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Abstract: Addressing farmers’ financial constraints in the
fresh agricultural product supply chain, this study examines
a two-stage supply chain involving farmers and e-commerce
platforms and explores a hybrid financing strategy that inte-
grates presale financing and multistage crowdfunding. Rec-
ognizing that farmers’ presale revenues through e-commerce
platforms often fail to cover production costs, this study in-
novatively constructs a combined financing model of presale
and multistage crowdfunding. First, farmers obtain a por-
tion of their start-up capital through presales on e-commerce
platforms. Second, crowdfunding is initiated in stages to ad-
dress the funding gap (planting, growing, and harvesting pe-
riods) , with the proportion of investor revenue-sharing in
each stage dynamically adjusted to balance risk premiums.
This study establishes a dynamic planning model to maxi-
mize farmers’ profits. The objective function integrates the
production volume decision, multistage financing cost, and
investor revenue share constraints and solves the model’ s
equilibrium solution using the Karush-Kuhn-Tucker (KKT)
condition and the backward induction method. Numerical
simulations show that unlike the traditional single presale
model, multistage crowdfunding enhances farmers’ financ-
ing capacity while reducing fluctuations in investors’ returns
through a dynamic revenue-sharing mechanism. When the
number of crowdfunding stages increases to three, the over-
all efficiency of the supply chain improves relative to
single-stage financing, which verifies that stage- by-stage fi-
nancing enhances fund-matching efficiency. This study pro-
vides a theoretical basis for addressing the mismatch prob-
lem of “short-term loan and long-term investment” in agri-
cultural supply chain financing, and offers reliable sugges-
tions for e-commerce platforms to design financing portfolio
strategies.
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In the fresh agricultural product supply chain, espe-
cially for high-value products, farmers face substantial
financial pressures due to high initial production costs
and the perishable nature of their products. These prod-
uct characteristics and short shelf life expose farmers to a
highly uncertain and risky production environment, com-
pelling farmers to seek flexible and efficient financial
support, especially during the early production stage
when expenditures on seeds, fertilizers, and labor are
maximum. According to the Ministry of Agriculture and
Rural Affairs (2023) , the average production cost for
fruit and vegetable farmers in China increased by 28%
from 2019, while the financing gap widened to 41%. In
Shouguang City, Shandong Province, strawberry green-
house construction costs 120-150 million yuan per km?,
with liquidity demands of 52. 5 million yuan per km?"",

In Shandong Province, strawberry farmers depend on
presale channels offered by e-commerce platforms such
as JD Fresh and Hema Fresh. However, long production
cycles and large capital requirements preharvest create se-
vere financial constraints, which can interrupt produc-
tion, reduce yields, or result in missed sales seasons. In
the “farmers + e-commerce platform” model, farmers se-
cure part of the market demand in advance through pre-
sales and receive prepayments to fund production. In this
framework, the platform provides not only sales chan-
nels but also financing support through presale mecha-
2l For example, JD Fresh allows farmers to ac-
cess part of their presales revenue in advance for purchas-
ing seeds, fertilizers, and labor**). Farmers can sell
their products at discounted prices before harvest to re-
ceive production funds from consumer deposits, while
platforms help reduce inventory risk.

However, presale financing alone rarely covers the en-
tire production cycle. A 2023 Zhejiang University survey
of 214 fresh produce farmers in the Yangtze River Delta
found that 83. 6% of farmers relying solely on presales
faced mid-production funding shortages. Therefore,
27% of farmers reduced organic fertilizer use and 19%
cut back on intelligent temperature-control equipment,
causing a 21% drop in average yield and a decline of 15
percentage points in the premium products share'®.

nisms

These findings show structural deficiencies in the presale
financing model, including limited early-stage funding,
inadequate mid-term support, and weak risk mitigation.
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Against this backdrop, multistage crowdfunding
shows unique advantages. A 2023 pilot program at a
blueberry farm in Qingdao tested a three-stage crowd-
funding model, dividing the production cycle into plant-
ing (30%) , growth (40%) , and harvesting (30%). By
offering differentiated investor return-sharing ratios
across stages, the farm achieved a funding rate of
81.5%, thereby easing financial constraints, improving
early-stage product quality, and enhancing market com-
petitiveness. This dynamic financing model not only
eases financial constraints but also supports production
decisions based on early market demand signals. Theo-
retically, some scholars have shown that multistage
crowdfunding mitigates dynamic risks through phased
capital injection'”®. Similarly, phased crowdfunding
has been found to enhance investors’ trust and willing-
ness to participate®’.

Given the farmers’ dilemma of production fund short-
ages, many scholars have introduced diverse financing
strategies. Early studies primarily examined traditional
supply chain financial instruments, including bank
loans, accounts receivable financing, and inventory
pledges '*'*).  The securing funds
through traditional financing channels under financial
constraints has long drawn scholarly attention.

In recent years, research has increasingly focused on
integrating traditional and digital finance (e. g. , supply
chain finance). Although conventional financing models
(such as bank loans, bonds, and equity financing) can
partially ease farmers’ financial constraints, small and
medium-sized farmers often remain excluded due to their
limited scale, weak loan qualifications,
asymmetry, collateral requirements, and financial mar-
ket inefficiencies. This problem is particularly acute in
developing countries and immature market environ-
ments, where few farmers secure loan approvals. World
Bank data show that only 18% of farmers in developing
countries access loans through traditional banking chan-
nels (World Bank, 2023). This financing gap highlights
the need for innovative solutions, driving the develop-
ment of new supply chain finance models. If traditional
tools cannot resolve capital shortages, which mecha-
nisms can effectively bridge the gap?

Presale financing allows farmers to secure funds by
selling products in advance. Promoted by e-commerce
platforms, presale financing has become an effective
means of easing farmers’ financial pressures.

Crowdfunding is another innovative model that allows
farmers to raise funds from the public via online plat-
forms. This approach is particularly suited to small-scale
projects and start-ups. Multistage crowdfunding allows
gradual funding of production needs and effectively
spreads risks while improving financing success rates.
Several studies have examined crowdfunding as an alter-

issue of farmers

information

native financing mechanism in agriculture. Some con-
structed evolutionary game models to analyze strategic in-
teractions between farmers and crowdfunders and
showed that the game equilibrium depends on the relative
price differences between the growing and harvesting pe-
riods and social logistics costs''®’. Others developed a
master-slave game model of the agricultural crowdfund-
ing supply chain under three scenarios and examined how
the time value of money affects producers’ and crowd-
funding platforms’ decisions'!”’
vestigated agricultural crowdfunding mechanisms from
different perspectives, including dynamic ordering and

pricing decisions, behavioral finance, and empirical
[18-23]

. Other scholars have in-

studies

In multistage crowdfunding for farmers, the supply
chain risk compensation mechanism is critical. As up-
stream players in the complex agricultural supply chain,
farmers’ ability to raise funds is influenced by multiple
factors that affect the operational efficiency and stability
of the entire supply chain. Investors face varied risks at
different crowdfunding stages. These risks affect both
the security of investors’ returns and the farmers’ ability
to obtain financing, as well as the sustainable develop-
ment of the supply chain.

This study introduces a risk subsidy coefficient as a
quantitative tool for designing a risk compensation
mechanism. This allows for differentiated compensation
for investors across stages based on their risk levels,
thereby ensuring higher returns for higher risks. This
mechanism not only enhances investors’ willingness to
participate in crowdfunding but also helps farmers secure
sufficient production capital, improve production effi-
ciency, and strengthen the entire supply chain’s competi-
tiveness. From the supply chain perspective, a well-
designed risk compensation mechanism effectively aligns
the interests of farmers and investors, promotes collab-
orative development across supply chain nodes, and sig-
nificantly enhances the agricultural supply chain’s over-
all resilience.

Existing studies show several significant limitations in
the analysis of farmers’ production financing needs.
First, most studies focus on single financing strategies
and ignore the dynamic synergistic effects of combined fi-
nancing approachesmi. Second, although some have ex-
amined combined financing models such as “supply
chain finance + crowdfunding, ” these studies often ig-
nore the advantages of presale financing decisions'>.
Meanwhile, the stage-specific characteristics of farmers’
financing demands remain underexplored, and no multi-
stage financing models consistent with the agricultural
production cycle have yet been established'>*. Third, ex-
isting risk compensation mechanisms are largely static
and fail to capture the high uncertainty of fresh agricul-
tural product yields. These limitations indicate that cur-
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rent research inadequately reflects farmers’ financing be-
havior and investors’ risk-taking decisions.

To address these shortcomings, this study proposes a
combined “presale financing + multistage crowdfunding
strategy. " The key advantage of this combination is its
dual mechanism: presale financing provides farmers with
early partial funds, while multistage crowdfunding intro-
duces an endogenous hedging mechanism through risk
stratification, with different investor groups bearing dif-
ferent levels of risk and thereby reducing the overall fi-
nancing failure rate. For capital-constrained farmers,
this strategy bypasses collateral requirements and reduces
financing risks through a “dual verification” mechanism
of platform presale and staged crowdfunding. It thus of-
fers a sustainable solution for smallholder financing
within the broader framework of rural revitalization and
provides theoretical and practical insights into agricul-
tural digital finance.

Building on real-world cases, this study quantifies the
financing gap thresholds at each production stage and de-
signs a risk compensation mechanism for multistage
crowdfunding. This study focuses on the following key
issues.

(1) How can the combination of presale and multi-
stage crowdfunding financing be designed to align with
the distinct stages of agricultural production?

(2) How can a dynamic correlation mechanism be-
tween investors’ return shares and output risks be estab-
lished to provide effective risk compensation?

(3) How do farmers’ planting decisions and multi-
stage investors’ financing decisions interact under the
combined financing strategy, and how does the agricul-
tural output rate affect the decision-making of supply
chain members?

The main contributions of this study are as follows.

(1) This study develops a novel “capital demand-supply
matching” model that integrates presale financing and
multistage crowdfunding for fresh agricultural products.

(2) Risk compensation coefficients are introduced to
capture the stage-specific risks faced by multistage
crowdfunding investors, thereby enabling differentiated
revenue-sharing schemes.

(3) This study explicitly incorporates agricultural out-
put uncertainty into the model to examine its impact on
the financing decisions of multistage investors.

Overall, this study extends the theories of output uncer-
tainty and presale financing in the field of fresh agricul-
tural products. By moving beyond traditional financing
models and introducing a novel multistage crowdfunding
framework, this study deepens understanding of agricul-
tural supply chain financing strategies and contributes to
the broader discourse on e-commerce platform-driven ag-
ricultural digital finance'®’.

This study has both theoretical and practical implica-

tions. The proposed “presale + multistage crowdfund-
ing” financing combination helps farmers in agricultural
supply chains ease their financial constraints. Specifi-
cally, presale financing provides farmers with the initial
production funds, and multistage crowdfunding offers
phased capital support across production stages. This dy-
namic financing strategy effectively expands the overall
financing scale and cross-validates market signals: pre-
sale demand endorses crowdfunding, while crowdfund-
ing outcomes provide market feedback for presale pric-
ing. Together, they form a two-way risk mitigation fi-
nancing model that reduces the inherent uncertainty and
financing risks of agricultural supply chains.

1 Problem Description and Assumption

This study examines a two-stage fresh product supply
chain comprising farmers and e-commerce platforms,
where farmers supply agricultural products to platforms,
and platforms distribute them to consumers through pre-
sale and spot-sale channels’".

In such supply chains, farmers often face substantial
production and financial pressure due to limited initial
capital. To ease this constraint, the “farmer + e-commerce
platform” single presale financing model has been widely
adopted®®’. However, presale funding alone is insuffi-
cient to cover all production costs. Supplementing pre-
sale financing with multistage crowdfunding allows farm-
ers to secure the necessary capital across different produc-
tion phases.

The decision sequence of participants is as follows:
initially, the e-commerce platform places orders with up-
stream farmers and agrees on the presale and sale of agri-
cultural products. If the platform presale is launched, the
product presale volume is Q,(Q,> 0), and the con-
sumer pays the corresponding amount to the e-commerce
platform pQ,. The market wholesale price w is exog-

enous?’.

The platform pays a part of the prepayment
wQ, to the farmer in advance, who then determines the
production input volume Q based on the presale and the
wholesale market prices, and begins production after the
presale concludes. The agricultural output is subject to
uncertain factors such as weather, which poses a risk of
output uncertainty. The actual output quantity is QOx,
where x denotes the stochastic output rate per unit of in-
put®’,

Assuming a random output rate x of agricultural prod-
ucts with expectation and variance E (x) = u, D (x) =07,
f(x), F(x) are the probability density function and prob-
ability distribution function of x, and F(x) is strictly
monotonically increasing and derivable. Farmers pro-
duce according to presale orders. The platform first deliv-
ers the agricultural products to consumers during the pre-
sale stage, then sells the agricultural products at the spot
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stage at price p">'?2!. Presale and spot-sale prices are con-

sistent across different financing models™**. Neverthe-
less, consumers are incentivized to participate in pre-
sales: first, presales ensure access to fresh products and,
more importantly, help farmers overcome capital con-
straints in production. Thus, consumers support farm-
ers’ financing by participating in presales. The platform
sells at a spot stage until the end of the inventory, with
the remaining purchase price paid to the farmer.

Farmers’ production capacity is limited; when plant-
ing exceeds a certain level, marginal costs increase, lead-
ing to uneconomic characteristics of the scale of agricul-
tural production. Most previous studies assumed a linear
production cost function of the volume Q'**'. In line with
this, we assume the farmers’ production cost function to
be C(Q)=c, +¢c,0+ C3Q2.

Currently, two main crowdfunding models exist: the
all-or-nothing (AON) model, where crowdfunding fails
when the funding target is not reached and all contribu-
tions are returned to investors, and the keep-it-all (KIA)
model, where funds are retained regardless of whether
the target is met. This study adopts the AON model and
assumes that the funds raised at each stage fully cover the
corresponding production costs and that the cumulative
crowdfunding meets total production

costs >,

the farmers’

To ensure simplicity and model tractability, the fol-
lowing assumptions are made: (1) Farmers obtain part
of the required capital through presale financing; how-
ever, these funds are insufficient to cover total produc-
tion costs, prompting them to seek supplementary financ-
ing through multistage crowdfunding. (2) Investors par-
ticipate in crowdfunding at different production stages,
each receiving stage-specific revenue-sharing ratios k,(t =
1, 2, 3) that reflect varying risk levels. Early-stage in-
vestors may bear higher risks and thus earn higher re-
turns, while later-stage investors accept lower risk in ex-
change for relatively stable returns.

2 Model Formulation

Based on the problem description and underlying as-
sumptions, this study constructs a combined decision
model of presale financing in the fresh agricultural sup-
ply chain under farmers’ financial constraints. In this
model, farmers receive part of their funds through
platform-based presales. When presale financing is insuf-
ficient, farmers obtain additional funds through multi-
stage crowdfunding® , which is divided into three
stages according to varying funding needs to ensure
smooth production.

The three-stage model includes production preparation
crowdfunding (for initial inputs such as buying seedlings
and fertilizers) , mid-term production expansion crowd-

funding (for scaling up production) , and harvesting crow-
dfunding (for logistics and packaging). Each crowdfund-
ing stage attracts investors with varying risk appetites and
capital needs. Investor returns vary by risk levels, with
early investors earning higher returns for higher risks and
later investors earning more stable returns for lower
risks. This combined model allows farmers to raise funds
flexibly to ensure the smooth operation of the supply
chain.

2.1 Presale financing

Farmers obtain part of their production capital L
through presale financing, which is satisfied by

L=wQ, (1)
However, presale financing must be supplemented

through multistage crowdfunding because L is insuffi-
cient to fully cover the total production cost C(Q) = ¢, +

;0 + ;0%
2.2 Multistage crowdfunding

(1) Investment and revenue-sharing in multistage
crowdfunding

Suppose crowdfunding is divided into production
preparation, production expansion, harvesting and logis-
tics stages, and the investment amount of each stage is
I,(t=1, 2, 3), and the revenue-sharing ratio is ,.

In the production preparation stage, when the amount
of crowdfunding is /,, the higher the risk, the higher the
revenue share.

In the production expansion stage, a crowdfunding
amount of /, leads to moderate risk with a more stable
revenue share.

In the harvesting and logistics stage, crowdfunding
amount of /; leads to lower risk with the lowest revenue
share.

Crowdfunding needs are met when

1= ill (2)

(2) Relationship between the risk subsidy coefficient
and revenue-sharing

Suppose the risk coefficient of the investor at stage ¢ is
B,, and the revenue-sharing ratio is k**. The early-stage
risk is high (3, > 8, > B, ), resulting in a higher revenue-
sharing ratio (k, > k, > k).

The relationship between the investor’ s risk subsidy
coefficient and the revenue-sharing ratio is expressed
through the risk compensation model, where the general
investment return share k, is positively correlated with the
investment risk B, In other words, higher risk brings
higher returns. Their linear relationship is given by

k. = 6B, (3)

where 6 denotes the risk subsidy coefficient.
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Risk and return sharing across crowdfunding stages. 93: :
Stage 1: Prestage investors face the highest risk as the 1 tr
T . - IIZCI—WQO
project is in its early stages with a low likelihood of suc-
1, = c,0
cess. I, > c,0° (9)

Stage 2: Mid-stage investors face moderate risk as the
project is underway, but with uncertainties.

Stage 3: Late investors face the least risk as the project
is near completion, and investment security is relatively
higher.

(3) Conditions for investor participation in crowdfund-
ing

[37]

Investors are risk-neutral , and their expected re-

turns at each stage must at least match their opportunity

cost 3%

, which is defined as the market risk-free rate.
EkII)>1(1+r) t=1,2,3 (4)
2.3 Objectives of farmer financing
Farmers obtain funds L through presale financing, al-
though insufficient to cover production costs C(Q),
ie.,L <C(Q).

3
They obtain supplementary funding 21, through mul-
t=1

tistage crowdfunding, and the total financing satisfies at

3
least L + 21, = C(Q).

t=1

Expected profit function for farmers:
3 3
1, = E{wa -C(Q)+ DI, - Zk,E(Hf)} (5)
t=1 t=1

To simplify the model, we assume that platform com-
missions are ignored.

The investor’s return in stage ¢ is

k,|:wa—C(Q)+ il,:” (6)

Investor participation in crowdfunding depends on
EkII)>1(1+r) 1t=1,2,3
kE)=1,(1+7r) (7)

EUI)=E

where

E(Hf)=E|:WXQ— C(Q)+ i[{':qu _(cl + C2Q+

t=1
3
c;0°) + le
t=1

Presale financing and multistage crowdfunding to
cover farmers’ production costs are

N1+ w0, = C(Q) (8)

In addition, the investment at each crowdfunding stage
satisfies the production cost of that stage. This gives the
following constraints for multistage crowdfunding:

where V,(¢ = 1, 2, 3) is the crowdfunding project valua-
tion for each stage of the investor.

Drawing from this optimization model for multistage
crowdfunding financing, the farmer’ s expected returns
can be expressed as follows:

maxH E{wa (c, +cQ+cQ)+zI zkﬂ]

(10)

In the operations research model, the objective is to
maximize the farmer’ s expected return while ensuring
multistage investor participation under the condition that
the expected return at each stage equals or exceeds the in-
vestment amount multiplied by the opportunity cost fac-
tor, namely satisfying the following inequality :

BV, =>1(1+r) (11)

Ekn

maxH E|wQx —(c, + ¢,Q + ¢;,0°) + 21

OBV
l +r
s.t. (L z e —wl (12)
I, > czQ
I, > ¢,0°

V, = ktE[wa —(c, +c,0 + c;0%) + jlt (13)

Hfzwa_(C1+C2Q+C3Q2)+iI/ (14)

The agricultural output rate x is a random variable. x
follows a normal distribution and is assumed to be
E(x)=u.

Therefore, substituting the expected value of u into
Eq. (12) yields

3
V,Zk,[qu—(c, +c,0 + c,0%) + zlt} t=1,2,3
t=1
Deriving a simplified operations research model

max I, = (1 - ik,){qu —(c,+c,0+c,0°)+ il,}

Hﬂtkt[qu (¢, +c,0+ C3Q ) + 21:|
. I < 1+r
s. t. I,> ¢, - wo,
1, =2 c,0
Iy > c;0°

(15)
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2.3.1 Lagrange multiplier method (Karush-Kuhn-
Tucker(KKT) conditional method)
(1) Constructing the Lagrange function
Introducing the Lagrange multipliers A,(corresponding
to the lower-bound constraint) and u, (corresponding to
the upper-bound constraint )

L=01- K)|:qu - (¢, +c,0 +c;0°) + i[;' +

: s (6B,
zAt(Ir_Itmm>+ z/‘l’t( B . _Ir)
=1 (=1

1+r (16)

Eq. (15) shows that the corresponding parameters of
the Lagrangian function are expressed as

3
K=Yk, CQ)=c, +c,0+c;0
t=1
I™=c, =wQy IL"=c,0, I"=c,0*° (17)
(2) Derivation while establishing the KKT condition
The first-order condition is obtained by taking the par-

tial derivatives of the variables Q and I,.
The first-order condition for /,:

(1 =K)[wu—-C(c, +2c;0) ]+ Ayc, + 2A5¢,0 =0 (18)

For the first-order condition of /, is

(1-K)+A,-p,=0 t=1,2,3 (19)
Complementary relaxation conditions are
min eﬂv
A= =0, w[ Y 1)=0 o)
Original constraints:
min GBV
L>1", 1< (21)

(3) Discussion of the activity of constraints by case

As the constraints are linear/quadratic inequalities, the
optimal solution often occurs at the boundaries.

Lower-bound investment constraint is

I=1",u,=0,A,20

Upper-bound investment constraint is
68v,
1+r
Condition for the lower-bound investment constraint:

I = LA, =0,u1,20

When the investment reaches its minimum value and the
constraint is at the boundary, the Lagrange multiplier re-
lationship is
A, =20, u,=0
The conditions for complementary relaxation are as fol-
lows:
AU =I"™)=0=A,>0,1,=I"

( AL
Mo\ 7

1+r (22)

—1,)=0$M,=o

Substituting 7, = I™ into the objective function and
constraints, and eliminating any redundant /,.

Solving the first-order conditions for the residual vari-
able (Q,, A,).

Verifying whether I, < fﬂ’ Vi

" is satisfied, and if not,
r

the equation is unsolved.

Condition for the upper-bound investment constraint:
When the investment reaches its maximum value and the
constraint is at the boundary, the relationship at this
point is as follows.

The Lagrange multiplier relationship is

m, =20, A,=0
Conditions for complementary relaxation are

AU =1"™)=0=2,=0

BV, ) _ _ 6B,
M’(1+r I’_O:I’_1+r (23)
o BV, . S .
Substituting 1, = 1+r into the objective function and

constraints, eliminating redundant /,.

Solving the first-order conditions for the remaining
variable C.

If 1> ™" is satisfied, then the lower-bound con-
straints are verified; otherwise, the equations may have
no solution.

2.3.2 Analysis of results
(1) Lower bound on investment
Optimal solution:

s 20, —uw
Q= 4c,
A=k +ky,+ky—1
Ay =k, +ky+ky—1
Ay=k, +k, +ky—1 (24)

Accordingly, the Lagrange multiplier is derived as fol-

lows:
A=k +ky+ky—1

As k, is the investors’ share of returns at different
stages, considering the farmer’ s objective of profit maxi-
mization, there exists A, < 0; however, according to the
binding condition A, = 0 of the lower bound of invest-
ment, the two contradict each other; therefore, there is
no solution at this point.

(2) Upper bound on investment

The following result is obtained :

« _ Cy—uw

Q="

C3

(25)

I’ = Bic k0
b= Bk 0 - Bok,0 + 1

(26)

2.4 Parameter constraints and sensitivity analysis

2.4.1 Conditions for the validity of the variables
Based on the farmer’ s optimal planting quantity, we
obtain the parameter range as follows:

2cy

u > (27)

Let

_2 (28)
w

min ~
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Thus, 0 < u < 1, following two cases can be discussed: 0 <6<
* . . . o 2 p— 2
when 0 <u<u,, O <0, the production is economi- min c;0°r — ¢;0 r+l
2 2 ’
cally infeasible, and the farmer’s optimal planting quan- Biciks + ;0B ik, + ¢,0°Biks - Biki + Bk,
(34)

tity is zero; when u, <u <1, 0" >0, the farmer’s
planting quantity is positively correlated with the output
rate and increases as the output rate increases.

As the farmer’ s planting decision is motivated by
profit maximization, the analysis is conducted under the
mn <u<1,0 >0.

For the first-stage crowdfunding, investor’ s maximum

condition of u

investment amount is
= Bic k0
br = Bik0 - Byk0 + 1
Assuming that the first-stage crowdfunding fully satis-

fies the farmer’s production capital requirement, i. e. ,
* Bicik,0

I, = >c, -

Bk -pakp 1 T
From this inequality , we obtain

(¢, = wQ,)(r+1) r+ 1

Brek + (e, w0y Bk + Baky) 0 S Bk + ok
(29)

When the farmer’ s risk compensation coefficient lies
within the specified interval, the first-stage crowdfund-
ing funds are sufficient to meet the farmer’ s capital de-
mand.

For the second-stage crowdfunding, investor’s invest-

ment amount is
I = B,c k,0
: r=Bk8 - B,k,0 + 1

Similarly,
- B,c,k,0

L= B k0 - Bk + 1 (30)

= c,0

From this inequality, we conclude that

0<6<
min Bik,c,Q = rc,Q = ¢,0 r+1
Bic ik, = Bik,c,0 = Brk,c,Q7 Bk, + Byk,
(31)
This inequality shows that
(c,—wQO)(r+1) r+1

Brerk, + (e, ~ w0 Bk, + Brky) " Bk + Bk
(32)
For the third-stage crowdfunding, investor’s invest-
ment amount is

IF = Bsc, k0
’ r—PBik,0 - Bski0 + 1
Similarly,
I = Bsc,ksb >0 (33)

r—B,k0—-Bski0 + 1

This inequality shows that

2. 4.2 Effect of parameters on the variables
(1) Effect of the u on the optimal planting quantity Q"
Farmer’s optimal planting quantity is
uw

*__Cz_
Q= 2

C3
Based on 90 =
du  2c,
ing quantity increases with the agricultural output rate. A
higher output rate motivates the farmer to expand plant-
ing to achieve higher yields.
(2) Effect of the risk compensation coefficient 6 on
the three-stage investment level I, (=1,2,3)
First-stage investor’s investment amount is
= Bic k0
b= Bik0 - Byk,0 + 1
il* _Bicik (r+ 1)+ Ble, k0 + B, Byc ik k0
(r=Bk,0-B,k,0+1)°

> 0, the farmer’ s optimal plant-

2 - (35)

s

d . . "
From 8—01 > 0, the investment amount is positively

correlated with the risk compensation coefficient. As
first-stage investors face the highest risk, a higher risk
compensation coefficient increases their investment.
Second-stage investor’s investment amount is
5= B,c k,0
2 r—PB,k,0-B,k,0+ 1
i; _ _Bzclkz(r +1) +ﬂ§C1k§0 + B, Byc k k0
0 (r = B,k,6 = Bok,0 + 1)°

(36)

s

. al
Given the parameter range 8792 > 0, the second-stage

investment amount also increases with the risk compensa-
tion coefficient, indicating that higher compensation in-
creases investor participation under the corresponding
risk.

Third-stage investor’s investment amount:

Il = Bsc ks0
r—Bk,0 - Byk,0 + 1

(3) Effect of the revenue-sharing ratio k, on the invest-

ment amount /;

al - Lo . .
As ﬁ > 0, we obtain /,, which is strictly monotoni-
1

cally increasing with k.

When k, is near O, the growth is slow, and when k, ap-
proaches 1, the growth accelerates.

If the first-stage revenue-sharing ratio remains un-
changed, a higher risk subsidy coefficient 6 leads to a
higher investment 7, due to the same monotonicity, and
this will not be repeated here.

al; . . .
Due to a—‘ > 0, investment amount /, and risk sub-
1
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sidy coefficient 6 are positively correlated.

Based on the model, the second-stage investment
amount I, can be expressed as a function, and a compara-
tive analysis of the three stages of the investment amount
of the formula is essentially the same. In each stage, the
return on the share of the risk subsidy coefficient is posi-
tively correlated with the corresponding stage of the in-
vestment amount.

Similarly, the amount of investment in the third stage
is positively related to the revenue-sharing ratio, risk sub-
sidy coefficient, and amount of investment.

3 Numerical Analysis

To verify the model’s validity and accuracy, a numeri-
cal simulation is conducted to make the research results
more intuitive. Owing to the large number of param-
eters, values assigned to the relevant variables are as fol-
lows: ¢,=5,k,=0. 1,k,=0. 08,6=0.8,8,=1.3,8,=1.2,8,=
1. 1,r=0.05.

3.1 Farmers’ planting quantity decision

According to the model, the planting quantity function

of the farmer is obtained as follows:
. c, — uw
T

Fig. 1 shows that the output rate u is positively related
to the amount of planting Q" by farmers. When the agri-
cultural product output increases, more agricultural prod-
ucts are produced at the same cost. Therefore, farmers
increase the amount of planting to maximize their prof-

its.
0251

0.20 1

0.15

Ql

0.10

0.05

0 . . . . )
0.75 0.80 0.85 0.90 0.95 1.00
u

Fig. 1 Effect of output rate u on the amount of planting Q"

3.2 Decision-making on investment volume

3.2.1 First stage investment decision-making

According to the model, parameters are assigned to
analyze the impact of variables on the investment
amount :

I = Bic k0
r—=Bk,0 — Bk,0 + 1

(1) Effect of the revenue-sharing ratio k, on the
amount of investment /;

Fig. 2 shows that the investment amount is positively

correlated with the revenue-sharing ratio. As the ratio in-
creases and approaches 1, the investment grows rapidly,
reflecting the reality of crowdfunding investors. A higher
revenue-sharing ratio motivates investors to invest more
to earn higher returns.

50
40|

30
-

20

(Q.S, 4.13)‘ )
0 0.2 0.4 0.6 0.8 1.0

Fig. 2 Effect of k, on the amount of investment /,

(2) Combined effect of the revenue-sharing ratio k,
and risk subsidy coefficient 0 on the investment amount /;

The model I, = 4B8,k,/(0.954 — 0. 88,k,) analyzes
how the revenue-sharing ratio k, and risk subsidy coeffi-
cient 6 influence the amount of investment in the first
stage.

Fig. 3 shows that both the revenue-sharing ratio and
the degree of the risk subsidy coefficient are positively
correlated with the investment amount. Moreover, as ei-
ther factor increases, investor investment also increases.
Although first-stage investors face risks such as the out-
put rate of agricultural products, the risk subsidy coeffi-
cient mitigates their hesitation. Meanwhile, farmers in-
crease the revenue-sharing ratio to secure more produc-
tion funds.

Fig. 3 Effect of k, and 6 on the amount of investment /,

3.2.2 Second-stage investment decision-making
According to k, = 6B,, a simplification is derived:
12 — zcl 2 5
r—ki—k;+1

(1) Effect of the revenue-sharing ratio k, on the
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amount of investment /,

Fig. 4 shows that the second-stage investors’ revenue-
sharing ratio is positively correlated with the investment
amount. As the revenue-sharing ratio increases, the in-
vestors’ amount remains stable at low revenue-sharing ra-
tios. However, as the revenue share rises further, the in-
vestment grows rapidly. This indicates that the revenue
share significantly influences investors’ investment deci-
sions.

500

400

300
o

200

100 |

0 L L L 1
0 0.102030405060708091.0
ky

Fig. 4 Effect of k, on the amount of investment /,

(2) Effect of the revenue-sharing ratio k, and the risk
subsidy coefficient # on the investment amount 7,

Fig. 5 shows that the revenue-sharing ratio and the risk
subsidy coefficient are positively correlated with the in-
vestment amount,
creases.

which increases as either factor in-

4 08,50 02

Fig. 5 Effect of k, and 6 on the investment amount 1,

In the second stage, in which the investment risk is
moderate, investors’ decisions depend on the risk sub-
sidy coefficient and the revenue-sharing ratio. When the
investor faces risks, a higher revenue-sharing ratio and
the risk subsidy coefficient can reduce their hesitation to
invest.

3.2.3 Third-stage investment decision-making

The third stage of investment:
I = Bsc k0
: r=PBk,0 = Bsks0 + 1
According to k, = 68,, the simplification leads to I, =
c k3
r—ki-ki+ 1

(1) Effect of k, on the amount of investment I,

Fig. 6 shows that the revenue-sharing ratio is positively
correlated with the investment amount.
enue share of investors is small. Owing to the risks asso-
ciated with agricultural products, investors make prudent
and smaller investments. Later, to secure sufficient pro-
duction funds, farmers increase the investors’ revenue
share. Then, the investment grows sharply. This indi-
cates that the investors’ revenue-sharing ratio signifi-
cantly affects their investment decisions.

The initial rev-

500 -
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o
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100 |

0 1 L 1 J
0 0.2 0.4 0.6 0.8 1.0

k\

Fig. 6 Effect of k, on the investment amount /;

(2) Effect of the revenue-sharing ratio k, and the risk
subsidy coefficient 6 on the investor’s investment
amount I,

Fig. 7 shows that both the revenue-sharing ratio and
the risk subsidy coefficient are positively correlated with
the investment amount. The risk subsidy coefficient has
a greater impact on the investor’s investment amount, re-
sulting in a sharp increase in the investment amount as
the risk subsidy coefficient increases. The revenue share
also affects the investment amount;
creases rapidly only when the revenue-sharing ratio is
high.

however, it in-

1.0

OO wn O

£ 96 g

1.0 0

Fig. 7 Effect of k, and 6 on the investment amount /

4 Conclusions

This study examines the fresh agricultural product sup-
ply chain under financial constraints, focusing on the
“farmers + e-commerce platforms” cooperation model.
To address supply chain disruptions caused by farmers’
high production costs and insufficient initial presale
funds, a combined financing strategy of “presale financ-
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ing + multistage crowdfunding” is proposed. Using an
operations research optimization model and numerical
simulations, the study finds the following:

(1) This study shows that farmers face capital con-
straints across three stages of production, cultivation,
and harvesting. Differentiated financing through presales
and multistage crowdfunding effectively addresses these
funding gaps. Unlike single-stage financing, multistage
crowdfunding adapts to changing financing needs in re-
sponse to dynamic capital requirements, which enhances
both capital availability and production flexibility.

(2) The risk compensation return model shows that in-
vestors’ revenue shares are positively correlated with ag-
ricultural output risk, specifically, offering higher ex-
pected returns at high-risk stages to attract investment.
The multistage risk compensation mechanism distributes
risks across investors and provides compensation through
revenue-sharing, boosting investor participation, and
sustaining fundraising activities.

(3) Under the “presale + multistage crowdfunding”
strategy, farmers’ optimal planting decisions are jointly
influenced by production costs, wholesale prices, financ-
ing strategies, and output fluctuations. At the same
time, investors’ optimal decisions depend on production
stages. They tend to increase investment shares during
stages with higher output rates. Further analysis indicates
that agricultural output rates have a dual impact on sup-
ply chain members’ decisions. They not only boost farm-
ers’ planting incentives but also enhance investors’ will-
ingness to participate, thus improving the efficiency and
stability of agricultural supply chain financing.

In conclusion, this study theoretically shows the cou-
pling mechanism between presales and multistage crowd-
funding and its effects on farmers’ and investors’ deci-
sions. It also provides valuable practical insights for de-
veloping financing instruments tailored to agricultural
production cycles, offering operational guidance to ease
farmers’ capital constraints and strengthen the resilience
of agricultural supply chains.

In the fresh product supply chain, farmers often face
production disruptions and market risks due to insuffi-
cient initial capital. To address these challenges, this
study proposes a combined financing strategy of “presale
financing + multistage crowdfunding. ” The results show
that multistage crowdfunding, supported by a dynamic
revenue-sharing mechanism, improves financing effi-
ciency and reduces investor risk volatility. Based on theo-
retical derivations and numerical simulations, the pro-
posed strategy achieves a dynamic alignment between
capital demand and the agricultural production cycle. It
also offers an innovative financing solution for e-com-
merce-driven agricultural supply chains. However, its
practical implementation requires flexible adaptations to
real-world factors such as farmers’ operational scale,

platform technical support, and investors’ risk prefer-
ences.

(1) This study assumes that investors are risk-neutral
and does not explicitly consider risk aversion. Future re-
search could incorporate CVaR-based models to optimize
risk-related decision-making.

(2) The division of crowdfunding stages and the de-
sign of revenue-sharing mechanisms require validation
through real-world cases, including analyses of dynamic
game strategies under asymmetric information.

(3) This study does not compare alternative combined
financing models (e. g. , supply chain finance + crowd-
funding) , which represents a potential direction for fu-
ture research.

Through theoretical modeling and numerical simula-
tions, this study confirms the effectiveness of integrating
presale financing with multistage crowdfunding in easing
farmers’ financial constraints and improving supply
chain efficiency. The findings provide both theoretical
support and practical guidance for advancing agricultural
digital finance and offer feasible financing solutions for
smallholder farmers within the broader context of rural re-
vitalization.
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