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We consider an agricultural supply chain consisting of a capital-constrained smallholder farmer
and an intermediary platform. The smallholder farmer sells agricultural products through the
intermediary platform but lacks financial resources for planting. In addition to traditional bank
financing (provided by a bank), the creditworthy intermediary platform can provide loans directly
to the farmer (known as direct financing) or serve as a guarantor if the farmer’s creditworthiness
is insufficient to access bank loans (known as guarantor financing). We show that under guarantor
and direct financing, the smallholder farmer’s production level can be even higher than that in a
centralized system. The farmer prefers direct financing when the production cost is low but the unit
commission fee is sufficiently high. Otherwise, he prefers guarantor financing. The intermediary
platform will encourage the farmer to resort to bank financing when the farmer’s production cost is
sufficiently high and the commission fee is low. Otherwise, it will provide direct financing. Guarantor
financing makes the platform weakly worse off than direct financing and will be adopted only when
the platform is also capital-constrained. The involvement of the intermediary platform significantly
improves the welfare of the farmer and the total profit of the supply chain. Moreover, the increased
concern for social responsibility of the intermediary platform can lead to a win-win-win outcome
for the farmer, the platform, and the whole supply chain.
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1. Introduction

As the backbone of social development in most developing countries, agriculture plays a pivotal
role in economic stability. Traditionally, smallholder farmers in developing countries sell agricul-
tural products locally due to limitations such as logistics, transportation, finance, and information
resources. Thanks to recently developed electronic platforms, farmers can now access a larger mar-
ket and trade with customers far from their locality. As a result, these intermediary platforms
have become increasingly popular among farmers to sell their products.! For instance, Jingdong
(JD.com; JD hereafter), a China-based e-commerce platform, provides an intermediary service for
farmers.? However, a hard fact in the agricultural industry is that smallholder farmers in develop-
ing countries often lack financial resources to procure inputs such as seeds, fertilizers, pesticides
and farm equipment. This financial insufficiency may significantly affect the supply of agricultural
products or even the stability of the whole supply chain. The World Bank reports that the need
to invest in agricultural products has increased due to a growing world population and changing
dietary preferences for high-value food products among the middle class in emerging markets.?
Therefore, the importance of financing agricultural products can never be overestimated. A variety
of financing approaches, including commercial banks, non-profit organizations, and government-led
farmer support programs, have been launched to finance smallholder farmers in Asia, North Africa,
and Latin America (Thierry et al. 2011; IFC 2014; Daniela 2015).

A traditional method of raising funds is through the banking market. However, the lack of
creditworthiness and valuable collateral means that the bank treats the smallholder farmer as a
high-risk candidate for a loan. Thus, bank financing, if government intervention is not considered,
is often an unavailable or inefficient channel for the smallholder farmer to alleviate his capital
stress. Meanwhile, an intermediary platform can be a key player in the agricultural product supply
chain, and its profitability is undoubtedly negatively affected by the farmer’s lack of access to
finance. In extreme situations, the business relationship between the platform and the smallholder
farmer may break down if the farmer does not have the financial resources to start production.
Intermediary platforms with very high creditworthiness, such as JD, are willing to provide a guar-
antor financing service by assuming the role of guarantor. This service guarantees the safety of
the bank’s investment as the intermediary platform will fill the financial gap when the farmer’s

realized revenue cannot fully cover the repayment to the bank. With the provision of a guarantee

! For the news report on China’s recent agricultural e-commerce boom, please see the following website: http://
technode.com/2015/08/21/e-commerce-agriculture/. An example is Jingdong (JD) Mall, which is dedicated to
farm products.

2 Several other e-commerce platforms, including Alibaba and Yihaodian, now provide similar intermediary services
in China. Throughout this paper, we use only JD as our motivating example for simplicity, but our analysis can be
applied to other platforms.

3 For more details about these investments, please visit the following website: http://www.worldbank.org/en/topic/
financialsector/brief/agriculture-finance.
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by the platform, the farmer with low or no creditworthiness can then more easily obtain a bank
loan to start the planting process. This financing format is widely acknowledged in practice (Shi
2013; Zhou et al. 2020).* Note that besides platforms, other parties in the agricultural supply chain
have contributed to the development of guarantor financing. For example, New Hope Liuhe Co.,
Ltd, a Chinese company specializing in agricultural and animal husbandry products, established
its agriculture/livestock guarantee company.® It also cooperates with JD to issue loans to farmers
to increase their profitability by providing a financial guarantee service.%

The intermediary platform can also directly finance the farmer’s planting activity by lending
money to cover his planting costs and solve the pain point problem. One example is the micro
loan scheme Jing Nong Dai launched by JD in 2015 to raise funds for farmers to plant specific
agricultural products in specific areas and improve productivity. For instance, this financial service
is provided to farmers in Renshou, Sichuan Province, to plant a unique fruit, loguats. In this micro
loan scheme, farmers can apply for input loans without any collateral to purchase seeds, fertilizers,
pesticides, or farm equipment. Repayment is based on trade with JD, which sells loquats on its
own platform. Similar schemes (e.g., Jing Bao Bei) are also provided by JD to ensure a sustainable
supply chain for products in more diverse categories.” Other intermediary platforms such as Alibaba
have similar agricultural finance programs. In essence, direct financing by an intermediary platform
is similar to bank financing, in which the farmer has limited liability and simply needs to repay
the loan (principal plus interest) up to his realized revenue in the sales horizon.

Both guarantor financing and direct financing are highly implementable from the viewpoint
of the intermediary platform. On the one hand, as the smallholder farmer sells online through
the intermediary platform, all transaction details, such as time, quantity, price, and logistical
arrangements, are recorded and available to the farmer and the platform. The farmer’s realized
revenue is also collected through the platform’s advanced electronic payment system. This close
connection facilitates cooperation between the two parties, both operationally and financially. On
the other hand, the intermediary platforms often have strong incentives to join the government-led
farmer support programs. Platforms like JD are concerned with both firm profitability and social

responsibility.® That is, they take into account not only their own profitability, but also the welfare

4 For a more detailed introduction, see http://www.360doc.com/content/16/0411/08/32327246_549630561 . shtml.

5 As stated in its official website, “The fund always becomes the bottleneck for farmers to develop the modern
livestock/poultry farming. As a result, we have proposed the industrial service plan of providing farmers with financial
guarantee. After years of hard work, we have developed it very well and we are disseminating the plan widely ...” For
more details, please see the following link: http://www.newhopeagri.com/en/ServiceDBInfo.aspx?type=256

6 For more details, please see the following link: http://nj.jd.com/

"See more details on the following web page: https://thenextweb.com/asia/2013/12/06/chinese-online
-retailer-jingdong-wants-loan-money-suppliers-help-grow-faster/

8 Please sece the following reports for more detailed information about both JD’s and Alibaba’s social
responsibility concerns: https://corporate.jd.com/static/pdf/Corporate%20Social %20Responsibility %20Report.pdf
https://www.centennialcollege.hku.hk /f/upload/2136/Alibaba%20CSR_15_009C.pdf.
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of the farmer in the agricultural supply chain. They can actively do so by using their cash on hand
and/or creditworthiness to help farmers and gain long-term goodwill.

Undoubtedly, the contractual relationship between the farmer and the intermediary platform
and the performance of the whole agricultural supply chain are affected by the farmer’s financing
approach. However, the effect of different financing formats—bank financing, guarantor financing,
or direct financing—on the performance of the farmer, the platform, and the whole supply chain
remains underexplored and requires further investigation. To this end, we aim to answer the fol-
lowing research questions in this paper:

1. How do different financing formats affect the smallholder farmer’s production decision?

2. Under what conditions does each financing format most benefit the smallholder farmer and

the whole agricultural supply chain?

3. Under what conditions should the intermediary platform provide guarantor financing or

directly finance the smallholder farmer in equilibrium?

4. How does the intermediary platform’s social responsibility concern affect the smallholder

farmer and the whole agricultural supply chain?

To facilitate our analysis, we use a Stackelberg game to capture the interplay between a capital-
constrained smallholder farmer and the intermediary platform (possibly with the bank involved).
We assume that the farmer plants a specific agricultural product and sells exclusively through the
intermediary platform. The platform charges the farmer a unit-based commission fee. To alleviate
his financial constraints, the farmer can raise funds from the commercial bank alone or with the
intermediary platform acting as a guarantor. The farmer can also obtain direct financing from the
intermediary platform. We first obtain the decisions and corresponding payoffs under the three
financing formats, then derive the equilibrium from the perspective of the platform.

We show that the farmer produces the most under guarantor financing or direct financing. Under
guarantor and direct financing, the farmer’s production quantity can be even higher than that in
a centralized supply chain with/without capital constraints. In terms of payoffs, when the three
financing formats are provided exclusively, bank financing never benefits the farmer. The farmer’s
preference between guarantor and direct financing depends heavily on the production cost and the
unit commission fee. Specifically, he prefers direct financing when the production cost is low and
the unit commission fee is sufficiently high. Otherwise, guarantor financing benefits him. However,
the whole supply chain may prefer any of the three financing formats. Specifically, when the unit
commission fee is low, bank financing benefits the whole supply chain if the production cost is
either extremely high or relatively low, while guarantor financing benefits the whole supply chain if
the production cost is extremely low. The whole supply chain prefers direct financing only when the
production cost is relatively high. For the intermediary platform, when making its own financing

decision, it will not provide any financing service when the commission fee is low and the farmer’s
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production cost is sufficiently high. Instead, it will encourage the farmer to resort to bank financing.
Otherwise, the platform will provide direct financing because this type of financing makes the
platform weakly better off compared with guarantor financing. Guarantor financing will be adopted
by the platform only when it is also capital constrained. These results are quite robust regardless
of whether the intermediary platform exhibits social responsibility concern with respect to farmer
welfare. We further show that a higher level of such social responsibility concern makes the whole
agricultural supply chain more coordinated, leading to a lower interest rate and a higher level of
production. As a result, the social responsibility concern of the intermediary platform benefits both
the farmer and the whole supply chain.

The remainder of this paper is organized as follows. Section 2 reviews the related literature. We
present the model setup in Section 3. In Section 4, we analyze the equilibrium decisions of the
smallholder farmer and the intermediary platform under three financing formats. We then examine
the effect of these financing formats on the supply chain participants in Section 5. We also derive the
equilibrium financing format when the intermediary platform acts as the game leader and discuss
the partial credit guarantee. In Section 6, we consider that the intermediary platform is concerned
with social responsibility and cares about the farmer’s welfare. We then examine how this concern
affects the performance of the agricultural supply chain and the equilibrium outcome. Concluding

remarks are provided in Section 7. All of the proofs are relegated to the online Appendix.

2. Literature Review

This study belongs to the growing line of research on supply chain finance that connects the fields
of operations management and finance (Buzacott and Zhang 2004; Kouvelis and Zhao 2011; Li et
al. 2013; Yang and Birge 2013; Cai et al. 2014; Yang et al. 2015; Kouvelis and Zhao 2016; Kouvelis
and Zhao 2018). Traditionally, operations management research focuses on the operational issues
of the supply chain and ignores the financial constraints of individual firms. In their influential
work, Lariviere and Porteus (2001) examine a Stackelberg game between a supplier and a retailer
in a newsvendor setting without considering liquidity constraints. Most subsequent studies on
“financing the newsvendor” build on this model by adding liquidity constraints and exploring
the effectiveness of various financing schemes in alleviating them. For example, Dada and Hu
(2008) consider bank financing of a retailer and characterize the Stackelberg equilibrium. Lai
et al. (2009) examine short-term bank financing issues in a capital-constrained one-supplier-one-
retailer setting when both the supplier and the retailer face bankruptcy costs. Lai et al. (2012)
investigate how a downstream buyer’s short-term interest in capital market valuation influences
the behavior and performance of supply chain participants. Yang et al. (2015) demonstrate how
a firm’s financial distress and ease of bankruptcy reorganization alter market competition and

supplier-buyer interactions.
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Our study is also closely related to research on trade credit, advance payment, and guarantee
service (Chen and Cai 2011; Jing et al. 2012; Chod 2017; Deng et al. 2018; Tang et al. 2018; Tunca
and Zhu 2018; Zhen et al. 2020; Zhou et al. 2020). Rajan and Zingales (1996) provide empirical
reasons why trade credit is so popular and imply that trade credit loans may be more expensive
than bank loans. Gupta and Wang (2009) argue that the structure of the base-stock inventory
control policy is not affected by common credit terms under a discrete-time model with random
demand. Jing et al. (2012) and Jing and Seidmann (2014) identify the conditions for the upstream
supplier to provide trade credit to the financially limited downstream retailer. Chen and Cai (2011)
suggest that when a third-party logistics (3PL) firm provides logistics and trade credit, it gener-
ates higher profits not only for the 3PL firm, but also for the supplier and the retailer. Kouvelis
and Zhao (2012) and Yang and Birge (2013) also attempt to provide a better understanding of
trade credit from an operational perspective. They model trade credit in detail, including early
payment discount, debt structure, contract structure, and financial distress cost. Chen and Gupta
(2014) study trade finance contracts for small business suppliers and characterize the effects of
third-party bank financing. Kouvelis and Zhao (2018) investigate the effect of the credit ratings of
supply chain members to determine who should take on the financing role. Tang et al. (2018) com-
pare buyer direct financing (i.e., advance payment) and purchase order financing in a supply chain
consisting of one capital-constrained supplier and one manufacturer, and investigate the effect of
information asymmetry. Furthermore, Deng et al. (2018) show that in an assembly system with
suppliers with heterogeneous capital, the assembler may offer buyer finance (i.e., advance payment)
even if its own opportunity cost of capital is higher than the bank’s risk-free interest rate. Zhen et
al. (2020) investigate the financing strategy of a capital-constrained manufacturer by comparing
bank financing, platform financing, and retailer financing in a dual-channel supply chain. Zhou
et al. (2020) consider guarantor financing in a four-party supply chain with a variety of guaran-
tee scenarios. They focus in particular on the effect of supply chain leadership position. Tunca
and Zhu (2018) theoretically demonstrate that guarantor financing (called buyer intermediation)
can not only lower both the loan interest rate and wholesale price, but also increase order quan-
tity and supply chain efficiency. Unlike the aforementioned studies, we investigate the problem of
financing a platform-based agricultural supply chain by simultaneously considering three financing
formats: bank financing, guarantor financing, and direct financing. The intermediary platform, as
the downstream supply chain partner, can provide both operational and financing services to its
supplier of agricultural products, the capital-constrained smallholder farmer. We are the first to
conduct a game-theoretical analysis and equilibrium comparison considering these three financing
schemes, which helps explain the coexistence of guarantor and direct financing in reality. Moreover,

we investigate the effect of the platform’s social responsibility concern on the welfare of the farmer



Author: Article Short Title
Article submitted to ; manuscript no. (Please, provide the mansucript number!) 7

and the profitability of the whole agricultural supply chain, which was overlooked in the supply
chain financing literature.

Our work is also related to studies on social responsibility. For instance, Hsu et al. (2019) examine
an innovative agricultural partnership in the dairy industry consisting of a group of farmers and a
firm. When the firm shows its social responsibility concern, it will enter into contracts with more
farmers and produce more dairy products. Sodhi and Tang (2011), Sodhi and Tang (2014), and
Lee and Tang (2017) also discuss research opportunities in social responsibility. They elaborate
how supply chains can mobilize the poor in rural areas as their producers to improve their earnings
and run more efficient operations. In this paper, we also consider that the intermediary platform is
concerned with social responsibility and cares about the welfare of the farmer. We show that the

platform’s social responsibility concern can benefit both the farmer and the whole supply chain.

3. Model Setup

Consider a capital-constrained smallholder farmer (labeled f) who plants and sells one type of
agricultural product. He has no direct access to the end market and relies exclusively on an inter-
mediary electronic platform (labeled ¢) such as JD to distribute his products. The farmer must
therefore pay a fraction of his realized revenue as a commission fee to the platform.’

The demand for this agricultural product is stochastic and denoted by a continuous random
variable &. It follows a distribution with a probability density function f(-), a cumulative density
function (CDF) F(-), and a complementary CDF F(-). We also define its failure rate function and

generalized failure rate function as

o(6) = £t and 6oy = LY,
respectively. We assume that the demand distribution has an increasing failure rate, i.e., 0 <
g(&1) < g(&) for 0 <& < & < +o00. This is a relatively weak requirement satisfied by many common
distribution types, including uniform, exponential, truncated normal, and Weibull (Lariviere 2006).
The smallholder farmer has little power and is therefore unable to affect the market price.
Following the operations-finance interface literature, we assume that the unit price that customers
are willing to pay is fixed and normalize it to 1. This is consistent with our motivating example.
Note that the price of the agricultural product, which is essential to society as a whole, is subject
to strict government regulation and cannot be fully controlled by the farmer (Cummings et al.

2006). The market for a product in this category is also very competitive, so the price is often the

equilibrium market price, and the farmer behaves as a price taker.°

% In our model, the supplier of agricultural products can also be an agricultural social enterprise or cooperative, which
serves and makes decisions on behalf of a group of farmers.

10 The agricultural production market is frequently cited as a real example of perfect competition, in which
no individual person or business can control prices. For more information, please see the following link:
https://www.ag.ndsu.edu/aglawandmanagement/agmgmt /coursematerials/competition



Author: Article Short Title
8 Article submitted to ; manuscript no. (Please, provide the mansucript number!)

The intermediary platform charges the smallholder farmer a unit commission fee t, which is also
the revenue sharing rate received by the platform per transaction. We assume that t is exogenously
given for the following reasons.!! In practice, a platform like JD deals with many farmers simulta-
neously, so it may not be practical for the platform to customize its commission fee for a specific
farmer. A quick survey of the websites of e-commerce platforms, such as JD, Tmall, and Yihaodian,
indicates that the commission rate is around 2% for agricultural products and is almost the same
across all platforms.!? In addition, most third-party platforms, such as Amazon and Taobao, apply
fee policies before offering lending services (Zhen et al. 2020).

The cost of planting one unit of product is ¢ € (0,1). The net marginal revenue and net marginal
profit of the farmer are then 1 —¢ and 1 — ¢ — ¢, respectively. Basically, t <1 — ¢ is necessary to
ensure the participation of the smallholder farmer. We assume that the production cost is public
information, which may otherwise lead to an agency problem. When the farmer’s production cost
is private information, the farmer may intentionally increase his production cost to obtain more
financial support. However, in practice, a farmer does not have too much room to artificially increase
the cost. Take Jing Nong Dai in Renshou, Sichuan Province as an example. JD actively participates
in the entire production process and serves farmers through various means far beyond finance, such
as logistics, sales, or training. Farmers’ farming activities are closely guided by the government,
social enterprises, and JD together. The agency problem can then be solved by adopting advanced
information technology, which can record in detail the cost of materials purchased by farmers from
recommended sellers. With these detailed records, cost information becomes transparent.

The smallholder farmer must bear the cost before the start of the sales horizon for inputs, such
as seeds, farm equipment, fertilizers, and labor. However, the smallholder farmer is constrained
by his capital resources and does not have sufficient endowment to cover his production cost. We
assume that his initial capital is zero. As the smallholder farmer has few individual assets, he is
unlikely to have valuable collateral for a loan application. The agricultural product is perishable
and cannot be used as collateral, so its salvage value is zero. However, the farmer can raise funds
via a commercial bank (traditional bank financing) or an intermediary platform (innovative direct
financing). Note that the farmer has only limited liability. He pays back both principal and interest
if he can generate enough revenue during the sales period, but if he cannot, he only returns the
amount he receives from the sales of his product and declares bankruptcy afterwards. The loan

provider (either the bank or the platform) then embraces a certain level of default risk. We also

1 We have also extended our analysis to a situation with an endogenous unit commission fee for theoretical com-
pleteness, available on request.

2For more information on the commission rates charged by e-commerce platforms in China, please
see  the following links: https://site.douban.com/289763/widget/notes/193732525/note/690453689/;
http://www.china-briefing.com/news/tmall-yihaodian-and-jd-a-comparison-of-chinas-top-e-commerce
-platforms-for-foreign-enterprises/; https://img.alicdn.com/tps/i1/T1Srg.FjXXXXaR1ePy-953-8196. jpg
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consider a third financing format, guarantor financing, in which the intermediary platform provides
the guarantee for the farmer to raise funds from the bank and will have to repay the debt if the
farmer defaults on the agreed repayment (Zhou et al. 2020). Therefore, guarantor financing solves
the problem of the lack of creditworthiness issue of the capital-constrained farmer and ensures the
stable production of his agricultural product.

In this paper, we consider that the capital market is perfect (no taxes, transaction fees, and
bankruptcy costs) and that all bank loans are competitively priced (with a perfectly competitive
banking sector). In other words, the bank does not make a positive profit and the interest rate
r is set at the break-even level (Chen and Cai 2011; Jing et al. 2012; Tang et al. 2018). We also
normalize the risk-free interest rate and the opportunity cost of capital (i.e., the time value of cash)

to zero and assume that the farmer and the intermediary platform are both risk-neutral.

4. Individual Analysis of the Three Financing Formats
One main purpose is to investigate how to finance an agricultural supply chain with a capital-limited
smallholder farmer. In this section, we start by separately analyzing the equilibrium outcomes

under the three financing formats, bank financing, guarantor financing, and direct financing.

4.1. Bank Financing

Here, we consider a scenario in which the farmer lacks financial resources but bank financing is
viable. This financing format is very practical in developing countries like China, where state-owned
banks are encouraged by the central government to offer commercial loans to farmers to support
agricultural development.'® Knowing the unit commission fee ¢, the bank sets the interest rate r
at the break-even level, and the farmer decides his production quantity g, raises funds from the
bank, and plants his product accordingly. After that, demand is realized and the sales revenue is
collected. Finally, the liability-limited farmer pays back the total loan amount up to his maximal

wealth level. See Figure 1 for an illustration.

Intermediary
Bank: Farmer: Farmer: Nature: Platform & Farmer:
Interest Rate Loan Amount Produce Demand Outcome Sales & Loan Payment

@ \ 4 —@ L @
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Figure 1 The sequence of events under bank financing

As a result, the bank determines the interest rate to satisfy the following break-even condition:

cqy = E[min{c(1 +7)q,, min{¢, g } (1 — 1) }], (1)

13 For more information, please see the following link: http://assets.fsnforum.fao.org.s3-eu-west-1.amazonaws
.com/public/files/120_FSN_APEC/Sep_9a.pdf
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where E[-] is the expectation operator. As the farmer’s liability is limited, the bank bears some
default risk if the realized demand is not sufficiently high.
The liability-limited farmer decides his production quantity g, to maximize his expected profit

subject to the bank’s constraint (1):

H?(qb) = E[min{§>qb}(1 _t) _C(1+T)qb]+7 (2>
where [z]T =max{z,0}. The following lemma shows the farmer’s quantity decision.

LEMMA 1. Under bank financing, the capital-constrained farmer determines q; as if he is not
limited by capital resources, that is,

J— « C
F(Qb)zli_t'

Moreover, q; decreases with the unit commission fee t and is smaller than the optimal production

quantity in a centralized capital-unconstrained supply chain denoted by q¢, where F(q°) = c.!*

Lemma 1 shows that the production decision of the capital-constrained farmer is the same as that
without capital constraints. In addition, when the bank provides financing, the capital-constrained
supply chain behaves as if there is no capital constraint, and the farmer can freely leverage the
bank’s financial resources to plant. The underlying reason is that when the loan is competitively
priced, the bank only claims the time value of its investment (which is zero in our setting). It
charges interest that can exactly cover default risk in loan repayment. Thus, in equilibrium, the
bank makes no profit. It simply serves as a capital buffer for the farmer. For the farmer, although
he has limited liability, he is exposed to default risk and must pay the interest rate premium. That
is, he must balance the underage and overage costs when making his production decision. This
result differs from the intuition that the farmer’s financial constraints lead him to produce more
aggressively than he would with sufficient capital. Similar results are observed in Xu and Birge
(2004) and Jing et al. (2012) but under a different context. However, the equilibrium production
quantity is less than a centralized production quantity due to the double marginalization effect
caused by the introduction of an intermediary platform in the agricultural supply chain. Moreover,
the quantity decreases with the unit commission fee ¢, as an increase in t reduces the farmer’s
profit margin and decreases his production incentive.

Anticipating the best responses from the farmer and the bank, the expected profit of the inter-

/0 g F(g)dg] t.

The following proposition presents how the platform’s profit changes with ¢.

mediary platform can be obtained by

I} = E[min{¢, ¢; }t] =

K2

1n a centralized chain, the profit function is TT. = E[min{¢, ¢°}] — c¢®. The well-known critical fractile solution can
be immediately obtained, i.e., F(¢°) =c.
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PROPOSITION 1. Under bank financing, the profit of the platform first increases and then
decreases with the unit commission fee t while the profits of the smallholder farmer and the whole

supply chain decrease with t.

The unit commission fee has two effects on the profitability of the intermediary platform: on one
hand, a higher unit commission fee implies a higher profit margin for the intermediary platform;
on the other hand, it leads to a decrease in the production quantity. The balance between these
two driving forces indicates that a moderate unit commission fee is the most advantageous for
the intermediary platform under bank financing, as shown in Proposition 1. For the smallholder
farmer, an increase in the unit commission fee leads to a lower production level and a smaller profit
margin, naturally reducing his welfare. For the whole supply chain, given the fixed selling price, a

lower production level implies lower profitability.

4.2. Guarantor Financing

Guarantor financing has grown in popularity in recent years, especially in developing economies
where small firms often lack creditworthiness and a loan guarantee is required by the bank to control
risk. To ensure that the smallholder farmer can operate sustainably, the intermediary platform, as
the downstream supply chain partner, is undoubtedly a natural candidate to provide this guarantor
service. It is worth noting that a guarantee from the intermediary platform is usually considered
reliable and acceptable by the bank, as the platform is often large and has sufficient working capital
and fixed assets, and a solid cooperation record. Under guarantor financing, the smallholder farmer
and the intermediary platform cooperate not only through traditional product distribution, but
also through innovative supply chain financing. The sequence of events is similar to that under
bank financing except that the intermediary platform agrees in advance to provide the guarantor
service to the farmer. In the last stage, if the farmer eventually defaults, the intermediary platform

repays the farmer’s debt. See Figure 2 for an illustration.

Intermediary
Intermediary Platform: ~ Bank: Farmer: Farmer: Nature: Platform & Farmer:
Guarantor Service Interest Rate Loan Amount Produce Demand Outcome Sales & Loan Payment

@ L L @ L @
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

Figure 2  The sequence of events under guarantor financing

As the intermediary platform promises to repay the farmer’s debt if the farmer files for
bankruptcy, it bears all downside risks. The bank is completely free of default risk in this financ-

ing format. Therefore, the interest rate charged by the bank is r =0 in this situation.'® That is,

15We refer the readers to Zhou et al. (2020) for a similar conclusion that the commercial bank does not take the
debtor’s default risk and the interest rate should equal the risk-free rate, which is normalized to zero in our setting.
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compared with bank financing, the bank is more aggressive in issuing a loan to the farmer because
of the platform’s promise.
As the interest rate » =0, the liability-limited farmer makes the following production decision

g, to maximize his profit:

I19(qy) = E[min{¢, qo} (1 —1) — c(1+7)qy]" = E[min{¢, ¢, }(1 — ) — cqy] ™ (3)

To ensure a non-negative production incentive for the farmer, ¢ <1 —t is necessary. Define

We then have the following results.

LEMMA 2. Under guarantor financing, when ¢ < 1—t, i.e., ¢ < 1, the optimal production quantity
of the capital-constrained smallholder farmer q is uniquely determined by f(q;) = EF(E{]’;). q

decreases with ¢ and the unit commission fee t, while both Eq; and qgf(q;) increase with ¢ and t.

By Lemma 2, the production quantity under guarantor financing decreases with the commission

fee t. Indeed, as t increases, the farmer obtains a lower profit margin and shares a smaller portion

of the total profit of the supply chain. Consequently, the farmer has less incentive to produce.
Anticipating the farmer’s optimal production decision g, the expected profit II{ of the interme-

diary platform can be written as

IT] = E[min{¢, g; }] — E[cq; — min{¢, ¢g}(1 - )] " (4)

Revenues Loss by Guarantor Service

That is, under guarantor financing, the profit of the intermediary platform is equal to the revenue
obtained by serving as a sales channel minus the loss incurred by serving as a guarantor. Hereinafter,
to facilitate our analysis, we make the following technical assumption.

Assumption 1: The cost elasticity of the production quantity, that is, the ratio of the percentage
change in the production quantity g to the percentage change in the effective cost ¢,

_dgy/q;  1-G(cg))
“O="4z = Gy —Clay)

decreases with c.

This assumption only depends on the demand distribution, and we have the following lemma.

LEMMA 3. Assumption 1 is satisfied by distributions such as uniform over the interval [0,a] and

exponential with a parameter T over the interval [0,400).

We then examine how the unit commission fee ¢ affects the profitability of the supply chain par-

ticipants.
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PROPOSITION 2. Under guarantor financing, the profits of the platform and the whole supply

chain first increase and then decrease with t, while the farmer’s profit decreases with t.

Similar to bank financing, a higher unit commission fee under guarantor financing indicates a higher
profit margin for the intermediary platform but a lower production incentive for the farmer. Propo-
sition 2 shows that even with the provision of the guarantee service, the profit of the intermediary
platform (and that of the whole supply chain) can still either increase or decrease with the unit
commission fee. Again, the underlying driving force is the tradeoff between the benefit brought by
the increased profit margin and the loss brought by the reduction in the production quantity of the
smallholder farmer. In contrast, an increase in the unit commission fee always harms the welfare

of the farmer, as it reduces both his production incentive and his profit margin.

4.3. Direct Financing

In this section, we consider direct financing, in which the capital-constrained smallholder farmer
borrows money directly from the intermediary platform. That is, the intermediary platform serves
as both a distribution channel and a loan provider. The sequence of events is as follows. First, the
intermediary platform determines the interest rate r at its discretion. Next, the farmer decides his
production quantity g, borrows money from the platform, and cultivates his agricultural product
accordingly. Demand is then realized and the revenue is collected. The farmer finally realizes his
profit after the intermediary platform deducts the loan (principal plus interest) to his maximal

wealth, or if he defaults, after he declares bankruptcy.

Intermediary
Intermediary Platform: ~ Farmer: Farmer: Nature: Platform & Farmer:
Interest Rate Loan Amount  Produce Demand Outcome  Sales & Loan Payment
@ @ @ @ \ 4
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Figure 3 The sequence of events under direct financing

Given the interest rate r, the smallholder farmer makes the following production decision to

maximize his expected profit:

115 (qa) = Emin{¢, ga) }(1 — ) — e(1+7)qa}]" ()

To ensure that the farmer has a non-negative production incentive, ¢(1+ ) <1 —¢ is necessary.

Define
o c(l+7) .
1—t
We then have the following results.

LEMMA 4. Under direct financing, the farmer’s production quantity q; is uniquely determined

by F(q;) =cF(eq;). Moreover, g decreases with ¢, while ¢q; and q;F(q};) increase with €.
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By anticipating the farmer’s production decision, the intermediary platform decides the interest

rate of its financing service to maximize its expected profit

IT = E[min{¢, ¢;(r) }] — | cqj(r) — Efmin{c(1 +r)q;(r), min{¢, q;(r)}(1 - 1)}] | | (6)

subject to ¢(1+4 1) <1—t. That is, under direct financing, the profit of the intermediary platform
is equal to the revenue obtained by serving as a sales channel minus the loss incurred by serving
as a loan provider. Note that if the intermediary platform sets the interest rate r = 0, its profit
function is exactly the same as in (4) under guarantor financing. In this situation, the platform
carries the same level of farmer default risk under both guarantor and direct financing.

Let ¢° satisfy

~ F(q°)

Then, we have the following results for the interest rate decision of the intermediary platform.

LEMMA 5. Under direct financing, the optimal interest rate v* charged by the intermediary plat-

form or, equivalently, ¢* = C(llff), is as follows:
(i). ¢ =1 when
t< S 41
2F(¢%) 2
(ii). otherwise, ¢* satisfies
_Plad) oy, -G
F(gy) —c G(erqy) — Glaz)

Moreover, ¢ weakly decreases with the commission fee t, while q; weakly increases with t.

Lemma 5 shows that under direct financing, the production quantity weakly increases with the
unit commission fee ¢, which is in stark contrast to that under bank and guarantor financing, in
which the production quantity decreases with ¢ (see Lemmas 1 and 2). This result is due to the
interaction between the platform’s operational and financing aspects: when the unit commission
fee is significantly high, the platform has the incentive to encourage the farmer to produce more
by lowering its interest rate, which may even be negative, i.e., falling below its opportunity cost
of capital. That is, the platform can even financially subsidize the farmer’s production. The oper-
ational gain resulting from collecting more commission fees can offset the corresponding financial
loss by charging a lower interest rate, which actually benefits the platform.

Based on the optimal interest rate decision, we next investigate how the profit of the intermediary

platform changes with the unit commission fee t.

PROPOSITION 3. Under direct financing, the profits of the platform and the whole supply chain

weakly increase with t.
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Proposition 3 shows that unlike bank financing and guarantor financing, a higher commission fee
always improves the profitability of the intermediary platform and that of the whole supply chain
under direct financing. Note that a higher commission fee reduces the farmer’s production incentive.
However, the intermediary platform has the flexibility to adjust its interest rate, which can reverse
the farmer’s production incentive. The net effect of these two forces leads to a higher production

level. We also note that this involves a weakly higher level of investment risk for the platform.

5. Comparison of the Three Financing Formats and Equilibrium
Analysis

So far, we have derived all of the equilibrium outcomes associated with the three financing formats
when only one of them is available in the market. An in-depth comparison can help us examine
the effect of these financing formats on the performance of the whole supply chain and identify the
conditions under which one format is preferred over the other two by supply chain participants.

We note that guarantor financing usually exists due to the supplier’s lack of creditworthiness.
For this reason, bank financing (with a creditworthy farmer) and guarantor financing (with a non-
creditworthy farmer) do not coexist in one setting in many cases. However, we also note that the
availability of frictionless bank financing for the smallholder farmer is to a large extent policy-driven
and influenced by the government. This is related not only to the behavior of the financial market,
but also to a macroeconomic policy to support the development of the agricultural sector. For
example, the People’s Bank of China, China’s central bank, pushes banks in China to increase their
financing support to the agricultural sector and to issue loans to farmers to boost the economy:. It is
clearly stated in its official documents that “the banking industry should enhance the availability of
financing for the agricultural sector at an affordable cost.” As a result, bank loans to the agricultural
sector in China increased at an annual average of 21.7% between 2007 and 2014.'6 Therefore, with
the support of governmental policy, all three financing formats can be available.

In this section, based on the results in Sections §4.1, §4.2, and §4.3, we first investigate the
financing preferences of supply chain participants when all three financing formats are provided.
Next, we consider a scenario in which the platform is the leader and makes its financing format
decision first and derive the corresponding equilibrium outcome. We also discuss a situation in
which the platform offers a partial credit guarantee or may be capital constrained. For convenience

and tractability, below we limit our attention to a uniform demand distribution between 0 and 1.'7

16 For a more detailed overview of China’s banking policies for agricultural development, please see https://www
.nytimes.com/2015/03/26/business/international/chinas-farms-need-more-loans-central-bank-says.html

17 Extensive numerical experiments reveal that the key insights regarding the optimal production quantity and the
financing selection of supply chain participants with uniform distribution remain intact when demand is exponentially
or normally distributed.
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5.1. Financing Format Preferences of Supply Chain Participants
We first compare the smallholder farmer’s optimal production quantity under the three financing
formats. Note that the availability of agricultural products is essential to people’s lives and thus

affects the stability of society and its sustainable development.

PROPOSITION 4. The optimal planting quantity of the smallholder farmer under bank financing
(q; ), guarantor financing (q;), and direct financing (q;) has the following relationship:
(i). q; is always less than g, that is, q; <q;.
(ii). There exists a critical threshold t such that ¢ < q; only when t < t, where
Fe c+1—4/c, ife< i,.
1—c, otherwise.

(ii). When the production cost ¢ > %, q; is always less than g (i.e., q; < q). Otherwise, there

exists a critical threshold T such that q; > q; only when the unit commission fee t < t, where

— c \/02-‘,-4(,’ . 1
t:{2+1_ s if e<g,

2
1—2¢, otherwise.

(iv). Compared with the optimal production quantity in a centralized capital-unconstrained supply
chain q°, q; < q° always holds; q; > q° only when the unit commission fee t <c; and q; > ¢°

only when the production cost ¢ > %

Proposition 4 shows that the production quantity under bank financing ¢; is less than that under
guarantor financing ¢;. This is because under bank financing, the loan is costly (r*>0), and the
farmer himself is exposed to default risk. The farmer must pay the interest rate premium. Therefore,
the farmer is relatively conservative in production. In contrast, under guarantor financing, the
farmer’s default risk is borne by the platform. The bank therefore bears no risk and issues the loan
with a zero interest rate (r* =0). Consequently, the farmer becomes more aggressive in production,
leading to ¢; <gj.

Under direct financing, the intermediary platform provides financial resources to the farmer
and bears his default risk. It can control this risk by fine-tuning the interest rate to change the
farmer’s production incentive. Specifically, when the unit commission fee t is low, the farmer has
a strong incentive to produce due to a relatively high profit margin; thus, the platform can charge
a high interest rate to extract the surplus from the farmer. In contrast, when ¢ is high, the farmer
is reluctant to produce more because of a low profit margin. Then, the platform will reduce its
interest rate, which may be even lower than its capital opportunity cost, to encourage the farmer
to produce more. Overall, the equilibrium production quantity weakly increases with ¢. Recall from
Lemmas 1 and 2 that the equilibrium production quantity under bank and guarantor financing

decreases with ¢. As a result, there exists a unit commission fee threshold below/above which the
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Figure 4 Optimal Production quantity as a function of the commission fee ¢ under the three financing formats:

& ~U|[0,1]. Solid line: bank financing; dash-dotted line: guarantor financing; dashed ine: direct financing.

equilibrium production quantity under direct financing is less/greater than that under bank (or
guarantor) financing, as shown in Figure 4.

Interestingly, Proposition 4 shows that the farmer’s production quantity under both guarantor
and direct financing can be even higher than that in a centralized supply chain with sufficient
capital. The underlying reason is that under guarantor financing, the interest rate charged by
the bank is zero; thus, the farmer can freely take advantage of the bank’s capital resources to
actively plant. More specifically, compared with a centralized capital-unconstrained supply chain,
two effects counteract each other in our decentralized system under guarantor financing. One is the
repayment guarantee effect induced by the platform’s guarantor service, which benefits the farmer
as he no longer bears default risk. This increases his production incentive. The other is the double
marginalization effect caused by the decentralization of the supply chain due to the involvement
of the platform, which reduces the farmer’s profit margin from 1 — ¢ to 1 —t — ¢ and decreases his
production incentive. When the unit commission fee t is low, the first effect outweighs the second,
leading to overproduction. However, as t increases, the second effect becomes dominant and the
problem of overproduction disappears. That being so, the platform’s guarantee promise combined
with a low unit commission fee leads to overproduction by the farmer.

Similar to guarantor financing, under direct financing, the liability-limited farmer does not bear
any financial risk and can therefore produce his agricultural product aggressively with the financial
support of the intermediary platform. In particular, when the production cost is extremely high
(c > %), the production incentive of the centralized capital-unconstrained supply chain is low.
However, under such a circumstance, in this decentralized capital-constrained supply chain, the
platform can increase the farmer’s production incentive by setting a low interest rate, which may

even be lower than the opportunity cost of capital, resulting in overproduction. Therefore, the
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platform’s financing flexibility combined with a high production cost can also lead to the farmer’s
overproduction.

It is worth noting that agricultural overproduction is widespread in practice and has long been a
popular topic. One widely discussed driving force is commercial loans or government subsidies.'® A
promising way to solve this problem is to use a credit line. That is, the intermediary platform, which
is concerned about the performance of the whole supply chain, can actively control the farmer’s
production quantity by setting a loan limit. With this limit, the farmer cannot obtain as much
financial support as he wants, which can mitigate or even eliminate the problem of overproduction.

Below, we examine the financing format preferences of the three parties when the three financing

formats are provided exclusively.

PROPOSITION 5. Between bank financing, guarantor financing, and direct financing,

(i). The intermediary platform prefers bank financing when the unit commission fee t < i and the

1—t—\/5t2—5t+1(1

on —t); otherwise, it prefers direct financing.

production cost ¢ >
ii). The farmer prefers direct financing when ¢ < * and t > ¢+ 1 — \/c; otherwise, he prefers
g 1
guarantor financing.

(iii). The whole supply chain prefers bank financing when (1) ¢ < L and t <

2
min{cﬂ_2 Vc2+1,1—2c}, or (2) ¢ >

financing when t(c) <t < t(c) and ¢ < 3,

% and t < min{izj,l —c}; and prefers guarantor

~ ~

where the detailed expressions of t(c) and t(c) are

presented in (15) of the online Appendiz. Otherwise, it prefers direct financing.

DF DF
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(a) Intermediary platform (b) Smallholder farmer (c) Whole supply chain
Figure 5 Financing format preferences of supply chain participants: { ~ U|[0, 1]. BF: bank financing; GF: guarantor

financing; DF: direct financing.

Proposition 5 shows that direct financing always weakly dominates guarantor financing from the

viewpoint of the intermediary platform because the platform plays the role of a bank (financing

B For a more detailed discussion of the overproduction problem in the United States and India, respec-
tively, see the following links: https://www.nytimes.com/2005/11/09/business/mountains-of-corn-and-a-sea-of-farm-
subsidies.html and https://medium.com/@AmritHallan/if-overproduction-is-a-problem-for-indian-farmers-how-can-
underproduction-solve-it-ce529742df6e
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the farmer’s production cost and bearing his default risk) and a sales channel. A closer look at the
arguments in §4.2 and §4.3 indicates that in the extreme situation in which the platform charges a
zero interest rate, the performance of the whole supply chain under direct financing is exactly the
same as that under guarantor financing. As the intermediary platform has the flexibility to adjust
the interest rate under direct financing, its optimal interest rate decision will result in a higher
profit than under guarantor financing. Between bank and direct financing, the platform prefers
bank financing only when the farmer’s production cost is high but the unit commission fee is low,
as shown in Figure ba. The underlying reasons are as follows. Under the competitive pricing of bank
loans, the bank makes no profit when granting the loan. As a result, the farmer and the platform
enjoy the full profit of the supply chain, regardless of the financing format chosen. However, the
platform has to invest heavily upfront when providing the direct financing service and thus bears
a high level of default risk due to the farmer’s limited liability. In this situation, when the unit
commission fee is low, the revenue obtained by the platform is insufficient to cover its default risk
from direct financing.

Proposition 5 indicates that bank financing is never preferred by the farmer because guaran-
tor financing benefits the farmer more than bank financing. With the creditworthy intermediary
platform as a guarantor, the bank bears no financial risk and lends more to the liability-limited
farmer, which leads to more aggressive production. In addition, under guarantor financing, the
intermediary platform cannot fully extract the farmer’s surplus given the fixed unit commission
fee. This implies that the availability of platform-backed financing is essential for the welfare of the
farmer. Moreover, the farmer prefers direct financing over guarantor financing when the unit com-
mission fee is sufficiently high (see Figure 5b). In this situation, from an operational perspective,
a high commission fee reduces the farmer’s profit margin and exacerbates double marginalization.
However, from a financial perspective, a high commission fee incentivizes the platform to duly cut
its interest rate, which alleviates the farmer’s repayment stress and benefits him.

Proposition 5 also shows that the preference of the whole supply chain for the three financing
formats strongly depends on the production cost ¢ and the unit commission fee t, as depicted in
Figure 5c. Note that due to the competitive pricing of bank loans, the bank makes no profit and
thus does not intervene in the profit of the whole supply chain. For a sufficiently low production
cost ¢, if the unit commission fee ¢ is low, bank financing is preferred by the supply chain; if ¢ is
moderate, guarantor financing is preferred; and if ¢ is high, direct financing is preferred, as the
platform can duly cut the interest rate to effectively reduce double marginalization. In a similar
vein, when the unit commission fee is sufficiently low, any of these three financing formats can be
preferred by the supply chain, depending on the production cost. Recall that the unit commission
fee for agricultural products is around 2%. This result is therefore very insightful, as it helps explain

why the three financing formats are observed in real business practices. A closer look at Figures
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ba and 5c reveals that when the unit commission fee is sufficiently low (which fits the agricultural
product), the preferences of the intermediary platform and the whole supply chain can be aligned
if the farmer’s production cost is relatively high. This implies that the involvement of the platform
can help improve the performance of the whole supply chain.

Proposition 5 also implies that when the production cost is low but the commission fee is
extremely high, direct financing benefits both the smallholder farmer and the intermediary plat-
form and therefore the whole supply chain. That is, even if the unit commission fee is extremely
high, the intermediary platform can adjust its interest rate downward, inducing the liability-limited
smallholder farmer to produce more. The duly reduced interest rate then mitigates the double
marginalization effect caused by the high commission fee. Thus, the high commission fee favors
the platform, while the much lower interest rate benefits the farmer. As a result, the whole supply
chain becomes better off, leading to a win-win-win outcome for all the parties. Accordingly, their
financing format preferences are aligned. Note that without providing the financial service (either
direct financing or guarantor financing), the intermediary platform serves only as a sales channel,
and the farmer can only resort to bank financing. Proposition 5 then indicates that by providing
the financial service in addition to its operational function, the involvement of the intermediary
platform can significantly improve the welfare of the farmer and the total profit of the supply chain.
As such, our analysis suggests that the government should encourage platforms to provide both
operational and financing services to benefit the entire agricultural supply chain.

For tractability and ease of exposition, we have assumed that the farmer’s initial endowment is
zero. We now relax this assumption. However, due to the lack of exact expressions of the optimal
solutions, we have to rely on extensive numerical studies to examine the effect of the farmer’s
initial endowment. Interestingly, our numerical experiments show that all of our main results
remain qualitatively unchanged. The farmer’s initial endowment only affects the amount of financial
support that the bank/platform must provide upfront. The underlying tradeoffs for selecting the
optimal financing format remain the same as those discussed above.

So far, we have examined the preferences of supply chain participants over the three financing
formats if they are provided exclusively. Recall from Proposition 5 that in a theoretical sense, it
is never in the best interest of the intermediary platform to offer guarantor financing. Now, let us
consider a scenario in which the smallholder farmer has to decide in advance which financing format
to adopt. Proposition 5 then indicates that guarantor financing can be the equilibrium financing
format when the farmer has the power to decide which financing format to adopt. In this sequential
setting, bank financing is available as a benchmark and the platform can offer both guarantor and

direct financing. We examine the effect of the commission fee on equilibrium performance.

PropoOSITION 6. When all three financing formats are available and the smallholder farmer

determines the financing format to adopt, in equilibrium,
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i). the farmer’s profit increases with t when 2 —v2 <c<t and c+1—\e<t< <43, and
2 1 2 T
decreases with t otherwise.
11). the profit of the intermediary platform always increases with t.
) Y
iii). the total supply chain profit increases with t when (1) c< Lt and t€[0,c)U(c+1—+/c,1) or
1

(2) ¢> 1 and t <min{c,1— c}; otherwise, it decreases with t.

Proposition 6 implies that an increase in the unit commission fee can generate a higher profit for
the farmer. In this case, direct financing is preferred by the smallholder farmer (see Proposition 5),
as the intermediary platform has the incentive to cut the interest rate to encourage the farmer to
produce more, which in turn benefits the farmer. Proposition 6 further shows that when the farmer
decides on the financing format to adopt, the increase in the unit commission fee always benefits the
intermediary platform. When the supply chain participants face no financial constraints, common
knowledge suggests that an increase in the commission fee ¢ exacerbates the double marginaliza-
tion effect and thus affects the efficiency of the supply chain. However, with financial constraints,
Proposition 6 suggests that an increase in the unit commission fee may actually benefit the whole
supply chain. Again, this is due to the following financial reason: a higher unit commission fee can
result in a lower interest rate for the farmer, leading to a higher production quantity, mitigating
the double marginalization effect and thus benefiting the whole supply chain. This implies that
in our capital-constrained supply chain, an increase in the unit commission fee may unexpectedly
improve the performance of the entire agricultural supply chain in terms of farmer welfare and

total supply chain profit.

5.2. When the Intermediary Platform Determines the Financing Format
In the foregoing analysis, we have compared the equilibrium outcomes associated with three financ-
ing formats assuming that they are all provided. However, both direct financing and guarantor
financing are provided by the intermediary platform, who should be able to decide whether and
when to offer either (or neither) of these formats. In this subsection, we consider the scenario in
which the intermediary platform acts as the game leader and makes its financing format decision
in advance. Then, depending on the financing formats available, the farmer selects the one that
maximizes his profit. In this setting, the platform’s financing format competes directly with bank
financing, especially under direct financing in which the platform also decides the interest rate.
That is, the platform can influence the farmer’s selection by fine-tuning the decision variables, such
as the interest rate.

In addition, note that when the smallholder farmer is not creditworthy (and without the support
of government policies), bank financing is not available. Then, the farmer must rely on either direct
or guarantor financing to obtain a loan. In contrast, when the farmer is creditworthy (or has the

support of government policies), he can obtain a loan either from the bank or from the intermediary
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platform. The following proposition summarizes the financing format decisions of the intermediary

platform when dealing with a non-creditworthy farmer and a creditworthy farmer, respectively.

ProprosiTION 7. When the farmer is not creditworthy, between guarantor financing and direct
financing, the intermediary platform adopts direct financing. When the farmer is creditworthy, the
intermediary platform does not provide any financing service and encourages the farmer to resort
to bank financing when the unit commission fee t < % and the production cost ¢ > 4t(1 —t), and

provides direct financing otherwise.

When faced with a non-creditworthy capital-constrained smallholder farmer, the platform, as
his supply chain partner, must provide the financing service to ensure the sustainability of his
agricultural production. Proposition 7 shows that the platform always intends to provide direct
financing rather than guarantor financing, because in this situation, the intermediary platform can
extract all of his surplus if direct financing is adopted. When the farmer is creditworthy (possibly
with the support of government policies), bank financing is also viable in the market, so there is no
need for the platform to provide financing. In this situation, Proposition 7 shows that the platform
will choose not to provide any financial service when the farmer’s production cost is high but the
unit commission fee is low. The underlying reasons are as follows. Recall from Proposition 5 that
the platform weakly prefers bank financing over guarantor financing. When the production cost is
high, the platform must invest heavily upfront if it chooses direct financing. Moreover, to entice
the farmer to choose direct financing, the platform must set a very competitive interest rate, which

negatively affects its default risk. Then, the platform prefers not to offer any financing service.
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Figure 6 Equilibrium outcomes when the intermediary platform selects the financing format

5.3. Discussion of Partial Credit Guarantee and Internal Financial Constraints
Until now, we have implicitly assumed that the intermediary platform provides a full credit guaran-

tee for the smallholder farmer. However, a partial credit guarantee is also observed in practice from
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time to time (Yan et al. 2016). Here, we consider such a partial credit guarantee and characterize
how it affects the equilibrium outcome and the performance of the whole supply chain.

Whether the platform promises only a partial or full credit guarantee has no impact on the
equilibrium outcome, including the optimal interest rate and production quantity, under both bank
and direct financing. Accordingly, the system performance of the whole supply chain remains the
same as that described in §4.1 and §4.3. However, under guarantor financing, as the intermediary
platform promises to only partially repay the farmer’s debt if the farmer files for bankruptcy, it
only bears partial downside risk. Thus, the bank also bears some default risk and has to charge a
positive interest rate 7, which is zero when the platform provides the full credit guarantee.

We now analyze guarantor financing under the partial credit guarantee. Given the interest rate

r, the liability-limited farmer makes the following production decision g, to maximize his profit:

1%(qy) = E[min{g, go (1 =) — c(1+7)g,]". (7)

To ensure a non-negative production incentive for the farmer, ¢(1+r) <1—t is necessary. Equation

(7) is exactly the same as that under direct financing except that the interest rate here is determined

c(14+7r)
1—t 7

by the bank. In a similar way, recalling ¢ = we can obtain the following results.

LEMMA 6. Under guarantor financing with the partial credit guarantee, when c¢(14+71) <1—t, i.e.,
¢ <1, the optimal production quantity of the capital-constrained farmer q, s uniquely determined

by F(q;) zaf(/c\q;). Moreover, q; decreases with ¢, while cq; and qu(q;) increase with C.

For the intermediary platform, its expected profit when providing the partial credit guarantee

ITY can be written as

Revenues Loss by Guarantor Service

where ¢ € (0,1) is the partial credit guarantee parameter. Anticipating the farmer’s production

decision, the bank determines interest rate r*(¢) that satisfies the following break-even condition:

cqy(r) = Emin{c(1+7)qy (r), min{¢, q;(r)}(1 = )}] + $E[c(1 + r)q; (r) — min{, g (r) }(1 - )]

/

~~

Repayment by Farmer Repayment by Platform

Then, we can show that for a uniformly-distributed demand between 0 and 1, r*(¢) =

1 S242¢c+1—1+¢
L vEEEe) (1

1+o
In §5.1, we show that guarantor financing is a special case of direct financing under a full credit

—t) — 1. The corresponding equilibrium profits can then be obtained.

guarantee. Here, under direct financing, the platform can also mimic guarantor financing with a
partial credit guarantee by setting r =r*(¢) or ¢ =¢*(¢). As a result, same as that stated in Propo-
sition 7, when the farmer is not creditworthy and bank financing is not available, the intermediary

platform always provides direct financing. We now consider that the farmer is creditworthy and/or
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bank financing is available. In this situation, the platform needs to fine-tune its interest rate to
compete against bank financing if this is in its best interest. Note that the bank also charges an
interest rate when the platform provides guarantor financing with a partial credit guarantee. The
equilibrium comparison then becomes more complicated and there is no analytical solution. We
have to rely on extensive numerical analysis instead. Our numerical experiments reveal that guar-
antor financing can be the platform’s equilibrium financing choice in this case. This is in stark
contrast to that when the platform offers a full credit guarantee, in which case guarantor financ-
ing is never chosen by the platform. This result is insightful, as it provides an explanation why
guarantor financing is observed in business practices.

We have assumed in the above analysis that the intermediary platform has sufficient financial
resources. However, in practice, the platform may be capital-constrained. Note that the platform
often operates a variety of businesses and needs to allocate its financial resources between a wide
range of business units. For instance, JD continues to invest heavily in logistics infrastructure and
has continuously reported net financial losses for some time.!? Thus, the intermediary platform may
face internal budget constraints and may not fully satisfy the smallholder farmer’s financial needs,
especially when there are a huge number of capital-constrained farmers in the market. We now
consider that the platform is also capital-constrained (i.e., with a budget limit) and examine how it
affects its choice of financing format. As this analysis is very complex, we have to rely on extensive
numerical studies. Through extensive numerical experiments, we find that when the platform faces
financial constraints, guarantor financing is more likely to be provided by the platform. In addition,
the more financially constrained the platform, the more likely the adoption of guarantor financing.
Again, this helps explain why guarantor financing is observed in real business practices and so the

coexistence of guarantor financing and direct financing in the market.

6. When the Platform Shows Concern for Social Responsibility

In the above analysis, we assume that the intermediary platform maximizes its own economic
profit when cooperating with the smallholder farmer. However, in an agricultural supply chain, the
platform may show its concern for social responsibility and care not only for its own profitability,
but also for the welfare of the farmer (Hsu et al. 2019). Hereafter, we consider this possibility and
investigate how the social responsibility concern affects the financing format preferences of supply

chain participants and the equilibrium outcomes.

9 For more information, see the following link: http://www.chinadaily.com.cn/business/tech/2016-10/31/
content_27221793.htm
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6.1. Direct Financing with the Platform Concerned with Social Responsibility
When the intermediary platform shows its social responsibility concern and cares about the welfare

of the farmer, it aims to maximize the following objective function under each financing format k:
QF(e) =11 () + AL} (¢), k=0.g.d,

where the parameter A € (0,1) measures the level of the platform’s social responsibility concern.
When A =0, the intermediary platform does not take into account the farmer’s profit when making
its decision, and the whole supply chain is completely decentralized in the sense that all players
purely maximize their own profit. When A =1, the platform takes equally into account its own
profit and that of the smallholder farmer and aims to maximize the total profit of the supply chain.

Although the intermediary platform exhibits social responsibility concern, it does not affect the
equilibrium outcomes (including the optimal interest rate and production quantity) under both
bank and guarantor financing. This is because under these two financing formats, the platform
plays a relatively passive role. The performance of the whole supply chain remains the same as
described in §4.1 and §4.2. However, when the platform actively provides the financing service,
its social responsibility concern does play a role and affects the equilibrium outcome under direct
financing. Specifically, anticipating the smallholder farmer’s production decision, the intermediary

platform decides the interest rate to maximize its objective function as follows:
Qf() = TI{(2) + ATI§(€) =117, (¢) — (1 — MIIF(0)
= E[min{¢, ¢;(r)}] — cqi(r) — (1 = A) (L — t)E[min{¢, ¢;(r)} —cqa(r)] ", (8)

subject to the smallholder farmer’s participation constraint, ¢(1 +r) <1 —¢. We then have the

following results for the platform’s optimal interest rate decision.

LEMMA 7. When the intermediary platform is concerned about the smallholder farmer’s profit,

under direct financing, the optimal interest rate r* charged by the platform, or equivalently ¢* =

c(1+7*)
1-t

(i). ¢ =1 when

, is as follows:

f < c " 1—-2X
21— NF(q%)  2(1—A)’
(ii). otherwise, ¢* satisfies
(1= N F(q3) 1-G(eq)
Fla—c | TG -0

Next, we examine the effect of social responsibility concern on the equilibrium outcomes, such as

the production quantity and supply chain profitability. We then have the following results.

COROLLARY 1. Assume that demand & is uniformly distributed between 0 and 1. Then, under

direct financing,
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(i). the farmer’s optimal production quantity ¢ (weakly) increases with A, the level of the inter-
mediary platform’s social responsibility concern while the optimal interest rate charged by the
platform r* (weakly) decreases with A.

(ii). the profit of the smallholder farmer I1%*, the total supply chain profit 114, and the platform’s

overall social payoff Q& (weakly) increase with \.

Corollary 1 shows that under direct financing, when the intermediary platform is more concerned
about the welfare of the farmer, it will charge the farmer a lower interest rate, leading to a lower
effective production cost for the farmer. Subsequently, the farmer’s production level will increase.
As a result, both the farmer and the whole supply chain earn more. Note that as the social
responsibility concern parameter A increases, the platform becomes more concerned about the
overall performance of the supply chain. Consequently, the optimal decision of the platform makes
the whole supply chain more coordinated, leading to a higher total profit for the supply chain.
Moreover, the overall social payoff of the intermediary platform also increases. This indicates that a
win-win-win outcome is achievable when the platform shows more concern about the welfare of the
farmer. Recall that the government often encourages intermediary platforms to increase their sense
of social responsibility in business practices, such as launching and involving platforms in farmer
support programs.?? Corollary 1 implies that these policies can benefit all parties and improve the

performance of the entire agricultural supply chain.

6.2. Comparison of the Three Financing Formats
Similar to that in §5, in which the platform shows no social responsibility concern, here we first

compare the optimal production quantity under the three financing formats.

LEMMA 8. When the platform exhibits social responsibility concern, the optimal planting quantity
of the smallholder farmer under bank financing (q; ), guarantor financing (q; ), and direct financing
(q;) has the following relationship:

(i). q; is always less than q,, that is, q; <gqj,.
(ii). There exists a critical threshold U such that qj < q; only if t <t', where

Cc)— Cc)— 6027 .
{2(1+) A2+¢)—r/c(ch 4)\+4)’ch<

1
2(1-N) 2(2-A)°
1—c¢, otherwise.

(i1i). When the production cost ¢ > %, q; < q; always holds. However, when ¢ < %, there exists a

critical threshold ¥ such that q; > q; only if t< t', where

24c—2X—y/c(4+c—4X) .
{ +c c(4+c )7ch< 1

g

2(1—N) 2(3—27)’
1—2c¢, otherwise.

20 For example, see JD’s social responsibility concern at https://corporate.jd.com /static/pdf/Corporate%20Social %20
Responsibility %20Report.pdf
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(iv). Compared with the optimal production quantity in the centralized capital-unconstrained supply

chain q°, q; < q° always holds; q; > q° only when t <c; and q; > q° only when c> %

A closer look at Proposition 4 and Lemma 8 indicates that the relationship between the optimal
production quantities under the three financing formats remains qualitatively the same, regardless
of whether the platform exhibits the social responsibility concern. Overproduction can still occur
when the platform cares about the welfare of the farmer.

Next, we examine the preferences of supply chain participants for the three financing formats

when they are provided separately and obtain the following results.

PROPOSITION 8. When the intermediary platform exhibits the social responsibility concern,

(i). the platform prefers bank financing when the unit commission fee t < i and the production
(1—1)(1—20)— /52— 51+ 5EA—4t2 A+ 1—)

cost ¢ > TN (1 —1t); otherwise, it prefers direct financing.
C)— Cc)— c(c 2_
(7). the farmer prefers direct financing when ¢ < ﬁ and t > 2079 A(2+2()1_§) (ATt ; other-

wise, he prefers guarantor financing.

(ii). the whole supply chain prefers bank financing when (1) ¢ < 3 and t <
1fnin{c+1_2v 02+1,C_2’\+22_(1”ci)C_MH),l—QC}, or (2) ¢> 1% and t < min{izj,l—c}; and

prefers guarantor financing when ?(C) <t< %\’(c) and ¢ < %,
t'(¢) and ¥'(c) can be found in (16) and (17) of the online Appendiz. Otherwise, it prefers

direct financing.

where the detailed expressions of
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(a) Intermediary platform (b) Smallholder farmer (c) Whole supply chain
Figure 7 Financing format preferences of supply chain participants when the platform is concerned with farmer

welfare: £ ~ U[0,1] and A =0.95. BF: bank financing; GF: guarantor financing; DF: direct financing.

Again, a closer look at Propositions 5 and 8 indicates that the preferences of the smallholder
farmer, the platform, and the whole supply chain over the three financing formats remain qualita-
tively unchanged, regardless of whether the intermediary platform exhibits the social responsibility
concern. See Figure 7 for an illustration. However, the level of the platform’s social responsibility

concern affects the adoption rate of each format, that is, the frequency/likelihood that each format



Author: Article Short Title
28 Article submitted to ; manuscript no. (Please, provide the mansucript number!)

will be adopted. To this end, let ® be the adoption rate of the financing format k € {b, g,d} by the
supply chain participant [ € {i, f, sc}. It can be obtained by integrating all possible combinations of
the production cost ¢ and the unit commission fee t given that ¢ <1 —t¢. Take guarantor financing

as an illustration. Its adoption rate ®9, can be obtained by

[N

1 < ~
oo Jo F0) =T (e))de
sc fol Olft dtdC

:2/0 @ (c) = T(c))de.

1 1= 1
08 08 T 08
. ;
M 1
h
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i f sc S K
04 04 04 o
. Py
ll ————— - ‘\
02 02 I f——
______ : )
______________ )
0 0 0
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(a) Intermediary platform (b) Smallholder farmer (c) Entire supply chain

Figure 8 The effect of A on the adoption of each financial format: £ ~ U|0, 1]. Solid line: bank financing; dash-

dotted line: guarantor financing; dashed line: direct financing.

Then, we quantitatively investigate how the platform’s social responsibility concern affects the
financing format selection of supply chain participants using numerical experiments. See Figure
8 for an illustration. Figure 8 shows that the platform’s concern for the welfare of the farmer A
increases, it is more preferable for the farmer to borrow money from the bank than directly from
the platform. The underlying reason is that an increase in A makes the platform further reduce its
interest rate, making it riskier to directly finance the farmer. As a result, an increase in A\ makes
it more likely for the smallholder farmer and the whole supply chain to prefer direct financing.
In other words, when the platform is more concerned with social responsibility, direct financing
becomes more beneficial for the farmer and the whole supply chain. As a result, guarantor financing

is less likely to be adopted.

6.3. When the Intermediary Platform Determines the Financing Format

In this section, similar to in §5.2, we consider a scenario in which a platform concerned with

social responsibility acts as the leader and makes its financing format decision in advance. Then,

depending on the financing formats available, the farmer selects the one that maximizes his profit.

Again, we consider two types of farmer: a creditworthy farmer and a non-creditworthy farmer.
The following proposition summarizes the financing format decision of the intermediary platform

when dealing with a non-creditworthy farmer and a creditworthy farmer, respectively.
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PROPOSITION 9. For a creditworthy or non-creditworthy farmer, the results provided in Proposi-
tion 7 still hold. That is, the financing format decision of the intermediary platform is independent

of its social responsibility concern .

Proposition 9 reveals that the financing format decision of the intermediary platform remains
unchanged, regardless of its level of social responsibility concern. This is because on the one hand,
the intermediary platform under direct financing can always mimic its decision under guarantor
financing to achieve at least the same level of overall social payoff. Therefore, it will provide direct
financing instead of guarantor financing. On the other hand, the farmer’s decision between direct
financing and bank financing remains intact by the platform’s social responsibility concern because

the farmer is assumed to be rational and only cares about his economic profit.

7. Concluding Remarks

In this paper, we examine the performance of an agricultural supply chain from a financial per-
spective. Specifically, we investigate an agricultural supply chain consisting of a capital-constrained
smallholder farmer and an intermediary platform such as JD. The farmer cultivates one type of
agricultural product and sells it to consumers ezclusively through the platform. To ensure the sta-
ble functioning of the whole supply chain, the intermediary platform may launch certain financing
programs, such as guarantor financing and direct financing, to help the smallholder farmer solve the
bottleneck of capital. Therefore, we consider three financing formats—bank, guarantor, and direct
financing—and examine how they affect the performance of the whole supply chain. We also derive
equilibrium financing schemes from the perspective of the intermediary platform.

In terms of production quantity, we show that the farmer produces the most under guarantor
financing or direct financing. Interestingly, under guarantor and direct financing, the farmer’s pro-
duction quantity can be even higher than that in a centralized supply chain—that is, overproduction
can be observed. In terms of payoffs, bank financing makes the smallholder farmer worse off. Specif-
ically, the farmer prefers direct financing when the production cost is low but the commission fee
is sufficiently high; otherwise, guarantor financing is preferred. For the whole supply chain, any of
the three financing formats can be preferred depending on the production cost and the commission
fee. The involvement of the intermediary platform to provide the financing service can improve the
performance of the entire agricultural supply chain, benefiting the farmer and the whole supply
chain. For the intermediary platform, it will not provide any financing service when the farmer’s
production cost is sufficiently high and the committee fee is low. Instead, it will encourage the
farmer to resort to bank financing. Otherwise, the platform will provide direct financing, making
the platform weakly better off than guarantor financing. Guarantor financing will be adopted by
the platform only when it is also capital-constrained. These results remain robust regardless of

whether the intermediary platform is socially concerned about the welfare of the farmer.
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When the intermediary platform exhibits social responsibility concern, i.e., caring not only for
its own profit, but also for the welfare of the farmer, it charges the farmer a lower interest rate,
increasing the farmer’s production incentive. As a result, both the farmer and the whole supply
chain are better off and the platform also reaps more social payoff. That is, an increase in the level
of the platform’s social responsibility concern can lead to a win-win-win outcome for all parties.

We conclude this paper by discussing some limitations and directions for future research. It would
be of empirical value to verify the adoption of the financing formats proposed in this paper using
real-world data. The challenges will mainly come from collecting relevant data and teasing out
the focal mechanism. It would also be interesting to examine the long-term effect of the financing
options. If the farmer goes bankrupt within a season and fails to repay the loan issued by the bank,
this indicates that he is a risky candidate, which should affect his creditworthiness. Then, the bank
will raise the interest rate and control the risk more strictly when issuing loans the following season.
As a result, bank financing and guarantor financing, which require the involvement of a bank,
becomes less attractive and more difficult to obtain for the farmer. Consequently, the intermediary
platform, which is relatively less risk-sensitive compared with the commercial bank, will need to
provide financing services more aggressively for the agricultural supply chain. Such intertemporal
interactions should have a significant impact on the decision-making of supply chain participants,
and we leave it for future research. It would also be interesting to investigate the possibility for the
intermediary platform to borrow from a bank or another financial institution when it faces internal
financial constraints to help the farmer alleviate his capital stress. The interest rate may be lower
than that provided by the bank to the farmer due to the higher credit rating of the platform.
However, in this paper, we consider farmers in developing economies, where the agricultural sector
plays a key role and many farmer support programs are implemented. Therefore, the interest rate
provided by the bank is already the lowest that allows the bank to break even. That is, in our
setting, the interest rate offered by the bank to the platform should be the same as that provided
to the farmer. Thus, we expect the equilibrium outcome in this situation to be very similar to our

result. As this exploration is beyond the scope of our paper, we leave it for future research.
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Proof of Lemma 1: Let £ = %. By (1), we have
cgy = Emin{c(1+r)gy, min{, ¢, } (1 —)}] = E, (1 = 8)] + Ec_gle(1 +7)q),
which means E,_glc(1+7)q] = ¢, — E,g[€(1 —t)]. Then, (2) becomes

H?(Qb) = E[min{&, Qb}(l - t) —c(1+ T)Qb]+ = Eggggqb [5(1 - t)} + E£>qb [Qb(l - t)] - Egzg[ca + T)qb]
= Efgggqb [E(1—1)]+ Eesqp [gp(1 —1)] — cqp + Eggg[f(l —1t)]
= Becq [€(1 = 1)] + Ecs g, [an(1 — 1)] — cqy = E[min{¢, ¢ } (1 — £)] — cqu.

Then, the farmer’s problem reduces to the traditional newsvendor model without financial con-
straint. The marginal revenue is 1 — ¢ and the production cost is c¢. We immediately obtain the

critical fractile solution: F(q;) = which means ¢; decreases in ¢. As a result, by noting that in

=
a centralized chain F(q°) = ¢, we have ¢; < ¢°.

Proof of Proposition 1: By Lemma 1, we obtain a one-to-one correspondence between ¢; and

t: Fq) = 7. Then, according to the Implicit Function Theorem, we have

dg(t) ¢ ¢ __F@w)’ __Faw) _,

T A0G0) | G M@ 0) el @) eola®)

Note that the intermediary platform’s profit a function of ¢ is as follows:

, a(t)
W= | [ P
0
Then, taking the first-order derivative of the profit function with respect to t, we have

b * ap(t) Tk 2 ap(t)
T =P+ [* Foae=-TEO L [M R

which decreases in ¢, by the assumption of the increasing failure rate (IFR). Hence, the profit

t.

function is concave with respect to t and it first increases and then decreases in t.

Moreover, by the proof of Lemma 1, we have

Iy (t) = E[min{&, ¢; (t)}(1 — )] — cq5 (1),

which increases in ¢; and hence decreases in t. Similarly, for the supply chain, we have

TI32(t) = Efmin{&, ¢; (1)}] — cq; (¢),
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which increases in ¢; and hence decreases in t.

Proof of Lemma 2: Let £ = . By (3), we have

T (q,) = Elmin{€, q,} (1 ) — cq,)* = /g "6 -0 - ca)ar©+ [ (a,1-0-ca)ar(e),

dg

and

TIL) (11 F (4 + eFla) - F @) = (11 [ - 157 (1)),

Hence, for the smallholder farmer, when the FOC is satisfied, there must exist a g, satisfying

T * C - Cq* . T o nltodny
F(q,)= EF (1975); that is, F(q;)=cF(cq;). 9)

Next, we show the solution of the FOC is unique. Define y(q,) = ¢,F(g,). Then, the FOC is
equivalent to y(g,) =y(cg,). Note that

W) _F(4)) - 008 (1) = Flay) (1- 21 ) ~ )1 - G,

F(Qg)

crosses zero at

By the assumption that G(g,) increases in g,, we immediately obtain that y(qqg)

most once. If it indeed crosses, y(qg )

is first positive and then negative. As such, y(g,) first increases
and then decreases in g,. Then, y(qg) is unimodal with respect to ¢,, with the maximum at ¢°

satisfying G(¢°) = 1. To proceed, we provide a visual illustration in Figure 9, where y(g,) increases
in g, when ¢, < ¢° and decreases in g, when g, > ¢°. Thus, given ¢ (or ¢), ¢, must be unique,
which satisfies y(q;) = y(cq;) or F(q;) = EF(Eq;). Moreover, we have ¢g; <¢° <¢;. When ¢=1, ¢}

coincides with cg; and we have ¢; = ¢°. Note that as q, increases, cq; must decrease, and thus,

it follows that c(q;) = quf decreases in ¢;. As a result, we have ¢ decreases in ¢, cq; increases
g
in ¢ and q; F'(q;) increases in ¢. By the assumption that G(q,) increases in q,, we generally have

G(cq;) <1< G(q;). Specifically, when ¢= 1, we have G(cq;) = G(q;) = 1.

Proof of Lemma 3: For a uniform distribution over the interval [0, a], we have f(£) =1, F(¢) =,
F(§)=1-%,9(6) = (6) = 5 By F(q) = ¢F(Cq;), we obtain qj = 13z Thus, G(qj) = 1
and G(cq)) =c. Then z(A) =15z and Z'(¢c)= (1+~)2 < 0. Hence, z(¢) decreases in ¢.

For an exponential dlstrlbutlon with a parameter 7 over the interval [0,+00), we have f(§) =
TeTS F(§) =1-e77% F(§) =e™, g(§) =7 and G(§) = 7€ By F(qj) =¢F(cq;), we obtain ¢; =
T(IEH_EI). Then, G(q}) = 2% and G(cq;) = 2. Thus, 2(¢) = = — '(¢)= —m + ﬁ <0.

Hence, z(¢) decreases in ¢.

cqy (t)
1-t

Proof of Proposition 2: (i) By noting &*(t) = = cq;(t), we have

I (t) = —I17°(¢) + 114 (#) = —E[min{g, q;‘(t)2}(1 —1) = cqg(H)]" + E[min{¢, g5 (t) }] — cqg(t)
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ylag) =007 (tg)

g
Figure 9  An illustration of y(q,) as a function of g,.

Q;(t) o0
. / (6(1— ) — cq (1)) dF(€) + / (¢ (8)(1— ) — eq’ (1)) dF(€)
0 a3 (®)
[ Q;(t) o0
dF *(t)dF —cq*
4 / EdF(E) + /q;(t)q,q(t) )] — ezt
i QZ(t) ee] %)
:—[ £(1—1)dF(€) + / g (0)(1— 1)dF(€) / eq (H)AF(€)
& (1) gz (t) 0
[ ray(®) oo
dF *(t)dF —cq*(t).
+| / EdF(€) + /q;(t)qgu) ©)] —eq(t)

By (9) and the Implicit Function Theorem, we have
dgy(t) _ q(t)(1 = Glegy (1)) €

dt - G(egy(t) — G(g;(1) ¢’

Then, we have

g* ag(t) o0
dﬂéﬁ(t) - [/5 _gdp(g)—/ q; (t)dF ()

£ q5(t)

*(t)

q,()(1 — G(cqy (1)) ¢
G(eqy(t) —G(g(t) e

- fg(f)) EAF(€) +q;(t)F(q:(1)) 1—-G(eq;(t))

ag (1) .
JRCEACRRACCAD)

+(F(gy(t) — o)

Cc

= (Flg;(1)) = )g (1)~

Fa0)—og®e  Glg®)—Gla®)

= (Flg;(1) = g (= (1 (1) + (1),

Based on the sign of F(q(t)) — ¢, we have the following two cases:

(a). If F(q;(t)) —c>0, ie., ¢;(t) is small and ¢ is large, we have

SR Flg;()
T ) -0 -8+

ag(t) (N
i i SO + GO )
c)q;(t)e

(F(gz(t)) —¢)
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As t increases, by the proof of Lemma 2 and noting that ¢ increases in ¢, we have g (t) decreases,
{* (t) = cq; (t) increases and y(q; (t) = q;(t)F(q; (t)) increases. Then, y;(t) decreases in ¢t. Assump-
_1-G(Eg®)

= Gleq; () -Clag(0)

crosses zero at most once. If it crosses, it is first positive and then negative.

tion A1 implies that y(t) : also decreases in t. Then, we have y; () +y2(t) decreases

g*
dn?* (¢)
dt

in t. Hence,

(b). If F(q;(t)) —c<0, ie., g;(t) is large and ¢ is small, we have y,(t) <0 and y,(t) < 0. Hence,
11 (t)
dt

By combining (a) F(q;(t)) —c> 0 and (b) F(g;(t)) —c <0, we have II?"(¢) generally first increases

>0 and II{(¢) increases in t.

and then decreases in t.
(ii) For the farmer, we have

oo oo

cqqy (t)dF(£)

ag(t)

e1-0ar© -

a5 (t)

g (H)(1 — 1)AF(€) + /

£* (1)

I19" (t) = E[min{&, ¢ (¢) }(1 — ) — cq; (t)] T = — /E*(t)

and

) o I
O [ car - P m) <o

Then, we have I14"(¢) decreases in t.

(iii) Similarly, for the supply chain, we have

ag(t) oo
19° () = Efmin{€, ¢:(£)}] — g’ (t) = [ / EdF(E) + / G (DAF(©)| —eq: (1)
0 a5 (t)
and
s, (1) dg3 (1) ¢: (H)(1 — G(ag; (1)) ¢

o = (Flgy(0) — =5~ = (Flg;(1) —¢) g :(f(q;<t))—c)q;(t)gyz(t)

G(eqy (1)) — Glgy (1))

Based on the sign of F(q}(t)) — ¢, we have the following two cases:
dI1ge (t)

(a). If F(g;(t)) —c> 0, noting that y,(¢) decreases in ¢, we have dac(t)

S5 crosses zero at most once.

If it crosses, it is first positive and then negative.
(b). If F(q;(t)) — ¢ <0, noting that y,(¢) <0, we have % > 0 and I19%(¢) increases in t.

By combining (a) F'(q;(t)) —c>0and (b) F'(q;(t)) —c <0, we have I1;(¢) generally first increases

and then decreases in t.

Proof of Lemma 4: Let £ = %. By (5), we have

I (g0) = Efmin{€, quh(1 — 1) — e(1+ P)aa]* = Epeee, €0 ) — (1 + 7)) + Eeonlaa(1 — 1) — (1 +1)aa]
- /f (E(1— ) — (1 +r)g)dF(€) + / (421~ 1) — (1 +7)g)dF ().
Then, we have

dH? (qa)
dqq

C(llirtr)F (C(lltrt)qd)] '

= (1=1) = e(14+7)F(qa) + (1 +7)(Flga) = F(€) = (1= 1) | Flqa)
4
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Hence, the smallholder farmer’s optimal production quantity ¢; must satisfy the FOC as follows:

(1 +T)F <c(1 +7)q;

Pl = 77 (V) that s, Flap) —eF (@) (1)

Next, we show the uniqueness of ¢;. Define y(qs) = q4F (qq). Then, the FOC in (11) is equivalent
to y(qq) = y(cqq). Note that

dy (Qd)
dqq

— Fla0) — quf (a0) = Flga) (1 - QFJEE;J))) — Fla)(1 - Glaw)).

dy(gq)

dag crosses zero at most once. If

By the assumption that G(g4) increases in g4, we obtain that

dy(gq)
dgq

in g4. Then, y(qq) is unimodal with respect to g4, with the maximum ¢° satisfying G(¢°) =1. We

it crosses, is first positive and then negative. As such, y(q,) first increases and then decreases
proceed by providing a visual illustration in Figure 10, where y(qq) increases in g when ¢q < ¢°
and decreases in q; when gy > ¢°. Then, given t and r (or ¢), ¢4 must be unique, which satisfies
y(qy) =y(eq;) or F(q;) =¢F(eq;). Moreover, we have ¢¢’ < ¢° < ¢%. When ¢=1, ¢, coincides with

cq; and we have ¢ = ¢°. It is noted that, as ¢ increases, ¢g; must decrease, and it follows that
qu
4

cqy) = decreases in ¢}. As a result, we have ¢ decreases in ¢, éq} increases in ¢ and ¢ F(q})
increases in ¢. By the assumption that G(g,) increases in g4, we generally have G(cg;) <1< G(q}).

Specifically, when ¢ =1, we have G(¢¢}) = G(¢;) = 1.

Yg1) =wF @)

>

oy

Sl

2

Figure 10  An illustration of y(gq) as a function of ¢q.

Proof of Lemma 5: Let ¢, =c¢(1+ 7). Then, E: % =T and c= % = 1. Given t, by

the proof of Lemma 4, the farmer’s optimization problem in (5) can be written as

I (q) = /f e -0+ a)aF© + [ (a1 -0 - e+ r)a)ar(©)

ad
o0

= /:“ §(1—t)dF (&) + qa(1 —t)dF (&) — /AOo ¢, qqdF(§).
g g :

5

d
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By the Envelope Theorem, we have

dIl4(q; ~ ~ ~
1) _ g (1) f@)E + e f (€

- /}E T dF(E) = g F(E), (12)

where ’ denotes the first-order derivative and 2 *=¢q}. By (11) and the Implicit Function Theorem,

dgy  F(eqy) —cqpf(cqy)  qu(1—G(cqy))

4 = L = . 13
G = @feq) - f@)  AC@R - Clg) 13)
Thus, we can obtain

dgy dgydc  qi(1-G(egy) 1 gi(1-G(eqy)) (14)

de, — dé de,  ¢(G(eq)) —G(g;) 11—t e (G(Eg;) —G(qy)

Note that the intermediary platform’s optimization problem (6) can be written as
11} (¢) = —11%(¢) + I, (¢) = —E[min{¢, g3} —¢q3] " (1 — t) + E[min{¢, ¢3}] — cqj,

where ¢ satisfies F(q}) =¢F(¢q;). Then, by (11) (12) and (14), we have

M _ T @) 1)+ (Fla) o)~ {EF@*)@ )+ (F(g)) - C)Cm

(Pl =) | o (=) + o s | o= L (Fap) = @),

O)\EF*

Based on the sign of F(q}) — ¢, we have the following two cases:
(a). If F(qd) —¢<0, ie., ¢ is large and ¢ is small, we have y(¢) < 0 since G(¢q;) — G(q;) < 0.

dr?
Hence, dA ) >0 and I1¢(¢) increases in C.

(b). If F(q;) —c>0, i.e., ¢ is small and ¢ is large, by Lemma 4, ¢’ decreases in ¢. Thus, Fi[(f?)c
1-G(eq))
G(cqy)—G(q})

crosses zero at most once. If it crosses, it is first positive and

decreases in ¢. By Assumption A1, we have z(¢) := also decreases in ¢. Then, we have

y(C) decreases in ¢. As a result, ‘( 2!

then negative. Furthermore, we have y(c) decreases in t.
By combining (a) F(q;) —c <0 and (b) F(g}) —c¢ >0, we have I1¢(¢) generally first increases

and then decreases in ¢, and I14(¢) is unimodal in ¢. Specifically, by L’Hopital’s rule, we have

~ , N —(g* 4+ _94(1=C(Caz))

_ 1 —G(egy) -G (qu)(qd+ d4) s (9 + 5@ -ay)
limz(¢) = lim | 5=————+—| =lim o= | =lim -
1 —1 |G(egy) —Glgy) | & G’(ch)(qd—l—c ) G/ (q) qc a1 q;

Thus, we have

1
limz(¢)=—1-limz(¢c) = limz(c)=—=.
c—1 c—1 c—1 2
Then, we have
F(q:) 1—G(cqy) F(q°)
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and

i) ¢° = F(q°) 1\ ¢"(F(¢")(A—-2t)+c)
e _1—t(F(q)_C)<F(q0)—c(1_t)_2)_ 2(1—1)

Thus, given ¢, when t < + 3, IT¢(¢) always increases in ¢ and the intermediary platform will

D)
charge an interest rate such that ¢* = 1; that is, 7* = =t — 1. Otherwise, II¢(¢) first increases in ¢
and then decreases in ¢, and the optimal interest rate solves

F(q; 1-G(¢q;
_ EQd) (1—t)+ /\**( qd)>k —
F(g3) —c G(crqy) — Glaz)

Noting that y(¢) decreases in t, we have ¢* (weakly) decreases in ¢ and hence by Lemma 4, ¢}

(weakly) increases in .

Proof of Proposition 3: To complete this proof, we sequentially examine the two cases:
(i) If c< F(q°), when t < =55 T
rate such that ¢ =1, i.e., 7* = 1=t — 1. In this case, I1%*(t) = 0 and then

+ 5, by Lemma 5, the intermediary platform charges an interest

I (t) = —TI§ (t) + I3 (t) =TI (t) = E[min{g, q3(8) }] — cq;(t).

Note that ¢}(t) satisfies G(g;(t)) =1, i.e., ¢; = ¢°, and is independent of ¢. Hence, I1¢*(¢) and T1%(¢)
are both independent of ¢.
When

1 . . . . .
5, the intermediary platform charges an interest rate satisfying

Pl
Fa) -~ GEam) - @)

Note that, by (13) in the proof of Lemma 5,

dgs(t) _ dgz(t)de” _ _q;()(1-G@q()) G- +eit) _aq(t) Fla(®) “F0-1)+e)

= th(:qo)

dt— der dt @ (G(egi(t) — Glg;(1))) (1-1) - Fg(t)—c 1-t
Also note that

I (t) =

—II7 (1) + T2 (1) = —E[min{&, ¢ (1) } (1 — ) — 7 () g3 ()] " + E[min{€, ¢3(t)}] — eqz(t)

q;(t) o) 0
L «vwﬁmw/ GOA-0dFE) ~ [ emandre)

£ (1) 2 *(t)

q;(t) S
A §M@+/ gi(DAF(E)

2(®)

+ —cq;(t).

Then, by noting é\* (t) =c*q;(t) and applying (11), we have

did=() | (O R T de() iy 42 (0)
i = | L, s [ g - [ ao Raro| + Fum -0

| . * A Qi) 5, oy (=) + (1)

-L@aw&+4mMWW@+L@Mwdtﬁ@)—@fwwn —
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dez (1)
— qa(t)F(q;(t)) Zt —qa(t) F(qs(t))

q; () 00 oo o
=[/ dr©+ [ aoar©+ [ g 20 pe)

*(t) a;(t) *(t)

q;(t)
- /E EdF(€) +

% ()

o dC*(t) o dey (t) q:l(t)
GOFEG0) 5 - GOF o) | = [ ere =0
dt C £x(t)
Thus, dHl ®) > 0; that is, I1%*(t) increases in t.

Then, by combining ¢ < =5+ 1 and t > =% + 1, we have II*(t) always increases in ¢.

2F( 0) 2 = 2F(qY)
For the supply chain, we have

IT: (t) = E[min{¢, ¢5(t)}] — eqz(t),

which increases in ¢ and hence increases in ¢.
(i) If ¢ > F(q°), we have t < =t5 + must be satisfied. Then, by Lemma 5, the intermediary
platform will charge an interest rate such that =1,ie,r*= T — 1. In this case, the intermediary

platform will extract all of the supply chain profit and Hjﬁ*(t) =0. Then,

IL (1) = — 103" (t) + 1130 () =TI (¢) = E[min{g, g3 () }] — cqi(t).

Note that ¢}(t) satisfies G(g;(t)) =1, i.e., ¢; = ¢°, and is independent of ¢. Hence, I1¢*(¢) and 1% (¢)
are both independent of ¢.

Proof of Proposition 4: We start by characterizing ¢ for a uniform distribution. By Lemma
5, for a uniform distribution over [0, 1], we have f(é’) =1, F&)=¢ FO)=1-¢€ g = % and

1—

G = 1%5 By F(q;) =¢F(cg}), we obtain ¢} = 1. Thus, G(¢;) = £ and G(cg}) =¢. Then, when
t<cH+ %, we have ¢* =1, i.e., r* = T —1,and ¢; =¢°= 5, otherwise, by solving
P (1 gyt OO T gy 170 g
F(qd)_c G(C Qd)_G(Qd) 1- i € C ==
we have ¢ = i —1,ie., r*= % —1, and ¢ =t — c. The comparison is then as follows:
(a). Bank financing versus guarantor financing: By Lemma 1, we have ¢; =1 — 7% Lemma
2, we have ¢; = == 1+ = . We can then obtain ¢; < ¢}.

(b). Guarantor ﬁnancmg versus direct financing: By the proof of Proposition 4, when ¢ <c+ %

q; = q° = %; otherwise, ¢} =t — c. Note that q; =

55 decreases in ¢ while ¢ weakly increases

in ¢t. Also note that g; > 1 for any ¢t <1 — ¢. Thus, if ¢ < i, there exists a critical threshold
t=c+1—y/ce(c+3,1—c)such that ¢; > ¢ when t <t and ¢} < g; when ¢ > ; otherwise, we
have ¢} > g;; for any ¢t <1 — c. For the latter case, letting £ =1 — ¢, the result still holds.

(c ) Bank ﬁnancmg versus direct ﬁnancmg If ¢ <1, we have ¢j > ¢ at t =0. Note that ¢; =

— 1
—1-¢>1

=0, ¢4 =

if ¢ < 1, otherwise, ¢; < 3. Thus, if ¢ > 7, we have ¢; < ¢ for any t <1 —c. However, if ¢<
8

1
29
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there exists a critical threshold ¢ such that g; > q; when ¢t < t and g; < q; when ¢ > t. Specifically,
f=¢41- ¥ +4° ifc<landt=1-2cifc> 1. If ¢> L, wehave ¢f < g at t =0 and hence ¢; < ¢}

for any t<1—c.

Also note that ¢° =1 — c. Then, we have ¢; < ¢°. Moreover, ¢; > ¢° if and only if ——— >1—¢,
ie., t<c. As to ¢ —q°, when ¢ > 5, q;—q° 25—(1—6):—5+c>0 always holds. When c< 2
we have ¢ —¢° <t—c— (1—¢)=t—1<0 where the equality holds only when ¢ =1.

Proof of Proposition 5: (i). By (3) and (5), under direct financing, the intermediary platform
can always charge the same interest rate as the optimal one under guarantor financing (i.e., r* =0)
to draw the same production quantity and generate the same profitability for itself, the farmer
and the whole supply chain. Then, from the intermediary platform’s perspective, serving as a
guarantor is equivalently a special case of providing direct financing to the farmer. Consequently,

direct financing always dominates guarantor financing from the viewpoint of platform.

More specifically, under bank financing, noting that F(q;) =

1= Eimin{e. ) = (o - B ) = (-2 C50 )= (0= 15 - ! _;Ct)2) ‘.

—t

e~
5 = ¢, we have

Under direct financing, by the proof of Proposition 4, when t > ¢+ %, q; =t—c, and by noting that

F(g;) =¢F(¢g;), we have ¢ = 1;52, ie, 1 —t= C(qud Since ¢ <1 is required, we have ¢ > 1.
Thus,

I = Efmin{€, ¢} (1 — 1) — e(1+r")g;]* = Elmin{€,q;} — (1— ;)] (1— 1)

()= (e Do

I = E[min{¢, ¢;}] — cq; — E[min{&, ¢} (1 — ) — (1 +77)g;]*

= (g - (g = U,

*\2
otherwise, ¢; = ¢” = 3, II¥* = 0 and II{* = E[min{&, ¢;}] — cq; = (1 — ¢)q; — % =32 — £ Then, if
t 2 C+ 57

H?*_Hg*_<(1_ c . (1-15 )Q)t_(t—c)2+(1—t) 2—t+1, (1—1)2

l—t)_ 5 ¢’ +te—

2 21 —1) ;<0

where the inequality holds because the maximal value —% < 0; otherwise,
(1-:%) 3 ¢ tc? c t 3
o = (- Sy ) sy e e e b
! ‘ <( 1—t) 8+2 2(1—t)2+2+2 8’

which is greater than zero if and only if ¢ < 2= ‘[ and 122V ;:275”1 (1—t) <e<1—t. Considering

ok Vel T VOEZSHl(1—t) < 1 — ¢, we have ¢ < 1. Then, t < c+ % can be satisfied.

2t
Thus, we have T12* > I1%* if and only if ¢ < ! and ¢> ‘= V221 V25tt2_5t+1(1 —t).
9

the requirement of
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(ii). For the farmer’s preference, we first compare guarantor financing versus bank financing. By

the proof of Lemma 1 and noting that F(g;) = 1 =¢, we have

1T = E[min{&, g; }(1 —t)] — cq; = E[min{ﬁ,qz}]F(Cm —cy = 2((3Z_) ch) =& _255) -

By noting that F(q;‘) :'EF(Eq;‘), we have ¢ = 1;,?9, e, 1—t= lc_qg*.

g9 9

Then, we have

119" = E[min{¢, ¢} }(1 —t) — cq}]* = E[min{¢, ¢} } — (1 — ;)] T (1 —¢)

| o _eqle-1)_ (1-0c
— E *1 1— I C 9-°9 2 = .

It is straightforward to obtain

Hb*_Hg*:(l_azc_ (1_5)0 :(1_5)61_"’_ 1
e (-9
2c 2(1+7¢)c 2c

Then, we have IT}* <TI}".
Then, to obtain the farmer’s preference, we just need to compare guarantor financing and direct
financing. Under direct financing, when ¢ < c+ %7 =q"= % and ij-* = 0; otherwise,

I = Elmin{€,g5H(1 - ) (1 +1°)g5]* = Elmin{€, ) ~ (1= )1 =)= (1= 3 ) (1)

Then, I1§* > 119" if and only if t > ¢=c+1—/c. That is, when max{c+ j,c+1—/c} <t <l—¢,
direct financing is preferred, which holds only if ¢ < 1. Note that, if ¢ < 1, we have c+1—+/c > c+1.
(iii). Note that, for each financing format j =b, g,d, the corresponding supply chain profit is

Jx . * . " (q;)2
Hsc - E[mln{£7q]' H —Cq; = (]. — C)qj — ?’

which is a quadratic function of ¢; and achieves the maximal value at ¢° =1 —c. Thus, to compare
I7* to derive the supply chain’s preference, we just need the ordering of ¢; and ¢°, which has been
discussed in the proof of Proposition 4. Then, we can further obtain the following results:

(iii-1). t > ¢ and ¢ < 3: By the proof of Proposition 4, we have ¢; < ¢° and ¢; < q; <q°. The

preference can be either guarantor financing or direct financing. In this case, by Lemma 2, ¢; =
1 .

1+¢ = 14157

Note that ¢; > ¢; if and only if ¢ > t =c+1—4/c. Then, the supply chain preference is direct

by the proof of Proposition 4, when ¢t < ¢+ %, G=q¢"= % and ¢ =t — c otherwise.

financing if and only if ¢ >¢. We note that, c+1 —/c <1 —c can be satisfied only if ¢ < 1.

1. . x __ c . « __ 1 1.
(iii-2). t < c and ¢ < 3: In this case, by Lemma 1, ¢; =1 — %; by Lemma 2, ¢; = T = T

by the proof of Proposition 4, ¢ =¢° = % By the proof of Proposition 4, we have q; < q; <¢°<g;

if £t>1-2cand q; <gq; <q°<gq, if t <1—2c. Then, we have two cases: (a). If £ > 1 — 2¢, the

preference can be either guarantor financing or direct financing. Note that ¢° — g3 < g; —¢°, i.e.,

2(1—¢) < % + 7 +11%t, if and only if t < ‘lcijifl_l. Then, the supply chain preference is direct financing
10
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if and only if ¢ < 4027701_1 and ¢t > 1 —2c. We note that, in this case, 1 —2c < % can be satisfied

only if 3 <ec< 3. (b). If t <1— 2¢, the preference can be either bank financing or guarantor

financing. Note that ¢° —¢; > ¢ — ¢, ie, 2(1—¢c)>1— 5+ 1+1L, if and only if ¢ > (H% Ak
I-t

Then, the supply chain preference is guarantor financing if and only if ¢ > CH% VEH and t < 1—2c.

c+17\/02+1 < 1 N

2

We note that, in this case, 2c¢ can be satisfied only if ¢ < %
(iii-3). t < ¢ and ¢ > 3: By the proof of Proposition 4, we have ¢; < ¢° < ¢} < q;- The preference
can be either bank financing or direct financing. In this case, by Lemma 1, ¢ =1 — 1%;; by the

proof of Proposition 4, ¢; = ¢° = 3. Note that ¢ — ¢° <¢°—¢qj, ie., 3 +1— 15 <2(1—¢), if and

1-t

only if t > izj. Then, the supply chain preference is direct financing if and only if ¢ > iij. We
note that, in this case, Zij < 1—c can be satisfied only if ¢ < %.

Summarizing (iii-1) (iii-2) (iii-3) and considering the boundary condition ¢ <1 — ¢, we have

the following results: the supply chain as a whole prefers bank financing when either ¢ < % and

—7/c2
t < min{CHQCH, 1—- 20} or ¢ > % and ¢ < min { iij ,1— c} and prefers guarantor financing

when #(c) <t < t(c); otherwise, it prefers direct financing. Specifically,

1—4/c2+1
. {C+ Ve hen e < 3

c+1—+/c, when c¢< 1,

12 t(c) =
and t(c) {1—0, when} < ¢ < 3.

t(e) = ’ . )
when 5 <c<3,

RN (15)
fe—1
Proof of Proposition 6: (i). By the proof of Proposition 5, when t <t =c+ 1 — /¢, the farmer
prefers guarantor financing, and we have
11y = Emin{€. ;1 - 0) - eq;}* = 30
which always decreases in ¢ and hence decreases in t.

When ¢ >t =c+1—4/c, the farmer prefers direct financing. Note that ¢ <1 — ¢ is required
for the farmer to participate in the production. This implies that the case that direct financing
is preferred by the farmer happens only when t =c+1—+/c<1—g¢, ie., ¢ < i. Moreover, under
direct financing, by the proofs of Proposition 4 and Proposition 5, when t < ¢+ 3, ¢j =¢° =3 and
I1%* = 0; otherwise, ¢ =t — ¢, I{* = Emin{&, ¢ }(1 —t) —c(1+7")qj]t = (t—c— 1) (1 —¢). Thus,

dH?** 3 2t ddQH?** 2<0
gt —c+2— an p7E =—-2<0,

implying Hjﬁ* achieves the maximal value at t = 5 + %. Then, if c+1—\/c<§+ %, ie., % —V2<
c< i, the farmer’s profit increases in ¢ for c+1— /e <t < §+ % and decreases in ¢ for ¢ > £ + %.
Otherwise, it decreases in t.

(ii). Regarding the platform’s profit, we have the following two cases:

(a). ¢ < 3: When t <, the farmer prefers guarantor financing and we have

. R o . e . . () eqp(qy—3)
Hf - HZC _I_I!JJc = E[mln{§7qg}] - ng - E[mln{qug}(l - t) - CQg]+ = (1 - C)qg -2 - = 2

2 1—gq;
11
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where ¢, =

and, at t =

1 _ 1
1+ 1+1%5°

(o Qa5 -gp) (e - 5)Y dag
at % (1-q;)? dt’

1Y dg;
i (\/5‘2> Ut

It is straightforward to obtain %" < 0. Then, we have

t=c+1—+/c,

dIre*
dt

>0
t=t

By the proof of Proposition 2, IIY* is unimodal in ¢, namely, first increasing and then decreasing

in ¢. Thus, IIY* increases in ¢ when t <.

When t > ¢, the farmer prefers direct financing. By the proof of Proposition 3, we have IT¢*

(weakly) increases in t; by the proof of Proposition 5, guarantor financing is (weakly) dominated

by direct financing; at ¢t = ¢, direct financing generates the same profit level for the platform as

guarantor financing. Combining above analysis, the platform’s profit always increases in .

(b). ¢> 1: In this case, the farmer prefers guarantor financing. Then, we have

*\2 * * 1
(g5)°  cqylay —3)
2 1—gq;

)

7" = (1-c)q; —

and, at t=1—c,

dIie*
dt

—(1_c_g"—
T O R =

(2q; —5)(1—q;) +a;(q; — é)) dqy
dt

Again, by noting that IT" is unimodal in ¢, we have ITY" always increases in t.

(iii). Regarding the supply chain profit, we have the following two cases:

(a). ¢ < ;: When t <, the farmer prefers guarantor financing and we have

where ¢; =

1
1+¢  1+1%

g* __ . * * * (q;)2
Hsc - E[mln{§7qQ}} - ng - (]‘ - C)qg - ?7

dq

. It is straightforward to obtain —% < 0. Then, we have

1

dI19* dq; 1 dq;
sc _ 1—c— *\ 19 __ 1—c— _19
g~ e ay, < ¢ 1+E> dt’

1 dq;
= ==9 =9
t=1—c (2 C) dt

> 0.
t=1—c

which is first positive and then negative. It implies that 119 is unimodal with respect to ¢ with the

maximal value attained at 1 —c¢—

1 _
1+¢

decreases in t when ¢ <t <t.

When t > ¢, the farmer prefers direct financing and we have

1% = E[min{¢, ¢j}] —cq; = (1 —¢)q; —

2

0, i.e., at t =c < t. Then, I1%} increases in ¢t when t < ¢ and

By c< i and t > t, we have t > c+ % By the proof of Proposition 4, we obtain ¢; =t — ¢ and

AT dg;
¢ — (l—¢c—a* —1— )
ot (1—c—q)) ot t>0
12
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Then, IT1% increases in ¢ when ¢ > {.

(b). ¢ > $: In this case, the farmer always prefers guarantor financing. Meanwhile, IT9} is unimodal
in ¢ with the maximal value attained at ¢ = c. Then, 17} increases in ¢ when ¢t <min{c,1 —c} and
decreases in t when c<t<1—c.

To sum up, if ¢ < i, the total profit of the supply chain increases in ¢ when either ¢ < ¢ or

t>c+1—+/c; if ¢> 1, it increases in ¢ when ¢ <min {c, 1 — c}; otherwise, it decreases in ¢.

Proof of Proposition 7: (i) When the farmer is non-creditworthy, bank financing is unavailable,
and he chooses the financing format provided by the intermediary platform. For the platform,
it selects either guarantor financing or direct financing. By Proposition 5, guarantor financing is
always dominated by direct financing. Then, it always provides direct financing.

(ii) When the farmer is creditworthy, bank financing is available to the farmer. For the inter-
mediary platform, it selects either guarantor financing or direct financing, competing against bank
financing, or chooses no financing and lets the farmer resort to bank financing. Specifically, if guar-
antor financing is provided, by Proposition 5, guarantor financing always dominates bank financing
from the farmer’s perspective. Then, the farmer always chooses guarantor financing.

However, if direct financing is provided, the farmer will choose between bank financing and direct
financing. By the proof of Lemma 1 and noting that F(g;) = % = ¢, we have

(¢)%c _ (1-27%
2(1—qp) 2

Iy = Efuin{¢,7} (1~ ) — eq) = Elmin{€. ;)5 — cai =

and

1= Eimin{e. 3 = (o - B ) = (-9 L5 )= (0= 12 - s _;Ct)2) ‘.

—t

Under direct financing, by the proof of Proposition 4, ¢ = 1= + , and by noting that F(q}) =¢F(cq}),
c(1+r

.
24 q)qd. Since ¢ < 1 is required, we have ¢ > 5. Thus,
d

~ 1—
we have ¢ = 5 ,le., 1—t=
d

1% = Efmin{€, g }(1 — 1) — (1 +7)g3]* = Elmin{€, g} — (1 —g))* (1 - 1)

( > ):2(11;%(1—15); and
¥ = Emin{¢, ¢;}] — cq; — E[min{&, ¢} (1 — ) — (1 +7)q;] "
Z(l—C)qZ—@ = t—2c+2(1—cjc—(1-t)e

9 —(QZ—§)(1—t)= 2(1+7¢)2

2

Then, for the farmer, he chooses direct financing if and only if 2(11+C (1-t)> (1=97% ~) < ie,c< LS :))2.
From the intermediary platform’s perspective, note that, guarantor ﬁnancmg is a special case
of direct financing with » =0 or ¢ =¢. That is, under direct financing, the platform can always
mimic guarantor financing by setting » =0 or ¢ =¢. Also note that the intermediary platform’s

profit function first increases and then decreases with ¢. Then, to compare guarantor financing and
13
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—(1-¢) s S S
B rra-er €= Crpaege > 0.

Then, for the intermediary platform, direct financing always dominates guarantor financing.

direct financing, we need to compare and ¢ More specifically, - T

To proceed, we need to compare direct financing against no financing. The latter choice means
the farmer needs to rely on bank financing to raise funds. Based on the parameter values of ¢ and
t, we have two cases:

(ii-1) When ¢t < ¢+ %, we have the intermediary platform’s profit increases with ¢. Then, the

1—-(1-9)?
1_;’_(1_‘6)2 9

optimal decision and profitability. By comparing bank financing and direct financing, we have, at

o 1-(1-9)2

constraint to induce the farmer to select direct financing, i.e., ¢ < will essentially affect its

H(I-9?%"

e _ I+ t—2c+2(1—c)c+ (1 —t)c? (1-9) (1-¢)? . el (42— 4t + )
I = —((1-2) - = — c).
' ' 2(1+7¢)? 2 8(1—1t)*

As a result, I —II2* <0 when ¢ < 1 and ¢ > 4¢(1 — t); otherwise, IT{* — II?* > 0.
(ii-2) When t > ¢+ %, we have the intermediary platform’s profit increases with ¢if ¢ < i —1land

decreases with ¢ if ¢ > ;- —1. We further note that, if ¢ > (t — V2 +2t —2)(1—1), ;8_22 — (-

c(c - —C 2
1)=— 2t2+2(6£;t2i(622)72c+2) T +1>0,1e., 1+8 :))2 > = t — 1. As such, the constraint to induce the

farmer to select direct financing does not affect the 1ntermed1ary platform’s choice of interest rate.

By Proposition 5, in this case, the intermediary platform always benefits from providing direct

financing, compared with bank ﬁnancing Otherwise, if ¢ < (t — Vt? +2t —2)(1 —t), the optimal

1—(1—
1+(1— ~)2

d e t—2c+2(1—c)c+(1—t)e (1-02\, 3 )
I — 112 = TIEGE —<(1—a— 5 >t_—8(1_t)4(4t —4t+c).

Then, II{* —II2* <0 when ¢t < § and ¢ > 4t(1 —t), which is impossible because ¢ > ¢+ 3. As such,

interest rate will be at ¢= By comparing bank financing and direct financing, we have

the intermediary platform also benefits from providing direct financing in this case.
Then, to summarize, the intermediary platform provides no financing and induces the farmer
to take bank financing when the unit commission fee ¢ < % and the production cost ¢ > 4¢(1 —t);

otherwise, it provides direct financing.

Proof of Lemma 7: Note that, given r (or equivalently ¢), social responsibility concern does not
affect the farmer’s decision. That is, ¢ satisfies F((q};) = ¢F (¢g;;). Then, the intermediary platform’s

optimization problem (8) can be written as
Qf(€) = —(1 = MIH(©) +IIL,(¢) = —(1 — N E[min{¢, g3} — 3] (1 — ) + E[min{¢, ¢3}] — cq;-

By (13), we have

T = (= NGFE) -0+ (Flap) ~ ) =% (1= NEFE)1 =0+ (Flad) ~0) g s
G(ea)

A-=NF(g) , ., 1-G(g; ] (F(q2) - )y (@).

Fg)—c Y (o) - 61ai)

Q)‘&*
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Based on the sign of F(g}) — ¢, we have the following two cases:

(a). If F(q;) —c <0, i.e., ¢ is large and ¢ is small, we have y(¢) < 0 since G(eq}) — G(q}) < 0.
dﬂ?(E)

Hence, > 0 and II¢(¢) increases in ¢.

(1- A)F(qd)
Flq))—c

decreases in ¢. Note that F'(q}) = ¢F(¢g}). Then, Assumption Al implies that z(¢) := #%
“1d d
UG

decreases in ¢. Then, we have y(c) decreases in ¢. As a result, —== crosses zero at most once. If

(b). If F(qd) —c>0,ie., ¢} issmall and cis large, by Lemma 4, ¢ decreases in ¢. Thus,

it crosses, it is first positive and then negative.
By combining (a) F(q}) —c <0 and (b) F(q}) —c> 0, we have Q¢(¢) generally first increases and

then decreases in ¢, and Q¢(¢) is unimodal in ¢. Specifically, by L’Hopital’s rule,

-~ ’ ~ —(g* 4+ 9a(1=G(Caz))
1—G(eqy) _ —G'(eqy) (g +¢ dqd) Yy (a3 + E(C(Ji(?qé)—G(dq;)))
lim z(¢) = lim A | = o =lim -
el a1 | G(eqg) — Glag) G'(cq;) (g + c%) A el 94
Thus, we have
1
limz(c)=—1—-limz(c) = limz(c)=——.
o—1 c—1 c—1 2
Then, we have
_ T _ ok o (A0
lim y(¢) = lim [(I)‘)F(qd)(l — 1)+ 1/\ *G(qu) . ] _ (17 A F(q )(1 —1) 1
51 =1 F(g)—c G(eqy) — G(q;) F(q°) —c 2
and
Qd(e o 1—-N)F(q° 1 CF(P)21-N(1-t)-1
i 8O _ Py (LNFE) 1) @O N -+
a1 de 1—t F(¢°) —c 2 2(1—-1)
Thus, given ¢, when t < 5r—&g + 11 21), Q¢(¢) always increases in ¢ and the intermediary
platform will charge an interest rate such that ¢* = 1; that is, r* = =t — 1. Otherwise, Q¢(¢) first

increases in ¢ and then decreases in ¢, and the optimal interest rate solves

(1-NF(ai),, 1-G(q)
Fa)—c I GEg @

Proof of Corollary 1: For a uniform distribution over the interval [0,1], by F(q}) = ¢F(cq};),
we obtain ¢} = 1= Thus, G(q}) = % and G(qu) =¢. Then, by Lemma 7, when t < 12¢=22 (je.,

2(1-X)
A< 25(1%:31) we have ¢* =1, i.e., 7* =1 — 1, and ¢ = ¢° = %; otherwise, by solving
11—\ F(q; 1-G(Eq; -5 1-¢
wvrw, . 1-cew SR )
F(qg)—c G(crqz) — G(az) C %
we have ¢* = m —1,ie.,r*= ((12(2&(71?;?(;)%) —1,and g5 =t+ A(1—t) — c. We can quickly

obtain ¢} (weakly) increases in A but 7* (weakly) decreases in A.
15
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To proceed, if t > 1;(210;29 (e, A= 2§(12t:;1)

¢ = Emin{¢, ¢} (1 —t) — c(1+7*)g;]" = Emin{¢, ¢;} — (1 —¢;)] " (1 —¢)

— <q2_;> (1—t)= (t+)\(1—t)—c—;> (1-1);

otherwise, if ¢ < HESEA (Le., A < %52, qf = ¢° = 3, IIf" = 0. Then, we have IIf* (weakly)

: : : 142c—2) 2c-2t+1
increases in A\. Moreover, if ¢t > CTEEy) (e, A\> S0D) )

Qf = )\<t+>\(1—t)—c—;) (1—t)+ (t—C)Q—A2(12—t)2+(1—t)

_ (I;t)2>\2—(1—t) (c—t—}—;))wl— (C_t)?(l_t),

which increases in \; otherwise, if t < 1;(210:/\? (e, A< QS(IQtjl) Qf* =2 — £ which is independent

of A. As such, Q% (weakly) increases in \.

V)

For the whole supply chain, we have

d* _ . * _ x . - (qZ)Z
IT5; = E[min{¢, g3 }] — cq; = (1 — c)q; :
Then ift> 1;(21‘3 )\2))‘ (1 e., > 2;(121&;31)
1—1¢)—¢)2 1—1)? B 5
Hfj::(1—6)(t+)\(1_t)_c)_(t+>\( t)—c? (-1 >\2+(1—t)2/\+(c t)(c+t—2)

2 2 2 ’

which increases in \; otherwise, if t < 1;'(2165\2)’\ (e, A< 25(1%:31) 1% = 2 — £ which is independent

of X. As such, IT% also (weakly) increases in \.

Proof of Lemma 8: Here we compare the production quantities under the three financing formats:

(a). Bank financing versus guarantor financing: By Lemma 1, we have ¢; =1 — 1%; Lemma

2, we have ¢} = = = 1+1 - . We can then obtain ¢; < g}.

(b). Guarantor financing versus direct financing: By Corollary 1, when ¢ < 1;(? f)’\, @=q¢"=73;

otherwise, ¢ =t + A(1 —t) — c. Note that ¢; = % decreases in ¢ while ¢ weakly increases in
1

t. Also note that g, > 1 for any t <1 — ¢. Thus, 1f c <

7 — 2(14c)=A(2+c)—+/c(eA2— 4)\+4 (1+26 20 1 _ e

2(1-2) 2(1-N)

2(2 VL there exists a critical threshold

) such that ¢} > ¢; when t <# and ¢} < ¢ when
t > t'; otherwise, q; > q; for any t <1—c. For the latter case, letting t' =1 —c, the result still holds.

(c ) Bank ﬁnancmg versus direct ﬁnancmg Ife<i 5, we have gy > q; at £ =0. Note that ¢; =
=1-c > if

=0, ¢4 =
c< %; 0therw1se, q; < 5. Thus, if ¢ > 5, we have ¢; < ¢ for any t <1 —c. However, if c< %, there
exists a critical threshold ¢ such that q; > q; when t < ' and q; < q; when t > t'. Specifically,

t=, 24+c—2\— \/m f <

2(1—N) 2(3— 2,\)

and ' =1—2¢if ¢ > If ¢> 1 we have ¢; <q; at t=0

2(3—2)) 2/\) 2>
and hence ¢; < ¢} for any t<1—c.

16
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Also note that ¢° =1 — c. Then, we have ¢; < ¢°. Moreover, ¢; > ¢¢ if and only if >1—c¢,

1+C
ie., t<c. Asto ¢ —q° whenc>2,qd q—f—(l—c) —5+c>0alwaysholds.Whenc<%

we have ¢ —¢° <t+A1—t)—c—(1—c¢)=(1—-A)(t—1) <0 where the equality holds when ¢ =1.

Proof of Proposition 8: (i). With social responsibility concern, from the platform’s perspective,
serving as a guarantor is a special case of providing direct financing to the farmer. Consequently,
direct financing always dominates guarantor financing from the viewpoint of platform.

More specifically, under bank financing, noting that F(q;) = % = ¢, we have

II7* = E[min{¢, ¢; }t] = <q;: - (q?Q) t= <(1—E) — (1_25)2) = ((1— 1it) G it)Q) t; and

@GV _(1-9%_(1-t-0?

% = E[min{¢, ¢; }(1 — )] — cq; = E[min{¢, ¢} = — cq; =

q)) i) % A
Under direct ﬁnancing, by Corollary 1,ift > 42« AQ)A, q; =t+A(1—t)—c, and by noting that F(g}) =

¢F(cq;), we have c= q*d, ie,l—t= C(lf% Note that ¢ <1 is required for the participation of
d d

the farmer, which implies that ¢ > =. Thus, if t > 1;(215 AQ)’\,

%" = Emin{&, ¢} (1 —t) — (14 7*)g;]" = Emin{&, ¢;} — (1 —¢;)]* (1 — )

< ) (1—1) = (t—i—)\(l—t)—c—;) (1—1): and

% = E[min{¢, ¢;}] — cq; — E[min{&, ¢} (1 —t) —c(1+7r)q;] "

=(1-0)g; — (q;) — (g5 - %)(1 P Gl _A2(12— 0+ (1-t),

1+4+2c¢—2) N @ _

otherwise, if t < 5322, g7 = ¢° = 5, TIY" =0 and II{* = E[min{¢, ¢3}] — cq; = (1 — c)q; — 4

3 — 5 Then, if t > 172 /\Q)A (le, c<t(I—X)+X—13),

b de _ (1-t—c)? c (1_ﬁ)2
Q" — _A2(l—t)+<(1_l ) — )t

—N1=t)*+(1-1)
2

~A <t+/\(1—t)—c—;> (1—t)— (t—c)

t)\ A—t+t? 1 1
_ Rl P (=AM (1= t)e— 5 (1= N (1-1)" <0

2(1—t)
otherwise, if ¢ < 1;(216:/\2)) (e, e>t(1—=XN)+A— %),
l—t—c)® ¢ (1-:%)° 3 ¢
Qb _ Qd* — (7 1— _ 1-t _24°
CT =AY +<( =7 2 =373

t—A+tx , 1 1
= ——A)c+ = (4t +4\ —4th —
2(1_t)2c +(2 )c+8( + 3),

i (1=D(1-2))— /512 — 5t BEA— 412 A+ 1—) 1
2(t—A+tX) (
(1—)(1=20)—/5t2 — 5t BEA— 412 A+ 1—\ 1
2(t—A+tX) (

17

which is greater than zero if and only i —t)<e<1—t. Con-

sidering the requirement of —t) <1—t, we have t < i. Then,
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t< 1;&‘ AQ)A can always be satisfied regardless the value of A. Thus, we have Q% > Q%* if and only

(1=£)(1—2X) — /52 —5t+ 5EA—4t2 A1\ (1—1)

if t<1andc> 20— ATEN)

(ii). For the farmer’s preference, we first compare guarantor financing versus bank financing. By
the proof of Lemma 1 and noting that F(q;) = % = ¢, we have

(g5)’c _ (1—0)c
2(1-q;) ¢

11 = E[min{¢, g; }(1 — 1)) — cg; = E[min{g, q;‘}]F(Cq*) g =
b

By noting that F(q;) = ¢F(¢q;), we have ¢ = 1_*;, le., 1—t= lc_qz*. Then, we have

9 g9

I = Efmin{€,q}} (1) - eq}]* = Emin{€, ¢}} — (1 - ¢))[*(1 - 1)

. cq;  cqi(q;—3) (1-9)c
= E m * - ]._ T g - . i = = °

It is straightforward to obtain

b o (1=0% (1-¢c (-2 -1 (19
Wy =y ="z 21+0)e 2 (1_6_1+5) 2(1+2¢) <0.

Then, we have IT}* <TI%".

Then, to obtain the farmer’s preference, we just need to compare guarantor financing and direct

financing. Under direct financing, when t < 1;(21( /\2)’\, q; = q" = 3 and II}* = 0; otherwise,

I~ Efuin{€, 3} (1-0)—e(1+°)g5)* = Efmin{€. 3}~ (=) (=0 = (1 A1 =) —e= 1) (10

s C)— Cc)— clc 2_ .
Then, we have II¢* > IIY" if and only if t > = 2L +c) ’\(2+2()1 VA)(’\ A - That is, when

c (& C clcC 2
max{ 1;(21 ,\2)A, 20N 2+2()1 ) (AT aA+) } <t < 1—¢, direct financing is preferred by the farmer,

c)— c)— cl(c 2_
which holds only if ¢ < 55155 Note that, if ¢ < 5515, we have 22 IVAT D o Lhsean

(iii). Similar to the proof of Proposition 5, for each financing format j =b, g, d, we have

J* : * . " (qj)2
Hsc - E[mln{§7q]' H —Cq; = (]. — C)qj — ?’

which is a quadratic function of ¢; and achieve the maximal value at ¢° =1 —c. Thus, to compare
II7* to derive the supply chain’s preference, we need the ordering of q; and ¢°, which has been
discussed in the proof of Lemma 8. Then, we can further obtain the following results:

(iii-1). t > cand ¢ < %: By the proof of Lemma 8, we have ¢ < ¢° and ¢; < ¢ < qc. The preference

can be either guarantor financing or direct financing. By Lemma 2, ¢; = 1ic =7 + = by the proof

of Corollary 1, when t < 1;(216 f)’\, q;=¢"=3 and ¢ =t+ \(1—t) — c otherwise. Note that ¢; > g if

77 (&3 (& c(c 2
and only if t >t = 20+e)- A(2+2()1 )\V) (cA 4’\+4 . Then, the supply chain preference is direct financing

(& C c(c 2_
if and only if ¢ > ¢'. Note that 204e)- /\(2+2()1 N (A7) 1 — ¢ can be satisfied only if ¢ <

(2 A

by Lemma 2, ¢} = 1z = 770
I-t

by the proof of Corollary 1, when t < 1+(216 /\2)’\, ¢;=q"=1% and ¢; =t + \(1 —t) — ¢ otherwise. By

2
18

(iii-2). t < ¢ and ¢ < 3: In this case, by Lemma 1, ¢; =1 — t%;
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the proof of Lemma 8, we have ¢; < ¢q; <¢° <q; if t > 17 and q; < q; <¢° <g, if t <t?. Specifically,

£ — mi c—2X+2—1/c(c—4X+4) 1_20} that IS 4 — c—2A+2—1/c(c—4A+4) f < and 9 —1_9¢

2(1—X) 2(1—-X) 2(3—2X) 2)\)
otherwise. Then, we have two cases:

(a). If t < t9, the preference can be either bank financing or guarantor financing. Note that

“—q>q—q¢ e, 2(l—c)>1— 15+ ﬁ, if and only if ¢ > =————— 1 . Then, the supply
=%

chain preference is guarantor financing if and only if Cﬂi Vel <t < g Specifically, for A > 10,

cloyeil < 17 holds only if ¢ < —AmD9) H/\H) VAT

2

; otherwise, it holds only if ¢ < 5
(b). If ¢ > t9, the preference can be elther guarantor financing or direct financing. Note that,

for c<m, ¢ —qp>q —q5 e, 21 —c) >t + A1 —1t) —c+

—CA— clac —4cC C. 2_ . . . . .
A 2'\+2+‘/2$_J:§A fohte) 8 Then, the supply chain preference is guarantor financing if and only if

—eA—2X 424/ c(dctAr—deA+cA2 1)
2(1—N)

1 . .
FEm— if and only if ¢ >

t> . Similarly, for ¢ > m,qc—q§>qz—qc, ie.,2(l—c)>1 +1+ =

if and only if ¢ > @ Then, the supply chain preference is guarantor financing if and only 1f

t> w . To summarize, for A > E’ guarantor financing is preferred by the platform if and only if

—>\ A A—4dcA+eA2— —(A=1)(A=3)+(A+1 A—1)(A—9 2_ 2
c 2+2+\/c<4c+4 A1)y =D >+<4§ )/ (A=1)( ><C<3A+W or £ dete1

t> 2(1—X) dc—1
when 2HVIAT-8 ”89):\2_8/\ <c < = for A< 10, guarantor financing is preferred by the platform if and only

. 4c®4ce—1 5 1
if ¢ > == when 5 <c< 2.

(iii-3). t < c and ¢ > %: By the proof of Lemma 8, we have ¢; < ¢° < g < ;. The preference can

be either bank financing or direct financing. By Lemma 1, we have ¢; =1 — %

1+2c—2)\
2(1—X\)

Corollary 1 and noting that ¢ <
3+ 1-5 <21 —¢),

in this case, we have g5 = ¢° = 1. Note that ¢; —¢° < ¢° — g,

2c—%. Then, the supply chain preference is direct

— <1—c can be satisfied only if ¢ < %.
By summarizing (iii-1) (iii-2) (iii-3) and considering the boundary condition ¢ <1 — ¢, we have

the following results: the supply chain as a whole prefers bank financing when either ¢ < % and

) /= 2A+2—/c(c—ar+4)
t<mm{ch1 ol = R VA G ) 1—2c}orc> andt<m1n{

IEESY) } and prefers guar-

antor financing when #(c) < t < #(c); otherwise, it prefers direct financing. Specifically,

( C — C2
Hf ”H, When)\<—and c<12,
46277@1—1’ When)\<i and c>152,
Iy C - C2 —_ — —
t'(c)=Q cHlzvertl v 1 when A > 2% and ¢ < GG 3)+(:\Jl) (A-hr 9), (16)
—(:A—2)\+2+\/;:E4i(:&:§)\—4c)\+c)\2—4)’ when A > 1% and 7()\71)(,\73)+(z§1) (A=1)(A—9) <c< 3)\+\/89>\>\2—8>\7
4(:2+c—1 .
T othwerwise.
and
2(14c)=A(24+¢c)—+/c(cA2—4r+4)
?(c): 2(1—) ; when ¢ < (2 %) (17)
1—c, othwerwise.

19



Financing an Agricultural Supply Chain with Capital-Constrained Farmer Online Appendix

Proof of Proposition 9: (i) When the farmer is non-creditworthy, bank financing is unavailable,
and the farmer chooses the financing format provided by the intermediary platform. For the plat-
form, it selects either guarantor financing or direct financing. By Proposition 8, guarantor financing
is always dominated by direct financing. Then, it always provides direct financing.

(ii) When the farmer is creditworthy, bank financing is available to the farmer. For the inter-
mediary platform, it selects either guarantor financing or direct financing, competing against bank
financing, or chooses no financing and lets the farmer resort to bank financing. Specifically, if guar-
antor financing is provided, by Proposition 8, it always dominates bank financing from the farmer’s
perspective. Then, the farmer always chooses guarantor financing.

However, if direct financing is provided, the farmer will choose between bank financing and direct
financing. By the proof of Lemma 1 and noting that F'(g;) = % = ¢, we have

()% _ (1=0)c

2i-q) &

I = Efmin{€, ¢; }(1 — 1)) — g = E[mm{g,qz}]ﬂ;) —cq) =
b

and

e =eminte.aip = (o - ") 1= (00 - S50 1= (0- 15 - )
=
>

Under direct financing, by noting that F ¢F(cq;) and g = ——, we have ¢ = 1733, ie,1—t=

1+¢? q;
c(1+r)qy
1—q;

(q
. Since ¢ <1 is required, we have ¢ > . Thus,
11§ = Emin{¢, g5} (1 — 1) — e(1 +7)g3)*" = Emin{¢, g3} — (1 —g3)] " (1 - 1)

1-¢
( ) —t)= m(l—t); and
I = Efmin{¢, ¢;}] — cq; — Efmin{&, g3 }(1 =) — (1 +7)q;]”
e Ll

s (1-1) > 052 e o< 5000

From the intermediary platform’s perspective, note that, guarantor financing is a special case of

Then, for the farmer, he chooses direct financing if and only if

direct financing with » =0 or ¢=¢. That is, under direct financing, the platform can always mimic
guarantor financing by setting » =0 or ¢ =¢. Also note that the intermediary platform’s overall
“social payoff” first increases and then decreases with ¢. Then, to compare guarantor financing and

2 2 ~
direct financing, we need to compare 1-(1-9) 09 _f=r—_1=<_ >0

1+(1-2¢)2 1+(1—-2¢)2 1+(1-2¢)2
Then, for the intermediary platform, direct financing always dominates guarantor financing.

and ¢. More specifically,

To proceed, we need to compare direct financing against no financing. The latter choice means
the farmer needs to rely on bank financing to raise funds. Based on the parameter values of ¢ and

t, we have two cases:

(ii-1) When t < 1;(216 /\2)’\, we have the intermediary platform’s overall “social payoff” increases
—(a- v

with ¢ Then, the constraint to induce the farmer to select direct financing, i.e., ¢ < =
20
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essentially affect its optimal decision and profitability. By comparing bank financing and direct

- oo 1-0-9?
financing, we have, at ¢= 11—,
t—2c+2(1—c)c+ (1 —t)c? 1—-¢ 1-2¢)? 1-¢)?
i g = 12200202t U ) 170y (5 007, (-9
2(1+7¢)? 2(1+7¢) 2 2c
3
c
=——— (4" -4 :
&1—&4( +¢)

As a result, Q — Q" <0 when ¢t < § and ¢ > 4t(1 —t); otherwise, Q& — Qb > 0.

(ii-2) When ¢ > 1;(210_*/\2)’\, we have the intermediary platform’s profit increases with ¢ if ¢ <

m — 1 and decreases with ¢ if ¢ > m — 1. We further note that, if ¢ > (¢t —
1-(1-¢)? 1 _ c(c+2t—2) 1

\/t2 + 2(1 - )‘)t _22(1 B )‘))(1 - t)’ 1+(1-¢)2 (t+)\(17t)70 - 1) T T 2t242(c—2)t+(c2—2¢+2)  t+A(1—t)—c +

1>0, ie. 1-(1-9 > L — 1. As such, the constraint to induce the farmer to select direct

? 14+(1-9)2 = t+A(1—t)—c
financing does not affect the intermediary platform’s choice of interest rate. By Proposition 8, in

this case, the intermediary platform always benefits from providing direct financing, compared with

bank financing. Otherwise, if ¢ < (£ — 1/#2+2(1 — A\)t —2(1 — A\))(1 — t), the optimal interest rate

will be at ¢= 1;8:2; By comparing bank financing and direct financing, we have
t—2c+2(1—c)e+ (1 —t)c? 1-¢ (1-¢)? (1-2¢)%¢
Qi _ Qb — A 1oy - (- B9, U=
0T 2(1+0) arat-0- (179 %
3
c
= (4 — 4t .
sa—p +)

Then, Q% — Q" <0 when t < ; and ¢ > 4¢(1 —t), which is impossible because ¢ > 1;(216:/\?. As such,
the intermediary platform also benefits from providing direct financing in this case.

Then, to summarize, the intermediary platform provides no financing and induces the farmer
to take bank financing when the unit commission fee ¢ < % and the production cost ¢ > 4¢(1 —t);

otherwise, it provides direct financing.
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