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Abstract: As opposed to developed markets, financing constraints are a more pressing issue among
Small and Medium-Sized Enterprises (SMEs) in emerging markets. We explore the severity of
financing constraints on SMEs, and examine the role of supply chain finance (SCF) in alleviating those
constraints, with the focus on a large emerging market: China. Using the panel data of SMEs listed
on Shenzhen Stock Exchange from 2014 to 2020, we employ robust estimations of panel-corrected
standard errors (PCSEs) and robust fixed-effects methods to analyze the issue. Our cash–cash-flow
sensitivity model points out that listed SMEs in China show significant cash–cash-flow sensitivity,
and financing constraints are prevalent. We document that the development of SCF has a mitigation
effect on the financing constraints on the SMEs. Our robustness test with Yohai’s MM-estimator is
also supportive of the main finding. Our study indicates the importance of supply chain finance
development in alleviating the financing constraints on SMEs and, subsequently, supporting their
sustainability journey. Overall, our findings have important policy implications for the stakeholders
involved in emerging markets, and there are lessons to be learned from the Chinese experience. There
is still much to be explored in the nexus of SCF and the financing difficulties of SMEs in China at
present, with much of the extant literature concentrating only on specific financing mechanisms.
Thus, our study fills the gap by providing a broad and comprehensive analysis of the issue.

Keywords: financing constraints; supply chain finance; SMEs; cash–cash-flow sensitivity; panel-
corrected standard errors

1. Introduction

Small and medium-sized enterprises (SMEs) play a vital role in encouraging economic
growth, expanding employment, and increasing tax revenue and technological innovation
in emerging markets, such as China. They are of strategic significance for China’s economy
in maintaining high-quality growth. By 2018, SMEs accounted for 52% of national economic
and social development benefits, while large enterprises accounted for 48%. There are
about 380,000 industrial enterprises, including 9103 large enterprises and 370,000 SMEs.
The assets of large enterprises totaled CNY 113 trillion, while those of SMEs totaled CNY
58.8 trillion (Xue 2021). It is clear that the number of small and medium-sized businesses
is substantial. However, the current development of SMEs is facing many difficulties and
challenges, and one of the important obstacles is the financing problem. It is difficult
to give full credit to the role of SMEs in economic growth. Many of them have been
squeezed out by social and financial institutions. According to the data report of the China
Financial Research Center, there are some small loan companies whose main financing
targets are SMEs. However, the amount of financing they provide does not exceed 5% of
the institution’s total financing. Borrowing enterprises still face high financing costs, as
high as 22% of the total cost of the financing institutions (Xue 2021). As far as China is
concerned, many SMEs are found to have no suitable financing platform or environment.

Int. J. Financial Stud. 2023, 11, 102. https://doi.org/10.3390/ijfs11030102 https://www.mdpi.com/journal/ijfs

https://doi.org/10.3390/ijfs11030102
https://doi.org/10.3390/ijfs11030102
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijfs
https://www.mdpi.com
https://doi.org/10.3390/ijfs11030102
https://www.mdpi.com/journal/ijfs
https://www.mdpi.com/article/10.3390/ijfs11030102?type=check_update&version=1


Int. J. Financial Stud. 2023, 11, 102 2 of 16

Supply chain finance is developed to help to relieve such financial constraints. It is a
supply chain formed by upstream suppliers, core enterprises, and downstream distributors,
which are connected to each other as a whole through trade transactions, using pledges,
such as the accounts receivable and inventory, formed by deferred or early payment, to
obtain financial flows, providing financial support to nodal enterprises upstream and
downstream of the core enterprises. This promotes SME financing, and drives the dynamic
development of SMEs (Lamoureux 2007; Atkinson 2008; Wuttke et al. 2013). SMEs are
often small in scale, and the pledges often fail to meet the approval requirements. Supply
chain finance relies on core enterprises with excellent credit qualifications to offer credit
to upstream and downstream businesses, while SMEs can depend on real transaction
businesses for credit. The supply chain financing mode is a comprehensive financial service
mode, which comprehensively evaluates all the types of information resources on the
chain, including logistics and the related supply chain management information. It can be
said that the emergence of supply chain finance provides a new idea and scheme for the
financing of SMEs, which can meet the financing characteristics “short, small, frequent and
urgent” of enterprises to a certain extent, and alleviate SME financing constraints (Abbasi
et al. 2018; Song 2021; Wuttke et al. 2016; Zhou et al. 2020).

There is still a big gap between the development level of supply chain finance in China
and in those developed markets. The main issue is that a relatively high proportion of
SMEs still do not join the supply chain financial system, and face the problem of diffi-
cult and expensive financing. According to statistics in 2018, 80% of China’s SMEs face
financing constraints, and their financing demand exceeds the financing supply by about
USD 2 trillion. The year 2020 is bound to be difficult for many SMEs, due to the spread
of COVID-19 (Ma et al. 2021; Li 2021). In this bad global economic environment, SMEs
face greater operational risks, and their financing needs become greater. Therefore, the
development of supply chain finance has ushered in a new challenge.

Thus, from the above discussion, our aim is to explore the severity of financing
constraints on SMEs, and to examine the role of supply chain finance in alleviating these
constraints, with the focus on a large emerging market: China. There is still much to be
explored regarding the link between supply chain finance and the financing difficulties of
SMEs in China at present, with much of the previous research concentrating only on the
examination of specific financing modes and financing mechanisms of supply chain finance
(as per our discussion in Section 2.2). Therefore, by considering the financing constraints
and supply chain finance of the entire small and medium-sized board of enterprises
on Shenzhen Stock Exchange from 2014 to 2020, our study attempts to fill the gap, by
providing a broad and comprehensive analysis and, thus, a more complete picture of the
issue. Moreover, as per our knowledge, we further contribute to the literature with the first
study of its kind to explore the nexus of supply chain finance and financing constraints
using a robust estimation process; specifically, the panel-corrected standard errors and
robust fixed-effects approaches, together with the MM-estimator process. We believe that
these quantitatively robust approaches are able to enhance the reliability of the results and,
hence, reduce the need for further investigations into the issue.

Using the cash–cash-flow sensitivity model proposed by Almeida et al. (2004), our
findings show that SMEs in China demonstrate significant cash–cash-flow sensitivity, and
financing constraints are prevalent. Moreover, our study points out the importance of
the development of supply chain finance in alleviating financing constraints on SMEs,
and subsequently supporting their sustainability initiatives. Overall, our findings have
important implications for SME stakeholders in emerging markets, and there are lessons
to be learned from the Chinese experience. From the above discussion, the findings from
our study are timely, in that they contribute to the literature during the post-COVID-19
era, in which financing constraints become even more prevalent in emerging economies.
While previous research has explored supply chain finance in developed countries, there is
a notable lack of studies focusing on the financing challenges and opportunities faced by
SMEs in emerging markets. Hence, our study aims to address such a significant knowledge
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gap in the existing literature of SMEs operating in large emerging economies, such as China.
Last, but not least, our research makes a valuable contribution to the existing literature by
specifically focusing on China, a market that presents several distinct differences compared
to the developed economies of the West.

The remainder of this paper is organized as follows. Section 2 covers the literature
review and hypothesis development. Section 3 deals with the data and method. Section 4
presents the analysis, and discusses the results. Section 5 concludes the paper.

2. Related Literature and Hypothesis Development

Below, we review the literature of financing constraints on SMEs, and their nexus
with supply chain finance, with the focus on China. Compared to the West, China has
some distinct differences in terms of the financing contraints faced by its SMEs, as well
as the current stage of development, and the roles of supply chain finance, in addressing
the financing challenges of SMEs. Specifically, lenders and financiers may face greater
information asymmetry when evaluating the creditworthiness of SMEs in China. The lack
of robust financial data or transparent financial reporting of some Chinese SMEs can make
it challenging for lenders to assess their creditworthiness accurately (Shi and An 2016; Zhao
et al. 2009). This may lead to greater credit default risk, as well as higher transaction costs
of loans to lenders in China, compared to in developed economies in the West (Asgary et al.
2020; Chen and Peng 2011). Meanwhile, as stated earlier, supply chain finance in China, in
comparison, is generally less mature and well-established; there are still a high proportion
of SMEs that do not join the supply chain financial system, and face the problem of difficult
and expensive financing (Ma et al. 2021; Li 2021). In such circumstances, the development
of supply chain finance in China is critical in playing a pivotal role in filling the financing
void for SMEs.

2.1. Financing Constraints on SMEs in China

The financing difficulty of SMEs is a universal problem in China, and many scholars
agree that the reason for the difficulty in financing is that SMEs have low credit, imperfect
information, and irregular systems. Lin and Sun (2005) believe that, compared with large
enterprises, SMEs have insufficient collateral, opaque information, and high risk borne
by credit institutions, causing reluctance among institutions to lend to them. Lu and Xiao
(2012) find that false information, deliberate concealment, and other adverse factors se-
riously affect banks’ willingness to lend to SMEs, and banks lack a long-term incentive
mechanism for lending to SMEs. Deng (2013) puts forward that, under the background of
the reform of state-owned banks in China, the strict risk monitoring and imperfect credit
guarantee system in China caused the strict requirements of commercial banks regarding
loans to SMEs, which led to the financing difficulties of SMEs. According to Shi and An
(2016), compared with large enterprises, SMEs’ financial information is incomplete. The
phenomenon of selective disclosure and information fraud often occurs, and the internal
information of SMEs is often controlled by the founder, which is easy to adulterate. It is
precisely because of the high degree of information asymmetry between credit institutions
and SMEs that financial institutions take into account the moral hazard and adverse selec-
tion that such information asymmetry may bring, and will provide fewer loans, or refuse
loans, to SMEs.

Wang (2019) points out that the reason why the traditional credit mode provides SMEs
with low financial support is that the transaction costs and risks of providing credit are
higher. SMEs have small asset scales and low credit levels, so it is difficult for them to
obtain mortgage loans from banks with limited collateral. In contract, large enterprises
are significantly better than small and medium-size enterprises in terms of information
disclosure and availability, credit rating, collateral, and capital scale. For the banks, the
convenience of such enterprise information collection determines that the pre-transaction
cost of investigating and collecting information, drafting contracts and negotiating, etc., for
large enterprises is relatively lower. Qu (2019) asserts that the financing difficulties of SMEs
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are caused by internal reasons, such as their small scale, low credit, and few mortgaged
assets. Moreover, compared with large enterprises, the supervision of SMEs by banks after
the provision of loans (for example, their evaluating the value of the collateral, tracking
and investigating the operating status of the borrowing enterprise on time, and promptly
discovering loopholes and potential risks) is much more complicated, resulting in banks
incurring greater supervision costs, and thus charging higher financing costs, and granting
smaller amounts of financing. Wang (2020) believes that SMEs lack reasonable planning,
and the expansion of the production scale is prone to blindness, leading to blind financing.
In this way, enterprises will have unreasonable financing strategies and financing needs,
resulting in financing difficulties.

From the above discussion, it can be seen that the main forms of SME financing
constraints in China are fewer financing opportunities, high financing costs, and a large
financing gap. From the perspective of financing opportunities, China’s commercial banks
generally exhibit the phenomenon of “big customer preference”, which will lead to the un-
favorable situation of being reluctant to lend, or even refusing to lend, to SMEs. Financing-
cost-wise, the fluctuation of the loan interest rate, and a series of expenses, such as eval-
uation fees, notary fees, and relationship maintenance costs, keeps the financing cost of
SMEs high (Lam and Liu 2020). From the perspective of the financing gap, China’s existing
capital supply and potential financing demand do not match. The financing gap in SMEs
is large.

In summary, the causes of SME financing constraints mainly stem from three aspects:
enterprises themselves, banks and other financial institutions, and the government.

Based on the above analysis, we propose the first hypothesis, H1:

H1. Financing constraints are prevalent in SMEs in China; this is manifested as significant
cash–cash-flow sensitivity.

2.2. Supply Chain Finance in China

Thus far, scholars have carried out numerous analyses and research on the supply
chain finance financing modes of SMEs, which can be divided into three modes: accounts
receivable financing, confirmatory warehouse financing, and finance transportation ware-
house financing, corresponding to the supply-chain-generated accounts receivable, advance
accounts, and movable inventory (Yan and Xu 2007). SMEs at different supply chain nodes
can choose from three financing modes, according to their trading range, to improve the
incentive for bank lending, and solve the shortage of funds. Lin et al. (2015) study and
analyze the three financing modes from the perspectives of the business process, risk point,
exhibition point, etc. Based on the research of these three financing modes, Wang (2018)
discusses the significance of supply chain financing modes from the perspective of SMEs,
banking, logistics enterprises, and promoting value.

From the above discussion, supply chain finance may potentially solve the financ-
ing problems of SMEs, which can create favorable conditions for the financing of SMEs.
Specifically, the accounts receivable financing mode can realize the future cash flow of the
enterprise in advance, increase income, and create profits for the enterprise. The confirming
warehouse financing mode can solve the capital problem of the full purchase of goods,
and improve the capital turnover capacity of SMEs. The finance transportation warehouse
financing mode can revitalize the inventory, release the capital occupied by SMEs, and
reduce the financial pressure on enterprises.

The development of supply chain finance may address the financing dilemma of SMEs
via the following three main mechanisms: (1) improving the information asymmetry be-
tween subjects; (2) reducing the credit default risk in SMEs; and (3) reducing the transaction
costs of loans to financial institutions. Zhao et al. (2009), based on the theory of credit
rationing, and from the perspective of information asymmetry and profit asymmetry gen-
erated in the cooperation between banks and enterprises, believe that supply chain finance
could solve the financing dilemma of SMEs to some extent, ease financing restrictions,
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and improve credit capacity. Shi and An (2016) also believe that improving enterprise
information transmission mechanisms via supply chain finance can fundamentally reduce
the information asymmetry between banks and enterprises, and improve credit efficiency.

According to Chen and Peng (2011), supply chain finance may alleviate financing
limitations, strengthen the credit system of SME financing systems, and increase the value
of the whole industrial chain. Asgary et al. (2020) believe that core enterprises in the supply
chain can help SMEs improve their own reputation, so that financial institutions can reduce
risks when providing financing credit services, so as to provide more financing for them.
Su and Lu (2015) use supply chain finance to simulate the credit model of businesses,
financial intermediaries, and third-party logistics providers, demonstrating the significant
benefits and importance of supply chain finance in credit risk management. They evaluate
the credit risks of all participants in the supply chain finance model, and conclude that
supply chain finance can effectively strengthen risk control, so as to safeguard the interests
of all participants in supply chain finance, and achieve a win–win situation. Through
comparative analysis, Mu (2018) considers that supply chain financing is more conducive
to credit ratings than traditional financing methods, and solves the dilemma of SMEs not
receiving funds through traditional means.

Zhang and Liu (2012) use the cash–cash-flow sensitivity model to demonstrate whether
SMEs have financing constraints, and emphasize the important role of supply chain finance
in reducing enterprise financing transaction costs. Hu (2014), in his analysis using a sample
of enterprises in the Xi’an equipment manufacturing and biomedicine industries, asserts
that supply chain finance can broaden the financing channels of enterprises, speed up
financing, and improve the operational efficiency of enterprises through cooperation with
core enterprises. Through the study of small technology enterprises, Gu (2016) finds that
the main expenditure of these enterprises indicates significant cash flow sensitivity, and
that this sensitivity can be alleviated through the supply chain financial system. Wang
et al. (2016) construct a multi-party game model, and analyze the strategic choices of all the
parties involved in the financing model. The results of the game show that such a financing
model helps reduce the credit risk of SMEs, and the transaction costs of loans and, hence,
improve the possibility that banks will provide loans to SMEs. Zhou et al. (2017) conduct
a grouping regression test on the samples of A-share non-financial listed companies, and
verify that supply chain finance has a more significant easing effect on financing constraints
on small enterprises with a high growth and intense industry competition.

From the above discussion of the mechanism of supply chain finance to alleviate the
financing constraints of SMEs, it can be seen that the multi-angle information acquisition
mechanism and reputation chain mechanism of supply chain finance can effectively reduce
the frequency of “adverse selection” and “moral hazard”, and reduce the information
asymmetry between banks and enterprises. A long-term stable enterprise cooperation
mechanism, and the closed operation mechanism of credit-granting business can effectively
alleviate the transaction costs caused by transaction uncertainty, transaction frequency, and
asset specificity, and reduce financing transaction costs. The credit-bundling mechanism
of supply chain finance, as stated earlier, can reduce the credit risk of banks, and improve
the lending enthusiasm of banks and other financial institutions. At the same time, such
a mechanism also plays a screening role, which can “filter” bank credit risks from the
source. In short, each of the three mechanisms of supply chain finance can specifically solve
existing problems in the financing activities of SMEs, which is conducive to reducing the
worries of banks and other financial institutions, creating more favorable conditions for the
financing of SMEs, and promoting their further development.

Thus, based on the above reasoning, we propose the second hypothesis, H2:

H2. The development degree of supply chain finance can alleviate the financing constraints on SMEs
in China.
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3. Data and Method
3.1. Data Collection

Our data are collected from the WIND, a prominent and reliable financial/economic
database in China. The financial data from 2014 to 2020 of listed companies on the Shenzhen
Small and Medium-sized Board are selected. In order to ensure accuracy, the following
companies are removed from the data: (1) Special Treatment and Particular Transfer (ST/PT)
companies; (2) companies with incomplete financial data; and (3) companies that have been
listed for less than three years. After the filtering, a final sample of 518 companies over
seven years, with a total of 3626 sample observations, and balanced panel data, is identified.

3.2. Model Construction

Almeida et al. (2004) proposed the cash–cash-flow sensitivity model (also known as
the ACW model) in 2004 to measure the degree of financing constraints on enterprises. The
theoretical basis of the ACW model is that enterprises facing financing constraints are often
blocked from external financing channels, and it is difficult to obtain the required funds
from outside. To meet future investment needs, companies typically retain some money
from current cash flows. At this time, the enterprise will show significant cash–cash-flow
sensitivity. However, enterprises without financing constraints do not need to retain part of
their capital to meet the capital needs of future investment activities, and the cash–cash-flow
sensitivity of the enterprise is weak. Hence, the ACW model is reasonable to measure the
degree of financing constraint from the perspective of the enterprise cash-holding level
(Almeida et al. 2004). It has been verified and supported in past studies over the years
(e.g., Hadlock and Pierce 2010; Acharya et al. 2007; Campello et al. 2010; Michalski et al.
2018; Zhang et al. 2019), showing a strong adaptability and rationality. Therefore, the
cash–cash-flow sensitivity model is used in our study to empirically analyze the financing
constraints on SMEs.

(1) Basic model

In order to test the first hypothesis, H1, we construct the following basic model based
on the cash–cash-flow sensitivity model proposed by Almeida et al. (2004):

∆CASHi,t = a0 + a1CFi,t + a2SIZEi,t + a3TAGRi,t + a4∆NWCi,t + a5∆SDi,t + a6DEBTi,t + εi,t (1)

where εi,t is the error term; and i, t represent the ith enterprise and the t year, respectively.
Among the parameters to be estimated, a1 is to measure the severity of the financing

difficulties of enterprises; namely, cash and cash-flow sensitivity. A value significantly
greater than zero suggests that there is a certain positive correlation between the change in
enterprise cash and cash equivalents (∆CASH) and the cash flow (CF). It indicates that it
is difficult for an enterprise to raise funds through external channels, and that it can only
withdraw funds from the cash flow generated within the enterprise for future investments,
thus suggesting that the enterprise is in financing difficulties.

(2) Extended model

To test the second hypothesis, H2, we add the measurement of the development
degree of supply chain finance (SCF), and the interaction term between the enterprise cash
flow and the development degree of supply chain finance (CF × SCF) on the basis of the
previous model, and construct the following extended model:

∆CASHi,t = a0 + a1CFi,t + a2CFi,t × SCFi,t + a3SCFi,t + a4SIZEi,t + a5TAGRi,t
+ a6∆NWCi,t + a7∆SDi,t + a8DEBTi,t + εi,t

(2)

In the extended model, the interaction term between the enterprise cash flow and the
development degree of supply chain finance (CF × SCF) is used to reflect the impact of
the development of supply chain finance on SME financing constraints (Yan and Liang
2023; Song 2021). If the coefficient of the interaction term (a2) is significantly negative, it
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means that the degree of supply chain finance will affect the sensitivity of businesses to
cash flow, implying that supply chain finance development has a significant and positive
impact on SME financing. Put simply, the development degree of supply chain finance
eases the financing constraints on enterprises.

3.3. Definition and Description of Variables

The change in cash and cash equivalents of a firm (∆CASH) is chosen as the explained
variable in our basic and extended models. It is found that if a firm faces financing
constraints, it will tend to hold a certain amount of cash out of its operating cash flow.
Conversely, if a firm is able to raise external finance successfully, then the firm’s cash
holdings will usually remain relatively stable. In other words, the financing constraints
faced by a firm will affect its cash holdings (Tang and Moro 2020). Therefore, it is reasonable
to measure the financing difficulty of an enterprise by the sensitivity of its cash holdings
(changes in cash and cash equivalents) to its operating cash flow.

Three variables of interest are involved: the operating cash flow of enterprises (CF),
the development degree of supply chain finance (SCF), and the interaction term of the
measurement index of the operating cash flow, and the development degree of supply
chain finance (CF × SCF). Among them, the latter two are introduced on the basis of our
basic model, to study our second hypothesis.

(1) Operating cash flow (CF)

The CF refers to the net cash flow generated by the current operating activities of the
enterprise, divided by the total assets of the current period. Enterprises facing financing
constraints often withdraw part of the funds from the current cash flow, to meet the capital
needs of future investment activities. The cash–cash-flow sensitivity of the enterprise is
therefore more significant at this juncture. In other words, enterprises facing financing
constraints will retain more cash flow in the form of cash or cash equivalents in the
company for precautionary motives, and the two are positively correlated. In addition,
as the operating cash flow is the main source of net income for enterprises, it is of higher
quality, and harder to manipulate (Zhu et al. 2020).

(2) The indicator of the development degree of supply chain finance (SCF)

Due to the late start and imperfect development of the concept of supply chain finance
in China, there is still no certain indicator with which to measure the development degree
of supply chain finance. This is because the accounts receivable financing mode and finance
transportation warehouse financing mode of supply chain finance belong to the mortgage
loan, which can be summarized as the index of short-term borrowing of enterprises. The
confirmatory warehouse financing mode of supply chain finance mainly refers to the bank
acceptance bill, which can be summarized as the index of enterprise notes payable (Song
2021; Yang et al. 2019). In view of this, we adopt Yang et al.’s (2019) approach of taking the
sum of short-term loans and notes payable as an indicator for measuring the development
degree of supply chain finance.

(3) The interaction term between the operating cash flow and the development degree of
supply chain finance (CF × SCF)

Pairing the operating cash flow (CF) with the development degree of supply chain
finance (SCF) to form an interaction term (CF × SCF) may demonstrate the easing effect
of SCF on enterprise financing constraints. If the development degree of supply chain
finance can alleviate the financing dilemma of enterprises, then the influence of the oper-
ating cash flow of enterprises on cash and cash equivalents will be reduced. In this case,
there is a negative correlation between the interaction term and the change in cash and
cash equivalents.

Our control variables include the enterprise scale (SIZE), the total assets growth rate
(TAGR), changes in the non-cash net working capital (∆NWC), changes in short-term
liabilities (∆SD), and the liabilities-to-assets ratio (DEBT). SIZE is measured by the total
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assets of listed enterprises on the small and medium-sized board at the end of the period.
According to Hadlock and Pierce (2010), the enterprise size is a useful predictor of financing
constraints. There are two cases for the coefficient of this variable. On the one hand, with
the expansion of the scale of the enterprise, the capital reserves of the enterprise will
gradually increase, so the enterprise does not need to withdraw cash to increase the holding
of cash and cash equivalents. On the other hand, with the expansion of the enterprise scale,
the enterprise’s demand for funds will gradually increase; at this time, the enterprise needs
to withdraw cash to increase the holding of cash and cash equivalents. Thus, the coefficient
of SIZE can be positive or negative.

A constrained firm’s cash policy should be influenced by the attractiveness of future
investment opportunities (Almeida et al. 2004). We use the growth rate of total assets
(TAGR), one of the commonly used proxies for the future investment opportunities of
enterprises (Kallapur and Trombley 1999). Judging from the coefficient symbol of this
variable, when the future investment opportunities of enterprises increase, enterprises tend
to increase their holdings of cash and cash equivalents, to cope with future investment
needs. Thus, the coefficient of TAGR is expected to be positive.

The non-cash net working capital influences the corporate cash-holding level (Zhang
et al. 2019), as it can be a substitute for cash (Opler et al. 1999), or it may compete for
the available pool of resources (Fazzari and Petersen 1993). The increase in non-cash net
working capital means that the outflow of cash from the enterprise, and the corresponding
reduction in the holdings of the enterprise cash and cash equivalents, will be reduced. Thus,
the coefficient of ∆NWC is expected to be negative. As for ∆SD, similar to the net working
capital, changes in short-term liabilities could be a substitute for cash (Kling et al. 2014);
thus, the coefficient of ∆SD is expected to be negative. Finally, the higher the corporate
debt level (DEBT), the more funds the enterprise obtains through external financing. Thus,
it does not need to withdraw cash to increase the holdings of cash and cash equivalents.
The coefficient of DEBT is hence expected to be negative (Ferreira and Vilela 2004).

As there are differences in size and operating conditions between enterprises, we scale
all our variables by the total assets of the enterprise, to standardize the treatment. The
symbols, names, and calculation methods of each variable are shown in Table 1:

Table 1. Symbols, names, and calculation methods of variables.

Symbol Variable Calculation Method

Dependent
Variable ∆CASH Change in cash and cash equivalents Net increase in cash and cash equivalents

Total assets

Independent
Variables

CF Operating Cash flow Net cash flows from operating activities
Total assets

SCF Development degree of supply chain
finance

Short term borrowings + Notes payable
Total assets

CF × SCF Interaction term between operating cash flow and development degree of supply chain finance

Control Variables

SIZE Enterprise size ln(Total assets)

TAGR Total assets growth rate Total assetst − Total assetst−1
Total assetst

∆NWC Change in non-cash net working capital
(Current assets − Current liabilities − Cash) t

−(Current assets − Current liabilities − Cash) t−1

Total assets t

∆SD Change in short-term liabilities Current liabilitiest − Current liabilitiest−1
Total assetst

DEBT Liabilities-to-assets ratio Total liabilities
Total assets
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4. Analysis and Findings
4.1. Descriptive Statistics and Correlation Test

The descriptive statistics in Table 2 show that the mean value of the explained variable,
the proportion of change in cash and cash equivalents to total assets (∆CASH), is 1.146%.
Overall, there are significant differences in the amount of cash held by different SMEs. Its
minimum value is −39.488%, and its maximum value is 33.871%. As for the variables of
interest, the average operating cash flow (CF) of SMEs is 4.995%, the standard deviation is
6.675%, and the standard-deviation–mean ratio is not large, at about 1.3. This shows that the
change in the cash flow of the sample companies is small, but some SMEs have a negative
cash flow. The mean value of the development degree of supply chain finance (SCF) is
about 16.43%, and the standard deviation is 11.862%. The standard-deviation–mean ratio is
also not large, at about 1.38. This shows that the supply chain finance of the enterprises is
relatively stable. However, it is worth noting that the minimum value of the SCF index is 0,
and there is a large gap to the maximum value, indicating that the development degree
of supply chain finance among different enterprises is not balanced. For the other control
variables, there is also an obvious gap between the maximum and minimum values, but
their standard deviations are all within a reasonable range.

Table 2. Descriptive statistics.

Variable Observations Mean Std. Dev. Minimum Maximum

∆CASH 3626 0.01146 0.07796 −0.39488 0.33871
CF 3626 0.04995 0.06675 −0.31265 0.51553

SCF 3626 0.16430 0.11862 0.00000 0.76806
SIZE 3626 22.14429 1.03684 19.39899 26.69427

TAGR 3626 0.10804 0.19981 −2.00683 0.98729
∆NWC 3626 0.06209 0.18735 −1.60270 0.73019

∆SD 3626 0.04063 0.11733 −1.28704 0.78767
DEBT 3626 0.43930 0.17810 0.06337 2.68091

The correlation analysis results between the variables in the basic and the extended
model are shown in Table 3:

Table 3. Correlation test results of variables.

∆CASH CF SCF SIZE TAGR ∆NWC ∆SD DEBT

∆CASH 1.000
CF 0.204 *** 1.000

SCF −0.048 *** −0.162 *** 1.000
SIZE 0.019 −0.064 *** 0.130 *** 1.000

TAGR 0.377 *** 0.006 −0.106 *** 0.142 *** 1.000
∆NWC −0.068 *** −0.082 *** −0.552 *** −0.262 *** 0.059 *** 1.000

∆SD 0.145 *** −0.078 *** 0.103 *** 0.166 *** 0.679 *** −0.139 *** 1.000
DEBT −0.041 *** −0.137 *** 0.627 *** 0.381 *** −0.072 *** −0.666 *** 0.187 *** 1.000

Note: *, ** and *** in the table are significant at the level of 10%, 5%, and 1% respectively.

The correlation analysis results show that the correlation coefficient between the depen-
dent variable ∆CASH and the independent variable CF is positive (0.204) and significant at
the 1% level, indicating that our first hypothesis has a certain rationality. In addition, the
correlation coefficient between the independent variables is small, and the absolute value
of all the correlation coefficients is less than 0.7, which is usually the threshold value for
indicating multicollinearity. We also performed the variance inflation factor (VIF), and the
test results show that the VIF values of all variables are much lower than 10. Therefore, the
problem of multicollinearity can be ruled out.
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4.2. Estimation Process

Our estimation process leans on Cameron and Trivedi (2010) and Baum (2013). In
order to choose between the different panel models, we first need to test for the presence
of unobserved/individual specific effects. Fixed effects are tested via a Fischer (F) test,
while random effects are explored via a Breusch–Pagan Lagrange multiplier (LM) test
(Park 2011). Following Park (2011), the F-test settles whether fixed effects or simple pooled
OLS better fits our panel data, whereas the LM test contrasts the random effects with the
pooled OLS. The p-values of both our F test and LM test are below 0.01, indicating that
both the fixed and random effects are preferred to the pooled OLS. We then performed
the Hausman test, and obtained a probability value of 0.006, indicating that the preferred
model is the fixed effects (FEs) model. We run the FEs model as the baseline model, and
the results are shown in Table 4 (for the basic model) and Table 5 (for the extended model),
respectively. However, panel data structures often contain non-spherical errors (Podestà
2016). We therefore performed the respective tests to check for heteroscedasticity, serial
correlation, and cross-sectional dependence. As shown in both Table 4 (basic model) and
Table 5 (extended model), the modified Wald test has the p-value of 0.0000, validating
the presence of heteroscedasticity. Likewise, the Wooldridge test shows the p-value of
0.0467 in the basic model, and 0.0471 in the extended model, indicating the presence of
serial correlation. We also performed the Pesaran CD test to deduce whether the errors
are correlated across the companies in our sample. The test outcome has the p-value of
0.0221 in the basic model, and 0.0289 in the extended model, indicating that the errors
exhibit cross-sectional dependency in the data. We also applied the 2SLS regression model
to examine the possibility of endogeneity in the model. After obtaining the 2SLS estimates,
we applied the Durbin–Wu–Hausman test to determine whether our variables of interest,
i.e., the operating cash flow of enterprises (CF) and the development degree of supply
chain finance (SCF) are truly endogenous. The results show that the p-values of the test are
greater than 0.05 and, thus, the null hypothesis that our variables of interest are exogenous
is accepted. Therefore, the problem of endogeneity can be ruled out.

Table 4. Regression results of the fixed effects, robust fixed effects, and panel-corrected standard
errors: basic model.

Variable Fixed Effects Fixed Effects with
Robust Standard Errors PCSEs

CF 0.197 ***
(0.0184)

0.197 ***
(0.0180)

0.086 ***
(0.0045)

SIZE −0.003 **
(0.0012)

−0.003 *
(0.0016)

−0.006 ***
(0.0010)

TAGR 0.208 ***
(0.0078)

0.208 ***
(0.0083)

0.074 ***
(0.0019)

∆NWC −0.057 ***
(0.0090)

−0.057 ***
(0.0085)

−0.008 ***
(0.0010)

∆SD −0.142 ***
(0.0138)

−0.142 ***
(0.0141)

−0.098 ***
(0.0019)

DEBT −0.006
(0.0062)

−0.006
(0.0091)

0.007 *
(0.0039)

constant 0.060 **
(0.0267)

0.060 **
(0.0263)

0.017 ***
(0.0036)

R-squared 0.214 0.214 0.178
Observations (N × T) 3626 3626 3626

Tests for heteroscedasticity, serial correlation, and cross-sectional dependence

Modified Wald test χ2 (518) = 2883.20
Prob = 0.0000

Wooldridge test Prob = 0.0467
Pesaran CD test Prob = 0.0221

Note: *, ** and *** in the table are significant at the level of 10%, 5%, and 1% respectively; values in parentheses
are standard errors.
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Table 5. Regression results of fixed effects, robust fixed effects, and panel-corrected standard errors:
extended model.

Variable Fixed Effects Fixed Effects with Robust
Standard Errors PCSEs

CF 0.298 ***
(0.0291)

0.298 ***
(0.0286)

0.088 ***
(0.0044)

SCF 0.025 *
(0.0144)

0.025 *
(0.0142)

0.006 **
(0.0028)

CF × SCF −0.636 ***
(0.1334)

−0.636 ***
(0.1330)

−0.207 ***
(0.0184)

SIZE −0.003 **
(0.0012)

−0.003 *
(0.0017)

−0.006 ***
(0.0009)

TAGR 0.209 ***
(0.0083)

0.209 ***
(0.0086)

0.075 ***
(0.0019)

∆NWC −0.057 ***
(0.0087)

−0.057 ***
(0.0081)

−0.008 ***
(0.0005)

∆SD −0.144 ***
(0.0141)

−0.144 ***
(0.0144)

−0.085 ***
(0.0020)

DEBT −0.006
(0.0098)

−0.006
(0.0121)

0.008
(0.0053)

constant 0.057 **
(0.0268)

0.057 **
(0.0259)

0.016 ***
(0.0035)

R-squared 0.219 0.219 0.153
Observations

(N × T) 3626 3626 3626

Tests for heteroscedasticity, serial correlation, and cross-sectional dependence

Modified Wald test χ2 (518) = 2423.82
Prob = 0.0000

Wooldridge test Prob = 0.0471
Pesaran CD test Prob = 0.0289

Note: *, ** and *** in the table are significant at the level of 10%, 5%, and 1% respectively; values in parentheses
are standard errors.

Since our baseline FEs model contains non-spherical errors, it is unfavorable to make
a comment on the parameters in this model. For this reason, we addressed the issue by
adopting robust models. Firstly, we performed the FEs model with robust standard errors
(hereafter known as robust FEs, which is also known as Rogers standard errors), where
the robustness refers to the heteroscedasticity and serial correlation. We take note that
most common panel data estimators are unable to simultaneously handle both the serial
correlation and the cross-sectional dependence (Reed and Ye 2011). We thus employed Beck
and Katz’s (1995) panel-corrected standard errors (PCSEs) estimator. The PCSEs standard
error estimate is robust not only to heteroscedasticity, but is also robust against possible
cross-sectional dependence and serial correlation (Bailey and Katz 2011; Hoechle 2007;
Torres-Reyna 2007). Another reason for employing the PCSEs is that our sample of 518
companies over seven years is congruent with the description by Bailey and Katz (2011)
that the PCSEs is a proper estimator, and is suitable with balanced panel data where the
cross-sectional observation (N) is greater than the time period observation (T): N > T (Bailey
and Katz 2011; Jönsson 2005; Marques and Fuinhas 2012).

4.3. Findings

In Table 4, based on the regression results of the basic model, it can be seen that the
coefficient between the operating cash flow (CF) of SMEs and the change in cash and cash
equivalents of enterprises (∆CASH) is positive (0.197) in the robust FEs regression, which
is in line with our expectations, and statistically significant at the level of 1%. Likewise, the
finding is also significant in the PCSEs regression, albeit with the smaller coefficient value of
0.086. In general, we find that the standard error of all the variables in the PCSEs regression
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is much smaller compared to that in the robust FEs regression, and the smaller standard
error thus enhances the statistical significance level of the variables in the PCSEs regression.
The findings hence imply an improved inference of the PCSEs estimation (which is robust
against the cross-sectional dependence), over the robust FEs estimation.

Findings from both the robust FEs and PCSEs regressions imply that China’s SMEs
have significant cash-to-cash-flow sensitivity, and that there is a widespread phenomenon
of financing constraints; that is, our first hypothesis, H1, is supported. Specifically, taking
both the robust FEs and PCSEs estimations, the coefficient of the CF variable in the basic
model is between 0.086 (from PCSEs) and 0.197 (from robust FE), which means that every
unit increase in the operating cash flow indicates an average of a 0.086 to 0.197 unit increase
in the sensitivity of cash holdings among the SMEs in China.

In Table 5, according to the regression results of the extended model, the coefficients
of the CF variable in both the robust FEs and PCSEs regressions are significantly positive
(0.298 and 0.088, respectively) at the level of 1%, and are comparable with the results in the
basic model, further verifying H1. Meanwhile, the coefficients of the interaction term (CF
× SCF) are negative (−0.636 and −0.207 in robust FEs and PCSEs, respectively), are in line
with our expectations, and are significant at the 1% level. The findings imply that, with the
development degree of supply chain finance, the financing constraint dilemma of China’s
SMEs has been alleviated; that is, the development degree of supply chain finance is able
to ease the problem of financing constraints for SMEs in China. Thus, hypothesis H2 is
supported. Specifically, the coefficients of −0.207 (PCSEs) and −0.636 (robust FE) indicate
that every unit increase in the development degree of supply chain finance reduces the
financing constraints faced by SMEs in China by an average of a 0.207 to 0.636 unit.

In addition, the robust FEs and PCSEs regression results of several control variables
in both the basic and the extended model are comparable, and the coefficient signs are
consistent with expectations. For example, the growth rate of the corporate total assets
(TAGR) is significantly positively correlated at the level of 1%, indicating that, with the
increase of corporate assets, cash holdings and cash equivalents will also increase, as
we expected. The coefficients of the non-cash working capital (∆NWC) in the robust
FEs and PCSEs regressions are significantly negative at the 1% level, indicating that an
increase in daily operating expenses will reduce the amount of cash held by enterprises.
Similarly, the change rate of current liabilities (∆SD) is significantly negative at the 1% level.
Current liabilities, as a short-term financing method for enterprises, can be regarded as
an alternative to daily cash holding by enterprises. If enterprises acquire more current
liabilities, they will retain less cash and its equivalents.

4.4. Robustness Test

Outliers represent a persistent concern in empirical finance research, as their existence
may potentially lead to biased coefficient estimates in least-square regressions (Edgeworth
1887; Adams et al. 2019). Specifically, the financing constraints models of investment–cash-
flow sensitivity or cash–cash-flow sensitivity may be prone to outliers, and the estimation
results could be driven by a few influential observations in the sample (Allayannis and
Mozumdar 2004). In order to check if our findings are robust to potential outliers in our
sample, including both univariate and multivariate outliers, we adopt the MM-estimator,
as described in Yohai (1987), in our fixed effects regression. This outlier-robust estimator
can be particularly helpful in the fixed effects panel data, as suggested by Bramati and
Croux (2007). MM-estimators can provide coefficient estimates with less bias than OLS
when datasets contain outliers and coefficient estimates that are similar to those provided
by OLS in datasets without outliers (Adams et al. 2019). In recent years, it seems that a
consensus has emerged to recommend the MM-estimator as the best-suited estimation
method, with obvious advantages over the data winsorization and trimming methods
(Adams et al. 2019), as it combines a high resistance to outliers and a high efficiency in
regression models (Verardi and Croux 2009). The findings of our fixed effects with the
MM-estimator are presented in Table 6. The coefficients of the CF variable in the basic
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model, as well as the CF variable and the CF × SCF interaction term in the extended model,
remain statistically significant at the 1% level. Specifically, the coefficient signs of the three
variables of interest (CF, SCF, and CF × SCF) with the MM-estimator remain similar to
the ones reported in the robust FEs and PCSEs regressions, meaning that their statistical
significance levels also mostly remain the same. Overall, we conclude that the estimated
coefficients for our variables and covariates with the MM-estimator do not exhibit any
significant change, in terms of statistical significance and economic importance. There are
also no drastic changes in the magnitudes and signs of the coefficient estimates of interest.
In short, the robustness test implies that there is no serious outlier problem in our data and,
thus, supports the findings of our earlier robust FEs and PCSEs estimations.

Table 6. Robustness test regression results—FEs with MM-estimator.

Variable Basic Model Extended Model

CF 0.232 ***
(0.0251)

0.337 ***
(0.0355)

SCF 0.031 *
(0.0166)

CF × SCF −0.596 ***
(0.1275)

SIZE −0.002 *
(0.0011)

−0.002 *
(0.0011)

TAGR 0.328 ***
(0.0132)

0.332 ***
(0.0116)

∆NWC −0.083 ***
(0.0152)

−0.079 ***
(0.0144)

∆SD −0.172 ***
(0.0161)

−0.163 ***
(0.0169)

DEBT −0.011
(0.0135)

−0.010
(0.0125)

constant 0.072 **
(0.0348)

0.077 **
(0.0360)

R-squared 0.095 0.088
Observations (N × T) 3626 3626

Note: *, ** and *** in the table are significant at the level of 10%, 5%, and 1% respectively; values in parentheses
are standard errors.

5. Conclusions

With the large scale and rapid development of SMEs in China, the market demand for
financing is increasing, and the problem of financing constraints is becoming increasingly
prominent. In China, it is asserted that the emergence of supply chain finance provides the
necessary scheme for the financing of SMEs, which can meet the financing characteristics
of enterprises, and alleviate their financing constraints. With much of the previous research
focusing only on specific financing mechanisms, there is still much to be discovered about
the relationship between supply chain finance and the current financing issues of SMEs in
China. In this sense, our paper investigates the role of supply chain finance development
in alleviating the financing constraints of SMEs in a broader and more comprehensive
way. Specifically, we employ a panel dataset of 518 listed companies on the Shenzhen
Small and Medium-sized Board from 2014 to 2020 for this purpose. Using the cash–
cash-flow sensitivity model, our paper shows that financing constraints are found to be
significant in SMEs in China. With the sum of short-term borrowings and notes payable
of enterprises taken as a measure of the development degree of supply chain finance, and
an interaction term (CF × SCF) between the operating cash flow of enterprises and the
degree of supply chain finance as an indication of the alleviation effect of supply chain
finance on the financing constraints of enterprises, our analysis subsequently reveals that
the development of supply chain finance has a significant mitigating effect on the financing
constraints of enterprises.
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Our findings have important implications for the stakeholders involved in the emerg-
ing markets, and there are lessons to be learned from the Chinese experience. With the
positive role of supply chain finance in promoting the development of SMEs, our findings
imply that enterprises, financial institutions, and governments in emerging economies
should collaborate, and cooperatively promote the sustainable development and enhance-
ment of supply chain finance in SMEs. Specifically, with the still-immature development of
supply chain finance in China, as well as many other emerging economies, SMEs should en-
hance their cooperative reputation, establish mutual trust and close and stable relationships
with core enterprises, and send signals of sound operation to the outside world. Moreover,
financial institutions may increase their credit support by making full use of the credit
spillover generated by the supply chain as a whole, updating the credit assessment system,
and designing targeted financial products, so as to achieve the best allocation of credit
funds, and fill the funding gap in SMEs, under the premise of effective risk control.

Policy-makers in emerging economies should step up their efforts to monitor the
information disclosure of SMEs, with high standards and strict requirements, to promote the
improvement of information asymmetry in the market. They should also actively observe
market development trends, and introduce relevant support and preferential policies to
help supply chain finance to develop better and faster, encourage more market participants
to join the supply chain finance market, expand the scale of the supply chain finance
market, and accelerate innovation in supply chain finance products. Further, government
departments should pay greater attention, speed up construction, and actively guide and
write legislation in order to build a good ecology that supports supply chain finance
development. With the development of fintech, the authorities may play a leading role, and
join hands with financial technology enterprises and banks, and other financial institutions,
to establish a supply chain information platform infrastructure using blockchain technology
and other technological means, and commit to integrating resources and information to
help address information asymmetry and adverse selection risks and, thus, the financing
needs of SMEs.

Future studies may explore supply chain finance beyond its mitigating effect on the
financing constraints of SMEs; i.e., its roles and effects on the sustainable growth and
innovation of SMEs in China. For comparison purposes, similar studies may also be
extended to other emerging markets, and valuable lessons can be drawn from the findings.

Author Contributions: Conceptualization, S.-H.N. and Y.Y.; Methodology, S.-H.N.; Validation,
S.-H.N., Y.Y., C.-C.L. and C.-Z.O.; Formal Analysis, S.-H.N. and Y.Y.; Investigation, S.-H.N., Y.Y.,
C.-C.L. and C.-Z.O.; Data Curation, Y.Y.; Writing—Original Draft Preparation, S.-H.N. and Y.Y.;
Writing—Review and Editing, C.-C.L. and C.-Z.O.; Project Administration, S.-H.N. and Y.Y.; Funding
Acquisition, S.-H.N. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by Xiamen University Malaysia under Grant [XMUMRF/2018-
C2/ISEM/0008].

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
Abbasi, Waseem Ahmed, Zongrun Wang, and Asaad Alsakarneh. 2018. Overcoming SMEs financing and supply chain obstacles by

introducing supply chain finance. International Journal of Business and Management 13: 165–73. [CrossRef]
Acharya, Viral V., Heitor Almeida, and Murillo Campello. 2007. VIs Cash Negative Debt. A Hedging Perspective on Corporate Financial

Policies 16: 515–54.
Adams, John, Darren Hayunga, Sattar Mansi, David Reeb, and Vincenzo Verardi. 2019. Identifying and treating outliers in finance.

Financial Management 48: 345–84. [CrossRef]

https://doi.org/10.5539/ijbm.v13n6p165
https://doi.org/10.1111/fima.12269


Int. J. Financial Stud. 2023, 11, 102 15 of 16

Allayannis, George, and Abon Mozumdar. 2004. The impact of negative cash flow and influential observations on investment–cash
flow sensitivity estimates. Journal of Banking & Finance 28: 901–30.

Almeida, Heitor, Murillo Campello, and Michael S. Weisbach. 2004. The Cash Flow Sensitivity of Cash. The Journal of Finance 59:
1777–804. [CrossRef]

Asgary, Ali, Ali Ihsan Ozdemir, and Hale Özyürek. 2020. Small and medium enterprises and global risks: Evidence from manufacturing
SMEs in Turkey. International Journal of Disaster Risk Science 11: 59–73. [CrossRef]

Atkinson, William. 2008. Supply chain finance: The next big opportunity. Supply Chain Management Review 12: 57–60.
Bailey, Delia, and Jonathan N. Katz. 2011. Implementing Panel Corrected Standard Errors in R: The PCSE Package. Journal of Statistical

Software 42: 1–11. [CrossRef]
Baum, Christopher. F. 2013. Dynamic panel data estimators. In Applied Econometrics. Newton: Boston College, pp. 1–50.
Beck, Nathaniel, and Jonathan N. Katz. 1995. What to do (and not to do) with time-series cross-section data. American Political Science

Review 89: 634–47. [CrossRef]
Bramati, Maria Caterina, and Christophe Croux. 2007. Robust estimators for the fixed effects panel data model. The Econometrics Journal

10: 521–40. [CrossRef]
Cameron, Adrian Colin, and Pravin K. Trivedi. 2010. Microeconometrics Using Stata. College Station: Stata Press, vol. 2.
Campello, Murillo, John R. Graham, and Campbell R. Harvey. 2010. The real effects of financial constraints: Evidence from a financial

crisis. Journal of Financial Economics 97: 470–87. [CrossRef]
Chen, Lihong, and Fangchun Peng. 2011. Study on small and medium enterprises supply chain financing. Paper presented at the

International Conference on E-Business and E-Government, Shanghai, China, May 6–8; pp. 1–4.
Deng, Su. 2013. The causes of Financing difficulties of Chinese SMEs. Times Finance 1: 204–211.
Edgeworth, Francis Y. 1887. On observations relating to several quantities. Hermathena 6: 279–85.
Fazzari, Steven M., and Bruce C. Petersen. 1993. Working capital and fixed investment: New evidence on financing constraints. The

RAND Journal of Economics 24: 328–42. [CrossRef]
Ferreira, Miguel A., and Antonio S. Vilela. 2004. Why do firms hold cash? Evidence from EMU countries. European Financial Management

10: 295–319. [CrossRef]
Gu, Qing. 2016. The effect of supply chain finance on financing constraints: Empirical evidence from small and medium-sizedd

technology-based enterprises. Journal of Finance and Economics 4: 28–34.
Hadlock, Charles J., and Joshua R. Pierce. 2010. New evidence on measuring financial constraints: Moving beyond the KZ index. The

Review of Financial Studies 23: 1909–40. [CrossRef]
Hoechle, Daniel. 2007. Robust standard errors for panel regressions with cross-sectional dependence. The Stata Journal 7: 281–312.

[CrossRef]
Hu, Yuefei. 2014. Supply chain finance—A new field with great potential. China Finance 2: 48–52.
Jönsson, Kristian. 2005. Cross-sectional dependency and size distortion in a small-sample homogeneous panel data unit root test.

Oxford Bulletin of Economics and Statistics 67: 369–92. [CrossRef]
Kallapur, Sanjay, and Mark A. Trombley. 1999. The association between investment opportunity set proxies and realized growth.

Journal of Business Finance & Accounting 26: 505–19.
Kling, Gerhard, Salima Y. Paul, and Eleimon Gonis. 2014. Cash holding, trade credit and access to short-term bank finance. International

Review of Financial Analysis 32: 123–31. [CrossRef]
Lam, W. Raphael, and Yan Liu. 2020. Tackling Small and Medium-Sized Enterprises (SMEs) Financing in China. Annals of Economics &

Finance 21: 209–39.
Lamoureux, Michael. 2007. A Supply Chain Finance Prime. Supply Chain Finance 4: 34–38.
Li, Yongqiang. 2021. Research on Easing the Financing Constrants of SMEs in the Perspective of Supply Chain Finance. Master’s thesis,

Shandong University of Finance and Economics, Jinan, China.
Lin, Xipeng, Changqing Lin, and Xiwen Wang. 2015. Supply chain finance: Revitalizing inventory and promoting the integration of

industry and finance. Journal of Financial Research 1: 57–66.
Lin, Yifu, and Xifang Sun. 2005. Information, informal finance and sme financing. Economic Research Journal 1: 35–44. [CrossRef]
Lu, Dan, and Huarong Xiao. 2012. Competition structure of banking market, information production and SMEs financing. Financial

Research 10: 165–78.
Ma, Zhengwei, Yiran Liu, and Yida Gao. 2021. Research on the impact of COVID-19 on Chinese small and medium-sized enterprises:

Evidence from Beijing. PLoS ONE 16: e0257036. [CrossRef]
Marques, António Cardoso, and José Alberto Fuinhas. 2012. Is renewable energy effective in promoting growth? Energy Policy 46:

434–42. [CrossRef]
Michalski, Grzegorz, Małgorzata Rutkowska-Podołowska, and Adam Sulich. 2018. Remodeling of FLIEM: The cash management in

polish small and medium firms with full operating cycle in various business environments. In Efficiency in Business and Economics.
Cham: Springer, pp. 119–32.

Mu, Weiming. 2018. Credit Risk Evaluation of Supply Chain Finance. Accounting Monthly 5: 163–169.
Opler, Tim, Lee Pinkowitz, René Stulz, and Rohan Williamson. 1999. The determinants and implications of corporate cash holdings.

Journal of Financial Economics 52: 3–46. [CrossRef]

https://doi.org/10.1111/j.1540-6261.2004.00679.x
https://doi.org/10.1007/s13753-020-00247-0
https://doi.org/10.18637/jss.v042.c01
https://doi.org/10.2307/2082979
https://doi.org/10.1111/j.1368-423X.2007.00220.x
https://doi.org/10.1016/j.jfineco.2010.02.009
https://doi.org/10.2307/2555961
https://doi.org/10.1111/j.1354-7798.2004.00251.x
https://doi.org/10.1093/rfs/hhq009
https://doi.org/10.1177/1536867X0700700301
https://doi.org/10.1111/j.1468-0084.2005.00124.x
https://doi.org/10.1016/j.irfa.2014.01.013
https://doi.org/10.1007/s11459-005-0010-1
https://doi.org/10.1371/journal.pone.0257036
https://doi.org/10.1016/j.enpol.2012.04.006
https://doi.org/10.1016/S0304-405X(99)00003-3


Int. J. Financial Stud. 2023, 11, 102 16 of 16

Park, Hun Myoung. 2011. Practical guides to panel data modeling: A step-by-step analysis using stata. Public Management and Policy
Analysis Program, Graduate School of International Relations, International University of Japan, Niigata 12: 1–52.

Podestà, Federico. 2016. Do Big Governments Promote Trade Liberalization? A Long-Term Analysis of 18 OECD Countries, 1975–2000. No.
2016-02. Trento: Research Institute for the Evaluation of Public Policies (IRVAPP), Bruno Kessler Foundation.

Qu, Chen. 2019. Discussion on financing difficulties of small and medium-sized enterprises. Economic Research Guide 2: 23–30.
Reed, W. Robert, and Haichun Ye. 2011. Which panel data estimator should I use? Applied Economics 43: 985–1000. [CrossRef]
Shi, Tianwei, and Yaren An. 2016. Research on the information transmission mechanism of relationship financing of small and

medium-sizedd enterprises under information asymmetry. Information Science 34: 150–54.
Song, Yutong. 2021. Research on Supply Chain Finance to Ease the Financing Constraints of Small and Medium-Sizedd Enterprises.

Master’s thesis, Shandong University of Finance and Economics, Jinan, China.
Su, Yueliang, and Nan Lu. 2015. Simulation of game model for supply chain finance credit risk based on multi-agent. Open Journal of

Social Sciences 3: 31–36. [CrossRef]
Tang, Ying, and Andrea Moro. 2020. Trade credit in China: Exploring the link between short term debt and payables. Pacific-Basin

Finance Journal 59: 101240. [CrossRef]
Torres-Reyna, Oscar. 2007. Panel Data Analysis Fixed and Random Effects Using Stata (v. 4.2). Data & Statistical Services. Priceton: Priceton

University, vol. 112, p. 49.
Verardi, Vincenzo, and Christophe Croux. 2009. Robust regression in Stata. The Stata Journal 9: 439–53. [CrossRef]
Wang, Jingren. 2020. Analysis of the reasons for the financing difficulties of small and medium-sizedd enterprises. Business News 16:

89–90.
Wang, Lijun. 2019. Research on the causes and countermeasures of financing difficulties for small and medium-sizedd enterprises in

my country. Economic Research Guide 4: 78–79.
Wang, Yitong. 2018. Game Analysis of supply chain finance financing model. Operation and Management 2: 100–12.
Wang, Yu, Yang Gao, Jieling Zou, and Rihong Zang. 2016. Credit Risk Evaluation of Advance Payment Financing Model Based on

Supply Chain Finance. Journal of Northwestern Polytechnical University: Social Science Edition 36: 6.
Wuttke, David A., Constantin Blome, and Michael Henke. 2013. Focusing the financial flow of supply chains: An empirical investigation

of financial supply chain management. International Journal of Production Economics 145: 773–89. [CrossRef]
Wuttke, David A., Constantin Blome, H. Sebastian Heese, and Margarita Protopappa-Sieke. 2016. Supply chain finance: Optimal

introduction and adoption decisions. International Journal of Production Economics 178: 72–81. [CrossRef]
Xue, Xiaodan. 2021. Research on the Development of Supply Chain Finance to Solve the Financing Dilemma of Small and Medium

Sized Enterprises. Master’s thesis, Shanxi University of Finance and Economics, Taiyuan, China.
Yan, Bo, and Meng-Ru Liang. 2023. Alleviation effect of supply chain finance on financing constraints of high-tech small- and

medium-sized enterprises. Managerial and Decision Economics 44: 1634–41. [CrossRef]
Yan, Junhong, and Xiangqin Xu. 2007. Analysis of SMEs financing model based on supply chain finance. Shanghai Finance 2: 14–16.
Yang, Yi, Qiuhua Zhu, and Ting Yang. 2019. Internal Control, Supply Chain Finance and Financing Constraints of Small and Medium

Enterprises: Based on Empirical Evidence of GEM Listed Companies. Wuhan Finance, 66–73.
Yohai, Victor J. 1987. High breakdown-point and high efficiency robust estimates for regression. The Annals of Statistics 1: 642–56.

[CrossRef]
Zhang, Tiantian, Cherry Yi Zhang, and Qifan Pei. 2019. Misconception of providing supply chain finance: Its stabilising role.

International Journal of Production Economics 213: 175–84. [CrossRef]
Zhang, Weibin, and Ke Liu. 2012. Can supply chain financial development reduce the financing constraints of small and medium-sizedd

enterprises?—Based on the empirical analysis of small and medium-sizedd listed companies. Economic Science 3: 108–18.
Zhao, Yajuan, Xisun Yang, and Xinbao Liu. 2009. Supply Chain Finance and the Improvement of SMEs’ Credit Capability. Financial

Theory and Practice 6: 46–51.
Zhou, Hui, Yue Tan, and Bo Yan. 2017. Supply Chain Finance and Corporate Financing Constraints: Effects, Mechanisms and

Moderating Factors. Business Research 9: 163–169.
Zhou, Shihuai, Tianjiao Hu, Jun Chen, and Xi Zhou. 2020. Supply Chain Finance and Financing Constraints on SMEs—An Empirical

Analysis of Software Company. Journal of Economics and Public Finance 6: 1–19.
Zhu, Xiaoyi, Conghui Liu, Ruiqian Sun, and Qi Wei. 2020. Research on the Impact of Supply Chain Finance on Private Enterprises.

Accounting and Corporate Management 2: 71–80.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/00036840802600087
https://doi.org/10.4236/jss.2015.31004
https://doi.org/10.1016/j.pacfin.2019.101240
https://doi.org/10.1177/1536867X0900900306
https://doi.org/10.1016/j.ijpe.2013.05.031
https://doi.org/10.1016/j.ijpe.2016.05.003
https://doi.org/10.1002/mde.3771
https://doi.org/10.1214/aos/1176350366
https://doi.org/10.1016/j.ijpe.2019.03.008

	Introduction 
	Related Literature and Hypothesis Development 
	Financing Constraints on SMEs in China 
	Supply Chain Finance in China 

	Data and Method 
	Data Collection 
	Model Construction 
	Definition and Description of Variables 

	Analysis and Findings 
	Descriptive Statistics and Correlation Test 
	Estimation Process 
	Findings 
	Robustness Test 

	Conclusions 
	References

