conduct research on the variation law of price of the agricultural products. The results show that VAR of grain in Guizhou has
variation. After the year 2010, VAR value is gradually increasing, and the price variation risk of grain market tends to increase progressively. Based
on the characteristics of grain price variation, a series of corresponding proposals are put forward to stabilize the grain price as follows. strengthen
the agricultural infrastructure construction, and promote the agricultural overall production capacity; reinforce the market supervision on the circula-
tion field of agricultural products, and maintain market order; improve regulation system of agricultural products, and stabilize the price of agricultural

products; strengthen mobility regulation, and prevent a flood of speculative cash.
Key words Price of agricultural products, Price fluctuation, GARCH model, VAR, China

Fluctuation in prices of agricultural products is a barometer
of market information, so the prediction and research on price
fluctuation of agricultural products captures close attention, and
tends to be very valuable. At present, the analysis and predic-
tion on price fluctuation of agricultural products at home is to
conduct qualitative judgment largely based on experience. Be-
cause many factors affect the prices of agricultural products,
such as supply and demand, season, weather, emergency and
government regulation and so on. These factors exert complex
influence on the price'"’. Therefore, some scholars have tried
to use multivariate analysis methods, such as linear and nonlin-
ear regression model, gray model and other methods, but the
fitting result is less effective. Moreover, in multivariate analy-
sis, the influencing factors have high requirements on data, but
it has poor availability, thus multivariate analysis has been
largely restricted, and not very scientific. Some adopt input-
output technique to draw the input-output table, to conduct in-
fluencing trend analysis on price of agricultural products, and
conduct short-term trend prediction according to the relationship
between price levels of commodities and price level of agricul-
tural products'®’. This method mainly focuses on research on
price of commodities, having certain prediction effect. Some
use BP neural network to predict the price of agricultural prod-
ucts, but the prediction effect is not very satisfactory.

| integrate the current research methods regarding fluctua-
tion prediction of price of agricultural products in China, and
propose a set of prediction methods on price fluctuations, that
is, introduce VAR model to conduct long-term or medium-term
forecast analysis and research on fluctuations in the prices of
agricultural products, thus to master the law of price fluctua-
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tions of agricultural products, know trends in prices of agricul-
tural products, provide farmers with various timely and accurate
dynamic information concerning price of agricultural products,
conduct long-term or medium-term market forecast on future
price of agricultural products, and stabilize prices of agricultural
products.

1 Data source and research method
1.1 Data selection The object of the empirical research is
grain price index in Guizhou Province . The base of the grain
price index is the average price in 2003. By using the monthly
price data in other years and this base, | calculate the corre-
sponding index.
1.2 Model introduction First, | take logarithm of the time
sequence, then conduct difference on the time sequence, to
get the time sequence of logarithm return of grain price in
Guizhou Province . The specific expression is as follows .
VAR=f(y,) +o' (M
Where y, is the time sequence of logarithm return of grain
price in Guizhou Province; o' is conditional standard deviation.
We use X to stand for random variable of return; - X to
stand for opposite number; F to stand for distribution of — X.
Then VAR value at confidence level of « can be expressed as «
discrete distribution of F distribution, namely .
VAR(X) =inf{xe R: F(X) =a| (2)
On the premise of normal distribution, this formula is fur-
ther simplified as follows .
VAR(X) =0* (3)
Where Z,_ is  discrete distribution of normal distribution. In
formula (3), the standard deviation is constant, which cannot
reflect time-variation characteristics of random variables™’. In
practical application, we can use GARCH model family (inclu-
ding GARCH model, TGARCH model, EGARCH model,
PGARCH model) , to express conditional standard deviation. It
can reflect inconsistency of return along with fluctuations over
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time, realize dynamic measure on the risk of related variables,
and more accurately grasp the changes in risk'*!. When using
conditional standard deviation, there is need to change ¢ in for-
mula (3) as o. Formula (2) assumes that return X follows nor-
mal distribution, which is rational to some extent. Return is of-
ten the result of mass " micro effect" . According to the central
limit theory, it can be held that it follows Gaussian distribution.
But in fact, a large number of empirical studies have shown
that financial gain often assumes the " peak-tail" characteristic,
which shows that direct assumption of return following normal
distribution, is not in line with reality.

2 Results and analysis

2.1 Description of statistical characteristics | use formula
(1) to process the original data, to get distribution figure of the
time sequence of logarithm return of grain price in Guizhou
Province (Fig.1).
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Fig.1 Time series distribution of logarithm return of grain
price in Guizhou Province

Fig. 1 reports that measure of skewness coefficient of the

time sequence of logarithm return of grain price in Guizhou
Province is 3.209 8, bigger than 0; in terms of distribution, the
right tail is long, and it is right skew distribution; peak coeffi-
cient is 19.576, greater than peak value (3) of normal distribu-
tion. In terms of distribution, it is peak, and the distribution
density curve is steeper than normal distribution in the neigh-
bourhood of peak value; J-B statistic after test of normality is
1 250.754, bigger than the critical value of 5.991 of JB at confi-
dence level of 0.05, indicating that at significance level of 5%,
the time sequence of logarithm return of grain price in Guizhou
Province , is conspicuously different from normal distribution.
2.2 Stationarity test | conduct ADF test on the time se-
quence of logarithm return of grain price, and the test result is
—9.567 930. The critical value of unit root at significance level
of 1% is —3.503 1; the critical value of unit root at significance
level of 5% is —2.893 2; the critical value of unit root at signifi-
cance level of 10% is 2.583 4. This absolute value is smaller
than the absolute value of ADF statistic, indicating that the time
sequence of logarithm return of grain price in Guizhou Province
from 2003 to 2010 has no unit root, and the time sequence of
logarithm return of grain price passes ADF test, so the se-
quence is stationary sequence.
2.3 Heteroscedasticity test | conduct fitting by using least
square method on the time sequence of logarithm return of
grain price, to test whether it has heteroscedasticity, and the
specific fitting result can be seen in Table 1.

From the output results in Table 2, we can obtain the fol-
lowing mean equation of grain price logarithm return.

y=0.000 367 —0.009 460y,_, +0.027 705y,_, + u,

Where u, is the estimation value of random error term.

(4)

Table 1 Fitting result of time series of logarithm return of grain price by using least square method

Variable Coefficient value T statistic Probability
Constant 0.000 367 0.753 933 0.452 9
First-order-lag logarithm return of grain price y,_, —-0.009 460 -0.262 110 0.593 8
Second-order-lag logarithm return of grain price y,_, 0.027 705 2.014 300 0.047 0

Now we conduct conditional heteroscedasticity ARCHLM
test on mean equation of grain price logarithm return(4), and
the result shows that F statistic is 38.527 31, the corresponding
probability of F statistic is 0, the probability of chi square test is
also 0, LM statistic is 95.864 22, logarithm likelihood number is
463.804 3, AIC value is —4.409 770. The corresponding con-
comitant probability of F statistic and LM statistic is smaller than
the significance level of 0.05, therefore, the residual quadratic
series of mean equation of grain price logarithm return shows
ARCH effect, namely GARCH effect.

2.4 GARCH model In order to more accurately measure out

heteroscedasticity of them, | conduct GARCH model analysis
on heteroscedasticity of the time sequence of logarithm return
of grain price. As GARCH model can accurately describe and
analyse, and dynamically delineate heteroscedasticity of re-
turn, | use GARCH(1.1) model in ARCH model to describe the
time sequence.

2.4.1 Calculation of fluctuation rate of logarithm return of
grain price in Guizhou Province on the basis of GARCH(1.1).
The fitting result of GARCH(1.1) of time sequence of logarithm
return of grain price in Guizhou Province can be seen in Table
2.

Table 2 GARCH(1.1) fitting result of time series of logarithm return of grain price in Guizhou Province

Variable Coefficient value Z statistic Probability
Mean equation constant 0.000 853 2.164 513 0.0319
First-order-lag logarithm return of grain price y,_, 0.001 642 0.069 340 0.863 05
Second-order-lag logarithm return of grain price y,_, 0.018 674 0.936 482 0.359 02
Variance equation constant 1.682 300 4.523 345 0
First-order-lag residual quadratic term u?_, 0.032 417 6.231 914 0
First-order-lag conditional variance term o> _, 0.836 280 233.458 700 0
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From Table 2, we can get the mean equation and variance
equation of the time sequence of grain price logarithm return.
Mean equation: y, =0.000 853 +0.001 642y, _, +

0.018 674y, , +u, (5)
Variance equation; o, =1.682 300 +0.032 417%_, +
0.836 2800°_, (6)

I conduct conditional variance ACHLM test on mean equation
(5), and the result shows that F statistic is 0.136 235, the corre-
sponding probability of F statistic is 0.872 817, the probability of
chi square test is also 0.869 053, LM statistic is 0.680 703, log-
arithm likelihood number is 469.460 3, AIC value is —4.834 982.

At this time, the corresponding concomitant probability of

ARCHLM test 0.872 817, therefore, the residual series of mean
equation of grain price logarithm return shows no ARCH effect,
indicating that using GARCH(1.1) model eliminates the condition-
al heteroskedasticity of residual series of fitting mean equation
based on the least-squares method. In GARCH(1.1) model, the
logarithm likelihood number is bigger than the fitting result of the
least-squares method, and AIC value is relatively small as a-
gainst the fitting result of the least-squares method, so GARCH
model can better fit the data.
2.4.2 Estimation of VAR. In practical calculation, we often
adopt the calculation through estimating the quantile fractile of
cumulative density function of residual series experience. Ac-
cording to mean equation (5) of grain price return fitted by
GARCH(1. 1) model in the foregoing and variance equation
(6), we substitute them into expression (1), we can get the
calculation formula of VAR of the time sequence of grain price
return as follows

VAR =0.000 853 +0.001 642y,_, +0.018 674y, , +o, (7)

o, =1.682 300 +0.032 417u%_, +0.836 2800"_, (8)

We select 95% as the confidence level, and the corre-
sponding quantile fractile is 1. 645, then we can calculate out
VAR at the confidence level of 95%. According to the calcula-
tion result, we get Fig.2.
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Fig.2 VAR result of GARCH model of logarithm return of
grain price at confidence level of 95% from 2003 to
2010

| use Kupiec likelihood ratio test method to conduct effec-
tiveness test on the model, LR statistic follows distribution
whose degree of freedom is 1. At confidence level of 95% , the
critical value is 3.841. If LR statistic calculated at confidence
level of 95% is bigger than 3.841, it rejects this model; if LR
statistic calculated at confidence level of 95% is smaller than

3.841, it accepts this model. On the basis of the aforesaid esti-
mation results of VAR, we get that LR = 0.011 8,smaller than
the critical value of 3. 841, so it accepts this model. At confi-
dence level of 95% , it has reliability in measuring VAR by using
GARCH model.

3 Conclusion and suggestions

3.1 Conclusion First, the risk of the grain market price
fluctuation in Guizhou Province is relatively high. When conduc-
ting the normality test on the logarithmic return time sequence
of the grain price in Guizhou Province , it is found that the coef-
ficient of peak is 19.576 0, and it's in leptokurtic distribution.
The J-B statistic resulted from a J-B normality test is less than
5% of the level of significance. The logarithmic return time se-
ries of the grain price in Guizhou Province evidently differs from
the normal distribution and the logarithmic return rate time se-
quence of the grain price in Guizhou Province clearly has the
" leptokurtosis and fat-tail" phenomenon. Hence, the possibility
of having extreme incidents in the grain market is much higher
than that in the normal distribution. In order to reduce the influ-
ence resulted from excessive fluctuation of the grain price, the
market supervisor and investor should not only do well in pre-
diction, but also get prepared for taking emergency measures
for extreme incidents.

Second, ever since the sharp rise in grain price in 1997,
the value-at-risk of grain price in Guizhou Province became the
extreme in April 2004, it was the final period for fighting against
SARS. The drastic fluctuation of grain price in that period was
due to the relevant economic policy formulated by the govern-
ment) , and then began to decline gradually. In January 2005,
the value-at-risk fell into the lowest. It was a complete process
of fluctuation in the period from January 2005 to November
2008. Starting from 2009, the value-at-risk of grain price in
Guizhou Province appeared to move upwards continuously and
tended to expand ceaselessly™’. It is predicted that grain price
in Guizhou Province will still be in high risk in 2011, which re-
quires related enterprises and administrative departments in
Guizhou Province to lay stress on the grain price problem, to ac-
tively pay attention to the fluctuation of grain price, and to get pre-
pared for forecasting measures in advance to avoid the possible
undesirable influence caused by drastic fluctuation of grain price.
3.2 Suggestions for stabilizing price of agricultural products
3.2.1 Strengthen the agricultural infrastructure construction
and promote the agricultural overall production capacity. The
key to basically stabilizing the price of agricultural products is to
possess agricultural products with steady quantity and adequate
supply. The government is required to strengthen the agricul-
tural infrastructure construction, to invest more in the develop-
ment of agricultural science and technology, and to steadily im-
prove the quantity and quality of agricultural products. What's
more, the government needs to scientifically guide farmers to
adjust planting structure, to reasonably arrange the planting ar-
ea and to maintain the balance between supply and demand.
3.2.2 Reinforce the market supervision on the circulation field
of agricultural products and maintain market order. Efforts
should be made to set up an agricultural product market which

(To page 22)
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is safe, orderly and with fair competition, to reduce the circu-
lation links of agricultural products and the intermediaries’
price advance, to decrease the cost for circulation and to cut
off the channel and chain of the hot money speculation for ag-
ricultural products. We should rectify and regulate the market
order, severely crack down on speculation such as hoarding,
cornering and collusive pricing.

3.2.3 Improve regulation system of agricultural products and
stabilize the price of agricultural products. In order to control
excessive price hikes of agricultural products, it is necessary
to soundly improve the price regulation system of agricultural
products. Except for taking temporary price intervention
measures for agricultural products in special circumstances,
the government should shift the focus of price regulation of ag-
ricultural products to maintaining the price order of the market,
to severely cracking down on speculation like hoarding, cor-
nering and price gouging. When there is an abnormal fluctua-
tion of market price of agricultural products, it is necessary to
stabilize the market price by underselling agricultural products
reservation and other measures, and to eventually make the
price back to normal.

3.2.4 Strengthen mobility regulation and prevent a flood of
speculative cash. As for the rise in agricultural products price
caused by excess liquidity, it is suggested to change the cur-

rent easy monetary policy into a prudent one. The PBC
should not only regulate and control the money supply and
bank rate, but also regulate the newly increased credit scale,
and strengthen the liquidity management by making compre-
hensive use of various monetary policy tools. In the mean-
while, it should strengthen the private capital management,
make more efforts to control and crack down international hot
money and maintain a reasonable level of money in circula-
tion. Through all the above monetary policy regulations, we
could finally stabilize the agricultural product prices.
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