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Abstract

Abstract ii

In this dissertation, we consider the flexibility perspective on supply chain finance. Specif-

ically, we look at the specific aspect of it–reverse factoring. We study the flexibility view

on supply chain finance during disruptive and non-disruptive times. We analyze how

supply chain finance helps small firms to operate better during disruptive times such

as COVID-19 and what other motives might drive them to use supply chain finance

during non-disruptive times. First, we study how supply chain finance and supply chain

resilience are interlinked through a literature review. We find that supply chain finance

and supply chain resilience together give more rigorous supply chain resilience practices.

Further, we study the impact of supply chain finance on supply chain resilience empirically.

We use firm-level data and analyze it with econometrics. We compare firms’ revenues

using supply chain finance with the same size firms with general revenues. We find

that firms using supply chain finance return to their normal operations faster than those

not under the supply chain finance program. We also find that extending payment

terms during disruptive times negatively affects firms that have not adopted supply

chain finance. Therefore, we conclude that firms using supply chain finance are more

resilient during disruptive times than firms with general revenues.

Lastly, we study the motives of the suppliers that use dynamic discounting through re-

verse factoring. We analyze data from one of the leading supply chain finance providers

with econometrics. Specifically, we study suppliers that discount their invoices not im-

mediately. We find that suppliers are more likely to discount their invoices close to the

reporting period–end of the quarter. We also find that larger suppliers are more likely to

discount their invoices close to the end of the quarter. As well as, larger-value invoices

are more likely to be discounted close to the end of the quarter.
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Disruptive events such as the 9/11 terror attack, the 2011 Japan earthquake, the

2007/2008 financial crisis, the COVID-19 pandemic, and the 2022 Russian invasion

of Ukraine increased the importance of supply chain resilience, which is the ability to

recover quickly from supply chain disruption (Chopra and Sodhi 2004, Sodhi et al. 2012,

Cohen and Kouvelis 2021, Choi et al. 2020). Sheffi and Rice (2005) state two ways to

achieve supply chain resilience: redundancy and flexibility. Authors define redundancy as

keeping extra resources in reserve in case of disruptive events, while flexibility is about

building capabilities to respond to disruptions quickly. However, even if firms invested

in redundancy and flexibility of supply chains, major crises still affect them (Cohen and

Kouvelis 2021). Specifically, the COVID-19 pandemic showed weaknesses in most global

supply chains—despite almost 20 years of research on supply chain resilience. These

weaknesses call for novel solutions to enhance supply chain resilience facing contempo-

rary dynamics and structures (Cohen and Kouvelis 2021, Cohen et al. 2022a).

The COVID-19 pandemic resulted in a shortage of essential life-saving products such

as face masks, face shields, and disinfectants (Müller et al. 2023). Many companies

responded to this by adopting ad hoc supply chains in a very short time. Müller et al.

(2023) find that these companies embraced agile methods when building ad hoc supply

chains and leveraged their dynamic capabilities quickly. Jiang et al. (2023), based on

the analysis of 23,440 Chinese listed firms and their performance during the COVID-19

pandemic, find that supplier concentration positively affects the firms’ resilience during

the disruptive event. In addition, Shen and Sun (2023) find while studying the firm

JD.com’s performance during the COVID-19 pandemic that the firm used operational

flexibility by modifying their delivery processes and intelligent platforms to deal with

such a substantial disruptive event as the COVID-19 pandemic. These findings show

that firms leveraged operational flexibility during the COVID-19 pandemic to ensure

supply chain resilience.

Supply chain resilience depends on both downstream and upstream firms in supply chains;

it is not enough for focal firms to independently engage in pro-active and reactive ac-
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tion. Without the commitment of supply chain partners, supply chain resilience remains

fairly limited. Not all firms in supply chains have good financial positions as many lack

access to appropriate financial markets due to small size and insufficient credit ratings

(Campello et al. 2010, Kouvelis and Zhao 2016). Upstream suppliers and downstream

customers might face bankruptcy risks (Yang et al. 2015, Gernert et al. 2023), and some

companies recently filed for bankruptcy after lacking liquidity following enormous supply

chain disruptions. Managing financial flows along supply chains then becomes crucial in

establishing resilience.

Badakhshan and Ball (2022) find that supply chain disruptions lead to issues with cash

management for small firms, which further result in payment delays. Payment delays

cause a ripple effect and affect the upstream suppliers. Such effects from the disruptive

events create fragile supply chains, meaning suppliers are more prone to suffer due to the

lack of financial resources to keep up with their everyday operations (Gernert et al. 2023,

Yang et al. 2015). This fragility requires more comprehensive financial supply chain

solutions to improve the resilience of supply chain participants (Cohen et al. 2022b,a).

The financial supply chain management research field considers the financial aspects

of supply chains. Financial supply chain management considers optimizing planning,

managing, and controlling supply chain cash flows to facilitate the efficient flow of

materials in supply chains (Wuttke, Blome and Henke 2013, Hofmann 2005). Efficient

cash flow optimization highly depends on the financing terms between the buyers and

suppliers. The financing terms usually are divided into pre-shipment and post-shipment

financing methods. Pre-shipment financing is when the payment for goods and services

is made before the goods are shipped (Wu 2021), while post-shipment financing is when

the payment for goods is made after the goods were shipped (Wuttke, Blome and Henke

2013).

However, global trade has not yet reached efficient financing between buyers and suppliers

as almost 80% of the world supply chain assets do not benefit from efficient financing
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of firms working capital (Botta et al. 2020). The significant value of assets in the global

financial supply chain is still underused, and to reach optimal financing terms, there is

a need for a higher degree of working capital optimization (Botta et al. 2020). Besides

reaching the optimal financing terms in supply chains, since the COVID-19 pandemic,

researchers started promoting financing mechanisms that tackle small suppliers’ financial

needs and the improvement of the overall supply chain resilience (Cohen et al. 2020).

One of the financial solutions that has been promoted recently is supply chain finance

(Cohen et al. 2022b). Supply chain finance is a platform a bank or supply chain finance

provider offers buyers and suppliers based on reverse factoring. In this thesis, we look

at the specificity of supply chain finance, such as reverse factoring, while we use supply

chain finance in cases where we define the broader term. Reverse factoring is one of

the financing methods in post-shipment financing. It is a buyer-led initiative, enabling

better financing terms for suppliers and buyers. Reverse factoring works like a credit

arbitrage that relies on the stronger credit rating of the buyers (Wuttke, Blome and

Henke 2013, Grüter and Wuttke 2017). Under reverse factoring, suppliers immediately

get their money with a discount from the reverse factoring provider, and a buyer pays

the money to the reverse factoring provider later, based on their contract terms. This

financing mechanism is a practical way to meet suppliers’ liquidity needs immediately

(Hurtrez and Salvadori 2010).

One of the industry examples that successfully implemented reverse factoring is Siemens,

which fully benefits from the triple win situation (Siemens n.d.). As Siemens acts as

a buyer here, it gets longer payment terms from the reverse factoring providers as the

provider first pays the invoice amount to Siemens’ suppliers. As a result, Siemens can re-

pay the reverse factoring provider based on the payment term agreements. Also, Siemens’

suppliers improve their liquidity by immediately receiving money with a discount from

the reverse factoring provider after delivering goods to buyers. The platform provider

gets an interest rate from the transaction as it acts as an intermediary between Siemens

and its suppliers (Lekkakos and Serrano 2016, Van der Vliet et al. 2015, Tanrisever et al.
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2015).

During the COVID-19 pandemic, companies started signing up their suppliers to the

reverse factoring programs. One of the examples is the food company Danone. Danone

started several reverse factoring programs facilitating liquidity to their suppliers in re-

sponse to the COVID-19 pandemic (Salecka 2021). The company aimed to ensure that

their suppliers worldwide have enough liquidity for their operations and would not go out

of business during the pandemic (Salecka 2021). This would have resulted in a huge

disruption of Danone’s supply chains if they did. Similarly to Danone, luxury fashion

company Gucci partnered with Intesa Snapaolo ISP bank, Italy’s biggest retail bank,

to ease financing for small suppliers. Intesa enabled Gucci’s suppliers to have better

financing conditions to access their cash faster. Even small suppliers in this program can

borrow on attractive terms, which banks used to provide to larger, better-rated firms

only (Friedman 2021). With reverse factoring, these companies ensured the resiliency of

their supply chains.

Reverse factoring has not been extensively researched as a facilitator of supply chain

resilience. Liebl et al. (2016) find that firms adopt reverse factoring to improve cash flows

and reduce risks. Interestingly, the risk aspects have not been central to other studies

since then. Most of the literature on reverse factoring considers inventory flexibility and

financial incentives of small suppliers (Kouvelis and Zhao 2016, Kouvelis and Xu 2021a,

Yang et al. 2019, Wuttke et al. 2019). These works emphasize the core driver of reverse

factoring: suppliers get their money more quickly at attractive financing rates, reducing

costs. Since the COVID-19 pandemic, Cohen et al. (2020) picked the risk aspects

mentioned by Liebl et al. (2016) of reverse factoring again, and they proposed an idea:

that reverse factoring can help increase supply chain resilience. They consider reverse

factoring as an operational flexibility enabler for resilience because it allows the suppliers

to get their money immediately and continue their operations even during disruptive

events. With reverse factoring, suppliers do not need to consider long payment terms,

which might not be the case for firms that do not use reverse factoring. However, it
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needs extensive exploration as it is challenging to examine the effect of reverse factoring

due to the little public knowledge of suppliers that use reverse factoring (Wuttke et al.

2019, Xu et al. 2018).

Besides promoting supply chain resiliency with reverse factoring and its working capital

optimization goal, the financial flexibility that reverse factoring brings during disruptive

times might also be applicable during non-disruptive times. Central to financial flexibility,

liquidity is indispensable for firms in the upstream supply chain to maintain optimal

inventory levels (Kouvelis and Xu 2021a) and invest in process improvements (Boyabatlı

et al. 2016). And still, most buyers pay their suppliers after long payment terms instead

of paying upon delivery. As of January 2023, for instance, Walmart paid its suppliers

after about 42 days.1 Paying late benefits buyers, as it corresponds to a free loan—in

the Walmart case this loan amounts to $ 53.7 bn. But receiving their revenue late,

suppliers suffer. Walmart noticed this problem and identified reverse factoring as a

supply chain solution, making every player better off (Walmart 2021). Upon delivery,

Walmart approves invoices so their reverse factoring provider can lend money to suppliers

based on Walmart’s interest rate. This way, Walmart still pays late (after 42 days),

whereas suppliers may collect their receivables immediately at often attractive interest

rates. Numerous other large firms have adopted reverse factoring, rendering this financial

arrangement a preeminent practice within supply chain finance (Wuttke et al. 2019,

Herath 2015).

In many reverse factoring programs, suppliers can decide whether to get paid immediately

after invoice approval and pay their buyer’s interest or wait to reduce the interest charge.

This charge—or invoice discount—decreases every day they wait, and so managers refer

to waiting as dynamic discounting in reverse factoring. Wuttke et al. (2019) report that

about one out of six firms uses dynamic discounting in their sample. Those firms tend

to have good credit ratings, good access to financing, and sophisticated liquidity man-
1days payables outstanding = accounts payable ($ 53,742 mn) / costs of sales ($ 463,721

mn) × 365 days, https://s201.q4cdn.com/262069030/files/doc_financials/2023/ar/
Walmart-10K-Reports-Optimized.pdf

https://s201.q4cdn.com/262069030/files/doc_financials/2023/ar/Walmart-10K-Reports-Optimized.pdf
https://s201.q4cdn.com/262069030/files/doc_financials/2023/ar/Walmart-10K-Reports-Optimized.pdf
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agement approaches. Those are exactly the features of healthy suppliers that strengthen

a buyer’s supply chain. Such suppliers are crucial. However, given their strong access

to financing, they do not strictly benefit from reduced financing costs—if they did, they

would also discount all their invoices immediately.

Extant literature mainly focuses on suppliers seeking immediate payment under reverse

factoring for cheaper access to financing (Wuttke, Blome and Henke 2013, Lekkakos

and Serrano 2016, Van der Vliet et al. 2015, Tanrisever et al. 2015, Kouvelis and Xu

2021a). These studies explicitly assume the supplier’s status quo interest rate exceeds the

reverse factoring interest rate, which explains immediate discounting but not dynamic

discounting in reverse factoring. We identified one analytical study that relaxes this

assumption and allows potentially higher reverse factoring interest rates. Grüter and

Wuttke (2017) derive a game-theoretic model and show that even for suppliers with

relatively low financing costs, RF can be attractive by providing flexibility: those suppliers

can use it when needed but do not have to. We complement former work with empirical

evidence to close the gap between analytical models and industry practice.

To close the gap in the idea that supply chain finance enhances the financial flexibility of

suppliers, we perform several studies demonstrating it with empirical evidence. We use

econometric analysis as the primary method. Chapter 3 empirically examines the impact

of reverse factoring on supply chain resilience and attempts to close a gap on how supply

chain finance can bring financial flexibility during disruptive times. In Chapter 4, we look

at the perspective of financial flexibility on supply chain finance during non-disruptive

times, thus enhancing suppliers’ financial performance.

1.1 Contribution and methodology

In research, reverse factoring has been primarily examined analytically. For example,

Wuttke et al. (2016), Kouvelis and Xu (2021a), Tanrisever et al. (2015) research reverse

factoring analytically, but there are many more studies. Besides analytical studies, there
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are some studies based on empirical research methods. For example, Wuttke, Blome

and Henke (2013) and Liebl et al. (2016), through case study research method, find

that post-shipment financing reduces the need for liquidity in the supply chain as well

as reduces the suppliers’ default risk. Wuttke, Blome, Foerstl and Henke (2013) explore

the adoption of reverse factoring by multiple case study method. Other studies explore

reverse factoring with rigorous econometric analysis. Other than in corporate finance,

reverse factoring data are not publicly disclosed, so there are no publicly available datasets

on reverse factoring. Researchers only report on secondary data on reverse factoring and

related practices in a few cases–for example, Wuttke et al. (2019) research supply chain

finance adoption with quantitative firm-level data. Similar to Wuttke et al. (2019), we

aim to study flexibility perspective on supply chain finance with an econometric analysis.

Even if authors such as Cohen et al. (2022b) promote the idea of flexibility that re-

verse factoring brings for supply chain resilience, and Grüter and Wuttke (2017) show

how reverse factoring can bring flexibility to suppliers, these authors do not provide em-

pirical evidence on their findings. This thesis aims to generate new insights into the

flexibility perspective on supply chain finance: how supply chain finance impacts supply

chain resilience and enhances firms’ cash flow flexibility with dynamic discounting. This

constitutes the overall research question:

How can supply chain finance enhance the flexibility of firms during disruptive and

non-disruptive times?

We aspire to tackle this problem by analyzing literature and secondary data on reverse

factoring with econometric analysis. First, we start with an extensive literature review on

supply chain finance and supply chain resilience in Chapter 2. This chapter is co-authored

with David Wuttke. There, we show the interconnection between two concepts and how

combining both leads to more rigorous supply chain resilience practices. In Chapter 3,

we assess the impact of supply chain finance on supply chain resilience with econometric

analysis. This chapter is co-authored with David Wuttke and Eve Rosenzweig from Emory
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University. We use data from one of the leading banks in Europe, with around 180 billion

in total assets, to assess the impact of supply chain finance on supply chain resilience.

We employ causal inference and duration models, such as difference-in-difference and

Cox proportional hazard rate, respectively.

Lastly, in Chapter 4, we used data from one of the leading supply chain finance providing

platforms to assess how dynamic discounting through reverse factoring enhances supply

chain flexibility. Chapter 4 is co-authored with David Wuttke and Hans S. Heese from

NC State University. Similarly to Chapter 3 methodology, we used the Cox proportional

hazard rate model to analyze our data. Due to the limited number of research on

supply chain finance with econometric analysis, our studies substantially contribute to

the literature on supply chain finance and show how supply chain finance can add value

to the supply chain flexibility, which we demonstrate with empirical evidence.

In addition, the only AI tool used to write this dissertation is Grammarly.

1.2 Research questions and outline

We assess the impact of supply chain finance on supply chain resilience in Chapter 3.

However, before that, we review relevant literature on supply chain finance and supply

chain resilience in Chapter 2. Our review shows that combining supply chain resilience

with supply chain finance leads to more rigorous supply chain resilience practices by op-

timizing small firms’ liquidity and helping them operate normally during disruptive times.

We define resilience as the process of returning to normal operations as before the dis-

ruptive event. Usually, operations are measured with the revenues, whether the revenue

decreased after the disruptive event and when they returned to operations as before the

disruptive event. To understand it, we compare reverse factoring firms’ revenues with

comparative size firms retrieved from Bloomberg and assess which revenues returned to

normal operations faster. Hence, our research questions for Chapter 3 arise:
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Research Questions for Chapter 3:

1. Do suppliers under the supply chain finance program suffer less in the first year

after a significant shock than the comparable suppliers?

2. Are they back to their operations faster than before the disruption?

3. Are firms that use reverse factoring more resilient than comparable firms?

In Chapter 3, we answer these questions and provide empirical evidence on the impact

of supply chain finance on supply chain resilience. We create a theoretical framework

for the supply chain resilience and supply chain finance and analyze how firms using

reverse factoring performed during the COVID-19 pandemic compared to the same-size

firms. We find that reverse factoring positively impacts supply chain resilience, and

firms that use reverse factoring return to their normal operations faster than firms in the

comparison group. This financial flexibility helps small firms to be more resilient during

disruptive times and continue their operations as before the disruption.

As discussed before, the financial flexibility that reverse factoring brings is also present

during non-disruptive times. Even if suppliers aim to get cheap financing, not all suppliers

discount their invoices immediately. For example, suppliers use dynamic discounting

through reverse factoring and discount their invoices when they want to. To find out

the reasons that drive suppliers not to discount their invoices immediately, we raise the

following research questions:

Research Questions for Chapter 4:

1. Why do firms using dynamic discounting adopt reverse factoring if it is not for

cheaper access to financing? What is driving them?
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We answer these questions in Chapter 4. We analyze the data on firms that use dynamic

discounting through reverse factoring. We find that suppliers are more likely to discount

their invoices close to the reporting period. In addition, suppliers, especially larger ones,

are more likely to discount their invoices close to the reporting period. Similarly, invoices

with larger values are more likely to be discounted close to the reporting period. We

assume that one of the primary reasons for suppliers to discount their invoices close to

the reporting period is to show better liquidity and balance sheet positions.

Lastly, Chapter 5 concludes the thesis with the main findings of our research. In addition,

we discuss general remarks and provide future research opportunities. The overview of

my dissertation can be seen in Figure 1.1.

Flexibility Perspective on
Supply Chain Finance

chapter #3

An Empirical Investigation of the
Supply Chain Finance Impact on

Resilience

chapter #4

Enhancing Supply Chain
Flexibility through Reverse

Factoring

chapter #2

Theoretical Foundation/ Literature Review:
So Close, so Far: Literature Review on Supply Chain Finance and

Supply Chain Resilience

Figure 1.1: Chapters





CHAPTER2
So Close, so Far: Literature Review on

Supply Chain Finance and Supply Chain

Resilience
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This chapter posits that supply chain resilience and supply chain finance are closely con-

nected. Supply chain resilience requires a solid understanding of financial flows as those

contribute substantially to the survival of other supply chain firms and their financial abil-

ity to invest in proactive resilience measures. Therefore, firms that seek to improve their

supply chain resilience should consider supply chain finance . At the same time, when

engaging in some supply chain finance arrangements, firms might expose themselves to

elevated risks, such as when they financially support distressed suppliers (Gernert et al.

2023), which in turn requires a solid understanding of supply chain resilience and whether

firms that focal firm finance will continue to exist in the future. Taken together, supply

chain resilience requires a solid understanding of supply chain finance, and supply chain

finance requires a solid understanding of supply chain resilience.

Whereas there is considerable literature covering supply chain resilience (e.g., Cohen and

Kouvelis 2021, Cohen et al. 2022a, Sheffi and Rice 2005, Sodhi et al. 2012) and signifi-

cant work the explores supply chain finance (e.g., Kouvelis and Zhao 2016, Kouvelis and

Xu 2021a, Yang et al. 2019, Wuttke et al. 2019), only a few papers cover the interface

between both areas. We note that some recent literature reviews epitomize this phe-

nomenon as they provide insight into research either on supply chain resilience or supply

chain finance, but not both. For example, Han et al. (2020) explore supply chain re-

silience performance metrics and their capabilities in their literature review paper. Those

authors develop resilience dimensions such as response, recovery, and readiness, which

help to assess supply chain resilience. That study also considers trade-offs between dif-

ferent capabilities and supply chain resilience performance metrics. Tukamuhabwa et al.

(2015) propose complex adaptive systems theory to study supply chain resilience. In their

attempt to classify former research, those authors observe that supply chain resilience

is similar to many characteristics of complex adaptive systems such as adaptation and

co-evolution (Tukamuhabwa et al. 2015). Kochan and Nowicki (2018) and Hohenstein

et al. (2015) define the phenomenon and compare definitions of supply chain resilience

based on former studies.
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There are also literature review papers on supply chain finance. For example, Gelsomino

et al. (2016) defines supply chain finance based on finance and supply chain perspectives.

Xu et al. (2018) provide a bibliometric analysis and identified four research clusters for

supply chain finance such as inventory decisions with trade credit policy, trade credit

policy, the interaction between replenishment decisions and delay payment strategies in

the supply chain, and roles of financing service in the supply chain. In addition, Chakuu

et al. (2019) explore mechanisms of supply chain finance and the relationship between

supply chain finance actors, instruments, and contextual factors, whereas Jia et al. (2020)

explore supply chain finance from an information processing perspective. However, there

is no literature review so far that examines the interface between supply chain finance

and supply chain resilience.

Through this chapter, we seek to provide a transparent overview of recent contribu-

tions combining aspects of supply chain resilience with supply chain finance; we identify

research opportunities arising from combining supply chain finance and supply chain re-

silience. We provide recommendations for researchers that predominantly focus on supply

chain resilience; for instance, they could strongly focus on subtle differences in financial

arrangements and emphasize the flow of liquidity and cash. We recommend researchers

on supply chain finance to also consider further vital supply chain resilience implications

of their work. The key to supply chain resilience is not to maximize profits (often seen

as the objective in supply chain finance-related studies) but to strengthen the ability to

resume normal operations quickly. Supply chain finance scholars could thus emphasize

this concept more to derive and analyze novel, timely, and relevant approaches. Overall,

we contribute ten ideas for future research building on our identified research gaps.

2.1 Method

This paper aims to analyze the connection between supply chain finance and supply chain

resilience in recent research studies. To contribute to the current research on supply chain

finance and supply chain resilience, we use the systematic literature review approach
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proposed by Tranfield et al. (2003) together with a principal component analysis-based

clustering where we leverage author-provided keywords.

2.1.1 Literature review

We leverage author-provided keywords in a search string to systematically identify all

relevant studies on supply chain finance and supply chain resilience. To build this search

string, we first require a connection to the operations and supply chain domain by

including terms such as “supply chain” or “value chain”. We then combined a list of

supply chain resilience and finance-related keywords. For supply chain resilience, we

used keywords mainly used in the resilience perspective on supply chains. For example,

Tukamuhabwa et al. (2015), in their literature review paper on supply chain resilience,

used word combinations such as “supply chain resilience”, “supply chain resiliency”, and

“supply resilience”. Besides these synonyms for the research areas, many studies on supply

chain resilience revolve around concepts such as “disruption”, “risk management”, and

“default risk”, which we also added. The keywords related to supply chain finance build

on former reviews like Xu et al. (2018) and include terms such as “supply chain finance”

and “trade credit”.

Not all authors that study supply chain resilience and elements of supply chain finance

also provide keywords on both domains and vice-versa; not all studies on supply chain

finance that relate to supply chain resilience feature author-provided keywords on sup-

ply chain resilience. Since our study is on the content of papers and not the use of

keywords, we decided to be more inclusive and concatenate the search results using

“OR”. To be included in our initial search, studies must include either a supply chain

resilience-related or a supply chain finance-related keyword (in subsequent steps, based

on reading the article, we eventually decided whether the article covers both areas). At

this stage, this resulted in our search string of “(((supply chain) OR (value chain) OR

(inventory) OR (purchasing) OR (operational) OR (Newsvendor)) AND ((resiliency) OR

(resilient) OR (resilience) OR (supplier default risk) OR (liquidity risk) OR (disruption))
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OR ((finance) OR (financing) OR (bank credit) OR (trade credit) OR (factoring) OR

(payment extension) OR (finance and operations interface))).”

We chose one of the most common databases in management and finance, Clarivate’s

Web of Science, as it features all relevant journals, and we used the advanced search func-

tion (Web of Science 2023). In addition, we used the Journal Citation Report database

from Clarivate (Journal Citation Report 2023) to select a list of journals where the papers

were published. We used only journals with the impact factor in quartile 1, which fall

into Management, Business, Business Finance, Economics, Social Sciences, Interdisci-

plinary, Operations Research, and Management Science. We chose only quartile 1 as we

believe that the journals with the highest qualities belong to this quartile, thus allowing

us to have more quality papers and avoid most predatory journals or non-peer-reviewed

outlets. We retrieved 225 journals that we also included in our search string in Web of

Science.

Our study features articles published in the last 16 years, between 2007 and March

2023, the end of our data collection. We filtered our search based on the Web of

Science Citation Topics ‘Meso’ with topics on economics, management, supply chain

and logistics, risk assessment, and operations research & management. This citation

method helps us focus only on relevant papers, omitting papers that are out of the

scope of our research, such as those focusing on healthcare, medicine, etc. In total,

we identified 5,969 papers. We followed the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) approach, a series of standard evaluation stages

to filter papers and identify the critical publications of relevance. Figure 2.1 depicts the

process stages and outcomes.

We read titles and abstracts in the first evaluation stage and identified 149 relevant

papers. We evaluated papers in the second evaluation stage by reading the full text.

When assessing whether the papers address supply chain resilience (disruption, risk man-

agement) or supply chain finance (trade credit, bank credit, factoring, payment terms
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Figure 2.1: Paper inclusion and exclusion process

extension), we found 98 papers. Next, we used stricter inclusion and exclusion criteria.

We only used papers that discuss supply chain finance in the resilience, disruption, and

risk management context. We also left papers that discuss the relationship between

financing mechanisms, supply chain resilience perspective, and supply chain resilience

and mitigation strategies. We excluded papers unrelated to the financing mechanisms

in supply chains, financial outcomes of supply chain finance, or not related to supply

chain resilience and mitigation strategies. As a result, we included 91 relevant papers in

our content analysis. This relatively large fraction (91 out of 98) reflects that we also

included papers covering both domains briefly. For instance, a supply chain resilience

paper mentions cash flows between supply chain parties, or a supply chain finance paper

talks about upstream supply chain risks. The extent of the overlap of both areas was
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more relevant in the next step of the analysis.

Turning to the analysis of the specific content of each paper and the relationships among

those papers, we again began our analysis by examining the author-provided keywords. As

there is no standard terminology, authors use various synonyms. For instance, “resilience”

and “resiliency”. As an aggregation step and to find patterns, we aggregated highly

related terms into keywords used in our analysis. Table 2.1 summarizes all synonyms

used by authors and our keywords. As a reading example, when we refer to the keyword

“supply chain capabilities,” this relates to studies where authors used keywords such as

“dynamic capabilities” or “production capabilities”. Whereas we do not contend that

those concepts overlap precisely and it is reasonable to use different keywords, in the

scope of our analysis, they are closely related enough to aggregate them. Since we focus

on supply chain resilience and finance and less on technology or methodology, we removed

sparse keywords such as those containing specific technology names like “digital twins”,

“analytics”, or “blockchain”, and keywords related to theory and methodology. Table 2.2

features an overview of all studies used in our analysis and their related keywords. The

first column assigns a number to each paper, which results from the Web of Science

search algorithm. We did not use this ranking for our analysis.

Finally, to identify commonalities across all 91 papers systematically, we leverage prin-

cipal component analysis, presented in Figure 2.4 based on the keywords of selected

papers. The principal component analysis is often used in exploratory data analyses as

it helps to reduce higher-dimensional data. In our context, each keyword is a dimension.

So, we used the principal component analysis to reduce 22 dimensions to two key dimen-

sions. Using this quantitative technique in combination with our qualitative approach

based on an in-depth understanding of the papers helps to derive paper clusters more

systematically and transparently. It further helps to replicate the study later since the

principal component analysis only requires a very limited degree of subjective judgment

(e.g., which keywords to aggregate) but does not leave further room for human judgment.

The benefits of principal component analysis notwithstanding, we also read each paper
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carefully and decided which cluster each paper belongs to based on the actual content,

consistent with the principal component analysis outcome.

Keywords in our analysis Synonyms in papers
Account receivables financing account receivables
Advance payment early payment
Bankruptcy risk buyers bankruptcy risk, bankruptcy
Cash management cash holding, cash-constrained supply chain
Contingency planning contingency theory
Covid-19 COVID-19 pandemic, pandemic, coronavirus,

COVID-19
Credit risk credit risk
Delayed payments delayed payments, deferred payments
OM-Finance interface operations-finance interface, operations management

and finance interface
Payment terms extension payment extension, payment terms
Purchase order finance purchase order finance
Reverse factoring reverse factoring, factoring
Supplier selection supplier selection
Supply chain capabilities dynamic capabilities, production capabilities, dy-

namic capability, analytics capabilities
Supply chain collaboration collaboration, collaborative factors
Supply chain coordination multi-product supply chain coordination
Supply chain disruption supply chain disruption orientation, disruption im-

pacts, disruption management, supply disruption, dis-
ruptions

Supply chain finance supply chain finance practices, supply chain financing
Supply chain integration supply-chain integration
Supply chain resilience supply chain resilience, resilience, resiliency
Supply chain risk manage-
ment

supply risk, supply chain risk, risk management

Trade credit trade credit, trade finance

Table 2.1: Keywords in our analysis mapped to synonyms of former research.

# Paper Relevant keywords
1 Qiao and Zhao (2023) Supply chain risk management; Supply chain

finance; Supply chain integration
2 Li et al. (2023) Supply chain finance; Supply chain collabora-

tion
(table continues)
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# Paper Relevant keywords
3 Juan and Li (2023) Supply chain resilience; Supply chain capabili-

ties; Supply chain disruption; Covid-19
4 Liu and Wei (2022) Supply chain disruption; Supply chain risk

management; Supply chain capabilities; Sup-
ply chain resilience

5 Vega et al. (2023) Supply chain resilience; Covid-19
6 Wissuwa et al. (2022) Supply chain disruption; Supply chain risk

management; Supplier selection
7 Alexander et al. (2022) Supply chain resilience
8 Phraknoi et al. (2022) Supply chain finance; Reverse factoring
9 Badakhshan and Ball (2022) Supply chain disruption; Cash management
10 Zhao et al. (2022) Supply chain finance; Supply chain disruption
11 Dong et al. (2022) Supply chain finance; Supply chain disruption;

Advance payment
12 Cohen et al. (2022b) Supply chain integration; Supply chain re-

silience
13 Piprani et al. (2022) Supply chain disruption; Supply chain re-

silience; Supply chain risk management
14 Huang et al. (2022) Payment terms extension; Supply chain fi-

nance; Reverse factoring; Supply chain risk
management

15 Lee et al. (2022) Trade credit; Supply chain finance
16 Wu et al. (2022) Supply chain finance; Advance Payment
17 Choi et al. (2020) Supply chain finance; Supply chain disruption
18 Chen et al. (2023) Supply chain coordination; Supply chain inte-

gration; Supply chain finance
19 Raj et al. (2022) Covid-19; Supply chain resilience; Supply

chain risk management
20 Münch and Hartmann (2023) Supply chain capabilities; Supply chain disrup-

tion; Supply chain resilience
21 Ozdemir et al. (2022) Supply chain resilience; Covid-19; Supply

chain disruption
22 Wu (2022) OM-Finance interface; Purchase order financ-

ing
23 Queiroz et al. (2022) Supply chain resilience; Supply chain disrup-

tion; Covid-19
24 Aral et al. (2022) Bankruptcy risk; Trade credit
25 Kähkönen et al. (2023) Supply chain resilience; Supply chain disrup-

tion; Supply chain capabilities
26 Shen and Sun (2021) Covid-19; Supply chain resilience
27 Liu and Wei (2022) Supply chain finance; Reverse factoring

(table continues)
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# Paper Relevant keywords
28 Kouvelis and Xu (2021a) Supply chain finance; Reverse factoring;

Credit risk; Payment terms extension
29 Moretto and Caniato (2021) Supply chain finance; Covid-19, Contingency

planning
30 Ronchini et al. (2021) Supply chain finance; Contingency planning
31 Yan et al. (2021) Supply chain finance; Account receivables fi-

nancing; Reverse factoring; Trade credit
32 Nigro et al. (2021) Supply chain finance; Trade credit; Covid-19
33 Salama and McGarvey (2023) Supply chain resilience; Covid-19
34 Banerjee et al. (2021a) Supply chain finance; Reverse factoring
35 Shou et al. (2021) Supply chain finance; Reverse factoring; Sup-

ply chain capabilities
36 El Baz and Ruel (2021) Supply chain disruption; Supply chain risk

management; Supply chain resilience; Covid-
19

37 Yang and Birge (2018) Supply chain risk management; Supply chain
resilience, Supply chain disruption

38 Ding and Wan (2020) OM-Finance interface; Advance payment;
Supply chain coordination

39 Ma et al. (2020) Supply chain finance; Supply chain collabora-
tion

40 Centobelli et al. (2020) Supply chain disruption; Supply chain re-
silience

41 Wu et al. (2019) Supply chain finance; Advance payment; De-
layed payment; Reverse factoring

42 Mackay et al. (2020) Supply chain resilience; Supply chain risk man-
agement; Supply chain disruption

43 Wetzel and Hofmann (2019) Supply chain finance
44 Yang et al. (2019) Supply chain finance
45 Chakraborty et al. (2020) Supply chain disruption
46 Hosseini et al. (2019) Supplier selection; Supply chain resilience;

Supply chain risk management
47 Wuttke et al. (2019) OM-Finance interface; supply chain finance
48 Gelsomino et al. (2019) Supply chain finance; Reverse factoring
49 Li et al. (2023) Supply chain finance; Credit risk;
50 Martin and Hofmann (2019) Supply chain finance; Reverse factoring; Ac-

count receivables financing
51 Moretto et al. (2019) Supply chain finance; Credit risk
52 Pellegrino et al. (2019) Supply chain finance; Supply chain risk man-

agement
(table continues)
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# Paper Relevant keywords
53 Pettit et al. (2019) Supply chain resilience; Supply chain risk man-

agement
54 Tang et al. (2018) OM-Finance interface; Supply chain risk man-

agement; Supply chain finance; Purchase or-
der finance

55 Yang and Birge (2018) Trade credit; OM-Finance interface
56 Sáenz et al. (2018) Supply chain risk management; Supply chain

disruption; Supply chain resilience
57 Macdonald et al. (2018) Supply chain risk management; Supply chain

disruption; Supply chain resilience
58 Namdar et al. (2018) Supply chain risk management; Supply chain

disruption; supply chain resilience, supply
chain collaboration

59 Scheibe and Blackhurst
(2018)

Supply chain risk management; Supply chain
disruption

60 Chowdhury and Quaddus
(2017)

Supply chain resilience; Supply chain capabili-
ties

61 Peura et al. (2017) Trade credit; OM-Finance interface
62 Brusset and Teller (2017) Supply chain resilience; Supply chain capabili-

ties
63 Birkie et al. (2017) Supply chain resilience; Supply chain capabili-

ties; Supply chain disruption
64 Grüter and Wuttke (2017) Supply chain finance; Reverse factoring
65 Jain et al. (2017) Supply chain resilience; Supply chain risk man-

agement
66 Revilla and Saenz (2017) Supply chain collaboration; Supply chain dis-

ruption
67 Hosseini and Barker (2016) Supply chain resilience; Supplier selection
68 Wuttke et al. (2016) Supply chain finance; Reverse factoring; OM-

Finance interface
69 Kamalahmadi and Mellat-

Parast (2016)
Supply chain disruption; Supply chain re-
silience; Supplier selection

70 Chowdhury and Quaddus
(2016)

Supply chain resilience; Supply chain disrup-
tion; Supply chain risk management

71 Lekkakos and Serrano (2016) Supply chain finance; Reverse factoring
72 Liebl et al. (2016) Supply chain finance; Reverse factoring
73 Yang et al. (2015) OM-Finance interface; Bankruptcy risk
74 Van der Vliet et al. (2015) Supply chain finance; Reverse factoring; De-

layed payments
75 Ambulkar et al. (2015) Supply chain resilience; Supply chain risk man-

agement
(table continues)
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# Paper Relevant keywords
76 Dello Iacono et al. (2015) Reverse factoring; Supply chain finance
77 Scholten and Schilder (2015) Supply chain disruption; Supply chain collab-

oration; Supply chain resilience
78 Brandon-Jones et al. (2014) Supply chain risk management; Supply chain

resilience
79 Bandaly et al. (2014) Supply chain risk management; Credit risk
80 Kling et al. (2014) Cash management; Trade credit
81 Scholten et al. (2014) Supply chain collaboration; Supply chain risk

management; Supply chain resilience
82 Macdonald and Corsi (2013) Supply chain disruption; Supply chain risk

management
83 Pettit et al. (2013) Supply chain resilience; Supply chain disrup-

tion; Supply chain risk management
84 Babich and Tang (2012) OM-Finance interface; Supply chain risk man-

agement; Trade credit
85 Blackhurst et al. (2011) Supply chain resilience; Supply chain risk man-

agement; Supply chain disruption
86 Raghavan and Mishra (2011) Supply chain finance; Supply chain risk man-

agement; Cash management
87 Jüttner and Maklan (2011) Supply chain resilience; Supply chain risk man-

agement; Supply chain disruptions
88 Babich (2010) Supply chain risk management; OM-Finance

interface; Bankruptcy risk
89 Pettit et al. (2010) Supply chain disruption; Supply chain re-

silience; Supply chain risk management
90 Knemeyer et al. (2009) Supply chain disruption; Supply chain risk

management
91 Babich et al. (2007) Supply chain resilience; Supply chain risk man-

agement; Supply chain disruption

Table 2.2: Included papers and keywords

2.2 Results

There are some noteworthy descriptive observations. Table 2.3 shows the most con-

tributing journals, displaying their number of contributions included in our analysis. The

International Journal of Production Economics is thus the journal with the largest num-
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ber of publications (17) included in this review; put differently, about 19% of the studies

on supply chain resilience and supply chain finance are published in that journal. Fig-

ure 2.2 shows the number of publications each year, emphasizing an apparent uptake

(in 2023, our sampling stopped in March; extrapolating the number of papers suggests

ongoing growth). Although our sampling period started in 1993, we did not identify

any papers before 2007 that met all inclusion criteria. This partially reflects that supply

chain finance became relevant about a decade later than supply chain resilience.

rank journal # stud-
ies
included

1 International Journal of Production Economics 17
2 International Journal of Production Research 16
3 Supply Chain Management - An International Journal 8
4 Manufacturing & Service Operations Management 7
5 Journal of Purchasing and Supply Management 7
6 International Journal of Operations and Production Management 7
7 Journal of Operations Management 5
8 Journal of Business Logistics 5
9 International Journal of Physical Distribution and Logistics Manage-

ment
4

10 Management Science 4

Table 2.3: Number of papers in the ten most frequent journals.

The dashed line indicates that sampling lasted until March 2023.
Hence, there will likely be more publications in 2023.

Figure 2.2: Publication trends on supply chain resilience and supply chain finance.
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2.2.1 Principal component analysis

Turning to the principal component analysis, examining the variance extracted by each

component is expected. In our case, the principal component analysis suggests that

the first two components explain a relatively large part of the variance, 14% and 8.9%,

respectively. To put these values into perspective, our coding of keywords led to 22

keywords, which means that under the assumption that all keywords contribute equally,

each would only explain about 4.5% of the variance. Hence, the 22.9% in our case is

substantial. Figure 2.3 displays the variance extracted by the top ten dimensions. This

plot illustrates that, indeed, it is the first two dimensions that explain substantially more

variance than the following ones. We further note that both key dimensions lead to

a clustering of concepts (see Figure 2.4). Concepts such as “reverse factoring” and

“supply chain finance” display high proximity but differ from “supply chain resilience”.

On a conceptual note, we observe that the outcome of the principal component analysis

is plausible; it provides confidence in the subsequent clustering.

Figure 2.3: Scree plot of the ten most relevant components identified in the principal
component analysis.
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Figure 2.4: Principal Component Analysis: Illustration of keywords and their similarity
based on principal component analysis displaying components 1 and 2.

Having demonstrated the plausibility of the principal component analysis, as a last step,

we applied the estimates to create coordinates for each paper and plot the papers ac-

cordingly. Figure 2.5 displays the 91 papers in our final sample. For brevity and clarity,

this figure abbreviates papers with numbers. Those numbers map to the first column

of Table 2.2. We further identify four clusters, which we highlight using ellipses. Those

clusters feature related papers. To identify the clusters, we used the graphical illustration

in Figure 2.5. In addition, we read each paper carefully before including it in a specific

cluster and drew the ellipses accordingly.

Cluster 1 groups papers on supply chain resilience, supply chain disruption, and supply

chain risk management and touches on supplier selection, capabilities, and supply chain
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collaboration. Cluster 2 groups papers on trade credit, payment terms extension, opera-

tions management, finance interface, and bankruptcy risks. Cluster 3 groups papers on

supply chain finance, reverse factoring, account receivables financing, and delayed pay-

ments and touches on the risk mitigation aspects. The last one, cluster 4, groups papers

on supply chain finance, supply chain disruption, and supply chain risk management and

touches on supply chain collaboration and contingency planning.

Cluster 1: Supply chain resilience and supply chain risk management practices,
Cluster 2: General financing solutions for supply chain risk management,
Cluster 3: Reverse factoring as risk mitigation strategy and liquidity buffer,
Cluster 4: Supply chain finance as an approach towards supply chain resilience.

Figure 2.5: Paper clustering based on principal component analysis, numbers refer to
identifiers in Table 2.2.
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2.3 Clusters

We next summarize the research in each cluster. To enrich the content summary, we

discuss, more conceptually, how papers within each cluster are related. We highlight

how papers primarily focused on resilience relate to supply chain finance and, vice-versa,

how papers primarily on supply chain finance relate to supply chain resilience.

2.3.1 Cluster 1: Supply chain resilience and supply chain risk

management practices

Supply chains constantly face risks, and traditionally, supply chain risk management

practices seek to mitigate those risks systematically (Alexander et al. 2022, Pettit et al.

2019, Centobelli et al. 2020). Against this background, supply chain resilience can

be seen as an enhancement to supply chain risk management, but not a replacement

for it (Pettit et al. 2019). Research in cluster 1 examines the literature on supply

chain resilience and supply chain risk management and their interplay. This cluster

differs from other clusters as it provides different practices for disruption management

in supply chains, including financial risk management practices. Whereas some studies

use the terms supply chain risk management and supply chain resilience interchangeably,

there seems to be a tendency among supply chain resilience scholars to emphasize the

quick recovery after a shock more substantially than typical studies on supply chain risk

management would. Those often care equally or even more about identifying, assessing,

and deflecting risks. These process steps, in turn, appear less applicable in the context

of many supply chain resilience studies, as those often address unforeseen events with

substantial ambiguity and uncertainty, like the Covid-19 pandemic.

According to studies in this cluster, supply chain resilience can be one of the main
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competitive advantages in supply chains (Blackhurst et al. 2011, Juan and Li 2023).

Some of the research papers on supply chain resilience tackle the aspects of dynamic

capabilities. For example, Kähkönen et al. (2023), Macdonald et al. (2018), and Birkie

et al. (2017) state that big firms should invest in risk management capabilities in supply

chains. However, the complexity of supply chains makes it also hard to manage due to

low collaboration and low flexibility (Pettit et al. 2010). Other authors also recommend

investing in proactive redundancies (Mackay et al. 2020, Sáenz et al. 2018, Chowdhury

and Quaddus 2017) such as investment in insurance towards the loss aversion during

disruptive events. Using backup suppliers and sourcing strategies can also be mitiga-

tion solutions during disruptive events (Namdar et al. 2018, Jüttner and Maklan 2011,

Ambulkar et al. 2015).

Besides building redundancies, buyers and suppliers should also collaborate (Scholten

et al. 2014, Münch and Hartmann 2023, Revilla and Saenz 2017, Brandon-Jones et al.

2014). According to studies in this cluster, one of the solutions can be information

sharing across the supply chain members to enhance their performance (Chowdhury and

Quaddus 2016, Scholten and Schilder 2015). This creates transparency (Münch and

Hartmann 2023) and better coordination of resources (Brusset and Teller 2017). By

coordinating with suppliers and sub-suppliers, supply chain participants can deal better

with large-scale disruptions (Shen and Sun 2021, Jain et al. 2017), as those disruptions

might create a loss for several supply chain members (Scheibe and Blackhurst 2018).

Supply chain members should also exchange knowledge to identify sources of threats

(El Baz and Ruel 2021).

Other studies in this cluster identify supplier selection as one of the risk management

strategies in supply chain management (Babich et al. 2007, Salama and McGarvey 2023).

Wissuwa et al. (2022) state that supplier selection long-term impacts the buying firm’s
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performance, especially during disruptive times such as the Covid-19 pandemic. The

internal complexity of suppliers and the complexity of collaboration with other tier-two

suppliers increases the likelihood of disruptions experienced by the buyer. Thus, buyers

should consider the supplier’s complexity as a criterion for supplier selection (Wissuwa

et al. 2022). Babich et al. (2007) state that buyers might consider diversification of sup-

pliers if there are suppliers who might declare bankruptcy. The benefit of diversification

will increase as the correlation between the different supplier defaults decreases (Babich

et al. 2007, Hosseini et al. 2019). Further studies in this cluster point out that it is vital

to choose resilient suppliers in key locations by computing the likelihood of disruptions

within specific locations and choosing the best suppliers that satisfy certain requirements

(Hosseini et al. 2019, Hosseini and Barker 2016, Kamalahmadi and Mellat-Parast 2016).

In addition, it is beneficial to have backup suppliers from multiple locations (Salama

and McGarvey 2023). Another risk management solution can be proactive planning for

disruptive events by identifying key locations of suppliers, estimating probabilities of the

disruption, and investing in redundancy in a key location to reduce its exposition to

catastrophic events (Knemeyer et al. 2009), both internationally and locally (Vega et al.

2023).

Whereas papers in this cluster primarily focus on supply chain resilience, briefly treating

aspects of supply chain finance, some researchers also focus on some core elements. For

instance, supply chain disruptions also lead to issues in the cash management of firms

and payment delays. Due to the payment delays in supply chains, a ripple effect occurs

(Badakhshan and Ball 2022) with less cash for upstream suppliers and longer payment

terms. Thus, there is a need for cash replenishment policies that can minimize the

impact of supply chain disruption. Notably, there is often a high need for cash for the

upstream suppliers. Some studies in this cluster point out that this can be managed by

ensuring financing programs, such as reverse factoring (Cohen et al. 2022b).
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Overall, in this cluster, we observe close proximity between supply chain risk management

and resilience. Many risk mitigation practices increase the resilience of supply chains,

such as creating redundancy and flexibility, having backup suppliers, and collaborating

and coordinating in supply chains. Notably, several studies within this cluster emphasize

getting back to normal quickly. However, studies in cluster 1 appear less articulated

regarding financial flows. Whereas the studies cover aspects of supply chain finance,

be it in the form of subsidies, default risks, or cash flows—otherwise, they would not

have been included in this review—supply chain finance plays a minor role, and those

authors stronger focus more on physical flows, information flows, and collaborative ap-

proaches. Thus, many studies in this cluster address supply chain finance rather briefly

than substantially. Of course, this is a descriptive and not normative statement; we do

not criticize those studies per se, as many reveal insights. However, we still contend that

complementing this predominant perspective opens up research opportunities.

2.3.2 Cluster 2: General financing solutions for supply chain risk

management

This cluster features studies on financing solutions facilitating financial and operations

activities between buyers and suppliers. Taking a strong finance-operations interface

perspective, it features a much more pronounced finance perspective than cluster 1 but

is less pronounced on the resilience perspective.

Broadly, studies in this cluster suggest that financial arrangements can act as risk mit-

igation solutions in supply chains (Peura et al. 2017). For example, trade credit has

been widely used in trade, and it is a deferred payment method (Babich and Tang 2012),

where the supplier gives a loan to the buyer. For example, Babich (2010) explores the

bankruptcy risks of suppliers using the trade credit solution. Peura et al. (2017) find
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that trade credit can benefit upstream suppliers. Also, trade credit can enhance supply

chain efficiency as the buyer can partially share the demand risk with the supplier, and

suppliers can offer larger early payment discounts to buyers (Yang and Birge 2018). Kling

et al. (2014) find that firms experiencing liquidity shocks better use trade credit instead

of bank finance. However, it has to be noted that sometimes suppliers provide trade

credit even for buyers with high cash holdings (Kling et al. 2014, Nigro et al. 2021).

Besides supply chain disruption, one of the main risks in supply chains is bankruptcy risk.

If there is a bankruptcy risk, it affects not only the small suppliers but all the parties

involved in the supply chain (Yang et al. 2015, Chen et al. 2023). For example, Tang

et al. (2018) explores purchase order financing when financial institutions lend to suppliers

and buyer direct financing when the manufacturer is both a buyer and a lender. Those

authors find that if suppliers are financially constrained, it is better to use buyer-direct

financing as they do not need to share their sensitive information with other financial

institutions (Tang et al. 2018). However, Wu (2022) finds that purchase order financing

can be a better solution for small and medium-sized enterprises as buyers should focus on

buying from smaller suppliers and supporting their working capital. Aral et al. (2022) find

that buyers under financial distress should increase suppliers’ size diversify the supplier

base, and make supplier-oriented decisions. With advance payments to suppliers, buyers

can support suppliers with yield uncertainty (Ding and Wan 2020, Wuttke et al. 2019).

Other authors recommend other solutions, such as dynamic trade finance, which provides

dynamic contract terms between buyers and suppliers via blockchain information sharing

(Lee et al. 2022).

Whereas studies in this cluster consider financial aspects in supply chains, they focus

on classical risk management (e.g., financial risks and operational risks), for instance,

to assess and avoid risks rather than resilience as the ability to recover from shocks.
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For instance, a typical study in this cluster would consider how likely a supplier was to

default under a specific financial arrangement but not how this arrangement would affect

the recovery time of the same supplier after a crisis. Yet, from a resilience perspective,

the time-to-normal is an important dimension and is likely affected by the choice of

financial arrangements. Akin studies in cluster 1 are very relevant and insightful, yet

complementing them towards resilience appears promising.

2.3.3 Cluster 3: Reverse factoring as risk mitigation strategy

and liquidity buffer

This cluster differs from cluster 2 as it focuses on one select supply chain finance arrange-

ment, often called reverse factoring. Because of its widespread use in industry and some

people consider reverse factoring the most important approach to supply chain finance,

some researchers use it interchangeably (Wuttke et al. 2019). Reverse factoring takes

place after the delivery and invoice approval; it accelerates the payment to the supplier

while maintaining long payment terms for the buyer. Therefore, it features relatively

small risk exposure, particularly opposed to arrangements in cluster 2. However, reverse

factoring relates to risks and resilience as it reduces risks and can increase resilience by

injecting more liquidity into supply chains, as discussed within this cluster.

Reverse factoring has been well-researched as a cash management mechanism between

buyers and their suppliers (Wu et al. 2019, Moretto et al. 2019). Kouvelis and Xu

(2021a) systematically compares reverse factoring with factoring and finds it often but

not always beneficial for supply chains. The performance of reverse factoring depends

on three crucial aspects: the supplier’s credit rating and liquidity risk, as well as the

buyer’s credit rating. In contrast, recourse factoring is adopted mainly by suppliers

with high credit ratings, while low-to-medium rated suppliers should adopt non-recourse
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factoring (Kouvelis and Xu 2021a, Moretto et al. 2019). Wu et al. (2019) researched early

payments, delayed payments, and reverse factoring. They find that delayed payments

are better for suppliers and buyers when the suppliers have a better financial position,

while early payments and reverse factoring are better for suppliers and buyers when the

buyers have the financial advantage (Wu et al. 2019).

However, with reverse factoring, when there is a bank’s intermediation, there is an

increase in profits for both suppliers and the buyers (Wu et al. 2019). In a nutshell,

reverse factoring can help suppliers collect their payments earlier, and the buyer can

delay their payments to the supply chain finance provider, whether it is a bank or a firm

that provides supply chain finance solution. With this mechanism, the supplier and the

buyer can enhance their cash flows and improve their working capital (Wu et al. 2019,

Martin and Hofmann 2019, Yan et al. 2021). Also, Wu et al. (2019) states that reverses

factoring is a valuable mechanism during high demand volatility and demand uncertainty.

With it, payment term decisions are made independently of inventory volatility (Van der

Vliet et al. 2015).

Supply chain finance is a strategic decision for buyers, improving the competitive advan-

tage and operating performance of firms (Shou et al. 2021, Ronchini et al. 2021) prone

to supply chain risks. Upstream suppliers are the key players in supply chains but also

the major risk source for buyers (Moretto et al. 2019), as small suppliers are more prone

to bankruptcy risk when lacking access to financial markets (Grüter and Wuttke 2017).

Due to the cash limitations of small suppliers, supply chain finance has been developed

as a risk mitigation mechanism for them and overall as a mitigation strategy for supply

chain risk (Moretto et al. 2019). In the supply chain context, one of the main risks for

small suppliers is payment delays. Payment delays can affect the whole supply chain’s

working capital efficiency and even lead to bankruptcy, especially during disruptive events
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(Huang et al. 2022). Small and medium enterprises are more prone to insolvency due

to payment delays. However, insolvency can be mitigated with adequate knowledge and

work on payment delays. Supply chain finance can be an effective solution for payment

delays by helping suppliers obtain finances more easily based on the credit level of their

buyer (Huang et al. 2022).

Besides efficiency gains in non-crises times, one of the main goals of supply chain finance

is to reduce the supplier default risk by providing them with financial stability and liquidity

(Liebl et al. 2016, Gelsomino et al. 2019). Supply chain finance can also be used as a

risk management solution, especially for small and medium-sized enterprises (Phraknoi

et al. 2022, Dello Iacono et al. 2015, Banerjee et al. 2021a). For example, Liu et al.

(2021) find that supply chain finance can mitigate supplier default risk and supply chain

disruption. At the same time, supply chain finance increases competitive advantage for

small and medium-sized enterprises as it can increase its robustness to cash fluctuations

during disruptive times (Lekkakos and Serrano 2016, Phraknoi et al. 2022).

Therefore, collectively, studies in this cluster relate supply chain finance in the form of

reverse factoring to supply chain disruption risks. Several studies argue that reverse

factoring facilitates suppliers with more liquidity, which mitigates cash flow risks, and so

they directly relate supply chain finance with supply chain risks. However, studies within

this cluster are less pronounced on the link between reverse factoring and resilience. Like

studies in cluster 2, these studies do not primarily focus on enabling a faster time to

normal through added liquidity.
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2.3.4 Cluster 4: Supply chain finance as approach towards SC

resilience

As per Figure 2.5, cluster 4 is located fairly central between all other clusters, which

implies that it features a bit of both research areas on supply chain resilience and supply

chain finance. Studies in this cluster typically depart from the observation that supply

chain finance was developed as a solution for the 2007/08 financial crisis that caused the

reduction of financing, particularly for small and medium-sized enterprises (Moretto and

Caniato 2021). Those studies further observe how firms can use supply chain finance to

accelerate the recovery.

Although supply chain finance was developed in response to the 2007/08 financial crisis,

the Covid-19 pandemic indicated the necessity for new paradigms for supply chain finance

to become an effective mitigation strategy. Moretto et al. (2019) find that supply chain

finance should not only be considered as a financial solution for direct suppliers but

should be a more substantial contributor to the whole supply chain. For example, in

the case of systematic payment term extensions for financially constrained suppliers, all

involved supply chain partners can be affected adversely (Wetzel and Hofmann 2019).

Thus, supply chain finance can be an effective solution for supply chain resilience with

a collaborative approach between all involved parties to mitigate the adverse effects of

the pandemic (Moretto and Caniato 2021, Bandaly et al. 2014). For example, Choi

and Shi (2022) finds that supply guarantee deposit payment, where the manufacturer

guarantees the buyer on-time delivery through a deposit, and the manufacturer requests

the minimum ordering quantity in return, is a better solution for supply chain coordination

in the presence of disruption such as Covid-19 pandemic.
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Disruptive events foster financial distress, especially for small suppliers. Suppliers with

sufficiently low cash should make joint decisions on their orders with the buyer and the

lender (Raghavan and Mishra 2011). For example, Ma et al. (2020) recommends a

collaborative approach for disruptive event management by quality information sharing,

decision synchronization, integrative supply chain processes, and management support.

Li et al. (2023) find that supply chain collaboration actually has a positive relationship

with supply chain finance adoption with quality information shared between the parties

and the higher dependence on the buyer. Also, Zhao et al. (2022) shows that pure

investment in supplier protection brings less bankruptcy risk to the buyer. In addition,

for the buyer to be less likely to be subject to bankruptcy risk, a bank-supplier financing

combination is a superior supplier financing method (Zhao et al. 2022).

Another way to use supply chain finance for supply chain resilience is by investing in the

flexibility of supply chains and reducing redundancy to prevent inefficiency (Qiao and

Zhao 2023). To that end, Qiao and Zhao (2023) propose that supply chain participants

should invest more in their capabilities by strengthening communication and cooperation

with suppliers and buyers and better risk management. Pellegrino et al. (2019) state

that one of the typical risk management practices in mitigating volatility is by being

able to switch to another supplier and by having substituting goods. Yang et al. (2019)

find that new entrant manufacturers should adopt reverse factoring if it is available,

especially if they are capital-constrained and might face financial risks. In addition, with

the new technological enhancements, blockchain was suggested as one of the solutions

for the improved financial visibility of the deep tier suppliers (Dong et al. 2022). For

unreliable small and medium-sized enterprises with fixed production capacity and financial

constraints, blockchain-enabled supply chain finance, with shared information visibility,

can be an excellent proactive risk mitigation strategy (Dong et al. 2022).
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Notably, this cluster is still in its infancy, with the preponderance in the past five years.

Several studies in this cluster are conceptual, pointing towards conceivable benefits, yet

lacking rigorous econometric or analytical proof. Still, this cluster demonstrates the

value of relating supply chain resilience to supply chain finance. Noting its recency, we

expect that expanding this work likely carries relevant and timely observations.

2.3.5 Other papers not included in any cluster

There are a few papers that do not entirely fit either cluster. Consider Figure 2.5.

Wuttke et al. (2016) (#68) and Chakraborty et al. (2020) (#45) are not included in

any clusters. Wuttke et al. (2016) examines optimal supply chain finance introduction

decisions and payment terms and how the buyer can influence the adoption decision by

suppliers. Chakraborty et al. (2020) talk about the pricing strategies of the suppliers

during disruptive times. Both papers mention financial risks, but more indirectly than

common in clusters 1 and 3; they assume that the riskiness of suppliers gives rise to

asymmetric financing costs. Therefore, risks are the antecedent rather than the outcome,

and neither study talks about mitigating risks or resilience explicitly.

2.3.6 Linkages between clusters

Although the clusters are distinct and differ in their focuses, they share some features.

One of the foremost common aspects between all clusters is the role of payment terms

during disruptive times (Badakhshan and Ball 2022, Wu et al. 2019). Payment terms

epitomize the cash flow; how long do suppliers wait to receive their money? How much

liquidity do they need? How long can buyers procrastinate the payment to avoid cash

outflows when cash inflows are lacking?

Cluster 1 provides different risk management practices for supply chain resilience overall,
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while clusters 2 and 3 describe financial solutions in supply chains that have been used

as risk management practices for supply chain disruptions. Only cluster 4 links supply

chain resilience and supply chain finance more explicitly; however, the use of supply chain

finance in supply chain resilience perspective is still in its infancy. From cluster 3, it can

be derived that buyers increase payment terms during crises, which then affect upstream

suppliers’ cash limitations. Systematic extension of payment terms can negatively af-

fect the resilience of the entire supply chain participants, not only the small suppliers

(Wetzel and Hofmann 2019). As supply chain finance aims to inject more liquidity into

supply chains, buyers’ extension of payment terms stays as the primary concern. This

concept can be related to clusters 1 and 4, where the Cohen et al. (2022b), Badakhshan

and Ball (2022), and Wetzel and Hofmann (2019) state the high need for cash from

upstream suppliers is a primary concern during disruptive times. Cash management and

payment delays remain one of the main issues that suppliers face during disruptive times

(Badakhshan and Ball 2022). However, the optimal payment term extension during

disruptive times so suppliers can stay financially stable is still unclear.

Financial stability, especially for financially constrained suppliers, is one of the main needs

during disruptive times and for enhancing supply chain resilience. Clusters 2 and 3 de-

scribe different financing solutions as a financial risk mitigation strategy during disruptive

events. For example, trade credit and reverse factoring are classical risk management

solutions for financial management in supply chains (Wu et al. 2019, Babich 2010, Yang

and Birge 2018). However, neither reverse factoring nor trade credit is stated as a solu-

tion for supply chain resilience explicitly and whether and how it can serve is yet to be

demonstrated extensively.

Clusters 1 and 4 can be connected in many aspects. For example, one way to improve

supply chain resilience is by investing in improving capabilities and flexibility in supply
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chains (Pettit et al. 2010, Jüttner and Maklan 2011) by having backup suppliers (Salama

and McGarvey 2023). In the same way, Qiao and Zhao (2023) state, in cluster 4, that

supply chain participants need to invest more in flexibility by being able to switch to

other suppliers and by having better communications between them. It can be created

by having more suppliers signed up for the supply chain finance program and for buyers

to be able to switch between them. This aspect is also well supported in cluster 2, which

states that buyers under financial distress should increase their supplier size and diversify

their supplier base (Aral et al. 2022).

In sum, the cluster analysis shows considerable overlap of the approaches within each

cluster and that the clusters are related. However, it also shows that approaches typical

for one cluster may be improved by considerations and premises typical of another cluster.

Building on this logic, we will next derive ten novel research ideas.

2.4 Discussion and research gaps

Our analysis in the previous section reveals some high-level recommendations. Re-

searchers in cluster 1 could strongly consider financial dimensions in achieving resilience.

Researchers in clusters 2 and 3 could examine further objectives besides profit maximiza-

tion and bankruptcy risk minimization, such as the recovery time. Researchers in cluster

4 could expand the scope of their work. We formulate ten research opportunities to

distill our detailed and specific observations based on the content analysis.

1. Optimal payment terms for fast recovery. Cluster 3 examines reverse factoring

and typically revolves around payment term extensions to maximize buyer profit

subject to participation constraints for suppliers (Kouvelis and Xu 2021a, Wu

et al. 2019, Moretto et al. 2019). However, when the objective is not only to
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maximize profit and free cash flow for focal firms but also to increase upstream

supply chain resilience, this trade-off shifts, raising the question of how the supply

chain resilience consideration affects the optimal payment terms extension decision.

Should buyers offer supply chain finance to their suppliers during crises to expand

payment terms, as they do during non-crises times (Kouvelis and Xu 2021a)?

Should they offer supply chain finance without extending payment terms, only as

a tool for injecting more liquidity into their upstream supply chain? Or should

they even consider crises as catalysts to increase the otherwise still slow adoption

of supply chain finance in their upstream supply chain, and even extend payment

terms more than usual (Wuttke et al. 2019)?

2. Supplier selection for resilience in the presence of market imperfections.

Supplier selection is a central theme in many cluster 1 studies (Babich et al. 2007,

Salama and McGarvey 2023, Wissuwa et al. 2022, Hosseini et al. 2019). However,

many researchers assume perfect markets, with full transparency and no further

transaction or bankruptcy costs. But those costs exist; markets are imperfect, and

particularly during crises, those imperfections become manifest. How would they

affect supplier selection? How does bankruptcy cost impact whether to use a single

or dual source? Do imperfections favor or prevent novel approaches to resilience?

Interesting studies could emerge by focusing on select approaches (e.g., using

multiple-sourcing or near-shoring) and introducing market imperfections (Babich

and Birge 2020).

3. Market imperfections and the flexibility versus redundancy balance. Re-

lated to the former recommendation, we note that literature in cluster 1 recom-

mends focusing on redundancy and flexibility and provides recommendations on

the relative importance of each (Mackay et al. 2020, Pettit et al. 2010, Piprani
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et al. 2022, Sáenz et al. 2018). But how do market imperfections, as typically

discussed in cluster 2 (Babich 2010, Peura et al. 2017, Tang et al. 2018), inform

this trade-off? Will imperfections render redundancies more relevant, or will they

favor flexible solutions? One might conjecture that inflexible markets characterized

by high setup and transaction costs will mitigate the power of flexibility, shifting

the trade-off towards redundancy. On the other hand, market imperfection causes

financing costs, which renders the financing of redundancies, often causing inef-

ficiencies, more expensive. Whether or not this is the case is an open research

question.

4. Challenges of financing more diversified, more resilient supply chains. It is

true that diversification can stabilize supply chains, as put forth by several cluster

1 studies; as one form of redundancy, it can thus enhance resilience (Knemeyer

et al. 2009, Vega et al. 2023, Chowdhury and Quaddus 2017, Mackay et al. 2020).

However, if firms seek to support suppliers financially, they might prefer lean and

straightforward settings. Analytical studies in cluster 2 thus often depart from

assuming one buyer and one supplier; this perspective is much more tractable

than assuming one buyer and n suppliers. Exposing themselves to a broader

range of suppliers will accentuate the difficulties in negotiating financing terms and

finding optimal, often individual, solutions. Therefore, when introducing market

imperfections and financing transaction costs into analytical models, the question

arises as to whether firms should focus on a few suppliers, analyze them better

offer financing support, or diversify their supplier base even when this implies fewer

opportunities to find individual financing arrangements. Related, this reinforces

the trade-off of gathering significant information on a few suppliers and managing

them better based on the improved set of information or exerting efforts instead

of diversifying the supplier base towards some portfolio approach.
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5. Flexibility aspects of supply chain finance for the enhancement of supply

chain resilience. Cluster 2 is concerned about financial flexibility (Babich 2010,

Kling et al. 2014, Tang et al. 2018, Nigro et al. 2021). In the case of supply chain

resilience, the question arises whether supply chain resilience and supply chain

finance can reinforce each other to increase flexibility. For instance, having more

cash available improves a firm’s ability to react to crises quickly. Is this the pure

provision of more liquidity to supply chain partners than sufficient for increasing

their effort towards resilience? Or must focal firms, to increase resilience, combine

supply chain finance offers with specific target expectations? For instance, should

a buyer only offer supply chain finance if the supplier commits to investing more

into resilience, or would this be in the supplier’s interest anyway? Put differently,

how could a coordinating contract to increase supply chain resilience based on

supply chain finance look like? Can a simple contract without specific targets be

optimal?

6. The impact of payment delay on supply chain resilience. It is common to

pay suppliers after payment terms, and many studies examine trade credit, which

features payment terms (Babich and Tang 2012, Peura et al. 2017). Whereas

some studies examine trade credit from a risk management strategy perspective

(Babich 2010, Yang and Birge 2018, Kling et al. 2014), we identify a gap between

trade credit and the ability to recover. Are trade credits good or bad for suppliers?

On the one hand, they are likely bad as they reduce the supplier’s liquidity; many

authors argue along these lines when motivating reverse factoring as mitigation

to risks. On the other hand, they cause a delay. For instance, suppliers that

get paid after 90 days still obtain substantial (i.e., pre-crisis) cash flows after the

outbreak of a crisis. They then have 90 days to react and readjust their cost

structure before witnessing the cash flow reduction following a disruptive event. It
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would be exciting to model this to understand whether and when payment terms

in the form of trade credit can strengthen a supplier’s ability to return to normal,

that is, its resilience, as they provide some buffer allowing the supplier to react.

This argument somewhat echoes the argument of redundancies. Lean scholars

would naturally oppose redundancies, which are virtually the opposite of leanness.

Likewise, one might intuitively object to the idea of payment terms positively

impacting resilience. After all, they often cause inefficiencies. And so examining

this apparent contradiction might lead to exciting results. If demonstrated, it

could indicate that payment terms create slack, which can become helpful in crisis

times.

7. The role of digital technology to enhance supply chain resilience and using

financial incentives such as accelerated cash flows to motivate suppliers.

Some studies, mainly in cluster 4, consider blockchain technology to enhance sup-

ply chain financing arrangements (Dong et al. 2022). The current focus is primarily

on increasing visibility and cash flows across multiple tiers. Dong et al. (2022), in

cluster 4, then emphasize that this can lead to risk mitigation. However, going a

step further, it would be exciting to see how blockchain technology might enable

both supply chain financing and resilience. In this context, supply chain financing

could even serve as an incentive. To see this, consider the following dilemma.

A focal firm might seek to introduce blockchain to create more transparency for

better resilience. However, sharing sensitive information might harm the supplier,

but without adoption by all players, blockchains will not unfold their full potential

(Babich and Hilary 2020). Focal firms can then offer to finance constrained parties

as an incentive for blockchain adoption.

8. Information sharing between all involved parties in supply chain finance as
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a collaborative approach for enhancement of supply chain resilience. The

role of information is vital in many studies on supply chain resilience and supply

chain finance (Ma et al. 2020, Li et al. 2023, Chowdhury and Quaddus 2016,

Münch and Hartmann 2023, Scholten et al. 2014). However, it is likely even more

exciting when combining both. Ultimately, the idea of supply chain management

is to manage the flows of goods, information, and finance (Mentzer et al. 2001).

Supply chain resilience adds the focus on recovery after crises, and supply chain

finance emphasizes the importance of the financial flow. Therefore, we expect the

study of technology that enhances the flow of information to become central to

finding novel solutions.

9. Potentially adverse impacts of supply chain finance on supply chain re-

silience. In cluster 4, supply chain finance sometimes appears to be a silver bullet

for increasing resilience (Moretto et al. 2019, Wetzel and Hofmann 2019, Qiao

and Zhao 2023). However, there are certain limits. For instance, particularly re-

verse factoring (cluster 3) (Liebl et al. 2016, Grüter and Wuttke 2017, Wuttke

et al. 2019) is known to shift dependencies such that (weak) suppliers could de-

pend even more on their focal customers. Such a dependency increase typically

indicates more vulnerability and, thus, less resilience. This raises the question of

the boundaries in which supply chain finance increases resilience. Put differently,

when does supply chain finance negatively affect resilience?

10. Overarching framework and theory. All clusters feature studies with unique

contributions. Those studies help understand important aspects of supply chain

resilience and supply chain finance . However, we did not identify papers seeking a

framework for combining and integrating prior work of both streams. Likewise, an

overarching theory is missing. If those gaps persist, they will become problematic.



Literature Review on Supply Chain Finance and Supply Chain Resilience 48

Supply chain resilience argues that firms should care about the time-to-normal

after impact about how quickly systems recover. This often conflicts with profit

maximization, mainly when firms use redundancies to cover shortfalls. Unless

shocks have a high likelihood (as perhaps just after the first Covid-19-related

lockdowns), firms will trade-off: do we want to invest in resilience, which we will

need only with probability p, or invest in innovation, which we will need regardless?

Unless p is sufficiently high and the investment in resilience sufficiently efficient,

this conflict does not favor supply chain resilience. We believe that a solid supply

chain finance perspective on supply chain resilience will provide the grounds for a

new theory. The studies in clusters 2 and 3, the main supply chain finance-related

work, emphasize the importance of cash flow uncertainty. Taking this lens can

help to reevaluate the investment in supply chain resilience. Building on market

imperfections could be an exciting approach to precisely conceptualizing underlying

market dynamics and limitations.

2.5 Summary

Supply chain resilience and supply chain finance both gain importance and relevance

quickly. Whereas those concepts used to be studied in separation, they increasingly

interact in industries such as Gucci’s approach to leverage supply chain finance during

the COVID-19 pandemic. Research started picking up recently on these interactions, as

demonstrated in a research cluster (cluster 4) we identified. However, the vast majority

of research either examines predominantly supply chain resilience or supply chain finance,

but not equally. We believe the more stringent combination of both streams will enhance

our understanding of supply chain resilience and ultimately lead to novel and more

rigorous resilience-enhancing practices. We hope that the ten research recommendations

that we ground in our analysis will inspire future research.





CHAPTER3
An Empirical Investigation of the Supply

Chain Finance Impact on Resilience
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The following chapter explores the impact of supply chain finance on supply chain re-

silience empirically. For that, we create a theoretical model based on the ideas of Sheffi

and Rice (2005) on supply chain resilience and further develop four hypotheses. We

employ data on 97 firms that use reverse factoring. Data is obtained from one of the

leading supply chain finance providers, a European bank. We compare the revenues of

reverse factoring firms to those with general revenues that we retrieved from Bloomberg.

We employ the difference-in-difference method and Cox proportional hazard rate model

to test our hypotheses. We find support for all our hypotheses. Reverse factoring firms

return to normal operations faster than suppliers with general revenues. At the same

time, extended payment terms negatively impact the time of returning to normal for

firms with general revenues.

3.1 Theory and hypotheses development

In this section, we develop a theory based on which we derive our hypotheses for testing.

For that, we review the literature on reverse factoring and supply chain resilience and

create a theoretical framework from which we derive our hypotheses.

3.1.1 Review of related literature

Supply chains constantly face different risks, and traditionally, supply chain risk manage-

ment practices seek to mitigate those risks (Alexander et al. 2022, Pettit et al. 2019,

Centobelli et al. 2020). Supply chain resilience can be seen as an enhancement to supply

chain risk management (Pettit et al. 2019), and can be a competitive advantage of supply

chains (Blackhurst et al. 2011, Juan and Li 2023). Research on supply chain resilience

has examined various drivers of it, with flexibility being perhaps the most important

one. The flexibility of supply chains can be enhanced through collaborative approaches
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between suppliers and buyers (Chowdhury and Quaddus 2016, Scholten and Schilder

2015), and by modifying their existing structure during the disruptive event (Sheffi and

Rice 2005).

Different strategies can help to mitigate the effect of supply chain disruptions. Recently,

Cohen et al. (2022b) brought the idea that one of the solutions for supply chain resilience

can be the use of reverse factoring as it can bring better liquidity position for small firms.

Reverse factoring is a financial solution that brings immediate supplier liquidity (Liebl

et al. 2016, Gelsomino et al. 2019) with a discount while the buyers can pay money

later to the reverse factoring provider (Kouvelis and Xu 2021a). Besides the efficiency

of supply chains, reverse factoring aims to reduce the suppliers’ risks by giving them

financial stability with immediate liquidity (Liebl et al. 2016, Gelsomino et al. 2019, Liu

et al. 2021). Other authors such as Lekkakos and Serrano (2016), Phraknoi et al. (2022)

find that it can also increase the supply chain’s robustness to cash fluctuations during

disruptive times.

During disruptive times, suppliers not using reverse factoring might face liquidity issues.

Buyers might face decreased sales, resulting in a liquidity shortage. Therefore, these

buyers might increase their payment terms to suppliers due to the cash constraints. This

might lead to the ripple effect with less cash to upstream suppliers and longer payment

terms (Badakhshan and Ball 2022). Cohen et al. (2022b) state that one of the ways

to resolve this issue might be by ensuring financing programs, such as reverse factoring.

Suppliers with reverse factoring do not experience long payment terms as they get their

money immediately from the reverse factoring provider. Similarly, Qiao and Zhao (2023)

state that reverse factoring can bring more flexibility to supply chains and enhance supply

chain resilience. Yang et al. (2019) find that new entrant manufacturers should adopt

reverse factoring, especially if they are capital-constrained and might potentially face
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financial risks. Suppliers do not need to be concerned with their payment terms with

reverse factoring as they get their money immediately from the supply chain finance

provider.

3.1.2 Theoretical framework

As the main idea of reverse factoring is to provide financial efficiency under normal

operations, with cash being the most liquid short-term asset, in this paper, we argue

that the added liquidity from reverse factoring helps suppliers react faster during crises

such as the COVID-19 pandemic and also prepare better for any disruptive events that

might occur. Thus, we expect reverse factoring to positively impact resilience, which

we define as the ability to resume normal operations quickly (Chopra and Sodhi 2004,

Sodhi et al. 2012, Cohen and Kouvelis 2021, Choi et al. 2020).

We build our theoretical framework based on Sheffi and Rice (2005) the disruption profile,

where the disruption effect has eight steps: preparation, disruptive event, first response,

initial impact, time of full impact, preparation for recovery, recovery, and long-term

impact. We use this framework for our study and explore the protection effect of reverse

factoring and the recovery phase from the disruption. We consider the preparation time

from quarter 2 2019 to quarter 2 2020 and the period from quarter 2 2020 to quarter 2

2022 as the recovery time. Sheffi and Rice (2005) state that disruptive events affect the

sales performance of firms; therefore, we assess the performance of revenues of reverse

factoring firms. To assess how these firms performed, we compare their revenues with

those of comparable size that we retrieved from Bloomberg. Figure 3.1 shows the effect

on some firms’ revenues, both reverse factoring firms and firms with general revenues.
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Firms 1367, 1375, and 1444 are in the reverse factoring group, hence anonymized. The
typical time to normal is 2.38 quarters in our sample. The firm Petro Welt Technologies
AG illustrates a case that did not return back-to-normal during the study period.

Figure 3.1: Illustration of revenue impact of COVID-19 outbreak



An Empirical Investigation of the Supply Chain Finance Impact on Resilience 55

Reverse factoring enables firms to react proactively. Having better access to finance,

they can and should be in a better position to cope with an immediate shock. So, we

expect that the adverse impact of a crisis like the COVID-19 pandemic has a more minor

impact on reverse factoring revenues than general revenues. We call this the protection

effect. In addition, there is a recovery effect. The underlying logic relates to the idea

that payment terms are one root cause for suppliers’ lack of resilience. Because they

must wait long to get paid, they lack financial resources and the ability to protect and

react quickly. Under reverse factoring, suppliers get paid immediately, regardless of the

formal payment terms. Whereas larger payment terms still imply larger costs, this effect

might be of secondary concern during a crisis.1 If this logic applies, we should expect a

different impact on payment terms for reverse factoring and general revenues. We create

a general framework presented in Figure 3.2. Here, we define how supply chain finance

impacts supply chain resilience in general. We define that reverse factoring impacts the

preparedness and recovery of firms, and payment terms play a moderating role for supply

chain resilience.

Supply chain finance

Reverse factoring

Payment terms

Supply chain resilience

Preparedness

Recovery

Figure 3.2: Theoretical framework.

1Consider a typical reverse factoring program with an annual interest rate of 2% in 2020. For
payment terms of 90 days, a supplier would incur a cost of 0.5%, which is negligible relative to the
impact of the COVID-19 pandemic.
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3.1.3 Hypotheses development

Sheffi and Rice (2005) consider the preparation as the period before the disruption

occurs. Small suppliers signed up for the reverse factoring program before the COVID-19

pandemic have an additional financial buffer. Suppliers under reverse factoring program

get liquidity immediately from the reverse factoring provider (Wuttke et al. 2019, Kouvelis

and Xu 2021b), while firms not under reverse factoring might have other terms with their

partners. Thus, reverse factoring firms are better prepared financially for the disruption

and might experience less financial impact. Sheffi and Rice (2005) state that their

performance drops significantly when firms experience full impact from the disruption.

We measure the full impact of the COVID-19 pandemic on firms based on their revenues.

The disruptive event immediately affects firms’ sales; thus, this is a full impact that firms

experience. Fast access to liquidity via reverse factoring gives small suppliers better

standing during disruptive times, as they can continue their operations with the same

conditions as they had before disruptive times. This also implies that suppliers’ revenue

under the reverse factoring program stays the same or is impacted less than the revenues

of comparable firms. With that, we propose the following hypothesis:

Hypothesis 1 Reverse factoring mitigates the immediate adverse impact of crises on

revenue.

Further, firms must recover from the impact and return to their regular operations

levels (Sheffi and Rice 2005). This can be done by producing more than they used

to cover up the lost sales at the beginning phase of the disruptive event. As reverse

factoring provides fast liquidity for small suppliers, these suppliers can use their liquidity

to improve their operations by producing additional stock or restoring operations by

research and development to replace missing product components. By having liquidity
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faster with reverse factoring, firms might not experience a significant impact on their

revenues. However, this additional liquidity might not be available for firms without

reverse factoring as they need to wait longer for money from their buyers, and they might

experience the impact of the disruption for a longer time. As a result, we hypothesize:

Hypothesis 2 Reverse factoring accelerates the recovery.

Further, we explore the mechanisms of reverse factoring and their performance during

the COVID-19 pandemic. Payment terms are the main component and mechanism of

reverse factoring. The length of the payment terms depends on the conditions between

a buyer and its suppliers. In such a case, these suppliers wait for their money from

the buyers, which might be 30, 60, or 90 days. However, payment terms might increase

during disruptive times due to the liquidity shortage of firms (Badakhshan and Ball 2022).

As a result, these longer payment terms also lead to a liquidity shortage for upstream

suppliers and thus negatively affect their revenues. With that, we propose the following

hypothesis:

Hypothesis 3 Payment terms decelerate the recovery.

The role of payment terms differs substantially between general revenues and reverse

factoring revenues. The former is heavily affected by payment terms; each additional

day implies necessary waiting time for suppliers. Getting paid just a week later can

make a significant difference during a crisis. And so, we expect that payment terms

are associated with a slower recovery. Conversely, suppliers do not consider payment

terms under reverse factoring as they receive their money immediately from the reverse

factoring provider (Wuttke et al. 2019, Kouvelis and Xu 2021a). By getting money im-

mediately, their revenue does not have a substantial negative long-term effect, and they
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can return to their normal business operations faster. Oppositely, suppliers without re-

verse factoring, due to the longer payment terms, might have a more significant effect on

their revenue, and having longer payment terms leads to a slower process of returning to

normal operations. Overall, in reverse factoring, payment terms have different meanings.

For suppliers, they reflect the financing costs. In a typical program in 2020, suppliers

would face annual financing costs of about 2%. That is, one week more payment terms

corresponds to about 2%×7
365

= 0.038%; considering a revenue of $ 1mn, this is $ 383.

We argue that such an amount will not impede the recovery process to the same extent,

leading to our moderation hypothesis.

Hypothesis 4 Reverse factoring attenuates the adverse impact of payment terms on

the recovery speed.

We provide how our framework describes our hypotheses in Figure 3.3. Based on the

hypotheses outlined above, we show that reverse factoring positively impacts the pre-

paredness and recovery of firms. While overall, extensive payment terms during disruptive

times negatively affect the supply chain resilience . However, payment terms moderate

the impact of reverse factoring on supply chain resilience and accentuate the recovery

speed.

Supply chain finance

Reverse factoring

Payment terms

Supply chain resilience

Preparedness

Recovery

H1 +

H
2 +

H3 −

H
4 −

Figure 3.3: Theoretical framework and hypotheses.
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3.2 Sample and method

3.2.1 Reseach sample and data

In our study, we leverage three essential datasets. The first dataset comprises data

on reverse factoring revenues of a European bank, recorded daily. The second dataset

contains data on general revenues serving as a baseline, recorded on a quarterly level. The

third dataset comprises data on the stringency of governmental responses to the COVID-

19 pandemic, recorded daily. Since governmental responses differed globally significantly

and the COVID-19 pandemic affected firms differently, we focus the regional scope on

the Eurozone, all countries whose official currency is the Euro. Explicitly, this focus

avoids heterogeneity and exchange rate fluctuations.

Consistent with the most recent data available in our dataset, the time frame of our

study is from quarter 1 2019 until quarter 2 2022. Section 2 describes the theoretical

framework presented in Figure 3.2. In addition, we present Figure 3.4, which depicts the

timeline details of our model. We consider the time before quarter 2 2020 as preparation

time and the time after quarter 2 2020 to quarter 2 2022 as a crisis time. The World

Health Organization declared COVID-19 a pandemic on March 11, almost coinciding

with the start of the quarter 2 of 2020. For example, Sim et al. (2022) assessed the

impact of the COVID-19 pandemic on music consumption by taking weeks from March

11, 2020, until May 29, 2020. They aggregated the data weekly, while we aggregated the

data quarterly. Consistent with our aggregation on the quarterly level, we thus consider

quarter 2 of 2020 as the outbreak of the COVID-19 pandemic. Whereas some countries

like China and the U.S. were affected in March 2020, the more severe governmental

responses started in quarter 2 of 2020 in the Eurozone. Further, we argue that the
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impact of the pandemic is slightly delayed: shipments on the route did not stop on the

sea or the train. We contend that quarter 2 of 2020 captures the start of the impact of

COVID-19 on the industry.

pre-study 2019 2020 2021
Q1

2022 post-study

Q1 2019

WHO declares
pandemic

Q2 2020

Q2 2022

preparation crisis

Figure 3.4: Timeline

We obtained the first dataset from a bank that offers reverse factoring. This dataset

comprises data on suppliers and buyers at the transaction level. Those transactions are

exactly the ones handled in the reverse factoring program, but they neither contain data

before a supplier joined the program nor about suppliers not in the reverse factoring

program. For the period between January 2019 and May 2022, it features a total of

52,372 transactions by 192 suppliers. However, as one might surmise, some of those

suppliers adopted reverse factoring after the outbreak of COVID-19 during the crisis

time. Since we lack a clear baseline, we decided to omit those suppliers. While this

leads to a drop in the number of suppliers remaining in the sample to 97, those suppliers

account for the vast majority of transactions, with a total of 44,659 or 85%. This

dataset features information about the transaction volume and payment terms of each

transaction. It further features the supplier’s country and the supplier’s industry. We

aggregated this dataset on the quarterly level by summing up the overall transaction

volume of all transactions and taking the average of payment terms. If there was no

transaction in a specific quarter for a particular supplier, we coded the revenue as 0 and
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linearly interpolated the payment terms using data from adjacent quarters. We consider

revenues in a reverse factoring program as the treatment group.

We complement this dataset with publicly available data collected through Bloomberg.

Our bank data set features revenues in the supply chain finance program but not general

revenues. Still, we learned from the bank that the suppliers’ revenues in their program

range between 5mn and 100bn. Therefore, to construct the control group, we sampled

all firms in the Eurozone with a revenue range between 5mn and 100bn. We collected

data on their quarterly revenues and accounts receivables, which allowed the calculation

of average payment terms. We only included firms that report their revenue on a quarterly

base. There were some cases where values were missing for accounts receivables or

revenues. Consistent with our approach to reverse factoring payment terms, we used

linear interpolation from the adjacent quarters. We consider the general revenues as the

control group comprising 412 firms.

Third, we collected data from the Oxford government response tracker2, which measures

the stringency of responses per country and time. Specifically, we were interested in the

variable stringency, a compound score for several measures such as mandatory work-

from-home policies or closure of certain businesses. We aggregated the severity measure

for each country every quarter by taking the average. Finally, we obtained further data

on macroeconomic control variables from the World Bank3 and on the Euribor from

the German Bundesbank4. For quarter 1 2022 we used the latest available data, which

is 2021 for the World Bank data. We present the summary statistics for continuous

variables in Table 3.1.

2https://www.bsg.ox.ac.uk/research/COVID-19-government-response-tracker
3https://databank.worldbank.org/source/world-development-indicators#
4we use three-month rates, as they have a similar time horizon as receivables, source:

https://www.bundesbank.de/de/statistiken/geld-und-kapitalmaerkte/zinssaetze-und-
renditen/geldmarktsaetze-650668
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Table 3.1: Summary statistics for continuous variables.

Panel A

Variable Name Min. Max. Mean Std. dev. Count

GDP Growth (GDPG, %) −11.325 2.849 0.471 2.174 1664

Stringency 0.000 83.206 34.336 33.925 1664

Adverse impact −5.395 1.000 0.097 0.655 1664

Log(revenue) 0.000 21.440 14.911 3.997 1664

Payment terms (days) 0.333 303.000 82.273 50.509 1664

Panel B

Time-to-normal (quarters) 1.000 8.000 2.837 2.392 208

GDP Growth (GDPG, %) −1.976 1.736 −0.008 0.985 590

Stringency 25.051 83.206 63.246 11.216 590

Adverse impact −0.953 0.821 0.294 0.352 590

Log(revenue) 0.000 19.983 15.113 3.632 590

Payment terms (days) 0.523 447.548 85.865 53.974 590

Summary statistics for continuous variables. Values reported in this table are not
transformed. Panel A reports data for the difference-in-difference models; N=1,664
corresponds to 8 quarters of 208 firms. Panel B provides data for the survival
regression. N=208 corresponds to 208 firms (each has one time-to-normal), N=590
corresponds to 208 firms and 2.837 quarters, the average time to recall.

3.2.2 Propensity score matching

To compare two types of firms and revenues we use propensity score matching. This

method is adequate to have a balanced sample for comparative methods (Cunningham

2021). For that, we define the treatment group, which is the reverse factoring group,

and the control group, which is a group with general revenues. The treatment group and

control group differ in stringency, where the treatment firms have faced more rigorous

restrictions (p < 0.001, t = −11.55), differ in GDP growth (p < 0.001, t = −11.55),

and differ in industry (p < 0.001,χ2 = 33.38). Particularly, the former may affect the
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impact of COVID-19 on revenues.

To reduce the heterogeneity for testing our Hypotheses 1 and 2, which relate to the

impact of COVID-19 on revenue, we use propensity score matching and match on strin-

gency, GDP growth, and industry. The matching is effective, as it renders differences

in stringency (p > 0.1, t = 0.13) and GDP growth (p > 0.1, t = 0.13) insignificant,

and industry differences become insignificant, too (p > 0.1,χ2 = 6.45). This leads to a

sample of 194 firms.

Recall that Hypotheses 3–4 relate to reverse factoring and payment terms to the time-

to-normal. If it is true that reverse factoring revenues are less affected than general

revenues (i.e., if Hypothesis 1 finds support), then we need to re-match the firms based

not only on stringency and industry but also on adverse impact. We conceptualize the

latter as the negative difference between the revenue in the second quarter of 2020 minus

the average revenues between the second quarter of 2019 and the first quarter of 2020

relative to the average revenues between the second quarter of 2019 and the first quarter

of 2020. The larger the variable adverse impact, the more a firm suffers.

Again, we find the matching procedure efficient as it leads to no differences regarding

stringency (p > 0.1, t = 1.59), adverse impact (p > 0.1, t = 1.61), GDP growth

(p > 0.1, t = 1.61), and industry (p > 0.1,χ2 = 5.85). Matching effectiveness is

presented in Table 3.2 and 3.4. We also present summary statistics for Industry after

matching in Table 3.3. Overall, we conclude that the matching procedure is effective for

both tests.
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Table 3.2: Matching effectiveness (continuous variables)

Panel A Condition (mean)

Variable Matched Treatment Control Differ-
ence

S.E. T-
statistic

Stringency Unmatched 59.925 54.893 5.032 0.482 −10.44 ***
Matched (1) 34.201 34.471 −0.27 0.201 1.34
Matched (2) 59.925 59.704 0.22 0.364 −0.61

GDPG Unmatched 0.304 1.608 −1.304 0.086 15.16 ***
Matched (1) 0.469 0.473 −0.004 0.033 0.11
Matched (2) 0.304 0.208 0.097 0.051 −1.91 +

Adverse
impact

Unmatched 0.096 0.111 −0.015 0.089 0.17
Matched (2) 0.184 0.104 0.08 0.062 −1.29

Unmatched captures the entire control group, matched (1) corresponds to the
difference-in-difference models, and matched (2) corresponds to survival regression
models. The unmatched sample comprises N=562 firms and matched (1) and matched
(2) comprise 208 firms, respectively.

Table 3.3: Summary statistics for industry (after matching)

Matched sample (1) Count Percentage Matched sample (2) Count Percentage

Automotive 7 3.37% Automotive 8 3.85%
Consumer goods 36 17.31% Consumer goods 31 14.90%
Industrial goods 63 30.29% Industrial goods 61 29.33%
Raw materials 46 22.12% Raw materials 48 23.08%
Services 56 26.92% Services 60 28.85%

Total 208 100% Total 208 100%

Summary statistics for the industry variable after matching. The first matching did not
account for adverse impact and serves for the difference-in-difference models on impact.
The second matching considers the adverse impact and supports the time-to-normal
analysis.



An Empirical Investigation of the Supply Chain Finance Impact on Resilience 65

Table 3.4: Matching effectiveness (industry)

Panel A

Control (pre-matching) Count Percentage Treatment (pre-matching) Count Percentage

Automotive 7 1.53% Automotive 4 3.85%
Consumer goods 133 29.04% Consumer goods 15 14.42%
Industrial goods 148 32.31% Industrial goods 29 27.88%
Raw materials 47 10.26% Raw materials 30 28.85%
Services 123 26.86% Services 26 25.00%

Total 458 100% Total 104 100%

Control (post-matching 1) Count Percentage Treatment (post-matching 1) Count Percentage

Automotive 3 2.88% Automotive 4 3.85%
Consumer goods 21 20.19% Consumer goods 15 14.42%
Industrial goods 34 32.69% Industrial goods 29 27.88%
Raw materials 16 15.38% Raw materials 30 28.85%
Services 30 28.85% Services 26 25.00%

Total 104 100% Total 104 100%

Control (post-matching 2) Count Percentage Treatment (post-matching 2) Count Percentage

Automotive 4 3.85% Automotive 4 3.85%
Consumer goods 16 15.38% Consumer goods 15 14.42%
Industrial goods 32 30.77% Industrial goods 29 27.88%
Raw materials 18 17.31% Raw materials 30 28.85%
Services 34 32.69% Services 26 25.00%

Total 104 100% Total 104 100%

The matching algorithm does not change the treatment group composition (right
column) but takes a subset of all control-group firms (pre-matching) for inclusion in
the matched sample (post-matching). The first matching did not account for adverse
impact and serves for the difference-in-difference models on impact. The second
matching considers the adverse impact and serves for the time-to-normal analysis.
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3.2.3 Econometric specifications

To test hypothesis 1, we implement the difference-in-difference method to assess whether

the reverse factoring revenues faced a less negative impact during the COVID-19 pan-

demic than general revenues. Difference-in-difference is a model under a quasi-experimental

design that helps identify the causality in the sample compared to a control group (Cun-

ningham 2021). Specifically, it helps to see the effect of certain interventions on the

treatment group, which is a COVID-19 pandemic. We define the treatment group, re-

verse factoring revenues, and control groups, general revenues. We define the treatment

group as one and the control group as zero. In addition, we created a “post” variable,

which is a period from quarter 2 2020 until quarter 2 2022, t, for supplier i. Our de-

pendent variable is revenue. We take a logarithm of revenue to avoid skewness of the

distribution. We define it as log(Revenue)it, revenue for a firm i, and a period t. We

define Treatmenti variable for a firm i, Postt variable for period t, σit is a firm-specific

fixed effect, and ϵit is an error term. We define the econometric model as follows:

log(Revenue)it = αi+β1∗Treatmenti+β2∗Postt+β3∗Postt∗Treatmenti+
∑

σit+ϵit.

As the data on time to normal is normally distributed and censored, we use a proportional

hazard rate model as our analytical framework (Melnyk et al. 1995). We do not measure

the time to normal directly, but we measure its effect on the hazard rate. Decreased

hazard rate means a longer time to return to normal. In addition, the Cox proportional

hazard rate model studies recurrent events. In our case, recurrent events are quarters

of the year. To answer our hypotheses 2, 3, and 4, we use the Cox proportional hazard

rate model with fixed effects to assess the time variable - time to normal. Instead of

directly estimating the effect on duration, we measure the hazard rate of the time to
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normal. We assume that suppliers’ revenue has a distribution of F (t) with density f(t),

where t is the time from quarter 2 2020 to quarter 2 2022. Specifically, we estimate

λij(t) = λ0(t) exp(αi + xitβ + zitγ),

where αi is the dummy variable that captures fixed effects.

The covariates are treatment (Treatmenti), and payment terms (PTit):

xitβ = β1 ∗ Treatmenti + β2 ∗ PTit.

The control variables are GDP growth (GDPGi), stringency (Stringencyit), adverse

impact (Impacti), and Industry (Indi):

zitγ = γ1 ∗GDPGi + γ2 ∗ Stingencyit + γ3 ∗ Impacti + γ4 ∗ Indi.

We also provide the correlation table for our difference-in-difference (Panel A) and Cox

proportional hazard rate (Panel B) models in Table 3.5. In Panel A, we see that the

stringency variable negatively correlates with GDP growth, as the higher the stringency,

the lower the GDP growth. In addition, we can observe that Revenue negatively corre-

lates to treatment, meaning that revenues are lower for the treatment group, while the

payment terms are positively correlated with the treatment group. In contrast, payment

terms negatively correlate to revenue, meaning that the lower the revenue, the higher

the payment terms.

In Panel B, we can observe that stringency negatively correlates to GDP growth. Similarly

to Panel A, treatment negatively correlates with Revenue but positively correlates to

adverse impact and payment terms. This means the treatment group has longer payment
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terms and a higher adverse impact on their revenue. Payment terms positively correlate

with stringency, meaning that the higher the stringency, the more prolonged the payment

terms. We also provide alternative specifications and conduct several robustness checks

in the robustness checks section.

Table 3.5: Correlation matrix

Panel A

1. 2. 3. 4. 5. 6.
1. Time 1

2. GDPG −0.53* 1

3. Stringency 0.90* −0.47* 1

4. Treatment 0.00 0.00 0.00 1

5. Log(revenue) 0.06* −0.01 0.04 −0.70* 1

6. Payment terms 0.01 −0.01 0.02 0.41* −0.35*

Panel B

1. 2. 3. 4. 5. 6. 7.
1. Time 1

2. GDPG 0.76* 1

3. Stringency −0.45* −0.20* 1

4. Treatment −0.08* 0.04 0.00 1

5. Log(revenue) 0.05 −0.05 0.03 −0.73* 1

6. Payment terms −0.07 −0.09* 0.14* 0.32* −0.31* 1

7. Adverse impact 0.21* 0.13* −0.16* 0.14* −0.13* 0.10*

Panel A presents the correlation matrix for the difference-in-difference model; time
includes the year before the outbreak and the year after, hence the positive correlation
between time and stringency; panel B shows the correlation matrix for survival
regression; period includes two years after the pandemic outbreak, hence the negative
correlation between time and stringency. ∗p < 0.05.

3.3 Results

Results for hypothesis 1 is presented in Tables 3.7, 3.6, and 3.8. Our results support the

hypothesis 1. Here, the coefficient of interest is the interaction of “post” and “treatment”

variables. We chose the model with the lowest Akaike Information Criterion value for

results interpretation. We need the lowest Akaike information criterion value because

it implies that the model requires less information to predict almost the same level of
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prediction for models (Cavanaugh and Neath 2019). From Table 3.7, Model 2, we find

that the reverse factoring firms are substantially less affected by the COVID-19 pandemic.

For a 1% increase in the interaction of “post” and “treatment” variables, the revenue

of reverse factoring firms increases by 0.535%. These results are also supported in the

model without control variables, presented in Table 3.6, Model 2. We observe that for

a 1% increase in the interaction of “post” and “treatment” variables, the revenue of

reverse factoring firms increases by 0.551%. Though we tested the “post” time from

quarter 2 2020 to quarter 2 2022, we also assessed the immediate effect of the COVID-19

pandemic. We define the “post” variable as quarter 2 2019 and quarter 2 2020. From

Table 3.8, Model 2, it is seen that for a 1% increase in the interaction of “post” and

“treatment” variables, the revenue of reverse factoring firms increases by 2.446%. These

results are aligned, meaning that reverse factoring firms experience less effect on their

revenue from the COVID-19 pandemic.

Table 3.6: Difference-in-difference model estimates omitting control variables

1 2

(Intercept) 18.467*** 18.607***
0.251 0.256

Time 0.480*** 0.480***
0.066 0.066

Post −0.897*** −1.172***
0.214 0.238

Payment terms −0.214 −0.208
0.164 0.164

Treatment −5.446*** −5.720***
0.291 0.309

Time × Post −0.390*** −0.390***
0.094 0.093

Payment terms × Treatment 0.032 0.017
0.223 0.223

Post × Treatment 0.551**
0.209

Number of Observations 1664 1664
AIC 7674.2 7670.5

Dependent variable = log(revenue). +p < 0.10,∗p < 0.05,∗∗p < 0.01,∗∗∗p < 0.001.
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Table 3.7: Difference-in-difference model estimates

1 2

(Intercept) 18.650*** 18.796***
0.330 0.335

Industry: Automotive −0.069 −0.067
0.788 0.788

Industry: Consumer goods −1.010* −1.010*
0.413 0.413

Industry: Raw materials −0.056 −0.052
0.393 0.393

Industry: Services −0.144 −0.145
0.363 0.363

Stringency 0.003 0.003
0.008 0.008

GDPG 0.046 0.039
0.039 0.039

Time 0.475*** 0.475***
0.068 0.067

Post −1.160* −1.392**
0.533 0.539

Payment terms −0.220 −0.215
0.164 0.164

Treatment −5.492*** −5.758***
0.291 0.309

Time × Post −0.318** −0.330**
0.113 0.113

Payment terms × Treatment 0.019 0.005
0.224 0.224

Post × Treatment 0.535*
0.210

Number of observations 1664 1664
AIC 7689.7 7686.5

Dependent variable = log(revenue). +p < 0.10,∗p < 0.05,∗∗p < 0.01,∗∗∗p < 0.001
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Table 3.8: Difference-in-difference model estimates (emphasis on immediate shock)

1 2 3

(Intercept) 18.796*** 17.544*** 18.827***
0.335 0.733 0.574

Industry: Automotive −0.067 −0.172 −0.212
0.788 1.116 0.901

Industry: Sonsumer goods −1.010* −1.356* −1.288**
0.413 0.585 0.472

Industry: Raw materials −0.052 0.251 −0.031
0.393 0.561 0.451

Industry: Services −0.145 −0.003 −0.064
0.363 0.516 0.415

Stringency 0.003 0.051 −0.046
0.008 0.084 0.041

GDPG 0.039 0.245 0.385
0.039 0.418 0.297

Time 0.475*** 0.592***
0.067 0.097

Post −1.392** −3.593 1.367
0.539 5.862 2.650

Payment terms −0.215 −0.173 −0.202
0.164 0.324 0.228

Treatment −5.758*** −7.430*** −5.978***
0.309 0.527 0.361

Time × Post −0.330**
0.113

Payment terms × Treatment 0.005 −0.561 −0.246
0.224 0.418 0.300

Post × Treatment 0.535* 2.446*** 0.890**
0.210 0.571 0.334

Number of Observations 1664 416 1040
AIC 7686.5 2212.1 5188.5

For comparison, (1) is the original model, featuring eight quarters from quarter 2, 2019,
to quarter 1, 2021. (2) only features quarter 1 2019 and quarter 2 2020; time is
colinear with post and omitted. (3) captures five quarters quarter 2 2019 to quarter 2
2020, and places double weights on quarter 2 2019 and quarter 2 2021; time times
post is omitted since there is only one-time observation for this period.
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The results for hypotheses 2, 3, and 4 are reported in Tables 3.10 and 3.9. Our Models

3 and 4 in Table 3.10 are the main outputs for the analysis. We chose them because

these models give the lowest Akaike information criterion value. We include industry

and payment terms as control variables. We find support for hypothesis 2 in Table 3.10,

Model 4. Reverse factoring firms return to normal faster than those with general revenues

by exp(-0.389)-1 ≈ 32%. This is also supported in Table 3.9, Model 3, where reverse

factoring revenues return to normal faster by exp(-0.296)-1 ≈ 26%.

In addition, we find support for our hypothesis 3 in Table 3.10, Model 3, where the

payment terms decelerate the process of returning to normal for firms with general

revenues by exp(0.099)-1 ≈ 10%. Regarding hypothesis 4, we find in Table 3.10 Model

4 that firms with general revenues are more impacted by the payment terms extension,

meaning that their extension slows down their recovery more than the reverse factoring

firms. Their recovery is slowed by exp(0.272)-1 ≈ 31%. This is also supported in

Table 3.9 Model 3, where payment terms of firms with general revenues slow down their

recovery by exp(0.252)-1 ≈ 29%.

Table 3.9: Survival regression models omitting controls

1 2 3

industry
(ind. goods=baseline)
Treatment=1 −0.195 −0.258* −0.296*

0.122 0.131 0.141
Payment terms 0.097

0.071
Treatment=0 × Payment terms 0.252*

0.123
Treatment=1 × Payment terms −0.012

0.094

Number of Observations 590 590 590
AIC 803.5 803.5 802.4

Smaller values (i.e., more negative values) imply a faster time to normal. Control
variables were excluded from the estimation.
+p < 0.10,∗p < 0.05,∗∗p < 0.01,∗∗∗p < 0.001.
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Table 3.10: Survival regression models

1 2 3 4

industry
(ind. goods=baseline)
Industry: Automotive 0.196 0.147 0.145 0.153

0.234 0.224 0.220 0.217
Industry: Consumer goods 0.028 −0.005 0.017 0.047

0.127 0.122 0.121 0.119
Industry: Raw materials 0.010 0.023 −0.015 −0.024

0.110 0.106 0.106 0.104
Industry: Services 0.040 0.018 0.018 −0.038

0.104 0.099 0.098 0.097
GDPG 0.328*** 0.370*** 0.381*** 0.388***

0.038 0.040 0.040 0.039
Stringency −0.052 −0.060 −0.071+ −0.074+

0.044 0.042 0.042 0.041
Adverse impact 0.933*** 0.884*** 0.867*** 0.899***

0.102 0.093 0.092 0.090
Treatment=1 −0.300*** −0.353*** −0.389***

0.081 0.083 0.090
Payment terms 0.099*

0.046
Treatment=0 × Payment terms 0.272***

0.078
Treatment=1 × Payment terms −0.039

0.063

Number of Observations 590 590 590 590
AIC 708.0 696.6 693.6 685.0

Smaller values (i.e., more negative values) imply a faster time to normal. Control
variables included, Weibull distribution is estimated.
+p < 0.10,∗p < 0.05,∗∗p < 0.01,∗∗∗p < 0.001.

3.4 Robustness checks

To assess the robustness of our models, we conduct several robustness checks such as

a placebo test for the difference-in-difference model and other robustness checks with

several interaction effects for the treatment variable, subset of the treatment group, and

with the addition of reverse factoring specific variables. We perform robustness tests

to support our main models further and indicate that external effects do not drive our

results.



An Empirical Investigation of the Supply Chain Finance Impact on Resilience 74

3.4.1 Placebo test for difference-in-difference model

Several tests validate the difference-in-difference strategy. One of them is the placebo

test (Cunningham 2021). A placebo test is performed using the fake outcome or the

time period not assessed in the model. This test reveals that the zero effect supports the

trend assumption of the initial model. The same difference-in-difference model has to

be performed using the different comparison group, in some cases, or time (Cunningham

2021). In our case, we take the time period and test whether the non-significant effect

supports the idea of the impact of the COVID-19 pandemic.

Here, we take the period from 2018 to 2019 as a comparison time and the period in

2019 as the post-period. In our initial difference-in-difference model, this post period is

from quarter 2 2020 to quarter 2 2022. We leave the same sample of firms from reverse

factoring firms and firms with general revenues. This way, we want to see how reverse

factoring firms performed before the COVID-19 shock.

From the analysis, we see, in Table 3.11, Model 2, that the interaction effect of

“Post=True” and “Treatment” variables does not have a significant effect, which sup-

ports our assumption of the effect of the COVID-19 pandemic on the firms that use

reverse factoring.
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Table 3.11: Placebo robustness-test: difference-in-difference model estimates

1 2

(Intercept) 16.942*** 16.918***
0.498 0.500

Industry: Automotive −0.129 −0.129
0.630 0.630

Industry: Consumer goods −0.316 −0.316
0.419 0.419

Industry: Raw materials −0.329 −0.329
0.348 0.348

Industry: Services −0.025 −0.025
0.330 0.330

GDPG 0.329+ 0.325+

0.182 0.182
Time 0.064 0.064

0.052 0.052
Post=True 0.512 0.567

0.438 0.448
Treatment −4.143*** −3.930***

0.260 0.448
Payment terms −0.158 −0.184

0.132 0.140
Time × Post=True −0.125+ −0.125+

0.074 0.074
Treatment × Payment terms 0.418*** 0.640

0.090 0.391
Post=True × Treatment −0.426

0.732

Number of Observations 1056 1056
AIC 3949.0 3949.5

Dependent variable = log(revenue). Period 2018-2019, placebo event takes place
01/01/2019; post = observations in 2019. Non-significance supports the idea that the
specification captures the COVID-19 impact. The sample size, N = 1056, corresponds
to 8 quarters of 132 firms since not all firms in the sample transacted already in 2018.
+p < 0.10,∗p < 0.05,∗∗p < 0.01,∗∗∗p < 0.001.
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3.4.2 Robustness tests for Cox proportional hazard rate model

In addition, we performed several other robustness tests to assess the reliability of esti-

mates for the Cox proportional hazard rate model. The results are presented in Table 3.12.

In Model 1, we interact the “treatment” variable with “adverse impact”. We observe that

this interaction has a positive coefficient. We also observed that the treatment group

returned to normal faster than the control group. We observe that reverse factoring

firms return to normal faster than suppliers with general revenues by exp(-0.483)-1 ≈

38%.

This is also aligned with Model 2, where we use the interaction effect of the “treatment”

variable with the “stringency” variable. We use this interaction effect to understand how

the stringency variable affects the treatment group. Here, reverse factoring firms return

to normal faster by exp(-0.388)-1 ≈ 32%. We also find that the payment terms for firms

with general revenues slow the process of returning to normal by exp(0.273)-1 ≈ 24% in

Model 1, for the control group, and based on Model 2, it slows by exp(0.270)-1 ≈ 24%.

We also present Figure 3.5, where we visually show how the treatment group returns to

normal faster than the control group.

In Models 4 and 5, we present only a subset of the treatment firms only. We observe

that adverse impact still holds a positive sign for the treatment group, which means that

the treatment group had less impact. In addition, we add supply chain finance firms

specific variables such as same country, same industry, and annual program size. We

still observe that the adverse impact holds the positive coefficient.
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Table 3.12: Robustness checks for survival regression

1 2 3 4 5

industry
(ind. goods=baseline)
Industry: Automotive 0.070 0.152 −0.370 −0.187 −0.196

0.215 0.216 0.431 0.238 0.226
Industry: Consumer goods 0.047 0.048 −0.010 −0.219 −0.330*

0.118 0.119 0.235 0.147 0.148
Industry: Raw materials 0.013 −0.026 0.042 −0.050 −0.129

0.103 0.104 0.208 0.123 0.120
Industry: Services −0.037 −0.038 0.073 0.052 0.047

0.096 0.097 0.194 0.128 0.137
GDPG 0.381*** 0.390*** −0.020 0.608*** 0.654***

0.039 0.040 0.181 0.068 0.074
Stringency −0.068+ 0.058 −0.086+ −0.099+

0.040 0.208 0.052 0.051
Treatment=1 −0.483*** −0.388*** 0.396*

0.096 0.090 0.185
Treatment=0 × Adverse impact 0.447***

0.053
Treatment=1 × Adverse impact 0.259***

0.039
Treatment=0 × Payment terms 0.273*** 0.270*** −0.398*

0.079 0.078 0.160
Treatment=1 × Payment terms −0.029 −0.037 0.108

0.061 0.063 0.122
Adverse impact 0.316*** −1.498*** 0.658*** 0.655***

0.032 0.196 0.100 0.098
Treatment=0 × Stringency −0.062

0.059
Treatment=1 × Stringency −0.084

0.054
Payment terms 0.029 −0.045

0.060 0.063
Same country −0.285+

0.165
Same industry −0.007

0.111
Annual program size −0.076*

0.036

Number of Observations 590 590 590 273 273
AIC 678.9 686.9 1686.4 333.2 330.6

(1): Treatment interaction with adverse impact
(2): Treatment interaction with stringency
(3): Cox proportional hazard rate model (larger values imply faster time-to-normal)
(4): Subset of treatment firms only
(5): SCF-program-specific variables added.
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Counter-factual analysis based on the main Weibull model. Solid lines are estimated
survival graphs and dashed lines capture estimated 95%-confidence intervals.

Figure 3.5: Estimations for the percentage of firms back-to-normal
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3.5 Discussion and summary

Supply chain resilience is one of the essential concepts in supply chain management as

it ensures a reliable working state for all supply chain participants. This paper explored

reverse factoring as a facilitator of supply chain resilience and its impact on it. We build

a theoretical framework based on Sheffi and Rice (2005) and employ data from one

of the leading banks that provide supply chain finance platforms for buyers and their

suppliers. As one of the most fragile participants in supply chains is small suppliers

that might suffer from a liquidity shortage during disruptive times (Kouvelis and Xu

2021a, Wuttke et al. 2016), we explore the effect of supply chain disruption from the

suppliers’ side. We use suppliers from the supply chain finance provider and compare

these suppliers with a comparable group of small firms that we retrieved from Bloomberg.

The former group we label as our treatment group as they are the ones who use the

reverse factoring program, and the latter group is the control group, which is not under

the reverse factoring program. Specifically, we compared the impact of the COVID-19

pandemic on the performance of firms’ revenue and tested whether firms that use reverse

factoring recover faster from the disruptive event.

We used a difference-in-difference model to test the impact of the COVID-19 pandemic

on firms that use reverse factoring. We find that firms that use reverse factoring are less

impacted by the disruption than comparable firms with general revenues. In addition, we

used the Cox proportional hazard rate model to assess whether suppliers using reverse

factoring return to normal operations faster than the comparable firms. Based on the

analysis, suppliers using the reverse factoring program return to their operations as before

the COVID-19 pandemic faster than firms that do not use reverse factoring. This finding

aligns with the propositions from Cohen et al. (2022b) stating that reverse factoring
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facilitates supply chain resilience by giving suppliers immediate liquidity to keep up with

their daily operations. In addition, we find that payment terms play an essential role

for supply chain resilience and decelerate the process of returning to normal overall.

Suppliers that do not use reverse factoring tend to have extended payment terms. In

essence, payment terms negatively affect the recovery of suppliers with general revenues,

and it takes them longer to get back to normal operations.

In summary, our study analyzes the impact of supply chain finance on supply chain

resilience . This study makes the following contributions. First, supply chain finance

promotes supply chain resilience as these suppliers’ revenues return to normal faster than

suppliers with general revenue. We also find that payment terms play a crucial role in

this setting as payment terms decelerate the process of returning to normal for suppliers

with general revenues. This makes reverse factoring an attractive solution to implement

by supply chain participants. The managers can also use this finding as they can see

that supply chain finance can help their suppliers to be stable during disruptive times

and they most likely will not go out of business. This means that buyers and suppliers

can fulfill their operations, thus also resulting in more stable supply chains.

Finally, we test our hypotheses using data from a leading bank’s reverse factoring plat-

forms containing sensitive information about small firms. It is fairly difficult to obtain

such data and to analyze the impact of the COVID-19 pandemic on small firms. This

study is one of the early empirical studies on the impact of reverse factoring on supply

chain resilience . At the same time, we would recommend to explore this topic with

analytical methods.





CHAPTER4
Enhancing Supply Chain Flexibility through

Reverse Factoring
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In an era characterized by pervasive uncertainty and rapidly evolving environmental

dynamics, supply chains require heightened flexibility to sustain their competitiveness.

Extant research has demonstrated that operational flexibility enhances supply chain re-

silience (Kim et al. 2015, Shen and Sun 2023), purchase volume flexibility improves

e-procurement performance (Nair et al. 2013), labor flexibility boosts plant performance

(Sawhney 2013), and manufacturing flexibility enhances firm performance, especially in

uncertain conditions (Patel et al. 2012). Additionally, strategic flexibility has been linked

to improvements in operational efficiency (Kortmann et al. 2014). From a finance-

operations interface perspective, a comprehensive examination of financial flexibility in

supply chains and other forms of flexibility is essential for understanding how organiza-

tions navigate and thrive in today’s volatile business landscape.

This chapter explores the enhancement of supply chain flexibility through reverse fac-

toring. This study draws from extant research on operational flexibility (Shen and Sun

2023, Patel et al. 2012, Kortmann et al. 2014). We argue that dynamic discounting in

reverse factoring enhances the suppliers’ flexibility as they can decide whether and when

to convert receivables into cash. This would explain why even firms with financing costs

below the reverse factoring interest rate adopt it if demonstrated. Testing this flexibility

idea empirically is borderline tautological when accounting for idiosyncratic cash needs.

One might be inclined to pre-suppose that whenever firms discounted an invoice, it was

because they needed the money. To find consistent patterns, we thus focus on regular,

exogenous cash shocks, times at which all firms need liquidity most and thus more likely

draw the option to convert receivables into cash. Several expenses, such as rent and other

regular installments, are due at quarter ends. Moreover, investors assess a firm’s finan-

cial health based on quarterly financial reports (Allen et al. 2011). Investors prefer cash

to accounts receivable because cash is more fungible. Therefore, our main conjecture is

that suppliers using dynamic discounting in reverse factoring adopt reverse factoring to
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increase their performance reflected in end-of-quarter effects (our independent variable).

We build on the research framework of Jack and Raturi (2002) to examine reverse factor-

ing flexibility in supply chains, expecting a positive impact of reverse factoring flexibility

on end-of-quarter effects. They propose two moderating effects: size and importance.

Accordingly, we expect that larger suppliers use more sophisticated cash management

approaches (Cooley and Pullen 1979, Soenen and Aggarwal 1989) and rely more on their

investors’ opinions (Melander et al. 2017). We thus hypothesize an accentuating impact

of supplier size on the effect of reverse factoring on end-of-quarter effects. We further

hypothesize that managers are more attentive to more important transactions, so we

hypothesize that transaction importance accentuates the effect of reverse factoring on

end-of-quarter effects, too.

To test this mechanism, we use a unique dataset with 64,434 transactions of 268 sup-

pliers from one of the leading reverse factoring providers with data on suppliers that use

dynamic discounting in reverse factoring . Our key predictions relate to the time from

invoice approval (the earliest possible time to discount an invoice) to the discounting de-

cisions (which can be as late as maturity); we refer to this duration as time-to-discount.

We test how factors, such as the remaining days until the end of the current quarter, sup-

plier size, importance, and interactions, affect the time to discount. To that end, we use

a semi-parametric Cox proportional hazard rate model (Cox 1972). Our analysis shows

suppliers are likelier to discount their invoices close to quarter ends. Consistent with

our interaction hypotheses, this effect is stronger for larger suppliers and more impor-

tant invoices. We also report several robustness tests and address potential collinearity

issues.

Our results inform operations managers. First, whereas former literature emphasizes

the importance of financial flows in supply chains to provide cheaper and better ac-
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cess to financially-constrained partners (Kouvelis and Zhao 2012, Tanrısever et al. 2012,

Lekkakos and Serrano 2016), we shift the focus towards financial flexibility for upstream

partners. Based on a counterfactual analysis, we argue that it is often not the financing

cost reduction that makes supply chain finance attractive but the liquidity increase. Sec-

ond, in contrast to the widespread belief that buyers with mediocre credit ratings should

refrain from reverse factoring because their suppliers will not benefit enough, our results

indicate that even those buyers can benefit by improving financial flows in their supply

chains using reverse factoring. They must, however, partner with an reverse factoring

provider that allows for dynamic discounting in reverse factoring. Third, we examine the

underlying mechanism empirically. We demonstrate that dynamic discounting in reverse

factoring is particularly relevant for large suppliers with important transactions. Exactly

those suppliers are relevant during crises like the recent pandemic. Against the back-

ground that many important, large firms recently faced severe production constraints

(e.g., the semiconductor industry) and had to ration their capacity, we expect buyers

offering reverse factoring programs to be prioritized in some allocation decisions. Finally,

we add more broadly to studies on operational flexibility by highlighting how operations

managers of downstream firms can use reverse factoring to increase their upstream supply

chain’s financial flexibility.

4.1 Theoretical background and hypotheses

We review reverse factoring literature before we discuss the theoretical background and

derive five hypotheses.
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4.1.1 Related research on reverse factoring

Analytical reverse factoring studies mainly revolve around lowering financing costs for

financially constrained suppliers and buyers wanting longer payment terms. Kouvelis and

Xu (2021a) compare reverse factoring to factoring and predict when reverse factoring

benefits all involved players. Modeling financial friction in the form of dead-weight

information loss, Tanrisever et al. (2015) explores the impact of reverse factoring on

operational and financial decisions. Both studies assume that suppliers that adopt reverse

factoring do so to lower their interest rates. This assumption is also a key premise of

Wuttke et al. (2016) and Van der Vliet et al. (2015). Van der Vliet et al. (2015) is very

explicit about the notion that suppliers do not adopt reverse factoring for free. Whereas

there is no formal fee, buyers only offer reverse factoring to suppliers if they are willing

to extend payment terms. Although suppliers can receive their revenue immediately

through reverse factoring, this extension still matters. The longer the payment terms,

the higher the discount charge. Consequently, Van der Vliet et al. (2015) considers

extended payment terms as the price for reverse factoring . Lekkakos and Serrano (2016)

provide a numerical study to demonstrate the often substantial value that suppliers can

generate by using reverse factoring. They emphasize the importance of supplier size and

posit that mainly smaller suppliers benefit from reverse factoring since they tend to have

higher financing costs, a prerequisite for reverse factoring adoption in their study. In

sum, these analytical studies consistently assume that suppliers adopt reverse factoring

to reduce financing costs. Therefore, suppliers always discount invoices immediately in

the corresponding equilibria.

There is one exception, which considers suppliers with potentially lower financing costs

without reverse factoring. Grüter and Wuttke (2017) study flexibility aspects of reverse
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factoring in the form of a real option. In their study, suppliers face randomly evolving

cash needs. Typically, they prefer other, cheaper sources of financing, such as their

corporate credit lines. However, when the liquidity needs are high enough, Grüter and

Wuttke (2017) find that these suppliers use reverse factoring to discount outstanding

invoices. We also assume suppliers may benefit from postponing the discounting decision

to reduce interest payments. However, we take an empirical approach to complement

their game-theoretic model. Further, we focus on end-of-quarter effects to make clear

predictions across firms.

Several studies examine reverse factoring empirically. Liebl et al. (2016) studies an-

tecedents of reverse factoring adoption and Wuttke, Blome, Foerstl and Henke (2013)

the reverse factoring adoption process by buyers. Whereas both papers use case stud-

ies, Banerjee et al. (2021b) uses conjoint-based experiments to study adoption decisions.

Those authors presented subjects with different offers, asking which they preferred. Wut-

tke et al. (2019) uses secondary data to test hypotheses on supplier reverse factoring

adoption. Those authors find that efficiency and legitimacy motive drivers explain how

quickly suppliers adopt reverse factoring. They report that 212 suppliers, about 15%

in their sample, use dynamic discounting in reverse factoring. This number is relatively

large, given that extant research mainly predicts immediate discounting. Studying ex-

actly those firms that use dynamic discounting, our study differs from Wuttke et al.

(2019). Whereas they consider adoption speed as the dependent variable, we consider

the time-to-discount for each invoice as the dependent variable. Further, their study is

on the dyad level with N = 1, 403 dyads, whereas we study the transaction level with

multiple observations per dyad, leading to N = 64, 521. They build on theory related

to technology adoption; we build on the idea of real options value and calendar effect.
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4.1.2 Theoretical background and hypotheses

We ground our theory development in the extensive research on flexibility in operations

management. Whereas there is no single definition of flexibility (see, Sawhney 2006, for

a good discussion), we contend that there is agreement that operations management

is inherently subject to uncertainty. For instance, even a single project faces multiple

forms of uncertainty related to project expectations (Balachandra and Friar 1997), user

needs (Brockhoff 1994), and the funding source (Pate-Cornell et al. 1990). Managers

identified several forms of flexibility to mitigate uncertainty, which differ by industry.

Nair et al. (2013), for instance, find that clinical flexibility enables hospitals to serve

patients better, reducing the average cardiology unit length of stay. Devaraj et al.

(2012) examine the effects of purchase volume flexibility and purchase mix flexibility in

e-procurement and find both to improve cost, quality, and delivery. Jack and Raturi

(2002) note a positive impact on short- and long-term volume flexibility sources on

performance. Broadly, those studies agree that operational flexibility provides managers

with real options; the underlying mechanism essentially features the ability to delay or

adjust important decisions when more information becomes available.

Turning to the theoretical underpinning, no single grand theory comprehensively explains

the impact of flexibility on performance. Instead, scholars build on different theories

depending on their specific views. For instance, Devaraj et al. (2012), in their study on

the effects of purchase volume flexibility and purchase mix flexibility in the e-procurement

context, leverage transaction costs economics and social exchange theory. Sandberg

(2021) link dynamic capabilities to creating logistics flexibility, whereas Jack and Raturi

(2002) argues based on the resource-based view.

Kim et al. (2020) take a resource dependence theory perspective on enhancing the logis-
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tics capabilities of firms. They find that firms improve their operational performance in

their supply chains by building flexibility in logistics and strategic relationships between

manufacturers. Resource dependence theory has been viewed as a value-creation mech-

anism for organizations as organizations are social entities that create values by bringing

together resources to achieve their goals (Daft 2015). According to resource depen-

dence theory, every firm depends on every other firm for their critical resources, and

this dependence is often reciprocal (Pfeffer and Salancik 2006). The critical resources

can be financial, information, or human resources (Tremblay et al. 2003). They are

usually scarce or made scarce, and the organizations that allocate and distribute critical

resources are usually influential in their environment (Salancik and Pfeffer 1977).

4.1.3 Research framework

Reverse factoring is a technological solution that optimizes working capital and liquidity

for small firms. One of the critical resources of small suppliers is their financial resources

(Tremblay et al. 2003), precisely their cash flow. The cash flow statement is the most

critical statement for firms as it shows the strength of the firm and its ability to manage

its operations healthily. It shows investors that firms can pay for their expenses and will

not go out of business. Firms that can allocate and distribute their cash resources are

one of the strong firms in business (Salancik and Pfeffer 1977).

The flexibility that reverse factoring provides through dynamic discounting can help

suppliers properly manage their cash flows. Suppliers can discount their invoices anytime

but before the maturity date. One of the periods to discount their invoices might be

close to the end of the quarter. For instance, many firms consider the end of the quarter

in their cash flow decisions to suggest more significant returns by displaying more cash

values (Jacobs and Levy 1988). Higher cash values in firms’ financial statements are
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crucial as they signal investors of a healthy financial situation of firms (Melander et al.

2017). It also indicates lower financial risks and a firm’s growth potential (Chen and

Shane 2014, Harford et al. 2014, Opler et al. 1999). We build on these studies and argue

that reverse factoring provides a formidable opportunity to convert receivables into cash

at quarter ends.

However, most of the time, small supplier discount their invoices quickly due to the

high need for liquidity to run their operations (Grüter and Wuttke 2017, Lekkakos and

Serrano 2016, Tanrısever et al. 2012) as they are the ones that have difficulties in

accessing the financing. This might not be the case for bigger suppliers. Larger firms

can be more flexible with their finances, especially with their cash management practices

(Denis 2011). Those firms can choose how to navigate their cash balance and when to

show specific amounts. Moreover, larger firms tend to have better access to financing

through banks as they publish their statements publicly, which allows those banks to

have a clear picture of the financial situation of firms. Thus, large firms might prefer

to discount their invoices close to the reporting period, showing a better balance sheet

position in their financial statements. This idea is aligned with Jack and Raturi (2002),

emphasizing the moderating effect of size on the operational flexibility of firms.

The importance of transactions plays another important role in cash flow flexibility. We

hypothesize that the larger invoice values are more likely to be discounted close to

the reporting period, accentuating the effect of reverse factoring on the end-of-quarter

effects. As the larger values bring substantial liquidity to firms, firms are more prone to

discount these invoices to show a better liquidity position on their balance sheets. The

research framework we develop in Figure 4.1 builds on this logic.
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Figure 4.1: Research framework

4.1.4 Hypotheses

Liquidity management is among the most important financing decisions (Orgler 1969).

Precisely, firms face a newsvendor-like problem (Gitman et al. 1979, Allen et al. 2011).

Most cash flows are random (e.g., when customers pay), and there are costs associated

with too much cash (opportunity costs and financing costs) as well as costs associated

with too little liquidity (default risks). To balance this tradeoff, firms must decide on the

optimal level. Reverse factoring is a helpful financial arrangement for suppliers. Instead of

waiting for customers to pay at a random time, it allows them to decide when to be paid

(Hu et al. 2018). Whereas the specific random needs for each firm are unobservable, we

test our theory using general, predictable liquidity needs corresponding to quarter ends.

At the end of every quarter, firms face recurrent payment obligations. For instance,

some pay rent every quarter. Others have revolving credit vehicles and must cover their

outstanding debt. Pay role and related monthly expenses add to that, as those are

also due at the end of quarters. There are further, less plannable liquidity needs at

quarter ends so that elevated cash holdings reduce cash flow risks mainly then (Harford
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et al. 2014, Chen and Shane 2014). Complementing those operational expenses, there is

also a less tangible but perhaps even more important signaling component. Firms that

publish quarterly financial statements report their liquidity and free cash flow, among

other things. Investors (Jacobs and Levy 1988, Melander et al. 2017, Opler et al. 1999),

insurers (Jeenas 2019), and regulators (Kotomin and Winters 2006) pay close attention

to reported liquidity. Reporting financial health can thus shape a firm’s future. Taken

together, those reasons provide strong motives to adopt reverse factoring to discount

invoices at the end of quarters or close to the end of a quarter because the positive

liquidity effect also arises if suppliers discount invoices just before the quarter end, for

instance, a week earlier. Still, suppliers face a tradeoff since they pay the interest rate

when discounting invoices. Therefore, we do not expect all firms to discount their

invoices at the end of a quarter, but at least to do so more likely. Formally,

Hypothesis 1 (End-of-quarter effect) Suppliers discount their outstanding invoices

more likely when the end of the next quarter is closer.

Moderating role of supplier size

To further probe the mechanism underlying Hypothesis 1, we will next examine supplier

size’s role as a moderator. To that end, we will first hypothesize on its main effect

before turning to the interaction. The emphasis on supplier size is common in many

analytical studies on reverse factoring that argue how reverse factoring is particularly

important for SMEs (Grüter and Wuttke 2017, Lekkakos and Serrano 2016, Tanrısever

et al. 2012). In their empirical study on reverse factoring adoption, Wuttke et al. (2019)

also connect access to financing to supplier size. They find that smaller suppliers adopt

reverse factoring faster. Since larger firms usually adopt novel technology faster (e.g.,

EDI or the Internet), those authors conclude that the need for liquidity drives the smaller

suppliers to adopt reverse factoring faster. Further evidence supports the view that
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smaller firms tend to have more difficult access to financing (Beck et al. 2005, Berger

and Udell 2006, Campello et al. 2010). In part, larger firms can rely on relationship-based

rather than transaction-based lending. Publishing quarterly statements, larger firms tend

to be more transparent, allowing more efficient borrowing.

The pattern of smaller suppliers lacking access to financing is general, and many excep-

tions exist. Even small firms can be well-financed. Thus, multiple relatively small firms

also use dynamic discounting in reverse factoring. Still, consistent with extant literature,

we expect them to have slightly higher financing costs than larger firms using dynamic

discounting in reverse factoring. If true, this would shift the smaller suppliers’ tradeoff

towards faster discounting. Formally,

Hypothesis 2 Smaller suppliers are more likely to discount outstanding invoices earlier.

In addition to the discounting speed that we predict to differ by supplier size, we expect

liquidity management approaches to differ by supplier size. Cash flow management

practices vary across firms, especially regarding using new technologies (Brinckmann

et al. 2011). It is well known that large firms use sophisticated approaches to cash

management (Cooley and Pullen 1979, Soenen and Aggarwal 1989). They often deploy

dedicated cash management teams engaging in cash forecasting and liquidity planning.

Using sophisticated methods and tools, those teams have real-time access to all expected

cash flows and needs, limiting cash flow uncertainty. They can strategically delay the

discounting of invoices towards the end of a quarter. In addition, larger firms often

benefit more from signaling effects to their key stakeholders. They tend to publish

more comprehensive reports, focusing on their financial situation. At the same time,

they engage more in relationship-based financing (Beck et al. 2005), which means they

must signal strength to maintain their strong credit ratings. Smaller suppliers that obtain
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transaction-based loans engage less in signaling practices. They often obtain loans based

on collateralization, such as asset-back loans (Buzacott and Zhang 2004). Therefore,

we expect larger suppliers to be more capable of accounting for end-of-quarter effects

and also to benefit more from doing so. If true, this leads to,

Hypothesis 3 Supplier size moderates the end-of-quarter effect as larger suppliers are

more likely to discount invoices at the end of a quarter.

Moderating role of invoice value

We further posit that invoice value affects the decision to discount. Analog to the

previous section, we will first hypothesize on its main effect before turning to its expected

moderating role. For the main effect, we present an economic and a psychological

explanation. To understand the economic impact of invoice value, it is insightful to

examine what a “large” amount refers to in our context. For instance, one of the

larger invoice values in our sample resulted from a US supplier in the technology sector

that sold products or services worth $1,298,956 according to one invoice. Both parties

agreed on payment terms of 39 days, and the reverse factoring discount rate was 2.68%.

Breaking this amount down to daily values corresponds to $ 95. For this invoice, the

supplier delayed the discounting by six days, saving $570. Such an amount is worthwhile

checking the need for liquidity, which likely only takes a few minutes. On the other hand,

the smallest invoices in our sample correspond to a few cents (amounts that are not

uncommon for vendor management inventories with automated billing). In those cases,

suppliers can virtually gain nothing by delaying decisions. Then, the question arises

whether suppliers will discount outstanding invoices of smaller values fast or slow, given

that their decision matters less. Turning to psychological research, Amar et al. (2011)

examines how individuals decide on closing accounts (in their case, by paying debt).

Those authors find human decision-makers prefer closing accounts whenever possible.
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Transferred to our study, we expect the suppliers’ managers to discount small invoices

whenever possible. This reduces their complexity and future workload (those invoices

disappear from the overview screen of open invoices). Therefore, we expect managers

to collect debt for small invoices as soon as possible, whereas they take a more nuanced

approach for larger invoices, sometimes leading to later discounting. Formally,

Hypothesis 4 Suppliers are more likely to discount larger outstanding invoices later.

Turning to the moderating effect of invoice value, we argue analog to its main effect.

Invoices of small value are fairly insignificant and hardly move the investors. Displaying

a few Euros more or less on the balance sheet as cash is impactless. However, doing so

matters for large invoices. Consider the example above of a single invoice amounting to

about $ 1.3mn, which is relatively substantial for that supplier. In this case, it matters

more to discount it close to a quarter end, which might be why this specific invoice was

discounted on December 23, 2016, instead of closer to its due date in January 2017.

Overall, we expect an accentuation of end-of-quarter effects by supplier size.

Hypothesis 5 Invoice value moderates the end-of-quarter effect, as suppliers are more

likely to discount invoices at the end of a quarter if the invoice value is large.

We provide how our framework describes our hypotheses in Figure 4.2. Based on the

hypotheses elaborated above, we show that suppliers are more likely to discount their

invoices close to the end of the quarter. We show the moderating effect of supplier size

as a positive sign to the end of the quarter. This means that larger supplier is more likely

to discount their invoices close to the end of the quarter. In the same way, we show the

moderating effect of the invoice value with importance. This means that larger invoice

values are more likely to be discounted close to the end of the quarter.
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Figure 4.2: Research framework with hypotheses

4.2 Sample and method

This section describes our research sample, data operationalization, and economic spec-

ifications of analysis.

4.2.1 Research sample and data

Our primary data source is our research partner, a leading reverse factoring program

provider facilitating transactions between buyers and suppliers. Our sample starts from

the 1st of January 2012 until the 31st of December 2017. Every supplier transacts with

one buyer; however, one buyer can transact with multiple suppliers in this program.

There are two types of data. The first dataset is on the transaction level generated by the

platform. It provides data on transaction value, interest rate, dates of the invoice upload,

and discount. This dataset consists of 98,931 transactions. The second dataset is on

the supplier and buyer levels, which the buyers manually entered. It provides information

on supplier size, country, industry, buyers’ size, cost of goods sold, industry, country,

and credit ratings. This dataset comprises 3,640 suppliers that use reverse factoring
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under dynamic discounting. After creating the supplier annual spend values from 2012

to 2017 and merging two datasets, we used list-wise deletion for incomplete cases. We

got 64,434 transactions with 268 supplies and 47 buyers as our final dataset for the

analysis.

4.2.2 Variables definitions and operationalization

To test our hypotheses, we created several variables. IDit is a variable indicating when

the particular invoice i was discounted at time t. IAit indicates when the particular

invoice i was approved by the supplier. We use the duration variable as our dependent

variable. We derive duration as Dit := IDit−IAit, a difference between invoice discount

and approved date. We also create a payment terms variable, the difference between

invoice due date and invoice approved date. The payment term is an indicator of the

maximum length of the repayment by the buyer.

The variable we use as our covariate is the days to the next quarter. We define days to

the next quarter by subtracting the date when the invoice was approved from the end

of the quarter. We use this variable to operationalize whether the suppliers discounted

their invoices close to the next quarter or not. In addition, we calculate the discount rate

variable in basis points. We define a discount rate as the invoice charge per year over

the duration of the invoice discount. Descriptive statistics on supplier revenue, buyer

revenue, and invoice value can be found in Table 4.1. In this table, it can be seen that

supplier size varies from 0.110 million USD to 24,400 million USD. It can also be seen

that payment terms start from 4 days to 360 days maximum, and the maximum invoice

value reaches 20 million USD.
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Table 4.1: Summary statistics for continuous variables: these are not transformed vari-
ables

Variable name Min Max Mean Std.dev. Count
Buyer revenue (in mn USD) 3000.000 75 000.000 13 457.447 15 128.374 47
Buyer COGS (in mn USD) 1000.000 45 000.000 8606.383 10 451.199 47
Days to next quarter (in days) 1 92 44.465 25.965 764 820
Discount charge (in USD) 0.000 262 383.200 64.015 1150.566 64 434
Discount rate (in BPS) 0.000 1039.384 219.694 131.073 64 434
Duration (in days) 1.000 176.000 10.890 19.030 64 434
Invoice value (in USD) 0.010 20 064 753.000 25 626.130 172 393.700 64 434
Payment (in USD) 0.010 19 802 370.000 25 562.120 171 602.800 64 434
Payment terms (in days) 4.000 360.000 76.011 26.894 64 434
Supplier revenue (in mn USD) 0.110 24 400.000 262.375 1761.310 268

The dataset on the supplier industry, supplier country, buyer industry, and buyer country

can be found in Table 4.2. We can observe that the most significant industry in the

sample is Industrial goods & services, with 63.06 % of the supplier sample. The second

largest industry is Technology, which represents 20.15 % of the supplier sample. For the

buyer, the largest industry is Industrial goods & services, with 31.91 %. The second

largest industry for buyers is construction and materials, with 25.53 %. The most under-

represented industries for suppliers and buyers are consumer goods, food and beverages,

automobiles, and parts, retail, media, and personal and household goods.

The largest country representative of suppliers is Germany, with 55.59 % of the sample,

and the second largest country, the United States, with 22.76 %. The buyer country

goes in a similar trend with 46.80% of Germany, and the second biggest representative

of the United States, with 23.40 %. Data on supplier and buyer revenue, cost of goods

sold, and their industry was collected by the reverse factoring provider separately and was

entered by the buyer. Data on transactions and invoice values are recorded automatically

by the reverse factoring database.
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Table 4.2: Summary statistics

Panel A

Industry Supplier
Count

Percentage Buyer
Count

Percentage

Automobiles & parts 1 0.37% 0 0.00%
Basic resources 13 4.85% 1 2.13%
Chemicals 6 2.25% 1 2.13%
Construction & materials 2 0.75% 12 25.53%
Consumer goods 0 0.00% 1 2.13%
Food & beverage 1 0.37 % 0 0.00%
Health care 5 1.86% 6 12.77%
Industrial goods & services 169 63.06% 15 31.91%
Oil and gas 10 3.73% 9 19.14%
Media 5 1.86% 0 0.00%
Personal & household goods 0 0.00% 1 2.13%
Retail 2 0.75% 0 0.00%
Technology 54 20.15% 1 2.13%
Total 268 100.00% 47 100.00%

Panel B

Country Supplier
Count

Percentage Buyer
Count

Percentage

Australia 4 1.49% 1 2.13%
Austria 2 0.75% 0 0.00%
Belgium 2 0.75% 1 2.13%
Canada 5 1.87% 1 2.13%
Czech Republic 3 1.12% 2 4.26%
Denmark 5 1.87% 1 2.13%
Finland 1 0.37% 0 0.00%
France 0 0.00% 1 2.13%
Germany 149 55.59% 22 46.80%
Ireland 1 0.37% 0 0.00%
Mexico 15 5.60% 3 6.38%
Netherlands 4 1.49% 0 0.00%
Poland 3 1.12% 0 0.00%
Slovenia 1 0.37% 0 0.00%
South Korea 2 0.75% 0 0.00%
Spain 1 0.37% 0 0.00%
Sweden 2 0.75% 0 0.00%
Switzerland 3 1.12% 1 2.13%
Turkey 0 0.00% 1 2.13%
United Kingdom 4 1.49% 2 4.25%
United States 61 22.76% 11 23.40%
Total 268 100.00% 47 100.00%
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In addition, we present Figure 4.3, where we present the aggregated values of the trans-

actions on the monthly level. First, we present the monetary volume of the discounted

invoices in a specific month. Second, we present the number of invoices discounted in a

particular month. We present the month, where the quarter ends with a black color and

the other months in grey. From the figure, we can observe that larger values of invoices

are discounted in months where the quarter ends, such as March, June, September, and

December.

Figure 4.3: Volume and number of discounted invoices per month from 2012 to 2017
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4.2.3 Econometric specification

As the data on the duration of the invoice discount is normally distributed and censored,

we use a proportional hazard rate model as our analytical framework (Melnyk et al.

1995). We do not measure the discount duration directly, but we measure its effect on

the duration hazard rate. A decrease in the hazard rate means a longer discount duration.

In addition, the Cox proportional hazard rate model studies recurrent events. In this

case, transaction discounting is a recurrent event for suppliers. Suppliers have multiple

transactions they need to discount; however, buyers do not discount any invoices.

We use the Cox proportional hazard rate model with fixed effects to assess the time

variable - duration. Instead of directly estimating the effect on duration, we measure the

hazard rate of the duration. We consider that the duration of the invoice discount has a

distribution of F (t) with density f(t), where t is the duration from the invoice approval

until it is discounted. Specifically, we estimate

λi(t) = λ0(t) exp(αi + xbβ + ziγ),

where α is the dummy variable that captures fixed effects. The covariates are invoice

value (InvV alit), supplier size (SupSizei), and days to the next quarter (Daysit):

xitβ = β1 ∗ SupSizei + β2 ∗ InvV alit + β3 ∗Daysit,

where we take the logarithm of SupSizei and InvV alit, and mean center all three

variables.
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Control variables are the discount rate (Disit), supplier industry (SIi), and year Y earit:

zit = γ1 ∗ SIi + γ2 ∗Disit + γ1 ∗ Y earit.

The correlation matrix table of the variables is included in the analysis (except for the

supplier industry and year) and is provided in Table 4.3. The higher the supplier revenue,

the higher the invoice value, which is meaningful as larger invoice values bring more

revenue for the firms, and lower invoice values bring lower revenue. Also, there is a

negative correlation between the discount rate and supplier revenue, implying that the

larger suppliers get lower discount rates. Larger suppliers also tend to have shorter days

to the next quarter, which implies that they tend to discount their invoices close to

the next quarter. Similarly, larger invoice values negatively correlate with days to the

next quarter, meaning that larger invoice values are discounted close to the next quarter.

We provide an alternative specification and conduct several robustness checks in the

robustness check section.

Table 4.3: Correlation matrix

Variable name 1 2 3 4
1. Supplier revenue 1.00
2. Invoice value 0.07* 1.00
3. Discount rate −0.08* −0.09* 1.00
4. Duration −0.08* −0.05* −0.08* 1.00
5. Days to next quarter −0.03* −0.02* 0.00 0.03*

N = 764 820

4.3 Results

The Cox proportional hazard rate model estimation is reported in Table 4.4 and Table 4.5.

Our interaction model 3 in Table 4.5 shows the better fit as it has the lowest Akaike

Information Criterion value. We need the lowest Akaike information criterion value
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because it implies that the model requires less information to predict almost the same

level of prediction for models (Cavanaugh and Neath 2019). We include year, supplier

industry, and discount rate as control variables. We find that the hazard rate of the

discount rate decreases by exp(-0.021)-1 ≈ 2.07%. We provide more models with each

variable to avoid multicollinearity issues with variables such as supplier revenue and

invoice value, as these variables are significantly correlated.

In Table 4.4, we create separate models with each variable, and then in Model 5, we

have a model with all variables but without interaction effect. This way, we want to

demonstrate that the signs of the coefficients of variables stay the same across the

models and that we do not face multicollinearity issues. In Table 4.5, Model 5, we can

see that the signs of coefficients hold even with the interaction effects.

Our results support hypothesis 1, which can be seen in Table 4.5, Model 5, as the ob-

served relationship between our days to the next quarter variable and the duration hazard

rate is negative and significant (p < 0.001). To interpret our coefficients, we measure

the duration hazard rate λij(t), which is assumed to be proportional to exp(β3Daysit).

This means that the duration of a supplier discount close to the quarter decreases by

exp(44.465*(-0.105))-1 ≈ 99%.

Hypothesis 2 is supported in Model 3 of Table 4.5, where we take the logarithm of the

supplier revenue. If supplier revenue increases by a factor of 10, the duration hazard rate

is multiplied by 10−0.213 ≈ 61%. The hazard rate is higher for a supplier by 1
10

−0.031−1 ≈

7.4% for a supplier with only a tenth of the revenue of another equal supplier. Hypothesis

3 is supported in Model 3 of Table 4.5, where we take the interaction effect of the

logarithm of the supplier revenue with days to the next quarter variable. We find that

the hazard rate of the supplier discounting close to the next quarter decreases by exp(-
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Table 4.4: Main model 1: Cox proportional hazard rate model

1 2 3 4 5

Supplier Industry
(Omitted from presentation)
Year
(Omitted from presentation)
Discount rate 0.012*** −0.001 −0.007* −0.014*** −0.017***

0.004 0.004 0.004 0.004 0.004
Supplier revenue −0.031*** −0.015** −0.018***

0.005 0.005 0.005
Invoice value −0.213*** −0.212*** −0.212***

0.004 0.004 0.004
Days to next quarter −0.073***

0.004

Num.Obs. 764 820 764 820 764 820 764 820 764 820
Num. of Events 64 434 64 434 64 434 64 434 64 434
Num. of Sup. 268 268 268 268 268
AIC 1 291 414.4 1 291 370.1 1 288 876.5 1 288 867.5 1 288 535.7

Continuous variables are mean-centered. Negative values indicate slower discounting.

0.074)-1 ≈ 7.1%.

We find support for hypothesis 4, which can be seen in Model 3 of Table 4.5, where we

take the logarithm of the invoice value. The relationship between duration hazard rate

and invoice value is negative and significant (p<0.001). If the invoice value increases by

a factor of 10, the duration hazard rate is multiplied by 10−0.213 ≈ 0.6. The hazard

rate is higher for an invoice by 1
10

−0.213 − 1 ≈ 63.3% for an invoice with only a tenth of

the invoice of another equal invoice value.

Hypothesis 5 is supported in Model 3 of Table 4.5, where we take the interaction effect

of the logarithm of the invoice value with days to the next quarter variable. We find that

the hazard rate of the bigger invoice value discounting close to the end of the quarter

decreases by exp(-0.046)-1 ≈ 4.5%.
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Table 4.5: Main model 2: Cox proportional hazard rate model

1 2 3
Supplier Industry
(Omitted from presentation)
Year
(Omitted from presentation)
Discount rate −0.008* −0.008* −0.021***

0.004 0.004 0.004
Supplier revenue −0.046*** −0.031***

0.005 0.005
Days to next quarter −0.090*** −0.096*** −0.105***

0.004 0.004 0.004
Supplier revenue * Days to next quarter −0.085*** −0.074***

0.004 0.004
Invoice value −0.216*** −0.213***

0.004 0.004
Invoice value * Days to next quarter −0.060*** −0.046***

0.004 0.004

Num.Obs. 764 820 764 820 764 820
Num. of Events 64 434 64 434 64 434
Num. of Sup. 268 268 268
AIC 1 290 529.8 1 288 284.7 1 287 913.2

Continuous variables are mean-centered. Negative values indicate slower discounting.

4.4 Robustness checks

For the robustness of our models, we conduct several robustness checks, such as the

Accelerated failure test with Weibull distribution and Cox proportional hazard rate models

with a discount duration of more and/or equal to 3 days, by removing outliers based on

the suppliers’ revenue and by applying fixed effects on the supplier level. We perform

robustness checks to support our baseline model further and indicate that any internal

effects do not drive our analysis.

4.4.1 Accelerated failure test

Unlike the semi-parametric model, such as the Cox proportional hazard rate model, we

apply a parametric proportional hazard rate model that assumes the shape of the hazard
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rate. While the Cox proportional hazard rate model has the advantage that we do not

need to assume the shape of the baseline hazard rate, accelerated failure tests can lead

to more efficient estimates. The estimates are in Table 4.6. The most valid model for

the Accelerated failure test is Model 5, which has the lowest Akaike Information Criterion

value.

This test further supports hypothesis 1, which can be seen in Table 4.6, Model 5, as

the observed relationship between days to the next quarter and duration is positive

and significant (p<0.001). This means that suppliers discount their invoices close to

the next quarter, and it increases by exp(0.152)-1 ≈ 16.5%. Hypothesis 2 is further

supported, and we find that the larger suppliers tend to discount their invoices longer by

exp(0.036)-1 ≈ 3.7%. This can also be illustrated in Figure 4.4a, which clearly shows

that the percentage of discounted invoices after 30 days increases significantly for larger

suppliers close to the end of the quarter. As well, hypothesis 3 is further supported.

Larger suppliers have a higher propensity to discount close to the end of the quarter by

exp(0.112)-1 ≈ 12%.

We further find support for hypothesis 4, where suppliers discount the invoices with

larger values slower by exp(0.321)-1 ≈ 38%. This is well demonstrated in Figure 4.4b,

where it can be seen that the percentage of invoices discounted after 30 days increases

close to the next quarter. We further find support for hypothesis 5, where larger invoice

values tend to be discounted by exp(0.069)-1 ≈ 7% close to the next quarter.

In addition, we present Figure 4.5, which displays that most of the invoices are discounted

late. We present that the black line is zero days to the next quarter, the blue line is 30

days to the next quarter, the grey line is 60 days next to the quarter, and the red line is

90 days to the next quarter.
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Table 4.6: Accelerated failure test with Weibull distribution

1 2 3 4 5

Shape −0.276*** −0.275*** −0.326*** −0.273*** −0.270***
0.004 0.004 0.003 0.004 0.004

Scale 3.060 3.110 2.914 3.104 3.099
3.016 3.166 2.739 3.147 3.120

Supplier industry
(Omitted from presentation)
Supplier revenue 0.015* 0.015* 0.056*** 0.036***

0.006 0.006 0.006 0.006
Year
(Omitted from presentation)
Invoice value 0.318*** 0.318*** 0.325*** 0.321***

0.006 0.006 0.006 0.005
Discount rate −0.005 0.000 −0.011+ −0.009+ 0.007

0.005 0.005 0.006 0.005 0.006
Days to next quarter 0.108*** 0.138*** 0.138*** 0.152***

0.005 0.005 0.005 0.005
Supplier revenue * Days to next quarter 0.133*** 0.112***

0.005 0.005
Invoice value * Days to next quarter 0.090*** 0.069***

0.005 0.005

Num.Obs. 764 820 764 820 764 820 764 820 764 820
Num. of Events 64 434 64 434 64 434 64 434 64 434
Num. of Sup. 268 268 268 268 268
AIC 421 568.6 421 103.2 423 564.0 420 715.2 420 163.5

Continuous variables are mean-centered. Positive values indicate slower discounting.

(a) Estimation of the percentage of invoices
discounted with plus/minus one standard de-
viation above average in supplier revenue

(b) Estimation of the percentage of invoices
discounted with plus/minus one standard de-
viation above average in invoice value

Figure 4.4: Estimates on the invoices discounted based on supplier revenue and invoice
value.
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Black dashed line: 0 days next to the end of the quarter,
Blue dashed line: 30 days next to the end of the quarter,
Grey dashed line: 60 days next to the end of the quarter,
Red dashed line: 90 days next to the end of the quarter.

Figure 4.5: Estimates on the percentage of invoices discounted since the invoice release.

4.4.2 Other robustness checks

We perform other robustness checks, such as reduced invoice discount duration of more

and/or equal to 3 days, which is displayed in Table 4.7, Model 5. We perform this test

to see whether the effect of shorter durations changes the effect in coefficients. With

a reduced sample of 257 suppliers and 700,998 observations, our results align with the

baseline model’s results, meaning that suppliers tend to discount their invoices close to

the end of the quarter. Further, we perform robustness checks on our baseline model by

removing outliers. We implemented the approach outlined by Albright et al. (2011) by

removing only extreme outliers. We perform this test to see whether outliers drive the

analysis or not. The estimates can be seen in Table 4.8, Model 5. This analysis of the

reduced sample with 263 suppliers and 755,988 observations is aligned with the baseline

model.
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Table 4.7: Robustness test with a subset of invoice discount duration of more and/or
equal to 3 days.

1 2 3 4 5
Supplier industry
(Omitted from presentation)
Supplier revenue 0.042*** 0.039*** 0.019** 0.015*

0.007 0.007 0.007 0.007
Year
(Omitted from presentation)
Discount rate 0.115*** 0.109*** 0.122*** 0.098*** 0.104***

0.005 0.005 0.005 0.005 0.005
Invoice value −0.230*** −0.228*** −0.238*** −0.235***

0.006 0.006 0.006 0.006
Days to next quarter −0.116*** −0.129*** −0.127*** −0.136***

0.005 0.005 0.005 0.005
Supplier revenue * Days to next quarter −0.134*** −0.124***

0.005 0.005
Invoice value * Days to next quarter −0.082*** −0.067***

0.005 0.005

Num.Obs. 700 998 700 998 700 998 700 998 700 998
Num. of Events 33 939 33 939 33 939 33 939 33 939
Num. of Sup. 257 257 257 257 257
AIC 634 178.0 633 683.0 634 385.5 633 438.3 632 803.8

Continuous variables are mean-centered. Negative values indicate slower discounting.

Table 4.8: Robustness test based on removing outliers from suppliers based on the
suppliers’ revenue.

1 2 3 4 5
Supplier industry
(Omitted from presentation)
Supplier revenue 0.055*** 0.053*** 0.038*** 0.044***

0.005 0.005 0.005 0.005
Year
(Omitted from presentation)
Discount Rate 0.017*** 0.014*** 0.025*** −0.007 0.011*

0.004 0.004 0.004 0.004 0.004
Invoice value −0.206*** −0.206*** −0.207*** −0.206***

0.004 0.004 0.004 0.004
Days to next quarter −0.063*** −0.082*** −0.086*** −0.096***

0.004 0.004 0.004 0.004
Supplier revenue * Days to next quarter −0.075*** −0.063***

0.004 0.004
Invoice value * Days to next quarter −0.053*** −0.044***

0.004 0.004

Num.Obs. 755 988 755 988 755 988 755 988 755 988
Num. of Events 63 489 63 489 63 489 63 489 63 489
Num. of Sup. 263 263 263 263 263
AIC 1 264 625.2 1 264 381.0 1 266 361.5 1 264 276.8 1 263 984.3

Continuous variables are mean-centered. Negative values indicate slower discounting.
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Another robustness check assesses our baseline model with fixed effects on the supplier

level. As we hold a general fixed effect in our baseline model, we perform supplier-

level fixed effects to see whether the estimates still hold similarly to the baseline model.

The resulting estimates in Table 4.9 align with the estimates in our baseline model. This

implies that our initial model is robust and that external factors do not drive coefficients.

Table 4.9: Robustness test with fixed effects on the supplier level

1 2 3 4 5
Supplier industry
(Omitted from presentation)
Supplier revenue −0.015 −0.016 −0.045 −0.030

0.005 0.005 0.005 0.005
Year
(Omitted from presentation)
Invoice value −0.212*** −0.212*** −0.218*** −0.215***

0.004 0.004 0.004 0.004
Discount rate −0.014 −0.017 −0.009 −0.008 −0.022

0.004 0.004 0.004 0.004 0.004
Days to next quarter −0.080** −0.097*** −0.102*** −0.112***

0.004 0.004 0.004 0.004
Supplier revenue * Days to next quarter −0.093** −0.082**

0.003 0.004
Invoice value * Days to next quarter −0.066*** −0.048***

0.003 0.004

Num.Obs. 764 820 764 820 764 820 764 820 764 820
Num. of Events 64 434 64 434 64 434 64 434 64 434
Num. of Sup. 268 268 268 268 268
AIC 1 288 867.5 1 288 425.2 1 290 228.0 1 288 073.0 1 287 554.0

Continuous variables are mean-centered. Negative values indicate slower discounting.

4.5 Discussion and summary

Reverse factoring is a mechanism that suppliers use to get immediate payments from their

buyers (Wuttke et al. 2019). Besides that, reverse factoring brings flexibility to firms by

allowing them to discount their invoices dynamically, which is called dynamic discounting

(Wuttke et al. 2016). In this study, we explore the motives of suppliers that use dynamic

discounting and reverse factoring to enhance supply chain flexibility. Specifically, we

explore what drives suppliers to use dynamic discounting, when they discount them, and

what type of suppliers use it extensively. We analyzed a dataset with 64,434 transactions
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and 268 suppliers that use dynamic discounting through reverse factoring. The average

supplier size is $ 262 million, and the average invoice value is $ 26,000. The average

duration of the invoice discount is 11 days.

We assume that suppliers discount their invoices close to the end of the quarter. In

addition, we assume that larger suppliers are more likely to discount their invoices close

to the end of the quarter, and larger invoice values tend to be discounted close to the

end of the quarter. Based on the analysis, suppliers tend to discount their invoices close

to the next quarter. This finding aligns with the literature (Kotomin and Winters 2006,

Acharya et al. 2012), where balance sheet items tend to change close to the reporting

period. The balance sheet effect matters close to the reporting period because suppliers

can signal their investors their healthy financial position and liquidity to run their business

(Babich and Sobel 2004).

Complementary to this, we find support for our second hypothesis, where larger suppliers

tend to discount their invoices more slowly than smaller ones. This finding aligns with

the literature stating that small suppliers tend to discount their invoices immediately as

they need cash faster than bigger suppliers (Wuttke et al. 2019, Kim and Bettis 2014,

Beck et al. 2005, Lekkakos and Serrano 2016). Complementary to this, larger suppliers

tend to discount their invoices close to the end of the quarter. As larger suppliers are

more flexible on the discounting period, they can discount their invoices when needed,

such as at the end of the reporting period.

We measured discounting patterns of invoice sizes parallel to the suppliers’ size. We find

that suppliers tend to discount their larger value invoices slower than larger size invoices.

This finding is aligned with Amar et al. (2011), who find that firms favor closing smaller

accounts faster than the bigger ones. Firms might leave larger accounts to be closed
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close to the reporting period as this will boost the cash values on their balance sheet.

In summary, this chapter provides an extensive overview of how suppliers can leverage

the flexibility aspect that dynamic discounting through reverse factoring provides. This

study makes the following contributions. First, suppliers are more likely to use dynamic

discounting close to the reporting period. One of the main motives to discount close to

the reporting period might be to show a better balance sheet position, meaning more

liquidity, which indicates the healthiness of the operational activities of a firm. This

finding can contribute to the research on operational flexibility. From the findings, we

can see that reverse factoring allows suppliers to manage their cash balances better and

further improve the attractiveness of their businesses.

Second, we test our hypotheses using data from one of the leading supply chain finance

providers, which contains sensitive financial information of firms. It is fairly challenging to

obtain such data and to have an opportunity to analyze the different motives of suppliers

on why they use dynamic discounting. Third, our findings extend beyond the operational

flexibility to discount close to the end of the quarter. Supplier and invoice sizes are other

distinctive factors when invoices get discounted. This means larger suppliers tend to

discount their invoices more slowly, and smaller suppliers tend to discount their invoices

faster. This means larger suppliers are more flexible and can decide when and how much

to discount. This is the first empirical study on the flexibility that dynamic discounting

brings through reverse factoring. Some areas can be further researched, such as the type

of firms that discount their invoices close to the reporting period beyond the size.





CHAPTER5
Conclusion



Conclusion 115

This thesis aims to provide a flexibility perspective on supply chain finance. Until now,

little study has explored how supply chain finance can provide financial flexibility to firms.

We conducted an extensive literature review on supply chain resilience and supply chain

finance in Chapter 2. Further, in Chapter 3, we analyzed the impact of supply chain

finance on supply chain resilience and found that supply chain finance firms are more

resilient than comparable firms as they return to normal faster.

In Chapter 4, we find that suppliers using reverse factoring leverage dynamic discounting

option and discount their invoices close to the end of the quarter. In addition, we find

that larger suppliers are more likely to discount their invoices close to the end of the

quarter, as larger invoice values are more likely to be discounted close to the end of

the quarter. We presented results on these findings in Chapters 3 and 4. This chapter

summarizes the key findings of this thesis by answering the research questions and raises

suggestions for further research.

5.1 Summary

In Chapter 3, using the idea of Sheffi and Rice (2005) on supply chain resilience, we

presented a theoretical model with hypotheses and tested these hypotheses with econo-

metric analysis. Specifically, we leveraged difference-in-difference and Cox proportional

hazard rate models for analysis. We used data from one of the leading banks in Europe

that provides reverse factoring for buyers and their suppliers. We compared suppliers’

revenues using reverse factoring with firms with general revenues of the same size. We

retrieved data for the firms with general revenues from Bloomberg.

We answered the research question: Do suppliers under the supply chain finance program

suffer less in the first year after a significant shock than comparable suppliers? Our results
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indicate that reverse factoring firms experience less effect on their revenue than similar-

sized firms. In addition, we performed several robustness tests to verify the results. By

using the immediate impact of the COVID-19 pandemic on firms’ revenues, we find that

firms that use reverse factoring experience less impact on their revenues. In addition,

we conducted a placebo test. The test results are aligned with our findings that reverse

factoring firms experience less impact on their revenues during the COVID-19 pandemic.

We also answered two other research questions: Are they back to their operations faster

than before the disruption? Are firms that use reverse factoring more resilient than

comparable firms? To answer these questions, we used the Cox proportional hazard

rate model for the data analysis. We find that reverse factoring firms return to normal

faster than firms with general revenues by around 32%. This finding is also supported

by a robustness check, where firms using reverse factoring return faster to normal than

suppliers with general revenues by around 38%. This is also aligned with our findings.

In addition, we find that payment terms play a moderating effect, and payment terms

negatively affect the process of returning to normal for firms with general revenues.

In Chapter 4, we answered the following research questions: Why do firms using dynamic

discounting adopt reverse factoring if it is not for cheaper access to financing? What is

driving them? We grounded our theory on extensive research on operational flexibility.

We derived that suppliers can use the cash flow flexibility that reverse factoring provides

by discounting their invoices close to the reporting period. We also emphasize the

moderating effect of supplier size and invoice value on supplier discounting behavior.

We used the Cox proportional hazard rate model to test if suppliers tend to discount

their invoices close to the reporting period. In addition, we tested whether the supplier

size and invoice value affect when suppliers discount their invoices.
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As dynamic discounting through reverse factoring gives more flexibility on when and

how many invoices to discount, we find that suppliers are more likely to discount their

invoices close to the reporting period. In addition, larger suppliers are more likely to

discount their invoices close to the reporting period than smaller suppliers. Similarly,

larger invoice values are more likely to be discounted close to the reporting period. By

discounting larger invoices close to the end of the quarter, firms can show more cash

values on their balance sheet. This way, firms position themselves in a healthy and liquid

financial position to their shareholders and potential investors.

In summary, our findings show that the flexibility that supply chain finance brings to

firms helps them be resilient during disruptive times and have more financial flexibility

in managing their invoices.

5.2 Outlook

Our findings bring the following managerial implications. First, based on a literature

review, we find that combining supply chain finance and supply chain resilience leads to

more rigorous supply chain resilience practices. Suppliers can optimize their liquidity, and

supply chain finance can help them operate normally during disruptive times. Second, in

Chapter 3, we find that supply chain finance enhances supply chain resilience. Suppliers’

revenue returns to normal faster than the ones that have not adopted supply chain

finance. This finding can motivate buyers and suppliers to adopt supply chain finance in

their businesses. This way, buyers can ensure that small suppliers are not out of business

during disruptive times and can operate as usual. Moreover, this finding shows that

supporting the weakest links in supply chains creates more robust supply chains for all

participants.
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Secondly, in Chapter 4, we find that dynamic discounting through reverse factoring

allows suppliers to discount their invoices flexibly, meaning when they want to and need

to. This way, suppliers can decide on the timing of discounting and discount only when

needed but before the maturity date. In addition, we find that larger suppliers that

use dynamic discounting through reverse factoring discount their invoices close to the

reporting period. Suppliers are also more likely to discount larger invoices close to the

end of the quarter. This finding shows that supply chain finance provides not only cheap

financing for suppliers but also an ability to be flexible with their cash management

practices.

Our findings imply that supply chain finance helps suppliers to manage their operations

flexibly. Suppliers recover from disruptive events faster than firms that do not use

supply chain finance. Due to the extended payment terms, other suppliers suffer more,

and it takes them longer to return to normal operations. This leads to further research

opportunities on the impact of payment delays on supply chains. It can also be interesting

to explore the optimal payment terms for the fast recovery of small suppliers.

In addition, the effect of supply chain finance on supply chain resilience can be explored

analytically. For example, finding the optimal time needed for suppliers to recover from

the supply chain disruption would be interesting. From the dynamic discounting per-

spective, it would be interesting to research factors other than supplier size and invoice

value as the drivers to discount invoices close to the end of the quarter.
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