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Abstract The forecast on price of agricultural futures is studied in this paper. We use the ARIMA model to estimate the price trends of agri-

cultural futures, which can help the investors to optimize their investing plans. The soybean future contracts are taken as an example to simu-

late the forecast based on the auto-regression coefficient (p), differential times (d) and moving average coefficient (). The results show that

ARIMA model is better to simulate and forecast the trend of closing prices of soybean futures contract, and it is applicable to forecasting the

price of agricultural futures.
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1 Introduction

The agricultural commodity trading is linked closely with the fu-
tures market. And forecasting agricultural futures price is conduc-
tive to agricultural production and adjustment of agricultural struc-
ture. Price forecasting holds great significance to economic activi-
ties. In all kinds of forecasting methods, the time series forecas-
ting method admits the continuity of the development of things,
and at the same time, it considers the random factors that affect
the development of things to eliminate the effect of stochastic vola-
tilities. Beyond that, it uses historical data for statistical analysis,
and it has better performance and forecasting accuracy. Now, most
researches focus on the volatility of futures’ price and the factors
that affect the price of futures. For instance, Pang and Liu
(2013) used discrete wavelet transform and GARCH model to find
out if futures market can reduce the volatility of agricultural price.
The factors that affect the price of soybean futures are based on
multiple regression model, published by Xiong and Sun (2004).
In the field of price of futures forecasting, most studies use the ex-
ponential smoothing method. Nevertheless, few of them apply
ARIMA model to price level of agricultural futures. China’s soy-
bean oil future went public on the Dalian Commodity Exchange on
January 9, 2006. Soybean oil is widely used in various fields and
industries such as food production and medical product making.
Soybean oil future also has characteristics like large trading vol-
ume, large price volatility, high commercial rate and different de-
livery methods. Hence it is extremely influential and plays a sig-
nificant role in economic activities. In this paper, the closing
prices of soybean activity futures contracts between January 4,
2016 and August 24, 2016 are selected as the research samples.
We select prices of soybean activity future contracts as the re-
search object. ARIMA model is used to test if it is suitable for

forecasting price level of agricultural futures. Furthermore, the
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correlation test of the residual error is presented. Then, the price
of next 30 trading days is forecasted. Finally, we find ARIMA
(28, 1, 25) model is better to simulate and forecast the trend of

price level of agricultural futures.

2 ARIMA model
2.1 Description of ARIMA model ARIMA ( Autoregressive
Integrated Moving Average) model is a well-known time series fore-
casting method proposed by Box and Jenkins in the early 1970s. It
is also called Box-Jenkins model or Box-Jenkins method. There are
variables in ARIMA (p, d, ¢), in which p is the order of the au-
toregressive model, d is the degree of differencing, and ¢ is the or-
der of the moving average model. P order autoregressive model is
denoted by AR (p), and it satisfies the following equation

u =c+odu_, +dyu _, +- +¢pu|,p +e,t=1,2, -, T
where ¢ is a constant; ¢, , ¢, - ¢, are autoregressive model coef-
ficients; & is white noise series with a mean value of zero and a
variance of o”.

Q order of the moving average model is denoted by MA (¢q),
it satisfies the following equation ;

u=pu+e +0e_ +-+6e _,,t=1,2,-- T
where u is a constant; 6,, 6,, ---6, are coefficients of the moving
average model; g, is white noise series with a mean value of zero
and a variance of .

Then AR model and MA model are mixed. It is often recor-
ded as ARMA model. The equation is;

u=ct+dbu_, ++obu_, +te +0e_, +-+0,8_,,1
=1,2, T

When p =0, ARMA (0, g) =MA (q); when ¢ =0, ARMA
(p, 0) =AR (p). For non-stationary time series, there is an ini-
tial differencing step that can be used to reduce the non-stationari-
ty. The stationary time series that influence differential operation
are called integration series. The definition is as follows. If y, se-
ries after d times differencing becomes a stationary series, and it is

not stationary in d —1 times differencing, then the y, series is
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called d order integration series. It written as y, ~1(d). This d is
the degree of differencing in ARIMA model.
2.2 Basic procedures of ARIMA model

variance, trend and seasonal variations are tested, and the stability

(i) The time series’

of time series is identified. The scatter plot is used for the plot of
autocorrelation function and partial autocorrelation function and
ADF test. Generally, the time series of futures price data are not
stationary sequences. (ii) For non-stationary time series of stationa-
ry processing, the time series needs to be differentiated. If time se-
ries of data is non-stationary, it has the trend of growth or decline
until the values of the autocorrelation function and partial autocorre-
lation function are not significantly different from zero. (iii) Ac-
cording to rules of identifying time series, if the partial autocorrela-
tion function of stationary sequence is censored and the autocorrela-
tion function is tailing, AR model is more suitable for this time se-
ries. In addition, if the partial autocorrelation function of stationary
sequence is tailing and the autocorrelation function is then cen-
sored, MA model is more suitable for this time series. But if both
autocorrelation function and partial autocorrelation are tailing or
both censored, ARIMA model is needed to be used. (iv) The ARI-
MA model parameter is estimated and it is used to test if it has sta-
tistical significance. (v) The hypothesis testing is used for residual
sequence to determine whether the sequence is white noise. (vi)
The model which has been tested is used for forecasting.

2.3 The coefficient determination

2.3.1 The degree of differencing (d). Set closing prices of soy-
bean activity future contracts as u series, and generate sequence
diagram of w. This diagram shows that the time series of closing
prices has the obvious trend of rising (see Fig. 1). After 1 time
differencing, u series become stationary series (see Fig. 2).
Then, set this integration series as w,. This result shows that the
difference coefficient (d) is 1. In other words, u, ~1(1).
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Fig. 1 Sequence diagram of u

2.3.2  Order of the autoregressive model (p). According to the cal-
culation results of 2.3.1, series is 1 order integration series. So, con-
tinue to calculate coefficient of partial autocorrelation faction of ut.
Fig. 3 is drawn by the conclusion from Table 1. Fig. 3 shows the par-

tial autocorrelation figure of ut series. In the autoregressive model, the

28th order is out of confidence interval. The coefficient is —0. 187.
So, the order of the autoregressive model is 28 (p =28).
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Fig. 2 Sequence diagram of u,

Table 1 Partial autocorrelation of u, Series: u,
Lag Partial Autocorrelation Std. Error
1 0.051 0.080
2 -0.068 0.080
3 -0.115 0.080
4 0.035 0.080
5 -0.030 0.080
6 -0.033 0.080
7 -0.036 0.080
8 -0.107 0.080
9 -0.009 0.080
10 -0.037 0.080
11 -0.122 0.080
12 -0.054 0.080
13 0.105 0.080
14 -0.115 0.080
15 0.034 0.080
16 -0.041 0.080
17 -0.034 0.080
18 0.095 0.080
19 -0.080 0.080
20 -0.027 0.080
21 0.009 0.080
22 -0.134 0.080
23 -0.034 0.080
24 0.030 0.080
25 0.119 0.080
26 -0.023 0.080
27 0.065 0.080
28 -0.187 0.080
29 -0.045 0.080
30 0.089 0.080
31 0.083 0.080
32 0.100 0.080
33 -0.094 0.080
34 -0.029 0.080
35 -0.013 0.080
36 -0.042 0.080
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ries has no serial correlation. This model passes the test, and it

can be used in forecasting.
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Fig. 3 Partial autocorrelation faction of u,

2.3.3 Order of the moving average model (¢). According to the
calculation results of 2.3.1, the autocorrelation coefficient of u, is
shown in Table 2. Fig. 4 is drawn by the conclusions from Table
2. Fig. 4 shows the autocorrelation figure of u, series. From
Fig. 4, in the moving average model, the 25th order is out of con-
fidence interval. The coefficient is 0. 154. Therefore the order of
the moving average model is 25 (¢ =25). The autocorrelation
function is censored in the 25th order. The partial autocorrelation

faction is censored in the 28th order, and ut series is 1 order inte-

gration series. Thus we establish ARIMA (28, 1, 25) model.
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Fig. 4 The autocorrelation faction of u,
2.4 Hypothesis test of residuals All lags of data in the confi-

dence interval show that they are not obvious and not zero. From

this conclusion, the residual of ARIMA (28, 1, 25) model of se-

Table 2 Autocorrelation of u, Series: u,
X Box-Ljung Statistic
Lag  Autocorrelation -
Value df

1 0.051 0.079  0.414 1 0.520
2 -0.065 0.079  1.105 2 0.576
3 -0.121 0.078  3.506 3 0.320
4 0.027 0.078  3.628 4 0.459
5 -0.012 0.078  3.649 5 0.601
6 -0.024 0.078  3.749 6 0.711
7 -0.043 0.077  4.062 7 0.773
8 -0.099 0.077 5.713 8 0.679
9 -0.008 0.077  5.723 9 0.767
10 -0.015 0.077  5.761 10 0.835
11 -0.09%4 0.076  7.283 11 0.776
12 -0.058 0.076  7.865 12 0.796
13 0.124 0.076  10.549 13 0.649
14 -0.056 0.075 11.092 14 0.679
15 0.029 0.075 11.244 15 0.735
16 -0.038 0.075 11.498 16 0.778
17 0.005 0.075 11.503 17 0.829
18 0.088 0.074 12.909 18 0.797
19 -0.025 0.074 13.025 19 0.837
20 -0.028 0.074 13.173 20 0.870
21 -0.029 0.074 13.332 21 0.897
22 -0.068 0.073 14.198 22 0.89%4
23 -0.035 0.073  14.423 23 0.914
24 0.021 0.073  14.509 24 0.934
25 0.154 0.073  19.045 25 0.795
26 -0.002 0.072 19.046 26 0.834
27 0.030 0.072  19.221 27 0.862
28 -0.153 0.072  23.778 28 0.693
29 -0.075 0.071  24.869 29 0.685
30 0.090 0.071  26.479 30 0.650
31 0.174 0.071  32.495 31 0.393
32 0.053 0.071  33.049 32 0.416
33 -0.106 0.070  35.307 33 0.360
34 -0.036 0.070  35.569 34 0.39%4
35 -0.033 0.070  35.796 35 0.431
36 -0.004 0.069  35.799 36 0.478

Note: The underlying process assumed is independent ( white noise) based on

the asymptotic chi-square approximation.

3 Application and discussion

3.1 Accuracy test of forecasting This paper uses ARIMA
(28, 1, 25) model to fit the closing prices of soybean activity future
contracts from January 4, 2016 to August 24, 2016, and draws the
comparative line chart (see Fig. 6). From Fig. 6, we can see that
this model highly fits the closing price of soybean oil active futures
contract. Table 3 shows that determinant coefficient R-squared is 0.
950, explaining many data. The data that can not be explained is
only 0.05. And the value of MAE and MAPE is 43.397 and 0.72,

respectively. It shows that the model has few errors and good accu-
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racy in application. Thus, ARIMA (28, 1, 25) model is feasible 6500. 00 R —
for short-term forecasting of futures.
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1(1) i Fig. 6 The fitting value and observation value of u series
Tr . .
5 3.2 Forecasting of the price of futures We use the estab-
f L lished ARIMA (28, 1, 25) model to forecast series in next 30
I ) I I : : — lags. The results are shown in Table 4. Fig. 6 and Table 4 are
=1.0 -0:5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0 ) .
Residula combined together (Fig. 7).

Fig. 5 Residual correlation of ARIMA (28, 1, 25) model series

Table 3 Model fitting

Percentile

Fit Statistic Mean Minimum Maximum

5 10 25 50 75 90 95
Stationary R-squared 0.280 0.280 0.280 0.280 0.280 0.280 0.280 0.280 0.280 0.280
R-squared 0.950 0.950 0.950 0.950 0.950 0.950 0.950 0.950 0.950 0.950
RMSE 68.020 68.020 68.020 68.020 68.020 68.020 68.020 68.020 68.020 68.020
MAPE 0.721 0.721 0.721 0.721 0.721 0.721 0.721 0.721 0.721 0.721
Max APE 3.188 3.188 3.188 3.188 3.188 3.188 3.188 3.188 3.188 3.188
MAE 43.397 43.397 43.397 43.397 43.397 43.397 43.397 43.397 43.397 43.397
Max AE 192. 680 192. 680 192. 680 192. 680 192. 680 192. 680 192. 680 192. 680 192. 680 192. 680
Normalized BIC 10. 170 10.170 10. 170 10. 170 10. 170 10. 170 10.170 10.170 10. 170 10. 170
Table 4 Forecast of the closing price of soybean oil active futures con-

: : 6750.00  — opserved
tract in next 30 trading days Fit
—Fi
Day Number Day Number 6500. 00 F — Forecast \/\‘N
1 6433. 88 16 6439.57
2 6437.55 17 6447.62 NaZ0R008 ) .
3 6405.49 18 6493.77 g >
= 6000.00
4 6399.22 19 6510.70
5 6453.55 20 6515.62 5750.00 F
6 6475.74 21 6486. 55
7 6462'20 22 6447'56 5500. 00 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )
8 6450.26 23 6436.94 S RRANRRRRE LSRR RS R0
9 6414.25 24 6449.87 Cormmmmmme
Date
10 6418. 81 25 6471.53
1 642357 2 648134 Fig. 7 Line chart of forecasting and historical data
12 6438.73 27 6485.80 its excellent ability of short-term forecasting. Whether the time se-
13 6431.85 3 6457.22 ries is non-stationary or stationary, both can be predicted by ARI-
14 6446. 15 29 6450. 63 . . .
MA. In general, the most economic series are non-stationary se-

15 6470.04 30 6506. 34

4 Conclusions and discussions

The key to the forecast of the closing price of futures with ARIMA
model is to use the historical closing price of futures of T period to
speculate on the futures price of T + 1 period. Now ARIMA model
is widely used in a variety of areas for pricing prediction because of

ries. If we use ARIMA model to predict, the effect of trend does
not matter and can be ignored. However, ARIMA model also has
its deficiencies, that is, ARIMA model can only be used in short-
term prediction. With increase in time, the variance of data will
increase, and the error of prediction will also increase. As a re-
sult, there will be a large deviation between the predictive value

(To page 16)
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mountains, but they are all high-input, high-output technologies.
Through the economic benefit analysis of integrated application for
several years, it is found that simplified cultivation technology is
an integrated technology suitable for the longan orchard in
Maoming’s hills and mountains, and the one-time investment is
high, but it can produce long-term sustainable economic benefit
and ecological benefit. In the context of increasingly scarce high-
quality labor resources for agriculture, the industrial upgrading and
transformation is a necessary way to break the obstacles to industri-

U] The simplified cultivation technology changes

al development
the traditional agricultural production model heavily dependent on
chemical fertilizers, pesticides and cheap labor to the efficient ag-
ricultural production model with organic fertilizer as the basis and
simplified technology as the support, and it is the agricultural
technology and idea that should be fully promoted and used in the
future.
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and the observed value. ARIMA model can not adjust uncer-
tainty factors in the economic environment like good news in the
market, market reaction to the news and the expectation of in-
vestors. Therefore, this model can only be used in short-term
prediction, and it does not have good performance in long-term
forecasting. In summary, although ARIMA model has short-
comings, it will acquire the precision data when it is used in
short-term forecasting. This model provides an important meth-
od to predict price level of agricultural futures, and it will be of
great significance to improving agricultural futures. This model
can be used for the following aspects. First, it helps consumers
to purchase agricultural products at lower price. This can re-
duce the non-necessary cost. The second one is that this model
can show the arbitrage opportunities. Last but not least, it helps
the investors who invest in futures market to receive the expec-
ted returns on investment, and it can make investors bear less

loss in crisis or recession.
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