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Analysis and Forecast of Shaanxi GDP Based on the
ARIMA Model
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Abstract Based on the 2008 Shaanxi Statistical Yearbook and the relevant data of Shaanxi GDP in the years 1952 —2007, SPSS statistical soft-
ware and time series analysis are used to establish ARIMA(1,2,1)time series model, according to the four steps, recognition rules and stationary
test of time series under AIC criterion. ACF graph and PACF graph are used to conduct the applicability test on model. Then, the actual value and
predicted value in the years 2002 —2007 are compared in order to forecast the GDP of Shaanxi Province in the next six years based on this model.
Result shows that the relative error of actual value and predicted value is within the range of 5%, and the forecasting effect of this model is relatively
good. It is forecasted that the GDP of Shaanxi Province is 647.750, 765.662, 905.866, 1 073.510, 1 274.469 and 1 515. 820 billion Yuan in the
year from 2008 to 2013, respectively. According to the result, GDP of Shaanxi Province shows a higher growth trend in the years 2008 —2013. The
forecasting result of this model is only a predicted value. But the national economy is a complex and dynamic system. We should pay attention to

the risk of the adjustment in economic operation and adjust the corresponding target value according to the actual situation.
Key words GDP, ARIMA model, ACF graph, PACF graph, Time series analysis, China

Gross Domestic Product is the ultimate product produced
by all the units in a country or an area within a certain period of
time. GDP can not only weigh the national products and income
size as a whole, but also weigh the economic fluctuation and
the periodic status of the economy in general. Thus the data of
GDP has become the most concerned economic statistics in
macro economy and is regarded as an important index for as-
sessing the national economic development and for judging the
operating status of macro economy. Besides, it is also the vital
basis for government to set down economic developmental
strategies and economic policies. Therefore, accurate GDP
analysis and prediction are of great theoretical and realistic val-
ue for improving the economic growth of Shaanxi Province.

In recent years, many scholars both at home and abroad
have studied the developmental patterns of GDP and the meth-
ods of predicting it. By application of SPSS statistical software,
Liang Xin and other scholars established the ARIMA(1,2,1)
model under AIC criterion . After the applicability test on the
model by non-parametric statistical methods, they empirically
analyzed and forecasted the data of Guangxi GDP in the years
1950 - 2006'"'. Based on Chinese GDP data records in the
years 1954 — 2004, Zhao Ying established ARIMA (1,1,1)
model by Box-Jenkins’ method . The model revealed the chan-
ges in the laws of Chinese GDP growth and empirically ana-
lyzed the regressive results'®’. What’s more, based on the da-
ta of Mongolian GDP from 1952 to 2005, LI Zhan-jiang and oth-
er scholars established ARIMA (0,2,1) model by using SAS
software. And then, the GDP of Mongol in the year of 2006
was forecasted by using this model'® . In addition, JIN Shan
analyzed the data of GuiZhou GDP in the years 1950 — 2006

Received: December 21,2009 Accepted . January 13,2010
+ Corresponding author. E-mail. biankj@163. com

and by using EVIEWS software ARIMA(1,1,1) model was es-
tablished, which revealed the variation of GuiZhou GDP
growth™'. However, the statistical research on Shaanxi GDP is
still relatively small. Upon this, by using SPSS statistical soft-
ware, the appropriate model was obtained based on the ACF
graph and PACF graph and repeatedly fitting under AIC criteri-
on. And then the applicability test on the model was conducted
according to the residual sequence of the ACF graph and the
PACF graph, thus the GDP data of Shaanxi Province in the
years 1952 — 2007 is analyzed and the GDP of Shaanxi Prov-
ince in the next six years is predicted. The results have refer-
ence value.

1 Date sources and research method

1.1 Data Sources Based on the 2008 Shaanxi Statistical
Yearbook and the relevant data of Shaanxi GDP in the years
1952 -2007.

1.2 Research method Time series analysis is the method
for studying the laws of stochastic data series by the use of sto-
chastic process theory and mathematical statistical method, so
as to make forecast on the real issues. There are a lot of time
series data in social economic system whose laws need to be
found out by establishing appropriate model through time series
analysis so as to forecast the future of the phenomenon.

2 The establishment of ARIMA (p,d, q)

model

ARIMA(p,d,q) model was first raised by U. S. statisti-
cians G. E. P.Box and G. M. Jenkins in 1970. The model is an
analysis method widely used in various types of time series da-
ta analysis and a short-term forecasting method with high pre-
dictive accuracy. lts essence is a combination of difference op-
eration and ARIMA model™’.
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2.1 The stationary test of time series According to the
scatter diagram, ACF graph and PACF graph of the time series
and its variance, trends, laws of seasonal variation tested by
the unit root of ADF, the smooth of the time series could be
recognized. If the data is unstable and there is a certain degree
of growth or decline, the data’s difference treatment is needed
to make it stable. If the data contains heteroskedasticity, the
technical processing of the data is needed until the autocorrelation
function value and the partial autocorrelation function value of the
processed data is without significant difference from zero™’.

2.2 According to the recognition rules of the time series
model to establish the relevant model Estimating the num-
ber of order p and g of the ARMA model through ACF graph
and PACF graph and choosing the parameters as little as pos-
sible at the initial estimate. Through estimating the value of the
autocorrelation order p and the moving average order q through
ACF and PACF to select the appropriate model to fit. The se-
lection criteria of model order is shown on Table 1. The model
order p, g should be determined by the best criterion function
method. Generally, the smallest AIC and BIC criteria are cho-
sen as guidelines for order determination criteria.

Table 1 Selection criteria of model order
Model equations AR(p) MA(q) ARMA(p,q)
ACF Tailing g step lag (g -p) step lag
runcation truncation
. p step lag . (p-q) step lag
Partial ACF truncation Tailing truncation

2.3 Model checking Testing the model is to see whether
the parameters is significant and to diagnose whether the resid-
ual sequence is the white noise sequence. If so, the model can
be used for practical forecast.

2.4 Model forecasting By the use of the tested-model to
forecast. After testing the model we know that the residual se-
quence is the white noise sequence, which can be used for
practical prediction, so the GDP of Shaanxi Province can be
forecasted.

3 Results and analysis

3.1 The analysis of Shaanxi GDP After analyzing the data
of Shaanxi GDP in the years 1952 —2007""' by using SPSS13.0,
the time series of the data was obtained (Fig.1). From Fig. 1
we know that with the reform and opening up policy and the in-
crease of people’s living standards, the overall GDP of Shaanxi
Province in the past fifty-six years has shown the trend of expo-
nential growth, especially since the reform and opening up.
Therefore, we often regarded it as non-stationary time series.
This kind of non-stationary time series which contains exponen-
tial trend can often be carried out by logarithmic transformation.
The result is that the exponential trend will be transformed into
linear trend. And then, through difference of the linear trend,
the linear trend can be eliminated. Therefore, the time series of
Shaanxi GDP data was obtained by taking the logarithm of the
data and making a second-order difference (Fig.2). From the
Fig.2, we can see that the time series has achieved smooth af-

ter taking logarithm and making a second-order difference. In
this end, the model was recognized and ordered by the loga-
rithmic transformed and second-order difference data.
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Fig.1 GDP time series of Shaanxi Province from 1952 to

2007

3.2 The recognition and order of the model In order to
find the best order , the way of combining the ACF graph, the
PACF graph, AIC and BIC together were applied to determine
the best order of the model. The value of AIC and BIC under
each model was calculated by selecting different parameters for
re-fitting. By comparison with their values, we know that in the
case of the convergence criteria comes to a maximum of 10,
the parameter changes of 0.001% and squares changes of
0.001% , when the (p,d,q) equals (1,2,1), the value of AIC
and BIC come to the minimum of -74.141 and -68.174
respectively.

3.3 Parameter estimation When the (p,d,q) equals (1,2,
1), the parameter’s estimation of the model are. AR1 =0.209,
MA1 =0. 974, constant =0. 002. Upon examination, the esti-
mated values of the parameters are all significant.
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Fig.2 Time series after logarithmic transformation and
second-order difference
3.4 The applicability test of the model The applicability
test is to test the original data and the error sequence of the fit-
ting data ( residual sequence) to see whether it is consistent
with the facts, whether it is a good response to the reality.
While the test of time series model is to test whether the residu-
al sequence is the white noise sequence, if so, that means the
model can be used for forecasting. If not so, that means the
model needs improving. In this paper, the ACF graph and
PACF graph of residual sequence are adopted to test whether
the residual sequence is the white noise sequence. The ACF
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graph and PACF graph of residual sequence are shown on Fig.
3 and Fig.4. According to the figures we learned that the resid-
ual sequence is the white noise sequence, so the ARIMA(1,2,
1) fits the time series of Shaanxi GDP well.
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3.5 The establishment of ARIMA(1,2,1) model Establis-

hing of the time series model ARIMA(1,2,1) of Shaanxi GDP .
(1-0.209B) (1 -B)*InX, =(1 +0.974B)¢, +0.002

3.6 The forecast of GDP The time series of the predicted

value and actual value of Shaanxi GDP were obtained by the

use of ARIMA(1,2,1) (Fig.5). The figure shows that the fitting

effect is relatively good. The results of the comparison with the

20 000
————— Shaanxi Fit for Shannxi GDP from ARIMA

_ 15 000 —MOD_3 LN CON

<

=

~ 10 000

a

£

= 5000
0 L 1 1 1
28 T B =2 8 8 I 8 8 ==
SR I T - e e T S S

Year

Fig.5 GDP time series of Shaanxi Province from 1952 to
2007
actual value and predicted value from 2002 to 2007 are shown
on the following Table 2. The Table 2 indicates that the relative
error of actual value and predicted value is within the range of
5%, so the forecasting effect of this model is relatively good. It
is forecasted that the GDP of Shaanxi Province is 647. 750,

765.662,905.866, 1 073.510, 1 274.469, and 1 515. 820 bil-
lion Yuan in the year from 2008 to 2013, respectively.

Table 2 Comparison of Shaanxi GDP from 2002 to 2007

Actual Predicted Relative Actual Predicted Relative
Year Year

value value error value value error

2002 2253.39 2317.96 0.028 25
2003 2 587.72 2 602.43 0.005 67
2004 3 175.58 3007.67 0.054 33

2005 3772.69 3753.98 0.004 97
2006 4523.74 4436.82 0.019 40
2007 5465.79 5341.18 0.023 06

4 Conclusion and discussion

Through time series analysis of Shaanxi GDP in the years
1952 - 2007, the ARIMA (1,2,1) model was established.
Transformation of the series by the model parameters turned
the residual sequence into white noise sequence. The fitting result
of the model is convincing and practical by using SPSS13.0. The
GDP of Shaanxi province from 2008 to 2013 is forecasted by
the model. The result shows that the relative error is within the
range of 5%, which is relatively ideal. According to the result
predicted, GDP of Shaanxi province shows a higher growth
trend in the next six years from 2008 to 2013. However the
forecasting result of this model is only a predicted value, the
national economy is a complex and dynamic system. The ad-
justments of national macro policy and the changes of the de-
velopment environment will cause the relative change of macro-
economic indicators. Therefore, we should pay attention to the
risk of adjustment in economic operation and maintain the sta-
bility and continuity of the microeconomic regulation and con-
trol so as to prevent the economy from severe fluctuations and
adjust the corresponding target value according to the actual
situation.
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tudinal comparable but also measure the degree of improve-
ment or deterioriation of energy resources and emission of dif-
ferent industries in different regions.

(4) To those published statistics nowadays about small
towns and cities, many kinds of data in the evaluation index
system may not be gained directly, most of which should be
gained through practical research or sample survey. But the re-
sults gained through this kind of research are not comprehen-
sive and systematic enough, or even not representative. Be-
cause the industrial development of small towns and cities plays
an important role in the national industrial development system,
it hints that in the published statistics, some related depart-
ments should pay more attention to those statistical data collec-
tion on industrial energy, resources consumption and enviro-
mental emission in small cities and towns.
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