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Abstract. Guizhou Province, as an inland province of China without borders and seas, has relatively
backward economic development, but its economic growth is fast and its development potential is
great. Studying its import and export trade is important to improve residents ' income and accelerate
internationalization. This paper analyzes and establishes the indicator system of regional import and
export influencing factors through literature analysis, and then uses ( radial basis function ) RBF
neural network to analyze the influencing factors of import and export in Guizhou Province. Taking
the economic data of Guizhou Province from 2001 to 2020 as samples, RBF neural network is used
as a tool to analyze the relationship between various influencing factors and total import and export
volume. The results show that when the number of hidden layer neurons is 14 or more, the RBF
neural network model accuracy is the highest, R? is 0.7005, and MAPE is 0.0834. Among the first-
level indicators affecting import and export, the importance of the regional internal economic level is
the highest. Among the second-level indicators, the importance of scientific and technological
progress is the highest, followed by GDP.
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1. Introduction

Import and export is an important tool to promote the economic development of a country or region.
It is conducive to opening up foreign markets and guiding the transformation and upgrading of
Chinese industries. It is of great significance to improve residents ' income and accelerate the
internationalization of the local economy. Since the construction of the Belt and Road, the import and
export of Guizhou Province continues to grow, and the structure of foreign trade continues to optimize,
but still faces many challenges. Therefore, exploring the influencing factors of import and export
trade has a more positive sign for the development of Guizhou Province. At present, there are many
studies on the influencing factors of import and export.

In terms of research content, Xiong [1] believed that there is a positive correlation between import
growth and GDP by analyzing the data on GDP and import and export trade in various countries. Shi
et al. [2] argue that imports and exports are affected differently in the short and long term and that
exports have a greater impact on economic growth in the short term. Patel et al. [3] obtained the
influence of exchange rate, foreign direct investment and other factors on the total import and export
trade by studying India's foreign trade. Gao [4] believed that the main influencing factors of total
exports are economic growth and commodity structure. Wang [5] found that China's total trade import
and export volume is greatly affected by the RMB exchange rate and foreign exchange reserves. In
terms of research methods, Tian et al. [6] believed that radial basis function (RBF) neural network
can effectively approximate the relationship that is difficult to be described in time series, which is
superior to nonlinear regression and multi-layer feedforward ( BP ) network prediction. Yu [7]
analyzed the evolution characteristics and influencing factors of Chongging's foreign trade in ' time
series ' and ' spatial pattern ', and provided useful enlightenment for promoting Chongging to
accelerate the construction of inland open highlands, integrate the ' Belt and Road ' and the Yangtze
River Economic Belt. Lei et al. [8] introduced the carbon productivity variable on the basis of the
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conventional trade gravity model and used the extended trade gravity model to measure the
influencing factors of bilateral trade between China and the five Central Asian countries.

However, there are still many deficiencies in the current research on the influencing factors of
import and export, which are mainly reflected in the following aspects: in terms of research objects,
more attention is paid to the import and export trade at the national level, while there are few studies
on the provincial and municipal levels, especially in underdeveloped inland areas. In terms of research
methods, most studies mainly use regression models to analyze the influencing factors, lacking
innovation. In view of the shortcomings of the current research, this paper chooses Guizhou Province
as the research object to obtain the influencing factors of import and export trade in underdeveloped
areas. This paper will use RBF neural network to study the influencing factors, which can better avoid
the problem that the calculation process of BP neural network is too tedious and lengthy, and has
stronger nonlinear mapping ability, which can better reflect the actual situation of the system. The
marginal contribution of this paper is: (1) Constructing panel data with provincial units. Since the
province can carry out import and export trade more independently, if a country is used as a unit for
research, a more universal conclusion cannot be drawn to guide trade activities within the province.
(2) Construct RBF neural network model. The model has the advantages of strong approximation
performance and strong mapping ability, which is suitable for solving the problems of import and
export influencing factors and can better solve the common problems in the analysis process. (3) At
present, China's research on underdeveloped areas is insufficient. This paper takes underdeveloped
areas as the research object, which is of great significance to the development of underdeveloped
areas in China.

2. Indicator construction

Based on literature analysis, the indicator system of regional import and export influencing factors
is shown in Table 1. The specific construction process is as follows.

2.1 Regional internal economic situation

In the indicator system, the regional internal economic situation (X7) is composed of four second-
level indicators: GDP (X1:), fixed asset investment (X72), CPI (X73) and fiscal revenue (X14), which
are used to measure the basic economic situation of the region. With the continuous improvement of
GDP, regional economic development will gradually turn from inside to outside, promoting the
development of regional import and export. CPI is a tool to measure the inflation rate. The change in
the inflation rate will affect the import and export. The fixed assets investment of the whole society
can cause the adjustment of social industrial structure, improve the investment environment, and
improve the competitiveness of Chinese enterprises, thus affecting the import and export. The
increase in fiscal revenue will affect government purchases, thereby affecting imports and exports.

2.2 Regional external economic situation

This paper selects the RMB against the US dollar exchange rate (X2;), foreign direct investment
(X22), and the actual use of foreign capital (X23) three second-level indicators to measure the regional
foreign economic situation (X2). Under China's floating exchange rate system, the RMB pegged to
the US dollar limits the free trade of foreign exchange, which has an important impact on China's
regional import and export. A large number of foreign direct investment can increase the international
competitiveness of the region and inject vitality into the region, so it is also an important factor
affecting regional import and export. The increase in the actual use of foreign capital can make
investors get rich returns, and further promote investors to invest, thus affecting import and export.

2.3 Regional science and technology development level

The higher the level of regional science and technology development (X3), the higher the labor
productivity and the larger the scale of R&D activities. Therefore, this paper selects labor productivity
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(Xs1), technological progress (X32), and R & D expenditure (X33) three second-level indicators to
measure the level of regional science and technology development. Among them, labor productivity
is equal to the ratio of gross regional product to the total number of employed persons, technological
progress is represented by the growth rate of total factor productivity, and R&D expenditure is the
expenditure generated by systematic and creative activities in the field of science and technology to
increase the total amount of knowledge and apply it to create new applications. The Influencing
Factors results are shown in Table 1.

Table 1. Indicator System of Regional Import and Export Influencing Factors

First-level indicators Second-level indicators Refg;enc
GDP(X11) [9]
social aggregate investment in fixed [10]
Indicator Regional internal economic situation (Xy) assets(X12)
System CPI(X13) [11]
of financial revenue(X14) [12]
Regional
Import exchange rate of RMB against [9]
and . e dollar(X21)
Export Regional External Economic Situation (X2) foreign direct investment(Xx) [13]
Influenci actual use of foreign investment(Xz3) [9]
ng
Factors ivi
Regional Science and Technology Development Izbo: pro dlIJct|V|ty(X3;2 [g]
Level (Xs) technologica pr_ogress( 32) [13]
R&D expenditure(Xss) [14]

3. ANN-RBF Method

Artificial neural network (ANN) is a widely parallel interconnected network composed of
adaptive simple units. Its organization can simulate the interactive response of the biological nervous
system to real-world objects. Artificial neural network is divided into many types, such as BP neural
network, RBF neural network, perceptron neural network, linear neural network, self-organizing
neural network, feedback neural network and so on. [15-16]

Radial basis function neural network, also known as RBF neural network, is a single hidden layer
feedforward neural network proposed by J. Moody and C. Darken in the late 1980s based on the
biological receiving domain. It has a strong nonlinear fitting ability, can map any complex nonlinear
relationship, and has good approximation performance and fast convergence speed of the learning
process. It is suitable for solving the problem of regional import and export influencing factors in this
paper. RBF neural network consists of three layers: input layer, hidden layer and output layer. The
schematic diagram is shown in Figure 1. The input layer node is responsible for transmitting the input
signal to the hidden layer; hidden layer nodes are generally composed of Gaussian kernel function,
responsible for nonlinear transformation of these indicator values and output linear combination; the
output layer node is responsible for outputting linear results. The training of RBF neural network can
be divided into two stages: the first stage is unsupervised learning, selecting memory samples/center
points from sample data clustering algorithms can be used or a randomly given way can be chosen.
The second stage is supervised learning, which mainly calculates the relationship/weight between the
sample and the output after RBF conversion.
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Figure 1. radial basis function neural network

It is assumed that the output layer of RBF neural network has only one node (and it is easy to
expand to multiple output nodes), the hidden layer is composed of a set of radial basis functions, and
the parameter vectors related to each hidden layer node are Ci(center) and i (width). Generally, each
node of the hidden layer uses the same radial basis function (usually Gaussian function). The input
and output of the network can be considered as a mapping relationship f(x): Rn —R (n is the number
of input nodes):

y = F00 = 575 wid(IX = Gill o) = £, wiewp (—251) m

To obtain the predicted y: value, set the RBF network input vector to:
It is an m-dimensional vector including m past signal samples, where m is called the embedded
vector length.

Xi = [yiryi—l'/l' yi—m]T (2)

The most commonly used radial basis function is Gaussian function. Therefore, Gaussian
function is selected as the basis function in this paper. The response of the jth hidden node to the input
vector x; 1s:

®;; = exp [— %} 3)

Where gj is the center vector of the jth node of the ¢; hidden layer, which can also be regarded
as the weight vector of the unit, and 0]-2 is the normalized parameter of the jth hidden node.

The network output is:
$i = X5, &k 4)

Where: 4; is the output layer connection weight, R is the number of hidden nodes.

4. Test indicator selection

Model and algorithm optimization often requires continuous iteration, so it is necessary to do
further testing to verify the correctness, validity and credibility of the model. This paper selects the
two indicators of determination coefficient (R’) and mean absolute percentage error (MAPE) to test
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the trained model. The calculation formula is as follows [ 17-18]:

R? = SSR/SST = 1 — SSE /SST ()
0f N —

MAPE = 100% y P (6)
n = Y

The closer the absolute value of R’ is to 1, the stronger the linear correlation between the two
variables. The mean square error is the sum of the squares of the errors of the corresponding points

of the fitting data and the original data. The value range of MAPE is[0,+0), the smaller the value of

MAPE, the more consistent the predicted value of the model with the true value, the higher the
accuracy of the model, and zero MAPE represents the perfect model.

5. Authentic proof analysis

5.1 Research Object Selection and Data Collection

Guizhou Province, as a non-border and non-sea inland province in China, has relatively backward
economic development, and its per capita disposable income ranks lower among provinces in China.
In the past ten years, Guizhou's economic development has been very rapid. From the data of 2021,
Guizhou's regional GDP reached 1958.642 billion yuan, and its GDP growth rate is at the forefront
of China, up 8.1 % from the previous year. The year-end resident population was 38.52 million,
60,000 less than the previous year; the total import and export volume was 65.416 billion yuan, an
increase of 19.7 % over the previous year, accounting for about 3.3 % of GDP. The data show that
Guizhou's import and export trade has great potential in promoting its economic development.
Therefore, studying the influencing factors of its import and export trade is of great significance for
the long-term development of Guizhou's economy, accelerating its integration into the global
production network and improving its international competitiveness [19].

The data used in this paper are the macroeconomic data of Guizhou Province from 2001 to 2020.
The data are from Guizhou Provincial Bureau of Statistics and the National Bureau of Statistics. The
descriptive statistical results of the data are shown in Table 2.

Table 2. Descriptive statistical results

Indicators (units) Mean Std. Min Max
Y(billion yuan) 482,339.90 351,935.50 64,978.00 1,208,460.00
Xll(billion yuan) 6,99578 5,511.48 1,133.27 17,826.56
X12(billion yuan) 6,591.67 6,419.06 536.01 18,862.75

XlS(Previous year = 100) 102.40 2.14 98.72 107.59
Xu4(billion yuan) 839.71 659.05 99.75 1,786.80
X21(Us $/100) 712.82 79.84 614.28 827.70
X22(million dollars) 37,713.40 32,268.14 2,829.00 107,155.00
Xa23(million dollars) 110,930.30 138,516.00 9,383.00 448,582.00
X1 2,497.45 2,152.95 184.52 7,352.13
X32 0.31 1.04 -0.88 3.27
Xa3(million yuan) 491,446.10 476,148.80 53,486.00 1,617,090.00

5.2 Test result

In this paper, the RBF neural network learning algorithm is constructed based on SPSS software.
The model is trained by adjusting the number of hidden layer neurons from 10 to 20 (setting the step
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size to 1), and the training results are tested by using the test indicators R?> and MAPE constructed
above. The training parameters are shown in table 3 [20]:

Table 3. trainning parameter

number of hidden layer nodes R? MAPE
10 0.5866 0.5450
11 0.7139 0.1161
12 0.7127 0.1128
13 0.7142 0.1000
14 0.7005 0.0834
15 0.7005 0.0834
16 0.7005 0.0834
17 0.7005 0.0834
18 0.7005 0.0834
19 0.7005 0.0834
20 0.7005 0.0834

Based on the above analysis results, this paper finds that when the number of neuron nodes in the
hidden layer reaches 14 and above, the model will converge to a fixed result. At this time, the accuracy
of the model reaches the highest. The value of the test indicator R? is 0.7005, and the value of MAPE
is only 0.0834. The value of R? shows that the model can accurately fit the real value and better
explain the reason for the change of the dependent variable. The value of MAPE indicates that the
model has high accuracy and good evaluation effect.

5.3 Contribution analysis

Based on the ANN model constructed above and the parameter adjustment of 5.2, combined with
the ANN contribution analysis, when the number of hidden layers is 14 or more, the model accuracy
reaches the highest, and the importance analysis of each indicator is shown in Figure 2 [21]:

] Total 100% [ total 45.45%
0.5 0. 14 7
0. 45446
0. 12109
0129 0. 11434 0.11372
0.4 0. 10531
0. 10
0. 31912
0.3 0. 08 4
0. 22642
0.2 0. 06
0. 04 A
0.1
0. 02 A
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(a) First-level indicators (b) Regional internal economic situation(X1)
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Figure 2. Importance analysis results

The importance analysis results show that in the first-level indicators, the regional internal
economic situation (45.4%) has the greatest impact on import and export, followed by the regional
science and technology development level (31.9%) and the regional external economic situation
(22.6%). This shows that the development of import and export trade in a region depends largely on
the economic development of the region itself and the various economic policies of the region. With
the continuous expansion of the regional economy, regional import and export will continue to
develop. In addition, the improvement of regional science and technology development level will
promote the development of core technologies in the region, thus improving the core competitiveness
of enterprises, which also strengthens the import and export trade to a certain extent. The regional
foreign economic situation changes the regional import and export by external investment, which is
less important than the other two indicators.

In the internal economic situation of the region, the four second-level indicators of GDP (11.4%),
total fixed asset investment (11.4%), CPI (10.5%), and fiscal revenue (12.1%) have little difference
in the impact on import and export. Among them, the importance of fiscal revenue is slightly larger
than the other three second-level indicators, indicating that the government decision-making
government occupies a very important position in regional import and export trade. In addition, the
consumption, investment, production and other behaviors of residents or enterprises will have an
important impact on import and export.

In the regional foreign economic situation, the exchange rate of RMB against the US dollar (9.68%)
and foreign direct investment (9.90%) have a greater impact on import and export, while the actual
use of foreign capital (3.06%) is less important. This shows that the pegged exchange rate has a
greater impact on China 's foreign exchange transactions. Foreign direct investment will flow capital
and also reflect the level of regional opening up, which will affect import and export. The actual use
of foreign capital indirectly affects the investment behavior of investors, so the impact on import and
export is small.

At the level of regional science and technology development, technological progress (16.78%) has
the greatest impact on import and export, followed by R&D expenditure (9.04%), and labor
productivity (6.01%). This is because technological progress represents the improvement of social
production level, which has a direct role in promoting regional economic development, thus affecting
import and export trade. R&D expenditure reflects the development of science and technology in the
region, and also affects the import and export to a certain extent. Labor productivity reflects the
production efficiency of the region and indirectly reflects the level of regional economic development,
so it also has an impact on import and export.
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6. Conclusion

(1) When the number of neurons in the hidden layer of RBF neural network is 14 or more, the
accuracy of the model is the highest. At this time, the value of the test indicator R? is 0.7005, and the
value of MAPE is 0.0834, which indicates that the RBF neural network model can explain 70 % of
the change of the dependent variable and accurately reflect the importance of each influence indicator,
which provides an important reference for the development of regional import and export.

(2) Among the first-level indicators, the economic situation within the region has the greatest
impact, accounting for 45.4 %, followed by 31.9 % of the regional science and technology
development level, and the lowest level of regional external development, only 22.6 %. Among all
the second-level indicators, technological progress has the greatest impact on import and export,
accounting for 16.78 %, followed by 12.1 % of fiscal revenue; the total actual utilization of foreign
capital has the least impact, accounting for only 3.06 %.
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