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Abstract: Credit lines have been widely adopted by banks to grant credit to small and medium-sized
enterprises (SMEs). However, there often exists a gap between the credit lines granted by banks
and the actual funding needs of SMEs. In addition, existing credit line models treat each SME as
a stand-alone entity instead of considering it within its supply chain system. But an SME’s supply
chain relations have a significant impact on its credit-worthiness. To offer banks a holistic assessment,
this paper first constructs a base credit line model for SMEs by considering their supply chain
background. Next, by accounting for the unique advantage of soft information processing in a
supply chain context, we put forward an extended credit line model for supply chain enterprises
with soft information. The base and extended credit line models proposed in this paper aim to reduce
information asymmetry between banks and SMEs via the core enterprise in the supply chain, thereby
helping banks to secure a sustainable source of profit at a lower risk level and SMEs to obtain more
credit to support their sustainable growth. A case study is furnished to illustrate how the proposed
models can be applied in practice and an empirical analysis further verifies their validity.
Keywords: credit lines; supply chain enterprise; soft information; hard information

1. Introduction
Small and medium-sized enterprises (SMEs) are considered an important economic growth
engine [1]. Specifically, SMEs play an important role in promoting the sustainable development
of economies and easing employment pressure [2]. Since SMEs are as innovative as large-scale
businesses, their progress can promote technological innovation [3]. Moreover, SMEs make significant
contributions to exports [4]. Given the indispensable role of SMEs, it is essential to serve their financial
needs to promote their healthy and sustainable growth, thereby enhancing general economic success.
It has been revealed that many obstacles exist for SMEs’ sustainable development, with financing
difficulty being the most prominent [5]. More specifically, it is well-known that banks are the main
external capital provider for the SME sector [6,7]. However, SMEs often find that they are required
to pay higher interest rates and/or provide more collateral for their loans than large companies [3].
This holds back innovation and sustainable growth of SMEs. As such, it is a critical challenge to ensure
that SMEs have access to adequate financing for their growth opportunities and the long-term prospect
of the economy as a whole [1].
Banks offer different financing products for SMEs, ranging from mortgages to term loans and lines
of credit. Among these products, a line of credit is a flexible vehicle with varying loans and repayment
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amounts in response to demand shocks. In fact, more than 82% of the loans in the US are granted in
credit lines [8]. At the same time, a line of credit is also an effective way for banks to control risk and
enhance profitability [9]. In view of these reasons, the credit line is chosen as our research subject.
While analyzing the actual credit line offered by banks and the capital need of SMEs during the
first author’s field research, we often observe a significant mismatch between the supply and demand.
One possible reason is that existing models tend to treat each SME as a stand-alone entity without
considering its supply chain background. However, it has been well noted that sustainable growth of
SMEs requires us to put them in the context of sustainable supply chain management that addresses
business, environmental, and social concerns across the whole system [10]. Successes of SMEs are often
contingent upon the support from the supply chain in which the SMEs are located [11]. Niehuis [12]
also embraces the idea that supply chain relations bring new opportunities for all firms across the
system, especially for SMEs.
From an information point of view, most researchers only consider “hard” information such
as different financial metrics in their credit line models. But recent research indicates that “soft”
information, such as sustainability concerns, is also important in assessing credit lines [13]. According
to Petersen [14], hard information is quantitative, easy to store, and independent of the collection process,
while soft information is qualitative, often communicated in text, and hard to store. Generally speaking,
a well-coordinated supply chain is good for acquisition and transmission of “soft” information [15]
and this unique advantage should also be exploited in constructing a proper credit line model.
To address the aforesaid issues, this paper first proposes a base credit line model that puts SMEs in
a supply chain background. The main construct here is that the supply chain background information
helps to reduce information asymmetry between banks and SMEs in the supply chain. This idea arises
from the first author’s field research with Lu Zhou Lao Jiao, a well-known Chinese liquor firm who is
the dominant player in its supply chain, referred to as the core enterprise hereafter. It maintains an
information infrastructure to track its transaction data with the SMEs in this supply chain and owns a
subsidiary financial guaranteeing institution to monitor their financial health and furnish guaranteeing
services to ensure their sustainable operations. By sharing this channel background information
with external banks, this core enterprise serves as a critical intermediary between banks and SMEs.
On the one hand, additional channel background information helps banks to better understand the
operations and financial health of SMEs, thereby reducing information asymmetry between the two
sides and banks’ risk exposure. On the other hand, the SMEs across the supply chain can obtain more
funding thanks to the core enterprise’s sharing of additional transaction data with banks. Presumably,
this information sharing is also beneficial for the core enterprise as its success relies on the sustainable
operations of the SMEs across the supply chain. The boosted line of credit granted to SMEs by the
bank owing to the incorporation of the channel background can better serve SMEs’ financial needs,
thereby furnishing a more appropriate model for the bank to assess the credit-worthiness of SMEs.
To verify the validity and accuracy of the base model, we calculate the variance of the relative errors
for 100 SMEs in this liquor supply chain. The relative error here is defined as the ratio of the absolute
difference between the actual and theoretical credit lines divided by the actual credit line.
Given the first author’s observations of business transactions between the core enterprise and its
SME partners in the supply chain, a large amount of information cannot be represented as well-behaved
hard information or channel background data and, hence, cannot be properly incorporated into the
traditional or the base credit line model. To address this challenge, we extend the base model to
incorporate soft information into a multicriteria evaluation method to adjust SMEs’ credit ratings
dynamically. We then demonstrate how the extended model can be applied in banks’ credit assessment.
Furthermore, by an empirical analysis with 100 SMEs in the liquor supply chain dominated by Lu Zhou
Lao Jiao, we verify that the extended model in this paper can reduce information asymmetry between
the bank and the SMEs effectively. The better-informed bank can then grant more credit to the SMEs
at a lower risk level. Conceptually, this enhanced credit line owing to the incorporation of channel
background and soft information is mutually beneficial for the sustainable growth of all stakeholders:
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The bank can reap more profit at reduced risk; the SMEs can secure more funding for their healthy
development; the core enterprise can achieve its long-term growth by maintaining a sustainable and
stable supply chain. As these SMEs are considered in their supply chain systems in this paper, they are
also referred to as supply chain enterprises (SCEs). Hereafter, SMEs and SCEs are used interchangeably.
Key innovations of our research are threefold. Firstly, this paper assesses the deficiencies of
existing credit line models. On the one hand, the credit line amount determined by existing models
often fails to meet the needs of SCEs, hindering their sustainable growth and development. On the
other hand, under the increasingly severe environment of competition faced by banks, SCEs are bound
to become a significant source of customers, and credit granting to SCEs will become a key profit
growth point. Secondly, building upon traditional credit line models, we propose our base model
to account for SMEs’ supply chain background, in which the main components are transaction data
between SMEs and the core enterprise. Our analysis indicates that the credit line obtained by the base
model not only increases the granted amount for SCEs and largely meets their funding need, but also
provides theoretical support for banks to contain default risk of SCEs and plays a key role in their
risk management. Last but not least, this paper further considers different types of soft information
including sustainability concerns by SCEs. By incorporating soft information mining and quantifying,
we construct an extended credit line model. This extended model accommodates the value of SCEs’
soft information when banks assess their credit lines. It is beneficial for banks to understand the
financial and survival status of SCEs in different aspects, thereby controlling credit risk more accurately.
In addition, it also allows banks to adjust the credit lines dynamically to meet SCEs’ financial needs to
the greatest extent as per their survival and development status.
The remainder of the paper proceeds as follows. In Section 2, we review the literature related to
traditional credit line models, supply chain and credit lines, soft information and credit lines, as well
as sustainability and banking. The base and extended models are presented in Section 3 to determine
credit lines granted by banks to SMEs under supply chain background and soft information. Section 4
introduces a case study and related empirical results are furnished in Section 5. Finally, Section 6
discusses the results with some concluding remarks.
2. Literature Review
This section provides an overview of existing literature related to our research. Four strands
of studies are closely linked to our concerns: credit line models, supply chain and credit lines,
soft information and credit lines, as well as sustainability and banking. After reviewing each stream,
we point out deficiencies of existing research, thereby motivating us to propose more appropriate credit
line models for banks to assess financial needs and credit-worthiness of SMEs in a supply chain context.
2.1. Credit Line Models
A line of credit is a “package of loan terms” that furnishes future financial flexibility for
enterprises [16] and provides special values to address information asymmetry issues in lending
decisions [17]. In particular, existing literature has addressed influencing factors for the granting of a
credit line and proposed different models for determining the credit line amount. Some other literature
considers the tradeoff between cash and credit lines [18], and variation in credit lines due to economic
shocks [19].
Studies on influencing factors of credit lines can be categorized into two groups. The first group
believes that credit lines are determined by a firm’s internal conditions [20]. But other researchers
reckon that the credit line granted to an enterprise is related to its covenants or its access to external
financing [21,22].
Capitalizing on the aforesaid studies, some researchers further examine how to determine a credit
line. Campbell [23] develops a model that integrates both demand and supply of certain financial
services such as the line of credit. This research analyzes key determinants of demand for lines of credit
and explains the bank’s optimal price structure for credit lines. Agarwal and Itahak [24] incorporate
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important institutional features of a loan commitment contract into a “stochastic needs-based” pricing
model. Ippolito and Perez [25] suggest a new mechanism based on the widespread reliance of high
credit quality firms on bank credit lines for liquidity management. Another set of papers examines the
credit line from an information perspective. Ariccia and Marquez [26] provide a formal framework to
study bank credit allocation under asymmetric information. Stanhouse et al. [27] build a model to
determine credit lines from the perspective of clients’ demand information under the assumption that
the funding need is characterized by trended Brownian motion.
In summary, existing research on credit lines focuses on the enterprise–bank relationship without
considering the supply chain background of an enterprise or its soft information acquisition and
processing in a supply chain context. This paper aims to address these issues by constructing two
credit line models for SMEs. A proper incorporation of supply chain background and soft information
into credit line assessment is presumably beneficial for the sustainable development of the bank (more
profit at reduced risk), the SMEs (more funding for sustainable growth), and the core enterprise (more
sustainable supply chain for long-term development).
2.2. Supply Chain and Credit Lines
It has been noted that the business world today is no longer one of competition among enterprises,
but among their supply chains. As such, supply chains have been playing an increasingly important
role in financial practices and attracting growing attention from academia and industries [15].
In general, there exist two widely used financing sources in supply chains: external bank credit
financing and internal trade credit financing [28–30]. Trade credit is a special financing solution in
supply chains [31]. It is a short-term loan between SCEs that is tied to the exchange of goods in both
timing and value [32]. Bank credit, on the other hand, is extended to an SCE by a bank that allows
the SCE to borrow on an as-needed basis instead of taking out a fixed loan. A line of credit may be
unsecured or secured, depending on the requested size and evaluation results.
Among the two specific financing methods, most scholars believe that trade credit is better than
credit lines [33–35], but some scholars hold a different opinion. For instance, contrary to common
belief, Biais and Gollier [36] argue that trade credit is not considered simply as a helping hand when
bank loans fall. Through a numerical analysis, Zhou and Groenevelt [37] suggest that credit lines
are preferable to trade credit. In addition, banks generally have superior fund strength and risk
mitigation advantages over trade credit. Alternatively, in countries with weaker laws and enforcement
mechanisms, companies tend to use more credit lines as this agreement places less of an onus on them
and is contractually easier to interpret in comparison with other financial resources [38].
When comparing trade credit with line of credit, research that prefers trade credit typically regards
the bank as a pure external fund provider, who does not consider additional supply chain background
information when credit lines are assessed. However, when an SCE is considered within its supply
chain, the core enterprise as a dominant player takes a more holistic responsibility to ensure sustainable
operations of the whole system, consisting of economic, social, and environmental dimensions.
Although every SCE faces sustainability pressures to various degrees, the core enterprise typically
takes a significant share. Our field research reveals that the core enterprise in a supply chain such as
Lu Zhou Lao Jiao is typically a listed company who is required by regulation to periodically release
its sustainability report. As such, to fulfill its public disclosure and moral leadership duties, the core
enterprise maintains its own standards to ensure that the partner SCEs meet certain sustainability
goals. By tapping into the channel background information, it is understandable that banks can follow
a borrower’s operations more closely with improved first-hand information throughout the channel
while engaging in supply chain finance, thereby reducing credit risk [15]. Our research takes this route
and adjusts the credit lines after banks obtain additional channel background information of SCEs.
This improved model is presumably more practical and can close the gap between the traditional credit
line theory and current practice in the banking industry.
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2.3. Soft Information and Credit Lines
Information is an essential component in a bank’s decision on whether to grant credit and how
to ascertain the size of the credit line [14,39]. More specifically, SMEs’ access to line of credit is often
assessed based on both hard and soft information [39,40]. While hard information is well accounted for
in traditional credit assessment, as briefly reviewed in Section 2.1, it remains a challenge to properly
accommodate soft information, which is neither stored nor transmitted easily, nor verified easily by a
third party [6]. In other words, financial institutions typically have serious information asymmetry
with enterprises, which often prevents SMEs from getting proper financing [41,42].
In addition, there has been a rise in financial transactions among SCEs, leading to a significant
increase in the amount of information. Therefore, banks need to actively mine soft information
throughout the supply chain if they want to better assess their potential customers’ credit rating and
grant loans to high-quality borrowers with higher returns at lower risk [43]. Given the large amount of
data that the core enterprise usually possesses [44,45], banks can potentially exploit the soft information
for their credit line assessment [23,46]. As far as the authors’ knowledge, no effective approaches have
been proposed to quantify soft information. This research puts forward a multicriteria evaluation
method to address this significant issue. The evaluation criteria system covers the bank’s sustainability
concerns for the SMEs along economic, social, and environmental dimensions.
2.4. Sustainability and Banking
Given the vital intermediary role that banks play in facilitating economic development,
their potential contributions to advancing sustainability is enormous [47]. The critical element
of the banking industry is built upon trust. Bank managers are entrusted to look after investment by
investors and the welfare of borrowers is always a major concern in business transactions. Without
enough trust, it is inconceivable how a bank can possibly maintain sustainable operations. In addition,
commercial considerations are sometimes at odds with other ethical and political concerns [48].
Generally, existing studies on sustainability and banking take two different lines of thinking. Firstly,
numerous scholars discuss connections between sustainable development and banking. Salvucci [49]
investigates the connection between finance and economic development in Brazil from a historical
perspective. Zaman and Goschin [50] highlight some qualitative and quantitative characteristics of the
relationship between regional GDP and bank loans in Romania. Moreover, a cross-country data analysis
is conducted to explain the impact of banking behavior on sustainable development [51]. Secondly,
sustainability in the banking industry has also been interpreted as philanthropic acts. San-Jose et al. [52]
categorize commercial banks into sustainable and traditional banks and analyze key characteristics of
sustainable banks. They argue that sustainable banks avoid getting involved in financial practices with
dishonest intentions and foster the idea of creating values for society. The mission of these banks is
reflected in their preference for investing funds in social projects even at a lower return. Yunus et al. [53]
review the development history of sustainable financial institutions. While Costa-Climent et al. [54]
compare sustainable banks with traditional banks and reveal the existence of a range of business models
based on different responses by these two types of banks. Richardson [55] argues that sustainable banks
should give sustainable development a higher priority. They should take responsibility for pursuing an
environmentally friendly development mode and pay more attention to environmental and ecological
problems in addition to channeling economic and financial considerations even if these investments
are less profitable than traditional investments. Bouma et al. [47] explain the behavior of sustainable
banks in promoting sustainability among stakeholders through their internal and external activities.
The aforesaid studies confirm that sustainable banks tend to institutionalize socially responsible
investments. These investment decisions usually fulfill certain ethical and economic criteria [56].
In addition, existing studies also examine the operations of sustainable banks. Canning et al. [57]
discuss the optimal policy for sustainable banks by taking into account the market rate, risks, and costs
borne by businesses. Novi [58] proposes a sustainable risk management policy for different types
of banks based on the Basel agreement. Some other scholars focus on the impact of sustainability
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on financial performance of banks. Zyadat [59] measures sustainability under three dimensions
and discuss its effect on financial performance of banks with data from the Jordanian Islamic Bank.
By using a panel regression analysis, Weber [60] finds a bi-directional causality between financial
performance and sustainability performance of Chinese banks. A multi-level analysis is conducted
to investigate the extent to which European banks have integrated sustainability into their policies,
strategies, products, services, and processes. Kartadjumena et al. [61] investigate whether executive
compensation is designed to motivate managers to pursue corporate sustainability and examine the
impact of sustainability of banks on their financial performance. In this research, we take an indirect
approach to incorporating sustainability into banking decisions: the bank assesses the sustainability
metric of SCEs in the extended credit line model when soft information is considered.
3. Assumptions and Models
3.1. Assumptions
Assumption 1. The supply chain has a trading platform database based at the core enterprise, which stores
the transaction data between the core enterprise and other SCEs, as well as the basic financial information of
the SCEs.
Assumption 2. The core enterprise as the dominant player has a strong sense of responsibility to improve the
competitiveness and sustainability of the entire supply chain and is willing to share financial, trading, and soft
information with banks to reduce information asymmetry between banks and the SCEs.
Assumption 3. The core enterprise is willing to cooperate with banks to buy back its own goods, repay its own
accounts payable, and return the advance from customers if necessary.
All the assumptions are introduced to facilitate the construction of the base and extended credit
line models for SCEs with channel background and soft information. More specifically, Assumptions 1
and 2 together ensure the availability of transaction data. These data reflect SCEs’ channel background.
The collection and use of transaction data are the main part of the base model. Assumption 3 provides
a premise for the base and extended credit line models as it guarantees the recognition of collateral,
which constitutes the foundation our proposed models.
3.2. A Traditional Credit Line Model
By field research on actual bank credit cases and interviews with a number of bank credit
departments, this part first introduces a traditional credit line model for SCEs, which is widely
employed by banks in practice and purely relies on the so-called hard information such as basic
financial indicators, cash flow report and real estate of an enterprise. This is the credit line when the bank
regards an enterprise as an independent entity without accounting for any supply chain background
information, which is referred to as the minimum credit line of the SCE. Equation (1) characterizes the
model. (After the enactment of Basel II, considering the unanticipated losses, the credit model with
the core of Economic Capital (EC) becomes increasingly popular, but the model is only applicable
to listed companies. The research object of this paper is the upstream and downstream SMEs in the
supply chain. These enterprises are generally non-listed SMEs and we cannot adopt the EC-based
credit model. Therefore, this paper capitalizes on the traditional credit line idea to construct two credit
line models for banks to grant credit to SCEs.)
"
Li =

!
#
Rmi
R0i
−
× NAi + L0i × Ti × Ci × Ki
1 − Rmi 1 − R0i

(1)

In Equation (1), Li is the credit line determined by the financial status of a typical SCEi . R0i and
L0i are the base period asset liability ratio and total liabilities of the SCEi , respectively.
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NAi is the effective net asset of the SCEi in the base period, which is the net asset minus unrealizable
deferred expenses, deferred charges and other invalid assets.
Ti refers to the ratio of liability with interest of the SCEi in the industry to gross liabilities of the
industry. This variable, also known as industry adjustment coefficient, is determined by the industry
in which the SCEi is located.
Ci is the customer risk adjustment coefficient, determined by the credit rating of SCEi .
Ki is the control line of interbank financing proportion, contingent upon the bank’s risk attitude
and the SCE’s risk exposure.
Rmi is the maximum liability ratio acceptable for the bank.
Rmi = R0i × FCi

(2)

FCi refers to the ratio of the evaluation score of the corporate credit rating and the benchmark
score of the A-level customers, where FCi ≥ 1.
In addition to the aforesaid basic financial information, an SCE can obtain additional credit lines
by mortgaging its own fixed assets. When this option is exploited, the bank usually applies a discount
to the value of the collateral fixed assets. Let ρij represent the discount coefficient of a certain collateral
j of SCEi , and Wij stands for the bank’s assessment value of collateral j by SCEi . Then, the bank’s
P
credit line granted to the SCEi by collateralizing its own fixed assets j is ρij Wij .
j

Therefore, if G∗∗
denotes the total amount of the traditional credit line that is offered to SCEi
i
without considering its supply chain background, it can be expressed by Equation (3). Here, we refer
to Equation (3) as the traditional credit line model.
"
G∗∗
i

=

!
#
X
R0i × FCi
R0i
−
× NAi + L0i × Ti × Ci × Ki +
ρij Wij
1 − R0i × FCi 1 − R0i

(3)

j

3.3. A Base Credit Line Model for Supply Chain Enterprises (SCEs) with Channel Background
In reality, enterprises do not exist in isolation. Any enterprise must work with its supply chain
partners. As it is clearly shown in Section 3.2, the traditional credit line model treats each SME as a
stand-alone entity instead of considering it within its supply chain system. The supply chain not only
creates conditions for an SCE’s credit guarantee, but also reduces the bank’s information searching cost
as the core enterprise serves as an important intermediary who performs the function of certifying
the SCE’s business operations. Presumably, the bank’s motivation for lending will be strengthened.
Therefore, we believe that banks can increase their credit lines for SMEs by exploiting basic background
data in the supply chain. Assumptions 1 and 2 ensure that banks have the means to tap into this
important information by examining transaction data across the supply chain.
Next, we will incorporate an SME’s supply chain background information into the traditional
credit line model and construct our base credit line model. Our focus is the additional component
that characterizes the transaction data between the SCE and the core enterprise and enhances the line
of credit. Here, we use the ratio of the transaction volume of an SCE with the core enterprise in the
supply chain to describe their closeness. Understandably, the greater the volume of transactions with
the core enterprise, the closer the SCE’s relation with the core enterprise. This intimate relationship
in turn helps to reduce information asymmetry between the bank and the SCE, leading to a higher
amount of credit granted to the SCE.
In constructing our base model, we borrow from the “1 + N” idea about the credit model of the
core enterprise and SCEs proposed by Liu [62]. Here, “1” represents the core enterprise in the supply
chain with a leadership role and high reputation, it is also an important part of the credit risk bearing
in the channel. “N” stands for the upstream and downstream SCEs in the supply chain. Their financial
and credit levels, as well as the safety of their business or variety, are the means of risk mitigation
contingent upon the core enterprise.
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In practice, the bank gives a total amount of credit line Fm to the core enterprise “1”, which sets
the traditional upper limit of the credit line extended by the bank to the core enterprise in the absence
of any risk mitigation measures from other SCEs. By comprehensively assessing the customer risk
degree, business variety risk degree, and other factors of the SCEs, an adjustment coefficient is set to
update the credit limit. Based on this idea, the “1 + N” cluster contingent credit line is determined
based on the risk sharing ability of the core enterprise.
Let Tm be the channel credit line for the whole supply chain system, consisting of that for the core
enterprise and the upstream and downstream SCEs. The derivation process can be stated as follows:
firstly, a unified customer risk adjustment coefficient C is set according to the average risk degree
corresponding to the SCEs in the bank credit businesses, then the industry variety risk adjustment
coefficient C0 is determined as per the risk degree of industry varieties. Namely,
Tm = Fm ÷ C ÷ C0

(4)

Given that Tm is the sum of the credit lines for the core enterprise and its upstream and downstream
SCEs and Fm is credit line granted to the core enterprise as a stand-alone entity, we can obtain the
maximum credit line T that the core enterprise and the integrative strength of the supply chain can
increase for the “N” upstream and downstream SCEs by subtracting Fm from Tm . T is then given in
Equation (5).
Fm
− Fm
(5)
T = Tm − Fm =
C × C0
Since SCEs and the core enterprise form a transaction-based cluster, the ratio of the transaction
volume between SCEi and the core enterprise to the total transaction volume of the core enterprise
with all related SCEs in the channel, denoted by ki , is adopted as an index to measure their relationship.
It is apparent that ki describes the degree of intimacy between the core enterprise and SCEi . A higher
value of ki indicates that SCEi has a larger amount of transactions with the core enterprise in the supply
chain. Then the increased credit line due to reduced information asymmetry based on transaction data
is ki × T. Furthermore, according to Assumptions 1 and 2, the value of ki can be obtained from the
core enterprise’s trading platform database. Besides, because of the sense of responsibility to improve
the competitiveness in the entire supply chain, the core enterprise will share the transaction data
with the bank as clearly stated in Assumption 2. In addition, with the credit-enhancing role of the
core enterprise in the supply chain, the discount coefficient for collateral will be adjusted accordingly.
We denote this discount coefficient as ρij . Actually, the asset can be recognized as collateral by the bank
under Assumption 3. Thanks to the core enterprise’s credit-enhancing role, the discount coefficient ρij
in Equation (3) will be enlarged to ρij .
Finally, the credit line of SCEi can be expressed as Equation (6):
"
G∗i =

!
#
 X

R0i × FCi
R0i
Fm
−
−
F
ρij Wij
× NAi + L0i × Ti × Ci × Ki + ki
m +
1 − R0i × FCi 1 − R0i
C × C0

(6)

j

Hereafter, Equation (6) is referred to as the base credit line model for SCEs with channel background.
Conceptually, proper incorporation of this channel background information will be able to achieve a
triple-win scenario for the bank, the SCE, and the core enterprise in the supply chain and promote
their sustainable growth: the more informed bank can enhance its profit at lower risk by granting
more credit to the SCE backed by the core enterprise, the SCE can obtain more funding to support its
sustainable operations, and the core enterprise can achieve its goal of maintaining a more healthy and
stable supply chain to support its long-term growth without worrying about constantly looking for
new partners if the SCEs can prosper with adequate funding.
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3.4. An Extended Credit Line Model for SCEs with Channel Background and Soft Information
In the base credit line model with supply chain background information, we consider an SCE’s
transaction data with the core enterprise. However, some of the information cannot be reflected by
quantitative financial indicators, transaction volume with the core enterprise, or collateral values.
In reality, most of the information that banks obtain about the solvency of an enterprise is the aforesaid
hard information. With the development and improvement of data-mining technology, soft information
can now be mined to better understand the operations of SCEs. The supply chain can benefit from
transmission and acquisition of this soft information, which can eventually be turned into a reliable
basis for SCEs to obtain additional credit lines from banks. For example, Kabbage in the United
States dynamically adjusts the credit rating of an enterprise by analyzing its online store information,
available balance of repayment, operation status, and interactions with customers on social media.
Based on our real-world case analysis, both banks and the core enterprise are often listed firms
that are required to follow sustainable development practice and release sustainability reports regularly.
It is understandable that they also need to get their business partners’ SCEs on board in order to
achieve their sustainability goals. It is noted that the assessment of an SCE’s sustainable development
status is often reflected as soft information that has not been accounted for in the base credit line
model. This motivates us to propose an extended credit line model to incorporate soft information
into the credit assessment, thereby allowing banks to evaluate the SCE’s sustainable development
activities. This consideration in turn contributes to the sustainability of the banks and the core enterprise
themselves. Conceptually, banks may adjust the credit line for an SCE in two aspects. First, banks can
easily adjust the SCE’s credit rating according to the assessment result of soft information. Second,
the information is helpful for banks to update the discount coefficient and the scope of collateral.
By drawing on the idea of Kabbage’s dynamic adjustment of enterprises’ credit ratings, this paper
extends the base model to account for soft information mining and quantifying.
Petersen [14] confirms that soft information is generally hard to quantify and difficult to be
objectively verified by a third party. As such, many experts employ multi-criteria evaluation methods
to dynamically adjust SCEs’ credit ratings in the base model. We shall take this line of thinking in this
paper and the resulting adjustment coefficient is denoted by α.
By analyzing real cases processed by Kabbage and Shanghai Shuzhe Corporation, we notice
that, when the core enterprise evaluates its SCE partners and the banks assess their credit-worthiness,
they are concerned with sustainability issues following regulatory requirements. By capitalizing on
our field research, we derive a list of criteria that affect SCEs’ credit line assessment as shown in Table 1.
These criteria apparently cover all the three dimensions of sustainability, ranging from economic to
social and environmental concerns. More specifically, the first three first-level criteria, A1 , A2 , and A3 ,
assess an SCE’s economic sustainability, the next two first-level criteria, A4 and A5 , consider the
social aspect of sustainability, and the last first-level criterion A6 is concerned with environmental
sustainability. The aforesaid adjustment coefficient α is assessed as per these criteria and is expected to
explicitly incorporate sustainability concerns into credit line assessment. Without loss of generality,
we assign an equal weight to each criterion in this paper.

Sustainability 2019, 11, 2985

10 of 20

Table 1. The criteria related to supply chain enterprises’ (SCEs) credit line assessment.
First-Level Criteria

Second-Level Criteria

Future business plans A1

The level of details of future business plans A11
Marketing ability A12

Public reputation A2

Development of charity events A21
Quality of engagement with customers on social media A22

Assessments of a firm’s management quality A3

Excellence of the management system A31
Online inventory information updates in a timely manner A32

Social relationship A4

Cooperation history with financial institutions A41
Cooperation history with the core enterprise A42
Cooperation history with other SCEs A43

Entrepreneurial characteristic A5

Academic background A51
Honesty record A52

Environmental protection A6

Green technology adoption A61
Emission standards A62

These criteria are often assessed as linguistic terms in practice and are usually given in seven
grades, ranging from “extremely bad” to “bad”, “slightly bad”, “fair”, “slightly good”, “good”,
and “extremely good”, which can be conveniently converted to the corresponding numerical values of
1, 2, 3, . . . , 7. Generally speaking, people have a certain understanding of these levels, which are not
necessarily equidistant. Behavioral economics reveals that humans tend to be more sensitive to the
degree of dissatisfaction than to that of satisfaction. As such, we employ a Cauchy function to assess
the value of α as listed in Equation (7).
 h
i−1


 γ × (x − β)−2
f (x) = 

 δ ln x

(1 ≤ x ≤ c)
(c ≤ x ≤ 7)

(7)

In Equation (7), γ, β and δ are parameters that will be determined later, c is the reference point of
the bank’s credit line evaluators. By calculating the quantitative value corresponding to each criterion
based on Equation (7), we can obtain the adjustment coefficient value of α. Finally, the bank can adjust
an SCE’s credit rating dynamically as per the adjustment coefficient α as αFCi , where 0 < α < 1 means
that the bank will downgrade the credit rating of the enterprise after soft information mining; α = 1
means that the bank’s credit rating of the enterprise does not change; while α > 1 indicates that a bank
has upgraded its credit rating.
In addition, banks can better understand the operations of an SCE by using soft information-mining
technology to integrate its collateral and in-transit inventory into the mortgaged property.
This consideration presumably helps banks to adjust and increase the discount coefficient of the
collateral. We assume that the increase in the credit line for the expanded collateral scope is indicated by
P 0 0
ρil Wil , where Wil0 represents the value of collateral that is not recognized previously by the bank and
l

ρ0il denotes its corresponding discount coefficient. Here, Wil0 can be considered as the newly recognized
collateral by the bank under Assumption 3. Therefore, Assumption 3 establishes a favorable premise
for the extended credit line model as shown in Equation (8).
In summary, the bank’s credit line Gi for SCEi can be determined by Equation (8).
Gi =

h

R0i ×αFCi
1−R0i ×αFCi

−

R0i
1−R0i



i

 P
P
Fm
× NAi + L0i × Ti × Ci × Ki + ki C×C
ρi j Wij + ρ0 il Wil0
0 − Fm +
j

l

Equation (8) is referred to as the extended credit line model under soft information.

(8)
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3.5. An Approach to Calculating Credit Lines for SCEs
The steps of determining an SCE’s credit line follow the aforesaid process of our model construction.
We start with the calculation by treating the SCE as a stand-alone entity based on the traditional model
in Equation (3), which has been widely adopted by the banks that the authors interviewed in their field
research, then consider the supply chain background of the SCE as per the base model Equation (6),
and finally account for soft information of the SCE by using the extended credit line model Equation
(8). In each step, we first work with the criteria whose attribute values are readily available from public
information disclosure or by survey and interview. Subsequently, we move on to calculate attribute
values for the remaining criteria. By sequentially applying each of the three aforesaid models, we get
the final result for the credit line that an SCE can be granted by banks after accounting for its channel
background and soft information. The specific steps are as follows:
Step 1: Calculate the traditional credit line G∗∗
i based on the traditional credit line model in
Equation (3).
We can obtain the values of R0i , NAi , L0i based on the financial data of SCEi and the value of Ti
from the Corporate Performance Evaluation Standard Value published by the State-Owned Assets
Supervision and Administration Bureau (State-Owned Assets Supervision and Administration Bureau,
Corporate Performance Evaluation Standard Value, Economic Science Press, Beijing, China, 2017.).
In addition, the value of Ci , FCi and Ki can be determined by the credit rating of SCEi . Furthermore,
ρij and Wij can be evaluated by field studies. By plugging these values into Equation (3), we can
calculate the traditional credit line by treating the SCE as a stand-alone entity without considering its
supply chain channel information.
Step 2: Determine the adjusted credit line with supply chain background information.
The base model is established by considering the SCE’s channel background information
Fm
0
ki × C×C
0 − Fm . Here, the values of C and C are obtained from the bank’s published information,
and the values of ki and Fm are derived from the transaction data between SCEi and the core enterprise
as well as those between the core enterprise with all SCEs in the channel. In addition, we update
the discount coefficient ρij as ρij to reflect the credit adjustment role of the core enterprise in the
supply chain.
Step 3: Evaluate the final credit line by further considering the effect of soft information.
To evaluate the final credit line based on the extended model, the key challenge is to properly
quantify soft information. By using the multi-criteria evaluation method furnished in Section 3.4,
we can calculate the adjusted coefficient α to characterize the influence of soft information quantitatively.
At this point, the values of ρ0il and Wil0 can be derived from the financial information of SCEi .
These steps can be graphically shown as a flow chart in Figure 1.
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Table 3. Information available from the Bank of China and Corporate Performance Evaluation
Standard Value published by the State-Owned Assets Supervision and Administration Bureau.
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Based on the values that we have obtained for all the criteria in the traditional credit line model,
we can derive G∗∗
i = RMB 15,213,073.35.
Secondly, we come to Step 2 and calculate the adjusted credit line with supply chain background
data. The main task is to calculate the adjustment in the base model compared to the traditional credit
line model. This requires us to determine the values of ki , Tm and ρij . To calculate Tm , we need to
collect the values of Fm , C and C0 from the SCE as shown in Table 4, thereby deriving Tm as RMB
714,285,714.30. By examining the transaction volume between SCEi and the core enterprise, we obtain
the value of ki at 0.0115. In addition, given the channel background and the credit-enhancing role of the
core enterprise in this supply chain, the Bank of China increases the discount coefficient accordingly.
Therefore, we determine ρij as 0.2.
Table 4. Available information from SCEi .
0

Fm (RMB)

C

C

400,000,000.00

0.8

0.7

By plugging the relevant values into Equation (6), SCEi ’s credit line is updated as
= RMB 19,427,359.07.
Finally, we turn to Step 3 to further update SCEi ’s credit line by accounting for the effect of both
channel background and soft information. In Equation (7), γ, β and δ are parameters that are to be
determined, c is the reference point of the bank’s credit line evaluators. By analyzing the actual situation
of SCEi , we determine the value of c as 4. So, we assign 1 to f (4). The lowest grade is supposedly close
to 0, and we set it as f (1) = 0.01. Based on the aforementioned information, we can determine the
parameters as γ = 11.1111, β = 0.6667, δ = 0.7213. Subsequently, we calculate the quantitative values
for each of the linguistic grade levels as given in Table 5.
G∗i

Table 5. Quantitative values corresponding to the linguistic grade levels.
Level

Extremely Bad

Bad

Slightly Bad

Fair

Slightly Good

Good

Extremely Good

Point values

1

2

3

4

5

6

7

Quantitative
values

0.01

0.1600

0.4900

1

1.1609

1.2900

1.4036

1
As per Table 1, we have α = 13
× (A11 + A12 + · · · + A61 + A62 ). To evaluate the credit line of SCEi ,
it is assessed against each of the 13 second-level criteria, covering the SCE’s sustainability performance
along the economic, social, and environmental dimensions. These attribute values are derived as
1.4036, 1.1609, 1, 1, 1.2900, 1.1609, 1.4036, 1.4036, 1.2900, 1, 1.1609, 1.1609, 1. These values correspond to
the credit line evaluator’s assessment of SCEi ’s 13 second-level criteria as “extremely good”, “slightly
good”, “fair”, “fair”, “good”, “slightly good”, “extremely good”, “extremely good”, “good”, “fair”,
“slightly good”, “slightly good” and “fair”, respectively.
As such, the value of αi is calculated as 1.1872. Further, ρi 0 represents the updated discounting
coefficient after the bank incorporates soft information processing into its credit assessment.
By considering the specific situation of SCEi in this supply chain, we assign ρi 0 = 0.3. Meanwhile,
by examining the financial information of SCEi , W 0 i is determined as RMB 11,460,000.00.
Thus, the final credit line of SCEi is calculated by the extended credit line model as RMB
24,736,345.9.

5. Empirical Results
In recent years, the Bank of China has taken responsibility for serving the real economy and
provided supply chain financing services to enterprises through credit support for the core enterprise
in a supply chain. Our field study reveals that the Bank of China has been providing credit to Lu Zhou

24,736,345.9.
5. Empirical Results
In recent years, the Bank of China has taken responsibility for serving the real economy and
provided
supply
chain
Sustainability
2019, 11,
2985 financing services to enterprises through credit support for the core enterprise
15 of 20
in a supply chain. Our field study reveals that the Bank of China has been providing credit to Lu
Zhou Lao Jiao and other enterprises in this liquor supply chain dominated by Lu Zhou Lao Jiao. We
Lao Jiao and other enterprises in this liquor supply chain dominated by Lu Zhou Lao Jiao. We note that
note that the Bank of China not only considers individual enterprises but also their supply chain
the Bank of China not only considers individual enterprises but also their supply chain background
background when it grants credit to the SCEs. However, the Bank of China also realizes that the
when it grants credit to the SCEs. However, the Bank of China also realizes that the actual credit lines
actual credit lines granted cannot meet the financing needs of SMEs for their sustainable growth. By
granted cannot meet the financing needs of SMEs for their sustainable growth. By comparing the
comparing the credit lines calculated for 100 SMEs in the Lu Zhou Lao Jiao supply chain by both the
credit lines calculated for 100 SMEs in the Lu Zhou Lao Jiao supply chain by both the traditional and
traditional and base models, we observe that the base model yields significantly larger amounts than
base models, we observe that the base model yields significantly larger amounts than the traditional
the traditional model. To test the validity of the base model proposed in this research, we first
model. To test the validity of the base model proposed in this research, we first compare the theoretical
compare the theoretical values determined by the base model with the actual credit line data granted
values determined by the base model with the actual credit line data granted by the Bank of China
by the Bank of China to these 100 SCEs in this supply chain. The result confirms that the base model
to these 100 SCEs in this supply chain. The result confirms that the base model predicts much more
predicts much more accurate credit lines for these 100 SCEs than the traditional model does.
accurate credit lines for these 100 SCEs than the traditional model does.
More specifically, we select 100 SMEs in the Lu Zhou Lao Jiao supply chain. First, we apply the
More specifically, we select 100 SMEs in the Lu Zhou Lao Jiao supply chain. First, we apply the
base credit line model to calculate the theoretical credit lines with the channel background
base credit line model to calculate the theoretical credit lines with the channel background information
information and compare them with the actual values granted by the Bank of China to validate the
and compare them with the actual values granted by the Bank of China to validate the base credit line
base credit line model. Subsequently, given complexity and subjectivity of soft information
model. Subsequently, given complexity and subjectivity of soft information processing, we calculate
processing, we calculate the theoretical values by employing the extended credit line model and
the theoretical values by employing the extended credit line model and examine how the predicted
examine how the predicted credit lines are further adjusted to better reflect SCEs’ operation status
credit lines are further adjusted to better reflect SCEs’ operation status and financing needs. In addition,
and financing needs. In addition, we can also check whether the bank’s risk management capabilities
we can also check whether the bank’s risk management capabilities are strengthened by incorporating
are strengthened by incorporating both channel background and soft information.
both channel background and soft information.
To verify the accuracy of the base model, we plot the theoretical values and the actual credit
To verify the accuracy of the base model, we plot the theoretical values and the actual credit lines
lines for the 100 SCEs in Figure 3.
for the 100 SCEs in Figure 3.

Figure 3. Base model accuracy test result.

Figure 3 clearly shows that the theoretical values given by the base model resemble the variation
patterns of the actual credit lines granted by the Bank of China. To further examine the accuracy of
the predictions, we calculate the variance of the relative error simultaneously. The relative error is
the differences between the two values for these 100 SCEs divided by the true amount of credit lines,
which comes at 0.010754335, indicating that the predictions by the base model are quite accurate and
consistent with the actual credit granted by the bank. Next, we shall study the impact of mining and
quantifying soft information on the predicted credit lines of SCEs.
We first compute the theoretical values by using the extended credit line model to check whether
the predicted credit lines are generally enough for the 100 SCEs. It should be stressed that both the Bank
of China and the core enterprise Lu Zhou Lao Jiao are listed firms. So, they are concerned with the SCEs’
sustainability, which has been incorporated into the extended credit line model as shown in Section 3.4
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we confirm
that the
predicted credit lines by the extended model are generally adjusted higher than those by the base
model and the actual credit granted by the bank, indicating that it can better serve the financing needs
of SCEs for their sustainable growth. On the other hand, by exploiting an SCE’s channel background
and soft information, the bank can effectively alleviate information asymmetry with the SCE and have
a more holistic understanding of its operations. This better understanding allows the bank to extend a
higher credit line to the SCE to reap more profit at an even lower risk level.
6. Conclusions and Future Research
To offer a holistic assessment of SCEs’ financing needs and promote their sustainable development,
this paper constructs two credit line models. The base model considers the channel background of
SCEs and implicitly incorporates sustainability concerns into credit line assessment. Our empirical
study with the 100 SCEs confirms that the predicted credit lines are higher than the actual credit
granted by the bank, but follow the same variation pattern. This result indicates that the base model
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serves as a viable theoretical basis to support the bank’s credit-granting practice. Next, by accounting
for the unique advantage of soft information processing in a supply chain context, we put forward an
extended credit line model for SCEs with soft information. This extended model explicitly incorporates
sustainability concerns into credit assessment. The base and extended credit line models proposed in
this paper aim to reduce information asymmetry between banks and SCEs via the credit-enhancing
role of the core enterprise in the supply chain. The better-informed banks can extend more credit to
the SCEs to achieve a higher profit at a reduced risk level, the increased credit to the SMEs can better
satisfy their financing needs and promote their sustainable growth, and the success of the SMEs can in
turn help the core enterprise to maintain a more sustainable and efficient supply chain system for its
own long-term growth. To illustrate how the proposed base and extended models can be applied in
practice, a case study is conducted with a typical SCE in a supply chain dominated by a well-known
liquor producer in China. Then we carry out an empirical study with real data from 100 SCEs in this
liquor supply chain to have a more intuitive and better understanding of the impact of supply chain
background and soft information on the predicted credit lines by the two proposed models.
This research has its limitations. For instance, given limited classification and research of soft
information, a relatively simple set of criteria is established in Section 3 to quantify soft information
in this paper. In addition, the proposed method to quantify soft information cannot differentiate
the quality of soft information, leaving room for further refinement. To better address these issues,
our future research can be carried out in two directions. On the one hand, we can examine the
classification of soft information in the supply chain background. One possible way is to conduct
empirical research to investigate what specific soft information that a supply chain has a unique
advantage in collecting and processing. On the other hand, we need to consider more comprehensive
and accurate quantifying methods. Along this line, we may not only improve the existing multi-criteria
method for its criteria system and information fusion mechanism, but also explore such methods as
fuzzy comprehensive evaluation to minimize information distortion during the process of quantifying
soft information. In so doing, banks can better assess SCEs’ financing needs and effectively reduce their
credit risk. Yet another issue is that the current research takes an integrative approach to characterize
the collective influence of economic, social, and environmental dimensions of sustainability concerns
on the extended credit line model when soft information is accommodated. If one is interested in the
specific impact of a particular sustainability concern on the credit line assessment, further research has
to be carried out to devise an appropriate delineation mechanism.
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