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Abstract. To measure regional financial service trade and the collaborative rela-
tionship between the regional economic development, this paper make full use of
synergetics, the entropy weight method and analytic hierarchy process to construct
evaluation system, scientific selection of economic structure, economy, the inter-
nationalization level index and running environment index, based on the algorithm
of EWM in-depth discussion of the system of financial service trade and economic
development in Liaoning province cooperative relationship, it provides theoret-
ical support for the next step of Liaoning province’s high-quality development.
The results show that the regional economic system and financial service trade
system of Liaoning province show an alternating m-shape development trend. The
synergistic index of regional economic system and regional financial service trade
system fluctuates and the synergistic effect of the two subsystems is generally low.

Keywords: Synergetic - Analytic Hierarchy Process - Trade In Financial
Services

1 Introduction

Under the international macro-background of economic globalization, political multi-
polarization, and knowledge economy, service trade shows an unprecedented rapid devel-
opment. Therefore, service trade has become an important component of regional eco-
nomic development. Financial service trade plays a vital role in service trade and regional
economic growth because of its unique position in the industrial base-financial industry.
With the development of financial services trade, China’s financial investment environ-
ment has been improved by promoting specialization, improving resource allocation
efficiency, and obtaining dynamic comparative benefits, which has promoted the rapid
development of the economy and injected new impetus into regional economic develop-
ment. The research on the synergistic relationship between financial service trade and
economic development system in Liaoning Province is helpful for Liaoning Province to
achieve successful regional development under new historical opportunities.
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For a long time, the synergy between regional financial services trade and regional
economic development has attracted wide attention in the economic field, and there are
not a few studies in this area. Domestic and foreign experts have analyzed the relationship
between the two using economics, regression analysis, and regional development the-
ory. For example, Zhang Xueyi [7], based on the microeconomic perspective, believed
that it is necessary to promote the linkage of regional financial services aggregation
and regional economic development, must play the network effect of regional financial
services aggregation. Sun Lixiang [4] analyzed the relationship between the construc-
tion of the capital economic circle and the trade-in financial services and concluded
that establishing a financial back-office service area has a significant driving effect and
demonstration effect on economic growth and social development of the capital eco-
nomic circle. Lu Liang [3] believed that constructing an integrated financial service
system is an important part of accelerating regional development and a successful expe-
rience in promoting rapid economic development. Yang Hongai [6] tested the path of
financial service trade with the help of multiple regression, and provided targeted pol-
icy recommendations for the development of Shanghai’s financial service trade; based
on regional development theory and comparative advantage theory, Liu Weijie [2] used
index method to analyze the comparative advantage of service trade in Beijing-Tianjin-
Hebei region, and then analyzed the realistic conditions of the coordinated development
of service trade in Beijing-Tianjin-Hebei region. Fernandes, D. [1] focused on the rela-
tionship between financial service trade and economic development in the financial crisis
era.

The existing literature mainly focuses on the influence of regional financial trade on
regional economic development and its influence path. The research on some charac-
teristics is insufficient, manifested as the unilateral influence of regional financial trade
on regional financial development, and only stays in the qualitative analysis rather than
quantitative analysis of the two subsystems. However, financial service trade and eco-
nomic development systems are complementary and mutually reinforcing. The existing
literature fails to clarify the synergistic relationship between the two. This paper makes
full use of synergetic, entropy method and analytic hierarchy process to construct an eval-
uation system, studies the mutual influence and mutual promotion relationship between
regional financial trade and the two subsystems of regional economic development, and
reveals the future development trend and evolution law of the composite system com-
posed of the two systems. Taking Liaoning Province as an example, this paper collects
and analyzes the cross-sectional data of the region for ten years, and probes into the
synergistic relationship between Liaoning’s financial service trade and economic devel-
opment system, to better grasp the development status of Liaoning Province and further
promote the high-quality development of China’s economy.

2 Synergetic

Synergetic believes that the sequence and structure of the system when reaching the
critical region are determined by the coordination effect and coordination degree between
the various elements of the system. Only the coordinated development between the
various components or subsystems of the system can ensure the benign operation of the



Evaluation Model of Coordination Degree 1327

system. Synergy refers to the harmony between systems or between the elements of the
system in the process of development and evolution. The greater the synergy between
the system elements, the more it can achieve the overall effect of ‘1 4+ 1 > 2°. Therefore,
this paper uses the coupling coordination degree to analyze the coordination status of
each subsystem and the whole system in the financial service trade industry system. By
selecting the coordination metric index, the coordination of the metric industry system,
objectively accurately reflect the evolution of the development mechanism of regional
economic system. Grasping the development trend as a whole has important practical
significance for optimizing the industrial development environment and formulating
industrial policies.

3 Construction of Regional Financial Service Trade and Regional
Economic Synergy Model

3.1 Model Order Parameter Construction

The synergy degree model of financial service trade and regional economy comprises
two subsystems: financial service trade competitiveness and regional economic devel-
opment. Based on synergetic theory, this paper studies the mutual influence and mutual
promotion between the two subsystems and reveals the future development trend and
evolution law of the composite system composed of the two systems. The order parameter
is a parameter variable that determines the system’s macroscopic behavior and charac-
terizes the system’s order degree. It determines the final structure and order degree of
the system. [5] In this paper, a total of six order parameters are selected. The selection
of order parameters for regional economic development can judge the type and develop-
ment direction of the regional economy through economic structure. Economic aggregate
can judge the overall development level of the regional economy, and economic qual-
ity can judge the development potential of the regional economy. Therefore, the order
parameter is selected as economic structure, economic aggregate, and economic quality.
The order parameters of financial service trade competitiveness can be divided into two
categories. One is the reality index, which explains the results of financial service trade
competitiveness. The other is the analytical index, which explains the reasons for finan-
cial service trade competitiveness. [8] After comprehensive consideration, this paper
finally selects the efficiency level index, internationalization level index, and operation
environment index as the order parameters of the competitiveness of financial service
trade. The specific order parameters and evaluation indexes are shown in Table 1.

3.2 Determination of Index Weight

In this paper, the coupling weight of the entropy method and the analytic hierarchy
process is used to determine the weight of each data. The entropy method uses the
amount of information carried by the data itself (the entropy principle in physics) to
determine the weight. If the data itself carries more information, the uncertainty is small,
and the entropy value is small. Conversely, if the data itself carries less information, so
uncertainty, entropy is large. Small entropy means that small uncertainty represents the
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Table 1. Statistical table of the order parameter.

The Index System of Financial Service Trade Competitiveness and
Regional Economic Development

Positive indicators

Subsystem

Order parameter

Evaluating
indicator

Code

Regional economic
development

Economic structure

Proportion of
primary industry
output (%)

Xj

Positive correlation

The proportion of
secondary industry
output value (%)

X2

Positive correlation

Proportion of
tertiary industry
output value (%)

X3

Positive correlation

Total supply and
demand

Total GDP (billion
yuan)

X4

Positive correlation

Regional fiscal
revenue (billion
yuan)

Xs

Positive correlation

Total import and
export trade
(billions)

X6

Positive correlation

Economy quality

CPI index (last
year = 100)

X7

Positive correlation

Per capita
disposable income
of urban residents

(yuan)

Xs

Positive correlation

Per capita
disposable income
of rural residents
(yuan)

X9

Positive correlation

Competitiveness of
trade-in
financial services

Efficiency level
index

Commercial bank
assets profit margin
(%)

Y

Positive correlation

Non-performing
loan ratio

of financial
institutions (%)

Yo

Negative correlation

(continued)
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Table 1. (continued)

The Index System of Financial Service Trade Competitiveness and Positive indicators
Regional Economic Development
Subsystem Order parameter Evaluating Code
indicator
Net assets profit Y3 Positive correlation
margin of

local state-owned
enterprises (%)

Internationalization | The proportion of | Y4 Positive correlation
level indicators total import and

export in GDP (%)

Total import and Ys Positive correlation

export volume
of foreign trade
services (million
yuan)

Actual Utilization | Yg Positive correlation
of Foreign
Investment by
Regions (CNY 100

Million)
Operating M2 growth rate Yy Positive correlation
environment (%)
indicators Total Retail Sales | Yg Positive correlation
of Social

Consumer Goods
(CNY 100 Million)

Stock market index | Yo Positive correlation

data set, and the corresponding weight is high. On the contrary, the corresponding weight
is low. Since the units of each data in the Table 1 are not uniform, the original data are
first standardized. The formula is as follows:

3.3 Calculation Formula of Positive Index

X! — Xii — min{X]j, ...,an}
v max{le, e an} - min{le, e an}

6]

Calculation formula of negative index:

, max{Xyj, ..., Xnj} — Xij

X/ = 2
v max{le, . an} — min{le, ...,X,,j} )
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Z; is the comprehensive score of the first sample. At the same time, this paper also
selects for coupling analysis. Because the AHP algorithm is more common, it is not
described here. The order parameter weight obtained by the EWM entropy method
formula is QI, the order parameter weight obtained by the AHP analytic hierarchy
process in Q2, and the coupling weight of the order parameter of this model is Q,.
Through the coupling calculation of the above AHP and EWM methods, the coupling
weights of the order parameters of regional economic development and financial service
trade competitiveness are obtained.

:Q1+Q2

Qa 5

@)
Subsystem synergy model

Set the subsystem S;(j € [1, 2]), Sy is the subsystem of regional economic development,
S, is the subsystem of regional financial service trade, then the regional economic devel-
opment and regional financial service trade as a composite system S {S1, S>}. The order
parameter is Ej = (Ej1, Ej, ..., Ejn), where Bj; < Ejj < aji,n > 1,i= 1,2, n, aj;, Bj are
the critical values of Ej; when the system is stable. Assuming (Eﬂ JEp, ..., Eﬂ) as a posi-
tive index, its value is positively correlated with the degree of order; (E i1 Ejryo, .o, En)
is the reverse index, and its value is negatively correlated with the degree of system
order. Then the system order degree u;(Ej;) of the order parameter component Ej; of the
subsystem S is:

Ei—Bii .
) ot e [11] .
uiler) = { % b
S =R TR
In this paper, the linear weighting method is used to ‘integrate’ each order parameter
component, to determine the order degree of the order parameter variable system u; (ej):
wj is the weight of each index, which has been calculated in Sect. 3.2.

n n
”j(ej) = Z Wj“j(eji), wj > 0, Z wj =1 )
j=1 j=1
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Synergy model of the composite system

The coordination degree of the composite system composed of regional economic devel-
opment and financial service trade competitiveness reflects the coordination degree
between subsystems. This paper uses the coupling coordination degree model to calcu-
late the coordination degree of the composite system. Assuming that Uy is the orderly
contribution of the regional economic development subsystem at t time, Uy is the
orderly contribution of the regional financial service trade competitiveness subsystem
at t time, Uy € [—1, 1], we can get:

U = sig(-)\/|U1(t) — Uig-n| - U2y = Uz (10)
. LU= U1-1)20,Uz(5—Uz—1y=0
Slg(') - l—l,miscellartleous t (D

When Uy tends to 1, it shows that the regional economy and regional financial
services trade competitiveness have great synergy, and the coordinated development
level of the two is high. The closer U is to — 1, the more fragile the system structure
is. The relationship between the two is unstable, and the two subsystems are in a state
of disorderly development.

4 Synergy Evaluation of Regional Economic Development
and Regional Financial Services Trade

4.1 Research Area

As the representative of the old industrial base of the three northeastern provinces, Liaon-
ing Province has 14 prefecture-level cities (two of which are sub-provincial cities) with a
total area of 148,600 square kilometers. In 2020, the population of Liaoning Province is
about42.42 million, and the cumulative GDP is about 2511.11 billion yuan, an increase of
0.8% compared with 2019. With the comprehensive revitalization of Liaoning province,
comprehensively promote the deepening reform, optimize the business environment,
promote regional financial services trade and regional economic coordinated develop-
ment plays an important role in realizing the high-quality development of Liaoning
province. At the same time, the economic development of the three northeast provinces
also has certain representativeness and reference significance.

4.2 Data Source

The data source of the order parameter index of the regional financial service trade and
regional economic development system in Liaoning Province is the ‘ Liaoning Statistical
Yearbook ’ and ¢ China Financial Yearbook  from 2010 to 2019, as well as the statistical
bulletin of national economic and social development in the corresponding years. For
some missing data, the SPSS software is used for multiple interpolations to determine
the data. Due to the different observation units of each subsystem’s order parameter
index data, the measured values of each index are quite different and cannot be directly
calculated. Therefore, the original data should be standardized, that is, dimensionless.
The specific index data are shown in Table 2 (X7 and Y9 are exponential indicators).



X. Wang et al.

1332

CI'I8LE ILyLSE 0Lv69¢ 09°L0CE $9°198¢ €S 91vC 69°0€vC Sy'81¥C ¥0°S68¢ 00°6¥0¢ 6A
09°0L96 SLTIT6 £7°9698 80°L6S8 £8'79¢8 91°668L 89'08IL 06'6€19 8V'0ILS S0'9S6¥ NI g01/8A
0L'8 01'8 01’8 0cTI 0cel 0ccl 09°¢l 08¢l 09°¢l 0L'61 %ILA
79°6CC £9°€Ce $9°09¢ €r'661 79°SCe 976891 96°'S8LI 79°0691 S9°L9CT 8L YOV NI g01/9A
LY €LTL 8°¢€9CL 6L°0CLY €o'vrLS S ve09 ¥6'610L ¢C8C0L LLT9S9 206619 9¢ 19vS NI O1/SA
06T LT'CE 86°0¢ L1°8¢C 98°'6C S0°S¢ 659¢ 9L9¢ 06'LE 0€'6¢ DIV A
oLe 001 09 001 00°1- (1) ¢ 0L'e oL'e 0T9 029 %BIEA
86'1 L6'1 S8l 16°1 ¥6'1 Y91 67’1 9¢'1 LL'T ev'e %BITA
L60 00°L 10°T 60°1 1T el 3! 8¢'1 8¢C'1 ort DITA
0€80T9T | 0€9S9¥1 | 089FLET | 0L088CI| 069S0CT | OSTOIIT| 0LTCSOT | 0L'€8E6 05°96¢8 008069 GINI/6X
0TLLL6E | 06'IPELE | OF'co6vE| O1'9L8CE| OL'STITE| OL1806C| 0T8LSST| 0LTCCET| 0899Y0C| 09TILLI JINI/8X
0ol 087201 o101 09101 o101 0L'TOI 0101 08201 0CT°S01 00°¢0I LX
LY ELTL 8°¢€96L 6L°0CLY €6 vrLS $6°€€09 ¥6'610L ¢C8C0L LL'T9S9 206619 9¢"19vS NI 01/9X
0¥°Ce9¢ 01°919¢ 08°coeC 06°00c¢ 0v'LClc 08col¢ 08°¢ree 0r'so1e 0T°€r9¢ 08¥00¢ NI 01/6X
0S°606¥C| 0S0ISET| 00°€691T| 0ST6E0C| 0€0IC0C| 0L°SC00C| 08'80C61 | 09°8V8LI |  06VSE9T | 0€968€T | dINIGOI/FX
00°¢s 06'CS 08cs 0r'cs 0S'8¥ 06'vv 08I 0L'6¢ 08°LE 0L'LE %X
0¢8¢ 06°8¢ 01'8¢ 098¢ 0c' Iy orsy 06'Ly 0861 08¢ 0L'TS %ITX
0L'8 09°8 08’8 006 0C01 00°01 0€0I 0S01 00l 09°01 BITX

610¢ 810T L10T 910¢ S10T ¥10¢ €10C cloc 110¢ 010¢ Xopu]

"eJep xopul 19jowered I9pI0 WA)SAS OTWOUO0DI [BUOISAI puk SONSISO[ [BUOISAI 90UIA0I] SUIUOBIT °T IR,



Evaluation Model of Coordination Degree 1333

4.3 Determine the Index Weight

Based on the standardization of the evaluation index data of the coordinated development
of regional economy and financial service trade in Liaoning Province, the proportion,
entropy, and difference coefficient of each index are calculated by using entropy method
(EWM) Formulas (1)—(6), and the final entropy method index weight is obtained. And
then through the analytic hierarchy process (AHP) to build a set of multi-level evaluation
index systems, adopt a combination of subjective and objective ways, to fully reflect
the weight of each order parameter index, regional economic development, and regional
financial services trade order parameter judgment matrix, respectively as shown in Table
3 and Table 4, using the analytic hierarchy process formula to calculate the characteristic
vector and weight value of each index, consistency test results are passed. Finally, we
use the mean method formula (7) to calculate the coupling weight; the linear diagram
of EWM weight, AHP weight and coupling weight is shown in Fig. 1. As can be seen

Table 3. Judgement matrix of the regional economic development order parameter.

X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 2 2 3 3 5 6 2 1
X2 12 1 1 32 3/2 52 3 1 172
X3 12 1 1 32 372 512 3 1 172
X4 1/3 2/3 2/3 1 1 5/3 2 2/3 173
X5 1/3 2/3 2/3 1 1 5/3 2 2/3 1/3
X6 1/5 2/5 2/5 3/5 3/5 1 6/5 2/5 1/5
X7 1/6 1/3 1/3 172 172 5/6 1 1/3 1/6
X8 172 1 1 3/5 372 512 3 1 172
X9 1 2 2 3 3 5 6 2 1

Table 4. Judgment matrix of regional financial services trade order parameter.

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9
Y1 1 4 2 5 6 1 3 4 5
Y2 1/4 1 172 5/4 372 1/4 3/4 1 5/4
Y3 172 2 1 512 3 172 32 2 512
Y4 1/5 4/5 2/5 1 6/5 1/5 3/5 4/5 1
Y5 1/6 2/3 173 5/6 1 1/6 172 2/3 5/6
Y6 1 4 2 5 6 1 3 4 5
Y7 1/3 4/3 2/3 5/3 2 1/3 1 4/3 5/3
Y8 1/4 1 12 5/4 3/2 1/4 3/4 1 5/4
Y9 1/5 4/5 2/5 1 6/5 1/5 3/5 4/5 1
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from the figure, the fluctuation of EWM weight is larger, and the influence on coupling
weight is larger, while the fluctuation of AHP weight is smaller, and the influence on
coupling weight is smaller.

4.4 System Order Degree and Synergy Degree Analysis

Formulas (8) and (9) are used to calculate the order degree of the regional economy
and financial service trade subsystem, respectively; on this basis, the synergy degree of
the composite system of the regional economy and financial service trade is calculated
by using Formulas (10) and (11). The changes of order degree and synergy degree of
the regional economy and regional financial services in Liaoning Province are shown in
Fig. 2.

4.4.1 Subsystem Order Degree Analysis

It can be seen from Fig. 2 that the order degree of the regional economic subsystem in
Liaoning Province is generally on the rise, and the order degree of the financial service
trade subsystem is generally on the decline. The degree of order of the regional economic

054  —=—EWM .
o— AHP
044 4 AHP-EWM
A
B
034
= I V) o
3 o | B
=02 s
A n A » \
0.1 2 ‘_! A o \ / ‘
- e o
e N\ o 1 U
0.0 . Rt L] Y
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X1 X2 X3 X4 X5 X6 X7 X8 X9 YI Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9

Fig. 1. Linear graph of EWM weight, AHP weight, and coupling weight.

«=fe==Order degree of regional economic
subsystem

=== Order degree of financial service trade
subsystem
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0.500
0.000 L _
S
-0.500 year

Fig. 2. Changes in the degree of order and synergy between regional economy and regional
financial services in Liaoning Province.
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subsystem increased from 0.224 in 2010 to 0.719 in 2019, and the degree of order of
the regional financial service trade subsystem decreased from 0.681 in 2010 to 0.294
in 2019. The lowest value of the degree of order of the regional financial service trade
subsystem in 2016 was 0.210, and the peak value of the degree of order of the regional
economic subsystem in 2019 was 0.719, indicating that the contribution of the regional
economic subsystem to the composite system increased, while the contribution of the
financial service trade subsystem to the composite system decreased. By comparing
the order degree of the two subsystems of the regional economy and financial service
trade, it can be seen that from 2010 to 2014, the order degree of the financial service
trade subsystem is significantly higher than that of the regional economic subsystem,
indicating that the financial service trade in Liaoning Province is ahead of the regional
economy and has a supporting and promoting effect on the regional economy. From 2015
to 2019, the order degree of the regional economic subsystem is significantly higher
than that of the financial service trade subsystem, and the order degree of the regional
economic subsystem grows rapidly, while the order degree of the regional financial
trade system fluctuates within a certain range, indicating that the regional economy of
Liaoning Province is ahead of the financial service trade, which has certain support and
boosts effect on the financial service trade.

4.4.2 Synergy Analysis of Composite System

It can be seen from Fig. 3 that the regional economic system and the financial service trade
system in Liaoning Province show an M-type development trend of alternating increase
and decrease, and are generally in alow-level synergy state. From 2010 to 2011, the order
degree of the regional economic subsystem and the financial service trade subsystem
increased rapidly. The order degree of the regional economic subsystem was much higher
than that of the regional financial service trade subsystem, and its development was ahead
of the financial service trade system. At this time, the synergy degree of the composite
system was positive, that is, the two subsystems had synergistic effects. In 2012 and
2013, the order degree of the regional economic subsystem showed an increasing trend.
However, because the order degree of the financial service trade subsystem decreased first
and then increased, the composite system was negative first and then positive, indicating
that the synergy effect of the two systems was enhanced. From 2014 to 2016, the order
degree of the regional economic system showed a slow downward trend, and the financial
service trade system showed a slow-fast-slow downward trend. At this time, the synergy
degree of the composite system was negative, and the two subsystems were in a state
of imbalance, and the synergy effect was weak. The synergy degree of the composite
system from 2017 to 2019 is mainly affected by the fluctuation of financial service trade,
and the synergy effect changes from strong to weak and then to strong.

4.4.3 Policies and Suggestions

Combined with the ‘14th Five-Year’ new development pattern of Liaoning Province,
promote the comprehensive green transformation of economic and social development,
promote the construction of the ‘five points and one line’ coastal economic belt, and
comprehensively expand the opening to the outside world. In recent years, in the overall
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downturn of regional financial service trade, it is recommended to expand the capital
scale of financial service institutions, pay attention to the cultivation of high-quality
financial talents, strengthen the informatization construction of technology on the finan-
cial service industry, improve the domestic and foreign demand for financial service
trade, and optimize the opportunities to support the related industries of the financial
service industry, to make it more orderly, complementary and continuously develop in
a good direction with the regional economy.

5 Conclusions

From 2010 to 2019, the orderliness of the regional economic subsystem of Liaoning
Province is on the rise, and the orderliness of the financial service trade subsystem is on
the decline. After 2014, the lack of attention to financial services trade in the region and
the lack of growth capacity have had a certain negative impact on the region’s economic
development. By 2019, the financial service trade index has shown positive growth, and
the synergy of the two subsystems has turned from negative to positive.

This paper conducts a qualitative analysis of regional financial trade and regional
economic development in Liaoning Province based on the collaborative analysis method,
EWM and AHP. The results can better quantify Liaoning Province and verify the
robustness of the model. The calculation results positively guide the next step of eco-
nomic structure optimization and financial service trade policy formulation in Liaoning
Province.
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