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A Dynamic Credit Evaluation Approach Using Sensitivity-Optimized Weights for Supply
Chain Finance
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Abstract: Supply chain financing provides important funding channels for micro and small enterprises (MSEs), but effectively evaluating their creditworthiness remains
challenging. Past methods overly rely on static financial indicators and subjective judgment in determining credit evaluation weights. This study proposes a dynamic credit
evaluation approach that uses sensitivity analysis to optimize the weighting scheme. An indicator system is constructed based on the unique characteristics of e-commerce
MSEs. The weight optimization integrates subjective, objective, and sensitivity-based methods to reflect specific financing scenarios. A system dynamics model simulates
the credit evaluation mechanism and identifies the sensitivity of each influencing factor. The resultant comprehensive weights are applied in a TOPSIS-GRA dynamic
evaluation model to assess MSE credit levels over time. An empirical analysis of 20 online stores demonstrates the proposed model's advantages in accurately revealing
credit rankings relative to conventional static models. This research provides an effective data-driven weighting technique and dynamic evaluation framework for supply

chain finance credit assessment.
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1 INTRODUCTION

Micro and small enterprises (MSEs), particularly those
in developing economies, are engines of innovation,
employment generation, and local economic development.
Nevertheless, their constrained scale and resources render
them susceptible to market fluctuations and hinder their
access to conventional funding sources. In this context,
supply chain financing emerges as a crucial lifeline for
MSEs, affording them essential access to financial means
necessary for their growth and sustainability.

However, MSEs often operate in highly dynamic and
evolving sectors, such as e-commerce, where business
models and market dynamics can swiftly transform. This
dynamic environment demands an assessment framework
that not only considers history ical financial performance
but also accommodates the agility and adaptability of these
enterprises in reacting to shifting market conditions. Past
credit rating models face limitations in the weighting
scheme and static evaluation approach [1, 2]: 1) Weights
are overly based on subjective judgment versus data-driven
methods. This risks inaccuracy and lack of specificity to
the financing scenario. 2) The static evaluation cannot
reveal credit trends over time or respond to data changes.

This study aims to address these gaps by proposing a
dynamic credit evaluation approach that utilizes sensitivity
analysis to optimize the weighting scheme. The specific
contributions are: 1) Construct an indicator system based
on e-commerce MSE characteristics. 2) Integrate
subjective, objective, and sensitivity-based methods to
determine scenario-specific weights. 3) Apply a system
dynamics simulation to identify the sensitivity of each
influencing factor. 4) Develop a TOPSIS-GRA dynamic
evaluation model to assess credit levels temporally. 5)
Empirically demonstrate the proposed model's ability to
reveal credit rankings relative to conventional static
models.

The paper is organized as follows. Section 2 is
dedicated to the literature review.The indicator system, the
weight optimization process, and TOPSIS-GRA Dynamic
Credit Evaluation for MSEs are described in Section 3. The

results and discussion are presented in Section 4 and
Section 5 concludes.

2 LITERATURE REVIEW
2.1 Credit Evaluation Indicators and Systems

The process of determining the credit evaluation
indicator system for MSEs is divided into three stages. The
first is based only on the financial indicators of MSEs. The
second is a comprehensive evaluation stage based on
financial and non-financial indicators [3]. Complex
changes in supply chain transactions have led to the third
stage of multiagent credit evaluation, which further
expands the scope of evaluation to the study of other
relevant subjects and intersubject relationships [4].
Scholars have generally considered the factors influencing
the credit levels of MSEs from three perspectives:
enterprise characteristics [5], operating conditions [6], and
industrial environment [7]. As it is difficult to obtain
financial information for MSEs with low transparency, we
posit that nonfinancial information indicators should be
emphasized for credit evaluation.

2.2 Credit Evaluation Weighting Methods

Subjective, objective, and combination weighting
methods are currently used for MSE credit evaluation
indicators. Scholars have considered the allocation of
expert weights at the indicator level or have made
reasonable predictions for the ideal scheme through
individual decision-making [8], thus determining the
combined weight of the subjective weighting in the group.
Objective weighting methods, such as the entropy weight
method [9] and coefficient of variation (CV) method [10],
determine the weight based on indicator data information.
The combination weighting method integrating the two
methods is also widely adopted [11]. Modified subjective
G2 weighting based on the CV method can avoid the
disadvantage of being unable to scientifically allocate the
combined coefficients [12]. In addition, a sensitivity
analysis based on the indicator system itself reflects the
information content relative to the information sensitivity
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of the indicator [13]. In the dynamic credit evaluation
process, time has a greater impact on the evaluation results.
Recently, scholars have begun to explore dynamic credit
evaluation systems based on time-sequence data [2], which
provides new ideas for dynamic credit research.

2.3 Dynamic Credit Evaluation Models

Recently, researchers have been exploring a dynamic
credit evaluation system based on time series data. For
instance, Zhang [14] applied algorithms like SOM and K-
means to the dynamic credit assessment and also
introduced fuzzy cluster analysis to combine evaluation
information more effectively [2]. Building on this work, a
dynamic credit evaluation method called TOPSIS-GRA
was developed. This method combines the traditional
TOPSIS approach with grey relational analysis, and it takes
into anti-risk rewards and penalties [15]. Some scholars
have also made advancements in selecting data. The
dynamic credit evaluation model enhances evaluation
accuracy and addresses credit assessment errors [16]. Later
researchers incorporated the concept of time weighting [17]
to include time series data in credit research.

2.4 Research Gaps

Currently, the foundational research on credit
evaluation is reaching maturity, yet there is inadequate
attention given to the distinctiveness of the enterprise's
financing environment in the following aspects: 1)
Indicators are primarily chosen on the financial situation,

judgment, leading to a singular qualitative evaluation. 3)
The concept of '"dynamic" lacks comprehensive
interpretation. Credit levels are predominantly measured
using static weights, and a comprehensive dynamic
evaluation system is yet to be established.

This study seeks to merge the conventional credit
evaluation weighting approach with a realistic operational
scenario designed for MSEs. This integration allows for the
implementation of a  scenario-based  weighting
methodology within an e-commerce context.

3 RESEARCH METHODOLOGY
3.1 Construction of a Credit Evaluation Indicator System

In contrast to traditional credit evaluations, e-
commerce MSEs rely on online platforms, which are an
important part of supply chain financing. MSEs with
products with a certain market competitiveness can
maintain the long-term operation of the supply chain.
Therefore, we posit that the credit evaluation of MSEs in
e-commerce should include a focus on the characteristics
of the e-commerce supply chain [18]. In addition, as the
level of risk is closely related to credit [19], we argue that
credit evaluations should consider the ability to control
risk. Finally, the inter-agent cooperation relationship
should also be considered in the online supply chain.

The credit-influencing factors are based on a
comprehensive analysis of the characteristics of MSEs in
e-commerce and actual surveys, combined with the 4P
classification of the marketing mix (i.e., product, price,
place, and promotion) and the 5C analysis of marketing

with supplementary consideration of development (i.e., company, collaborators, customers, competitors, and
prospects and relationships among financing entities. 2) context) methods. It includes product situation,
Weight assignment relies mainly on subjective expert management level, and service level (Tab. 1).
Table 1 Main factors affecting the credit of micro and small enterprises (MSEs)
. I_:evel Secondary indicators Index Interpretation Authors
indicators number
. The comparative advantage of enterprises in product quantity can | Yan, Li, Gao, and Wu
Product quantity Al be transferred to the credit level channel. [20]
Product quality A2 There is a significant positive impact be'tween product quality and Liu and Feng [21]
Product enterprise credit.
situation Product sales volume A3 The overall strength and product quality level of the enterprise. | Kouvelis and Zhao [22]
Product pricing A4 The more stable the product prlcmg,_the higher the credit level of Kouvelis and Zhao [22]
the enterprise.
. The more complete the product information disclosure, the higher | Y. Wang, Liu, Chan,
Product disclosure A3 the credit level of the enterprise. and Zhang [23]
Enterprise scale BI The larger the enterprise, the more perfect the system, and the R. Chi, Yu, and Ruan
P higher the credit level of the enterprise. [24]
Profitability B2 The better profitability and the lower the default rate. Kuang et al. [7]
Operating capacity B3 Daily operation and management of the enterprise Kuang et al. [7]
. The better the future development prospects of enterprises, the
Management Development capacity B4 higher the credit level. D. Chen [23]
level Market competitiveness B5 The enterprise has good strength and brand reputation. D. Chen [25]
Risk perception ability B6 The enterprise can timely judge and avoid risks. Yuetal. [19]
Contract pgrfonnlng B7 The enterprise can fulfill the contraf:t' on time and has a strong Kuang et al. [7]
capability repayment ability.
L - The enterprise has strong organizational management ability and
Organizational ability B8 can timely identify and solve credit problems. K. Zhang etal. [3]
. . The extent to which an enterprise is subject to market inspection
Business duration Cl reflects the credit level of the enterprise Kuang etal. [7]
Platform service C2 The enterprise can establish a cooperative relationship. Dai [18]
. . The higher the logistic service level of the enterprise, the better the .
Logistics service C3 credit status of MSEs. Liu and Feng [21]
Service level After-sales service C4 The more perfect the_ after-_sales service of the enterprise, the Liu and Feng [21]
higher its credit level.
Value-added services cs The more value-added services the enterprise provides, the higher Liu and Feng [21]
its credit level.
. The better consumers evaluate the products and services, the
Consumer evaluation C6 higher the credit level of the enterprise. X. Wang and Ren [26]
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3.2 Determination of the Dynamic Credit Evaluation Weight
3.2.1 Preliminary Determination of Weight

Firstly, based on the traditional method of combining
subjective and objective (triangular fuzzy method and CV),
the weights are preliminarily determined. The triangular
fuzzy method overcomes the lack of consistency in AHP,
and experts give three different results for each index, that
is, the most conservative, likely, and optimistic results for
comprehensive judgment. We set ar as the most
conservative evaluation result of the & expert on the i
indicator, by; as the most likely evaluation result of the &
expert on the i indicator, ¢y as the most optimistic
evaluation result of the £ expert on the i indicator, and e as
the proportion of the evaluation result of the k& expert in all
experts and calculate the evaluation result 7; of the
importance of the 7 indicator according to Eq. (1).

Ti:[aiabpci]: Zaikek’zbikek’zcikek )
k=1

k=1 k=1

The triangular fuzzy score F; of i indicator is calculated
using Eq. (2), and the fuzzy weight s; of the i indicator is
obtained by normalization using Eq. (3).

F - a; +4b; +c; @)
6
F
s; = m’ x100% 3)

=11

Although the triangular fuzzy method makes up for the
deficiency of the traditional analytic hierarchy process in
judging consistency, it still has great subjective
randomness. CV evaluates and judges the data according
to its characteristics, and objectively reflects the
differences between the data. The CV z; of the i indicator

is calculated by Eq. (4), ;, and J; are the average value

and standard deviation of the indicator. As shown in Eq.
(5), we further calculate the weight v; of the CV of the
iindicator.

z, :i 4)
X

v =—% ()

3
Zizlzi

Then, the combination weight w; is calculated
according to Eq. (6), that is, the basic weight of the i
indicator obtained through the triangular fuzzy and CV
methods.

w, =0.5s; +0.5v, (6)

The importance of data in different periods to judge the
credit level is different, especially in the process of

dynamic credit evaluation, the time factor has a great
influence on the evaluation results. The time weight is
determined according to the importance of the time series.
The method for determining the time weight is shown in
Eq. (7). 4 indicates the preference for time, and its value
range is 0-1. The closer it is to 0, the stronger the
importance of the recent data, and conversely, the stronger
the importance of the historical data.

max{—i}q(t)lnn(t)}

T pa—
-$ Tt

s.t.
T

du(t)=Ln(r)e[0,1]t=1,2,--T

t=1

3.2.2 Weight Optimization Based on System Dynamics and
Sensitivity Analysis

To enhance the rationality of the weights, a system
dynamics model is established to simulate and analyze the
credit evaluation system of MSEs. The role and influence
of each part of the system are analyzed using the system
dynamics model, and the effects of different feedback
loops are determined. The weight is optimized and adjusted
according to the simulation results to accurately grasp the
credit evaluation results. In this study, we introduce a
system dynamics model and further analyze the index
sensitivity. The steps are as follows.

1. Establishing Clear Research Objectives: We define
the research goals and issues, guiding the research in a
focused direction and establishing clear objectives.

2. Identifying Key Factors: We identify the main
components within the system and specify the scope of our
investigation.

3. Constructing Causal Loops and Diagrams: We
create a causal loop and stock-and-flow diagram. These
diagrams outline the causality and transmission paths of
each internal factor, forming a comprehensive causal loop.
Using this loop, we build a stock-and-flow diagram and
quantify the variable parameters in the system.

4. Computer Simulation: We employ computer
simulations to validate the model's effectiveness. By
employing the stock-and-flow diagram, we further refine
the quantitative model. Based on simulation results, we
adjust the system structure and parameter values to better
align with real-world behavioral characteristics.

5. Analyzing Sensitivity: Utilizing the system
dynamics simulation outcomes, we fine-tune variable
parameters, conduct tests, and observe how variables
respond to system behavior. This aids in analyzing the
sensitivity of factors that influence the credit evaluation of
MSE:s in the e-commerce sector.

Sensitivity analysis involves gauging how much the
evaluated object is affected by a unit change in the initial
value of influencing factors. If a variable significantly
impacts the evaluated object under the same change
conditions, it is considered more sensitive and important,
warranting a higher weight.

We denote X as the influencing factor and Y as the
output variable, X(¢) and Y(¢) represent numerical values at
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time ¢, while AX(f) and AY(f) are denoted variable
quantities. We introduce the concept of percentage change
to capture the effect between them and derive sensitivity a,
indicating the extent of an influencing factor's impact on
the credit level, as shown in Eq. (8).

AY (1)/Y(¢)

A (1) X (1) ®)

o=

Finally, combined with sensitivity analysis, the
comprehensive weight y; is calculated. In Eq. (9), a; and

w; are the sensitivity and basic weight of the i indicator, 6,
and 6, are the weight coefficients of them, and meet
6+6,=1.

7 =0a; + 6w, %)

3.3 TOPSISC-GRA Dynamic Credit Evaluation for MSEs in
E-Commerce

Fig. 1 illustrates the concept of credit evaluation. After
determining the indicators based on the characteristics of
e-commerce MSEs, the subjective, objective, and time
weights are calculated, and the comprehensive weight is
obtained through sensitivity weighting. Finally, the
ranking results of the credit evaluation are obtained
through modeling. We use the TOPSIS-GRA dynamic
credit evaluation method, process static data using a
dynamic model, and correct data mutation errors on time.

( Indicators ] ( Weight )
Characteristics of Subjective + Objective +Time weight
SMEs in e-commerce System dynamics+Sensitivity analysis
= e
;| Credit evaluation | .
-tsage
Method
TOPSIS-GRA
dynamic credit evaluation

Figure 1 Dynamic credit evaluation process

Based on the traditional TOPSIS evaluation model,
risk resistance rewards or punishments are embedded in the
basic credit value in the dynamic credit evaluation method
and the final evaluation result is obtained according to the

min;_, (mln,eT

y* (t)_y[ (t)‘)+ P max,;., (maxteT

credit development tendency [15]. This method ensures
that the evaluation result conformes to the actual situation
so that the e-commerce supply chain can make timely and
accurate decisions and select relatively high-quality
partners. The steps are as follows.

1. We determine the risk resistance rewards or
punishments based on the traditional TOPSIS model and
identify the ability of the evaluated object to resist risks in
a specific environment. Eq. (10) represents the anti-risk
ability of the evaluated object o; different from other

evaluated objects o, (k #iandk =1, 2,---,n) at moment ¢,

y;(¢) is the static credit evaluation result calculated at
moment 7.
0= S (0]

n=1 0% (10)
(k#iandk=12,---,n)

2. We calculate the positive and negative ideal points
from Eq. (11) and (12), respectively.

y* (t):max{y;r (1,57 (2),,» (t)},t=1,2,~“,T an

y—(z)=min{y;(z)},t=1,2,..-,T (12)

3. We calculate the relative closeness degree C;, as
shown in Eq. (13). Wherein, d;" and d; are the distance

from each evaluation subject to the positive and negative
ideal points.

a; =Ji(yi(r)—y*(r>)z;df :Ji(% (- (1))
t=1 t=1 (13)
Ci: d; _,i:1,2,-“,i’l
d; +d;

4. We calculate the gray relation degree ¢, , and obtain

the similarity between the actual dynamic credit sequence
and the ideal sequence through the analysis method of
GRA, according to Eq. (14).

¥ (1) - (0))

& ()=

‘y* (t)_yi (t)‘ + p max;, (maxteT

5. We carry out a comprehensive addition to the above
results and obtain the dynamic credit evaluation result Z;,
according to Eq. (15). @ and f are the preference

coefficients, indicating the degree of preference for the
credit development tendency and current credit status of
the evaluated object, and 8+ f =1.

Z; =0C; + ¢, (15)

¥ (1) = (0))

?IZIBZ?III’T (14)

4 RESULTS AND DISCUSSION
4.1 Sample Selection

This study considers online merchants in the plant and
flower industry on the Chinese Taobao online shopping
platform as the research object. We search for the keyword
"succulent/green plants" on Taobao and randomly select 20
relevant stores within the industry as the research object
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according to the screening results, with the numbers D1-
D20. The sample structure is as follows. In terms of years
of registration, there are 10 stores (50%) in 3-5 years, 9
stores (45%) in 6-10 years, and 1 store (5%) in 11 years.
There are 15 stores (75%) whose credit rating of platform
sellers is 3 points or above, among which 3 stores (15%)
have a credit rating of 5 points. In terms of the number of
fans, there are 7 stores with 100,000 or less (35%), 7 stores
with 100,000-300,000 (35%), 3 stores with 300,000-
600,000 (15%) and 3 stores with 600,000 or more (15%).
Considering the availability of data, the corresponding
observed values are added based on the secondary
indicators of credit evaluation to refine and improve the
indicator system. Standard processing is performed on the
original data, and 14 sets of standardized data are obtained.

4.2 Simulation Results of Credit Evaluation System

This study regards each type of influencing factor as a
risk subsystem and makes the following assumptions - the
credit level of MSEs is only affected by the above risk
factors; the policy will not change in a short period; and all
entities actively participate in supply chain financing. The
risk relationships extend beyond individual subsystems
apass interactions and influences among these subsystems,
as shown in Fig. 2. The managerial capabilities of MSEs
directly impact their credit levels. Meanwhile, the
enterprise's product status serves as the foundation for
establishing the credit level, and the level of service
provided represents an internal influencing factor.

l)r()(iUCl .......................
situation i
v ‘ ¥ i
anagement e N i
anag Credit level Service level e
level
L
v 3
Market Consumer
competitiveness evaluation

Figure 2 Structure diagram of credit level system for MSEs

VensimPLE software is adopted to identify the
mechanism of risk action using the system analysis method.
The model flow chart of the formation mechanism of the
credit level of MSEs in e-commerce is built, as shown in
Fig. 3. Among them, there are 17 main boundary points and
two feedback loops. The first feedback loop is market
competitiveness - enterprise management level - credit
level of MSEs - market competitiveness, and the second is
consumer evaluation - enterprise service level - credit level
of MSEs - consumer evaluation.

Product sales volume P"""M\P"“"'g

| Product disclosure  Profitability
/

‘ / / Operating capacity
[
Enterprise scale |
Product situation TPrIge seale |
- \ Development capacity
|

Product quality —a

Product quantity

Business duration

mmlm " d’] |
of \\n "‘”—";‘:‘ Vg Organizational ability

Platform service Risk perception ability

% /

Service level \larLu competitiveness "
/\

/

fonistice sarvicer Consumer evaluation Contract performing capability

After-sale \/cr\ ice  Value-added services
Figure 3 Relationship flow chart of factors influencing the credit level of e-
commerce MSEs

In constructing the system dynamics model, it is
important to define the system boundaries and establish the
initial value. To determine the weights for the system
dynamics model, this study quantifies the influencing
factors through a questionnaire survey and calculates path
coefficients using structural equation models. The initial
value for the boundary factor is derived by adding the
average value of the data to the error from the structural
equation. This value is determined in conjunction with
actual data. Fig. 2 features a total of 17 boundary points.
Formulas within the model are adjusted accordingly, and
initial values for each indicator are assigned. The system
dynamics models are developed based on the interplay
between indicators, as described in Egs. (16) to (18).

Product situation = 0.66 x Product quantity +0.78x
Product quality +0.62 x Product sales volume +0.76x (16)
Product pricing +0.53x Product disclosure

Management level = 0.66 x Enterprise scale+0.65 x
Profitability +0.56 x Operating capacity +0.58 x
Development capacity+0.62x Market competitiveness (17)
+0.68 x Risk perception ability +0.64 x Contract
performing capability + 0.56 x Organizational ability

Service level = 0.51x Business duration +0.67 x
Platform service+0.75x Logistics service +
0.79 % After-sale service +0.79 x Value-added

services +0.78 x Consumer evaluation

(18)

Credit level of SMEs

1,000

750

500

250 4

Time (Week)

Credit level of SMEs : Current

Figure 4 The influence of the single variable on the credit level

The results of the formation mechanism of the credit
level of MSEs in e-commerce are shown in Fig. 4. We find
that a single variable can promote the credit level of MSEs
in e-commerce. We also find that changes in the different
influencing factors can increase credit levels. By changing
the weight of the influencing factors of the credit level of
MSEs on the e-commerce platform, we observe its impact
on the change in the output value of the financing credit
level of MSEs - that is, it reflects the sensitivity of a certain
indicator to risk. As shown in Fig. 5, when the indicator
value changes from 0.2 (red line current) to 0.9 (blue line
current 1), with an improvement in product quality and risk
perception ability, the credit level of MSEs increases, and
the impact on the credit level is also greater.
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Credit level of SMEs

1,000

500

0 1 2

Credit level of SMEs: Current 1

3 4
Time (Week)

Credit level of SMEs

Current

recent data is of more importance. In the system dynamics
model, keeping the values of the other variables unchanged,
the initial values of the factors affecting the credit level are
taken as 0.2 to get Current 1 and 0.9 to get Current 2. The
sensitivity weight of each indicator is calculated with Eq.
(8), and the comprehensive weight is calculated with Eq.
(9), which is taken as 6, =6, =0.5. The calculated

comprehensive weight is shown in Tab. 2.

4.4 Application of the Dynamic Credit Evaluation Model

(a) The impact of product quality
Credit level of SMEs

1,000

500

0 1 2

Credit level of SMEs : Current 1

3

3 4
Time (Week)

Credit level of SMEs : Current

(b) The impact of risk perception ability
Figure 5 The influence of different influencing factors on the credit level

4.3 Calculating Indicator Weight

Based on the triangular fuzzy method and the CV, the
basic weight is obtained through the combination method.
For time weight, we set that A =0.2, indicating that the

The calculation process is as follows. First, the
positive and negative ideal points are determined from
Eq. (11) and (12). Second, we obtain the ideal trend
relation degree and the gray relation degree using Eq.
(13) and (14). Third, we obtain the relative risk
resistance rewards or punishments for each evaluated
object using Eq. (10). Fourth, we determine the
weighted decision matrix and their relative closeness
degrees after adjusting for rewards and punishments.
Finally, considering that the current credit level has been
determined, focusing on it will make the results more
accurate. Therefore, § =0.2 and £ = 0.8 are taken in Eq.

(15). Tab. 3 presents the final dynamic credit evaluation
results. To emphasize the precision of dynamic credit
evaluation, we perform the conventional TOPSIS credit
assessment using the most recent data. Subsequently, we
compare the static outcomes with the dynamic
evaluation results.

Table 2 Comprehensive weight of credit evaluation for MSEs

nll?r(rili)ér Base weight | Sensitivity weight | Comprehensive weight nllfrflleb);r \z?;; ¢ Sensitivity weight | Comprehensive weight

Al 0.0291 0.0246 0.0269 B6 0.0452 0.0210 0.0331

A2 0.0400 0.0310 0.0355 B7 0.0413 0.0390 0.0402

A3 0.0316 0.0140 0.0228 B8 0.0260 0.0470 0.0365

A4 0.0386 0.0370 0.0378 Cl 0.0213 0.0380 0.0297

A5 0.0301 0.0450 0.0376 Cc2 0.0482 0.0270 0.0376

Bl 0.0424 0.0390 0.0407 C3 0.0292 0.0300 0.0296

B2 0.0244 0.0180 0.0212 C4 0.0507 0.0490 0.0499

B3 0.0367 0.0410 0.0389 C5 0.0279 0.0330 0.0305

B4 0.0150 0.0280 0.0215 Co 0.0306 0.0260 0.0283

B5 0.0335 0.0420 0.0378

Table 3 Dynamic credit rating results
Relative closeness Initial Development trend Dynamic Static Rank on
Store degree Rank sirgilarity Rank Zredit Rank Credit Rank Taobao
D1 0.9414 17 0.4092 17 0.8350 17 0.5889 14 18
D2 0.5746 3 0.3955 2 0.5388 3 0.7126 4 1
D3 0.5660 2 0.3989 4 0.5326 2 0.7854 1 3
D4 0.7999 11 0.4065 12 0.7212 11 0.6106 13 5
D5 0.9455 18 0.4080 14 0.8380 18 0.5757 17 17
D6 0.9190 15 0.4082 16 0.8168 15 0.5658 19 6
D7 0.6068 5 0.3996 5 0.5654 5 0.7361 3 4
D8 0.5817 4 0.3979 3 0.5449 4 0.7629 2 8
D9 0.7670 9 0.4024 8 0.6941 9 0.6455 10 9
D10 0.7048 7 0.4007 6 0.6440 7 0.6887 6 10
D11 0.6398 6 0.4019 7 0.5922 6 0.7069 5 7
D12 0.8952 14 0.4063 11 0.7974 14 0.5725 18 12
D13 0.9274 16 0.4105 18 0.8240 16 0.6132 12 14
D14 0.8252 12 0.4081 15 0.7418 12 0.6404 11 13
D15 0.9523 20 0.4114 20 0.8441 20 0.5888 15 15
D16 0.9502 19 0.4114 20 0.8424 19 0.5299 20 16
D17 0.0000 1 0.3803 1 0.0761 1 0.6456 9 2
D18 0.7472 8 0.4052 10 0.6788 8 0.6482 8 11
D19 0.7698 10 0.4047 9 0.6968 10 0.6540 7 19
D20 0.8547 13 0.4077 13 0.7653 13 0.5774 16 20
1956 Technical Gazette 30, 6(2023), 1951-1958
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D2 D17 D3 D7 D4 D6 D11 D8 D9 D10 D18D12D14D13D15 D16 D5 D1 D19 D20

- & —Dynamic credit Rank ---e--- Static Credit Rank —e— Rank on Taobao
Figure 6 Comparison of credit evaluation results

Fig. 6 provides the outcomes of dynamic credit
evaluation in comparison to the most recent static credit
assessment, while also aligning them with the actual
ranking of e-commerce platforms. The dynamic credit
ranking curve exhibits a stronger correlation with the actual
platform ranking, indicating enhanced consistency with
realistic results. For static credit evaluation, the top five are
D3, D8, D7, D2, and D11. In contrast, the top five dynamic
credit evaluations are D17, D3, D2, D8, and D7. Notably,
the top five stores in e-commerce platforms in the actual
ranking are D2, D17, D3, D7, and D4. Among the top five,
the static credit evaluation results of three stores coincide
with those of the e-commerce platform, and the dynamic
credit evaluation results of four stores coincide with those
of the platform, indicating that both the static and dynamic
evaluation models can better evaluate stores on the Taobao
platform. The obtained results are consistent with the actual
situation. Further comparison shows that the dynamic credit
evaluation results are closer to the actual ranking of the
platform, indicating that it can reflect the actual situation of
the store more comprehensively and accurately and that the
evaluation results are more objective.

4.5 Discussion

This research makes several key contributions to credit
evaluation and supply chain financing literature: 1) The
sensitivity-optimized weighting scheme provides a novel
data-driven approach for determining scenario-specific
weights. 2) The dynamic evaluation model enables
assessing credit trends over time while accommodating new
data. 3) The system dynamics simulation deepens the
understanding of the credit evaluation mechanism of MSEs
in e-commerce and simulates the changing trend of various
influencing factors in the actual supply chain financing
process. 4) The empirical analysis demonstrates the
proposed model's advantages in revealing credit rankings
relative to conventional static models.

This study, based on Chinese MSEs, provides insights
into credit evaluation and weight optimization methods that
can be relevant for other countries. However, adapting these
approaches to each country's unique financial landscape is
crucial.

The study has important implications for policymakers,
researchers, and stakeholders. MSE managers can improve
risk management and anticipate, detect, and mitigate risks
proactively. E-commerce platforms should establish
stronger and more rational evaluation systems to facilitate
lending to credit-worthy MSEs. Governments should
enforce strict credit oversight, monitor enterprises with

weak commercial credit, and consistently regulate MSEs'
credit behavior on platforms.

In the future, refining MSE financing evaluation
methods within the platform economy is crucial.
Incorporating a multi-agent financing model into platform
networks can expand the application scope of the evaluation
system, making it more effective and sustainable in
supporting MSEs' e-commerce financing needs.

5 CONCLUSION

This research addresses key limitations in credit
evaluation models for supply chain finance through an
innovative dynamic modeling approach using sensitivity-
optimized weights. The proposed model integrates
subjective, objective, and sensitivity-based methods to
determine scenario-specific indicator weights tailored to e-
commerce MSEs. A system dynamics simulation identifies
the sensitivity of each influencing factor, enabling data-
driven weight optimization. The optimized weights are
applied in a TOPSIS-GRA dynamic evaluation model to
reveal credit trends over time. An empirical analysis
demonstrates the model's ability to accurately reflect credit
rankings relative to conventional static models. This study
provides an effective dynamic modeling technique for
credit assessment that enhances supply chain financing
efficiency.

The weight optimization results in this paper are
tailored to specific e-commerce platform scenarios. In the
future, this dynamic credit evaluation method could be used
in different scenarios. We might also consider how credit
evaluation adapts to the platform economy's financing and
involves multiple participants.

Acknowledgement

This research was funded by the Humanities and Social
Sciences Research Youth Project of Chinese Ministry of
Education (grant number 20YJC630175), Beijing
Municipal University Excellent Young Talents Cultivation
Plan (grant number BPHR202203222), and General Items
of Social Science Plan of Beijing Municipal Commission of
Education (grant number SM202211417007).

6 REFERENCES

[1] Cheng, Y. & Xu, Z. (2019). Credit Risk Evaluation of Small
Enterprises Based on Revised ELECTRE III by Theil Index.
Chinese Journal of Management Science, 27(10), 22-33.
https://doi.org/10.16381/j.cnki.issn1003-207x.2019.10.003

[2] Zhang, F., Li, A., & Han, Y. (2019). Study on Small and
Micro Businesses Credit Assessment Based on Improved
Dynamic Combined Evaluation Method. Chinese Journal of
Management, 16(2), 286-296.
https://doi.org/10.3969/j.issn.1672-884x.2019.02.015

[3] Zhang, K., Song, Z., Feng, J., Li, M., & Xue, S. (2019). Credit
Evaluation Model of Construction Market Main Body from
the Perspective of Government Regulation. Science and
Technology Management Research, 39(8), 32-38.
https://doi.org/10.3969/j.issn.1000-7695.2019.08.006

[4] Zhang, M., Huang, C., & Li, Y. (2015). Construction of Credit
Risk Evaluation Index System for the Technological SME in
Advance Payment Financing Mode. Science and Technology
Management Research, 35(4), 32-36.
https://doi.org/10.39691j.issn.1000-7695.2015.04.007

Tehnicki viesnik 30, 6(2023), 1951-1958

1957



Haoyue ZHANG et al.: A Dynamic Credit Evaluation Approach Using Sensitivity-Optimized Weights for Supply Chain Finance

[5] Damianos, L. S. & Serrano, A. (2016). Supply chain finance
for small and medium sized enterprises: the case of reverse
factoring. International Journal of Physical Distribution &
Logistics Management, 46(4), 367-392.
https://doi.org/10.1108/ijpdIm-07-2014-0165

[6] Li,J.,Ruan, S., & Liu, K. (2015). Research on Financial Risk
Analysis Model of Small and Micro Businesses Based on
Improved Fuzzy Comprehensive Evaluation Method.
Operations Research and Management Science, 24(6), 217-
224, https://doi.org/10.12005/0rms.2015.0216

[71 Kuang, H., Du, H., & Feng, H. (2020). Construction of the
credit risk indicator evaluation system of small and medium-
sized enterprises under supply chain finance. Science
Research Management, 41(4), 209-219.
https://doi.org/10.19571/j.cnki.1000-2995.2020.04.022

[8] Yue, Z. (2012). Approach to group decision-making based on
determining the weights of experts by using projection
method. Applied Mathematical Modelling, 36(7), 2896-2906.
https://doi.org/10.1016/j.apm.2011.09.068

[9] Chi, G. & Zhang, Z. (2017). Multi-Criteria Credit Rating
Model for Small Enterprise Using a Nonparametric Method.
Sustainability, 9(10), 1-23.
https://doi.org/10.3390/su9101834

[10] Zhao, Z. & Chi, G. (2017). Facility Rating of Small Industrial
Enterprises Based on Likelihood Ratio Test. Chinese Journal
of Management Science, 25(1), 45-56.
https://doi.org/10.16381/j.cnki.issn1003-207x.2017.01.006

[11] Chen, X. & Yang, Z. (2015). The Study of Credit Evaluation
System Based on Improved Fuzzy Evaluation Method:
Evidence from Small and medium-sized enterprises in China.
Chinese Journal of Management Science, 23(1), 146-153.
https://doi.org/10.16381/j.cnki.issn1003-207x.2015.01.019

[12] Zhu, Z. & Zhang, Z. (2019). Modified G2 Weighting Method
and Demonstration Based on Coefficient of Variation.
Statistics & Decision, 35(2), 70-74.
https://doi.org/10.13546/j.cnki.tjyjc.2019.02.016

[13] Chi, G., Li, H., & Pan, M. (2018). Small enterprises credit
rating based on default identification ability of combination
weighting: Based on an empirical analysis of small industrial
enterprises. Journal of Management Sciences in China, 21(3),
105-126. https://doi.org/10.3969/}.issn.1007-9807.2018.03.008

[14] Zhang, F. (2014). A dynamic credit evaluation method
combining SOM and K-means algorithm and its application.
Operations Research and Management Science, 23(6), 186-
192.

[15] Zhang, F., Wang, W., & Li, X. (2018). Enterprise Dynamic
Credit Revaluation Method Based on TOPSIS-GRA and Its
Application. Operations Research and Management Science,
27(9), 132-138. https://doi.org/10.12005/0rms.2018.0215

[16] Yang, Y., Feng, J., Huang, Y., Li, M., Xu, S., Wang, L., &
Zhang, K. (2018). Study on Dynamic Comprehensive
Evaluation Model of Credit of Construction Market Subjects:
Taking Construction Enterprises as an Example. Science and
Technology Management Research, 38(18), 57-66.
https://doi.org/10.3969/j.issn.1000-7695.2018.18.009

[17] Feng, J., Wang, Y., Feng, H., Li, M., & Xue, S. (2019).
Research on dynamic comprehensive evaluation model of
enterprise credit under PPP mode. Soft Science, 33(3), 49-
53+79. https://doi.org/10.13956/}.ss.1001-8409.2019.03.11

[18] Dai, X. (2018). Empirical Study on Credit Risk Evaluation
Model of Commercial Bank: Based on the Online Supply
Chain Finance. Soft Science, 32(5), 139-144.
https://doi.org/10.13956/j.ss.1001-8409.2018.05.30

[19] Yu, H., Zhao, Y., Liu, Z., Liu, W., Zhang, S., Wang, F., & Shi,
L. (2021). Research on the financing income of supply chains
based on an E-commerce platform. Technological
Forecasting and Social Change, 169(08), 1-20.
https://doi.org/10.1016/j.techfore.2021.120820

[20] Yan, R., Li, R., Gao, W., & Wu, X. (2020). Study of Supply
Chain Financing Mode under Stochastic Market Demand.

Operations Research and Management Science, 29(9), 124-
130. https://doi.org/10.12005/0rms.2020.0235

[21] Liu, J. & Feng, C. (2018). Research on Influencing Factors of
E-commerce Merchant Credit Degree Based on User Reviews.
Information Science, 36(1), 87-90+107.
https://doi.org/10.13833/j.issn.1007-7634.2018.01.015

[22] Kouvelis, P. & Zhao, W. (2017). Who Should Finance the
Supply Chain? Impact of Credit Ratings on Supply Chain
Decisions.  Manufacturing &  Service  Operations
Management, 20(01), 19-35.
https://doi.org/10.1287/msom.2017.0669

[23] Wang, Y., Liu, B., Chan, H. K., & Zhang, T. (2023). Who
pays buyers for not disclosing supplier lists? Unlocking the
relationship between supply chain transparency and trade
credit. Journal of Business Research, 155(1), 1-9.
https://doi.org/10.1016/j.jbusres.2022.113404

[24] Chi, R., Yu, J., & Ruan, H. (2020). Research on the Influence
of Enterprise Scale and R& D on Innovation Performance:
Based on the Perspective of Credit Environment and
Knowledge Stock. East China Economic Management, 34(9),
43-54. https://doi.org/10.19629/j.cnki.34-1014/f.191202008

[25] Chen, D. (2017). Initial Analysis on Index Selection of
Science and Technology SME Financing Credit Evaluation.
Science and Technology Management Research, 37(13), 64-
68. https://doi.org/10.3969/}.issn.1000-7695.2017.13.011

[26] Wang, X. & Ren, X. (2021). Research on Dynamic
Evolutionary Game of Platform E-commerce Credit
Supervision from the Perspective of Government Governance.
Chinese Journal of Management Science, 29(12), 29-41.
https://doi.org/10.16381/j.cnki.issn1003-207x.2019.1875

Contact information:

Haoyue ZHANG, Graduate Student

School of Management, Beijing Union University,

No. 97, North Fourth Ring East Road, Chaoyang District, Beijing, 100101, China
E-mail: keyisea@163.com

Ran TIAN, Graduate Student

School of Management, Beijing Union University,

No. 97, North Fourth Ring East Road, Chaoyang District, Beijing, 100101, China
E-mail: thatromantic@163.com

Qi WANG, Associate Professor

School of Management, Beijing Union University,

No. 97, North Fourth Ring East Road, Chaoyang District, Beijing, 100101, China
E-mail: wq68986@163.com

Dongxiao WU, Lecture

(Corresponding author)

School of Management, Beijing Union University,

No. 97, North Fourth Ring East Road, Chaoyang District, Beijing, 100101, China
E-mail: gltdongxiao@buu.edu.cn

1958

Technical Gazette 30, 6(2023), 1951-1958




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


