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Abstract - In response to global climate change challenges, many
agricultural-importing countries have tightened environmental
policies, notably through the implementation of carbon tariffs to
control greenhouse gas (GHG) emissions. To address this issue,
the research team developed a linear programming (LP)
optimization model to determine an efficient crop structure that
maximizes profits under carbon tariff constraints. To evaluate the
feasibility of this model, a simulation scenario based on reference
data in the Mekong Delta (MD) was proposed as a representative
case study. The results indicate that the model not only improves
land-use efficiency and profitability but also expands
opportunities for participation in the international carbon credit
market. This research provides practical insights for promoting
sustainable agriculture and enhancing the competitiveness of
Vietnamese agricultural products in the international market.

Key words - Carbon tariffs; Linear programming (LP); crop
allocation; sustainable agriculture; Carbon credits.

1. Introduction

The Mekong Delta (MD) is a key agricultural production
area in Vietnam, accounting for 33.5% of the country’s total
fruit cultivation area. Benefiting from favorable climatic
conditions and an extensive irrigation system, this region
plays a pivotal role in ensuring both national and
international food security. In 2024, the export value of
agricultural products reached a record USD 7.12 billion,
with the MD making significant contributions, especially
with fruits such as durian, dragon fruit, banana, mango, and
jackfruit. China is the largest consumer market, followed by
the United States, the EU, Japan, and South Korea.

However, fruit export activities in Vietnam in general
and the MD in particular are facing an urgent need for
transformation to adapt to increasingly stringent
environmental regulations from international markets. The
rise in greenhouse gas (GHG) emissions has prompted
many importing countries to implement control measures
such as carbon tariffs. Although these barriers currently do
not exert excessive direct pressure, they signal a tightening
trend in the near future. This requires Vietnam’s
agricultural sector, especially enterprises with limited
resources, to gradually transition to sustainable production
models to maintain export advantages and enhance long-
term competitiveness.

Tém tiit - Trude thach thirc toan cau vé bién d6i khi hau, nhiéu
qudc gia nhap khdu ndng san di siét chit chinh sach méi truong,
dic biét 12 ap dung thué quan carbon nhim kiém soat phat thai khi
nha kinh (GHG). Nhim tim ra giai phap thich Gmg, nhém nghién
clru da xdy dyng m6 hinh t6i uu hoa tuyén tinh (LP) gitip x4c dinh
co chu cay trdng hop ly va t6i da hoa lgi nhudn trong diéu kién
chiu tac dong cuia thué carbon. D& danh gia tinh kha thi cia mo
hinh nay, mét kich ban gia 1ap theo dir li¢u tham khéo & vung
DPdng bing song Ctru Long (PBSCL) duge d& xudt lam truong
hop nghién ctru dién hinh. Két qua cho thdy mé hinh khong chi
néng cao hiéu qua sir dung dét va loi nhuan, ma con gép phan mo
rong co hdi tham gia thi trudong tin chi carbon. Nghién ctru mang
¥ nghia thuc tién trong viéc dinh hudéng phat trién néng nghiép
bén viing va tang kha nang canh tranh cia ndng san Viét Nam
trén thi truong qudc té.

Tir khoa - Thué quan carbon; t6i wu hoa tuyén tinh; co ciu cay
trong; nong nghiép bén vitng; tin chi carbon.

In this context, carbon credits are receiving increasing
attention, and the exploitation of carbon credits in
agriculture is emerging as a promising direction. Besides
forests, fruit trees in the MD, particularly perennial species
such as durian, mango, and star apple, have the capacity to
absorb CO- and participate in the carbon credit market if
sustainable cultivation practices are adopted. This not only
helps the agricultural sector mitigate costs associated with
carbon tariffs but also creates additional revenue streams,
enhances product value, and increases the competitiveness
of Vietnamese agricultural products in the global market.

Therefore, this study proposes a linear programming
(LP) optimization model ([1],[2]) for allocating areas to
potential crops, integrating emission and carbon credit
factors to maximize profit on a given land area and help
enterprises better adapt to changing market requirements.

2. Literature review
2.1. Crop allocation using traditional cultivation methods

Crop allocation has long been a concern, primarily in
the context of traditional cultivation, with the goal of
efficient land use to maximize yield and profit for farmers.
In summary, several key factors such as crop variety,
soil conditions, and management practices have been
identified as having significant impacts on productivity,



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 23, NO. 9A, 2025 17

forming the foundation for subsequent modern research
directions [3].

Building on this, recent studies have approached the
issue  quantitatively and  through technological
applications. For example, a study in Northeast China
employed a multi-criteria evaluation (MCE) method
combined with GIS to determine the suitability of rice,
soybean, and maize under local natural conditions, thereby
proposing a crop rotation model to improve land-use
efficiency and ensure food security [4]. Additionally,
researchers have focused on optimizing crop diversity by
applying mathematical models such as linear programming
and optimization algorithms to assist farmers in making
rational decisions regarding crop type, timing, and planting
area, thus enhancing production efficiency [5], [6].

2.2. Crop allocation following sustainable trends

Amid the growing need for optimizing agricultural land
use, sustainable crop allocation is becoming an important
orientation in agricultural planning and development.
Various land suitability assessment methods, such as the
FAO framework, MCDA, AHP, and GIS, facilitate the
selection of crops compatible with natural conditions,
optimizing economic efficiency and protecting soil
resources [7]. Moreover, crop optimization models play a
crucial role in rational land allocation, not only increasing
profits but also reducing resource dependency, thereby
promoting sustainable cultivation [8].

Linear programming (LP)-one of the most widely used
tools in crop optimization models-enhances land allocation
efficiency and fosters sustainable cultivation. For instance,
Sofi et al. applied the simplex method to adjust the
allocation of wheat, rice, beans, and maize, expanding the
area from 2,409 to 2,752.56 acres, resulting in higher
profits [9]. Similarly, Bhatia and Bhat utilized an LP model
to optimize crop structure, achieving an income of 156,499
Rs by switching from a mixed crop of wheat, grapes, and
mustard to peas [10]. In 2020, Bhatia and Rana proposed
two scenarios combining crop and livestock farming,
improving land allocation efficiency to 68% on farm 1 and
16.5% on farm 2, while also enhancing soil quality and
reducing production costs [11]. Additionally, research by
Alotaibi and Nadeem highlighted the role of LP in
identifying high-value crops and efficiently allocating area
to maximize profit [12].

2.3. Crop allocation considering carbon emissions

A study was conducted by integrating life cycle
assessment (LCA) with the Monte Carlo method to
estimate the carbon footprint of rice, maize, and soybean
production in various cities in Northeast China. The
research proposed crop allocation strategies combined with
staged fertilization [13]. In Turkey, Baser et al.
investigated land fragmentation in hazelnut cultivation,
revealing that fragmented farms have 11.74% higher GHG
emissions than non-fragmented ones, emphasizing the
importance of land management to minimize emissions
[14]. Furthermore, a study on soil CO: flux changes
indicated that cultivating soybeans and eucalyptus could be
a low-carbon farming strategy, reducing environmental

impact and supporting carbon neutrality goals in
agriculture [15].

2.4. Carbon credits and markets

Recent studies on sustainable agriculture not only focus
on profit optimization but also open up opportunities to
participate in the carbon credit market. Meena et al.
demonstrated that conservation agriculture, agroforestry,
and land conversion could reduce CO: emissions by 20—
30%, while providing opportunities to earn income from
carbon credits [16]. Other studies also affirm that carbon
credits can promote emission reductions and increase
income, but simplifying measurement and providing
financial support for farmers are essential for effective
participation, although technical and financial barriers
remain [17].

The current carbon market includes two main types:
mandatory markets, such as Emissions Trading Systems
(ETS), and voluntary markets, where businesses purchase
carbon credits to offset emissions and meet ESG standards.
Regions like the EU, China, and several US states have
implemented these systems, promoting sustainable
production and mitigating climate change impacts. In
Vietnam, the carbon market is being developed under
Decree 06/2022/ND-CP, with a pilot planned for 2025 and
official operation in 2028. Currently, carbon credit
transactions mainly occur in the voluntary market due to
the absence of an official trading platform. Participation in
the carbon credit market also creates new financial
opportunities through the sale of carbon credits from
sustainable agricultural activities [18].

Challenges from the carbon market also present
significant opportunities as low-emission farming models
are deployed. In the MD, the project for one million
hectares of high-quality, low-emission rice aims to reduce
5-10 tons of CO-/ha/year, equivalent to 5—10 carbon
credits, generating profits of USD 50-100 [19]. In Pik
L4k, a similar model helps reduce about 3.5 tons of COx/ha,
increase yields, and improve farmers’ incomes through
carbon credit sales and reduced production costs [20].

2.5. Crop allocation considering the impact of carbon
tariffs

Although relatively new, research on the impact of
carbon tax policies and land-use changes on GHG
emissions is gaining attention, reflecting a growing global
awareness of agriculture’s role in climate change
mitigation.

Climate simulation models show that combining
increased crop productivity with the implementation of
global carbon tariffs can limit the expansion of cultivated
land, thereby effectively reducing emissions. Additionally,
research in Chile indicated that imposing sector-specific
taxes on agriculture leads to significant economic losses
and low emission reduction efficiency, whereas
comprehensive carbon taxes combined with forestry
subsidies achieve higher environmental effectiveness with
minimal impact on growth. These findings suggest that
carbon taxes are only truly effective when implemented
synchronously with appropriate support policies, in which
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crop allocation strategies must consider both economic
benefits and environmental objectives [21]. These two
goals should be pursued in parallel in the long-term
development strategies of agricultural enterprises.

2.6. Contribution of the study

Table 1. Review of related literature

Crop Allocation Method and
Year Author Model ethod an
—_— Algorithm
A B C D E
Donal J Literature Review,
2005 © v Modeling and
Mead .
Forecasting
Nordin
v
2011 Mohamad Lp
2012 Wankhade LP, Push - Pull
System
Ruohon Stochastic Modeling,
2013 ey Dynamic Optimization
Cai
Model
Hadley Centre Global
Davies Environment Model
v v v
2014 Barnard version 2 — Earth
System
2015 Sofi v LP
2016 Chlran] it v Literature Review
Singha
2017  Sara Osama v LP, GA
2017 Mohammadi v v LP, Interger Lincar
Programming
Mahak
4
2019 Bhatia LP
Mahak
4
2020 Bhatia Lp
Cristian CGE (Computable
4
2020 Mardones General Equilibrium)
Alanoud M LP, Parametric
/ )
2021 Alotaibi Programming
Agent-based Land
Allocation Modeling
v v 4
2021 Ge Song Multi-Criteria
Evaluation (MCE)
2022 Nimanthika v v Qu?lhtatlve Anal.y51s,
Lokuge Literature Review
Hoan MRV (Measurement,
2023 Don g v v Reporting and
B Verification)
Jin Sai Monte Carlo, Life
v v >
2024 Chen Cycle Assessment
Paulo -
2024 Eduardo v v Principal Con_lponent
Analysis
Teodoro
Life Cycle
2024  Ugur Bager v v Assessment, Partial
Budgeting Analysis
Ram Quantitative Analysis,
2024 Swaroop 4 v" Qualitative Analysis,
Meena Literature Review

A: Conventional Approach;, B: Sustainable Approach;
C: Carbon-Conscious Planting; D: Incorporates Tax Policy;
E: Integrates Carbon Credit Mechanisms

Based on the studies summarized in Table 1, it can be
seen that most current research focuses on the relationship
between crop allocation and emission reduction, without
fully integrating factors such as profit, carbon tariffs, and
carbon credits. The lack of such integrated analyses creates

a gap in the development of comprehensive decision-
making models. In particular, key factors such as carbon
emissions, the impact of tariffs on crop structure, and
trading opportunities for optimizing profits have not been
thoroughly considered.

Driven by these practical requirements, the proposed
optimization model aims to enhance the efficiency of fruit
crop area allocation, thereby maximizing profit for
producers. The model simultaneously incorporates
emerging factors such as carbon tariffs in major export
markets, helping enterprises to proactively adapt to policy
changes. Additionally, the model considers the CO:
absorption capacity of perennial fruit trees, opening up
pathways for accessing the carbon credit market as a
supplementary source of income.

3. Model development
3.1. Problem description

This study develops a linear programming (LP)
optimization model [12] for planning the cultivation area
of export-oriented crops in the context of international
economic integration and the need to improve agricultural
resource management efficiency. As the global market
imposes stricter environmental standards, especially
regarding carbon emissions from imported agricultural
products, agricultural production organizations face the
challenge of balancing economic efficiency with
environmental responsibility.

The crop allocation model is described in the overview
diagram in Figure 1. Harvested products from these areas
can be distributed in two main directions:

- Exporting fruits to consumer markets, ensuring
minimum and maximum demand compliance.

- Selling carbon credits when environmental
requirements are met (i.e., net carbon absorption exceeds

emissions), opening opportunities for additional income.
i

Carbon credit market
Fruit export market

| Cultivation zones for various fruit species [i](h-e)=0
000

- Export transportation routes
—— Carbon credit transportation routes
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[ik]a Cultivation area constraints for fruit species
[ilth-e)=0 Condition for eligibility to trade carbon eredits,  [ik]a
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Figure 1. Problem description diagram
This study focuses on developing an optimization
model for allocating crop areas over a specific time period
(Figure 2), aiming to:
- Maximize profit from fruit exports.
- Ensure carbon emission standards and leverage the
carbon credit market.

- Ensure carbon emission standards and leverage the
carbon credit market.
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Model assumptions:

- Ensure carbon emission standards and leverage the
carbon credit market.

- Ensure carbon emission standards and leverage the
carbon credit market.

- Ensure carbon emission standards and leverage the
carbon credit market.

- Ensure carbon emission standards and leverage the
carbon credit market.

- Profit from carbon credits is calculated by multiplying
net positive CO: absorption by the carbon credit price. Since
Vietnam’s mandatory carbon market is not yet officially
operational, this study uses reference prices from the
international voluntary carbon market. Specifically, data are
sourced from the Verra — Verified Carbon Standard (VCS)
system and the State of the Voluntary Carbon Markets 2024
report by Ecosystem Marketplace [22].

- The model calculates profit based on nominal annual
values without discounting cash flows to present value, to
simplify the comparison of alternatives during the initial
implementation phase.

Inputs of the model

l

I T | 1
Technical
specifications:

- Productivity

- Production costs

- CO: emissions and
absorption

[ I I I I

I

Mathematical model

|
[ [ 1
Constraints
- Total area used
- Minimum planting
area
- Exportoutput
- Budget

Market information:
Carbon - Demand in each
credit market
price - Carbon tax in the
markets

List of
potential
crops

Land
fund

Decision variables
Objective Function - Area planted by each
Maximize export profits crop
and carbon credits - Export output by each
crop

Figure 2. Mathematical Model Development Flowchart
Parameters:
ay Total area of region k.

dmax; ; , Maximum export demand for crop i in year ¢
in market m.

dmin; ; ,, Minimum export demand for crop i in year ¢
in market m.

lim¢ Export profit for crop i in year ¢ in market m.

qitm Carbon tariff for crop 7 in year ¢ in market m.

p;+  Carbon profit for crop i in year t.

c¢;¢  Cultivation cost for crop 7 in year ¢.

;¢ Yield of crop i in year ¢.

S; Minimum area required for crop i to achieve
economic efficiency.

Export cost for crop i in year ¢ in market m.

Assigned value of / if crop i is suitable for region £,
otherwise 0.
Decision variables:
Xy: Areaofcropiinregion &
Y;+m Exportoutput of crop i in year ¢in market m.

Objective function:

The objective function is to maximize profit from fruit
exports and carbon credit sales. Specifically, the problem
seeks the optimal values for the area allocated to each crop
and export output.

T 1 M
Max:Z = Z Z ( ({iem — 01i,t,m> Yitm)
1

t=11i=1 \m=
+ Yk Xiei- (Die — Ci)) (1)
Constraints include:
Land area limitation:
21 Xk < @i, Vk (2)
The total area allocated to all crops 7 in region & must
not exceed the available area a,,.
Land allocation in each region:
Wi iSi < Xpi < Wy iay, VK, i 3)
The area for crop 7 must not be less than the minimum

required s; for economic efficiency and must not exceed
the total available area in region £.

Export output limitation:
Y= Yiem < Tie Zikea Xii, Vist “4)
The total export output of crop i to all export markets
must not exceed the actual harvested yield.
Market demand.:
dming . <Y < dmax;,,, Vi,m,t (5)
Export output must meet the minimum requirement to
maintain market share but not exceed the maximum demand.
Budget constraint:
Y=t Z{=1(Ci,th,i) + Y1 Z€=1 Yiem(Qiem +
Vitm) < by, VE (6)
Ensures that the total production and export costs in
year ¢ do not exceed the available budget b;.
Non-negativity of decision variables:
XiisYime = 0,Vi, k, t,m @)

4. Experimental results
4.1. Case study description

The case study is based on an agricultural cooperative
in the Mekong Delta (MD), which owns a land fund of 350
hectares divided into four areas with distinct
characteristics, each suitable for different crop types. The
harvested products are exported to three major markets: the
United States, the EU, and China. The model is designed
to plan crop cultivation over a 10-year period with the
objective of maximizing profit.

Table 2. Crop allocation and land use per region

Land type Area (ha) Crops
. . . Mango, Durian,
Alluvial soil along rivers 140 Tackfruit
Sandy loam soil along 105 Dragon fruit, Coconut,

Passion fruit
Banana, Star apple

rivers
Elevated well-drained land 70
Slightly saline and acidic

alluvial soil 35 Pomelo, Orange
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4.2. Experimental results

The optimization model was solved using IBM ILOG
CPLEX 12.6 software, executed on a computer with a Core
(TM) i5-11320H 3.20GHz processor and 8.00 GB RAM.
The results show that the objective function value reached
VND 1,244 billion, with the following breakdown:

e Carbon tax cost: VND 48.33 billion;

e Cultivation cost: VND 636.54 billion;

e Export profit: VND 1,895 billion;

o Carbon credit profit: VND 33.85 billion.

Land use allocation per crop type

Jackfruit mCoconut

Dragon fruit

®Mango Durian

®Passion fruit WBanana m Star apple EPomelo ®Orange

Figure 3. Land use allocation per crop type

Figure 3 illustrates the allocation of land area for each
crop type. The results indicate that mango and durian are
prioritized, occupying the largest areas (17% and 16%,
respectively), followed by dragon fruit, passion fruit, and
star apple, which have similar proportions. This reflects the
high economic efficiency and strong adaptability of these
crops to their respective soil types.

Total export volumes of major fruit crops to key

international markets over a 10-year period
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Figure 4. Export volumes of fruit crops by market

Differences in consumption levels and carbon tariff
rates across markets are reflected in the allocation of export
output. Figure 4 shows that the model optimizes crop
structure and output distribution to maximize market
advantages: passion fruit and dragon fruit are prioritized
for export to the US and EU due to higher selling prices
and carbon credit opportunities, while crops such as
jackfruit, star apple, pomelo, and orange are focused on the
Chinese market, which has more accessible requirements.

Allocating output according to market characteristics
enables enterprises to proactively optimize profits by
leveraging high prices, favorable carbon tariff rates, and
regional consumer preferences.

4.3. Sensitivity analysis

Sensitivity analysis was conducted to assess the impact
of key parameters on the optimal results, including export
profit, carbon profit, carbon tax, cultivation cost, yield,
minimum and maximum demand. This analysis supports
effective decision-making in the context of constantly
changing real-world conditions. The analysis focuses on:

- The individual impact of each factor on the objective
function value.

- The combined effect (when multiple factors change
simultaneously) on the objective function value.

Table 3 presents the analysis data, which were
developed based on three scenarios for each factor: Low —
Medium — High.

Table 3. Key factors incorporated in sensitivity analysis

Adjustment scenarios

Factor Low . High
(Derease) Medium (Increase)
Export profit 20% - 20%
Carbon profit 20% - 60%
Carbon Tariffs 20% - 60%
Farming cost 20% - 20%
Maximum 20% ) 20%
demand
Minimum 20% ) 20%
demand
Productivity 20% - 20%

Due to the large number of full factorial combinations
(37 = 2,187), the research team used a fractional factorial
design. After removing outliers and duplicates, 29

representative  experiments remained. Analysis was
performed using Minitab 17 software.
Table 4. Analytical results
Source DF Adj SS Adj MS F-Value  P-Value
Exportprofit 7  1.58050E+24  2.27072E+23  1648.24 0.000
Carbon profit 1 7.96049E+23  7.96049E+23  5778.28 0.000
Carbon | 1.94069E+21  1.94069E+21 1409 0.001
Tariffs
Farmingcost 1 2.11879E+21  2.11879E+21 15.38 0.001
Maximum 1 123268E+23  1.23268E+23  894.77 0.000
demand
Minimum 1 3.71365E+20  3.71365E+20 2.70 0.116
demand
Productivity 1 3.02911E+20  3.02911E+20 2.20 0.153
Export profit 1 3.18425E+23  3.18425E+23 231135 0.000
Error 21 2.89308E+21  1.37766E+20
Total 28 1.59239E+24
Model Summary
S R-sq R-sq (adj) R-sq (pred)

1.17374E+10 99.82% 99.76% 99.62%

After analysis, the key factors influencing the objective
function value are: export profit, carbon profit, carbon tax,
cultivation cost, and yield. The model demonstrates high
statistical significance with a clear linear relationship
between input variables and the objective function. The R?
index reached 99.82%, indicating that the model explains
most of the variance in the dependent variable. The
adjusted R? (99.76%) confirms that all included variables
contribute significantly without causing noise.
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Figure 5. Main effects plot of key factors on the objective function

Interaction Plot for Total
Data Means

FLFLLS LTS & 2 oe s &
L e 83 & e 3
il el b A |1 P
- - K — iy "
Export profit o | ™ - e |-
— | — a &
|
s B | m— o .m | m o
K2 ™ R e e
Carbonpront | gL .o =¥ ¥ - 4
. = e
-~ v | e a |
E S g 5 7 e
Carbon Tarit S SRR $ox 8 e
v =
o | e _a ewER
: - & . |
arming cost . - {/{ e I

M s
L

e a2 e
1o0me- 2

1sen

2% e
% e

Figure 6. Interaction plot of factor means for the objective function

Figure 5 shows the impact of each factor on the
objective function value. Export profit and yield exhibit a
strong positive correlation with profit, while cultivation
cost has a negative impact. Carbon tax and carbon profit
have moderate effects, whereas minimum and maximum
demand show little to no significant difference. Figure 6
illustrates the interaction between pairs of factors. Pairs
such as cultivation cost—carbon tax and yield—carbon profit
have non-parallel lines, indicating relatively clear
interaction-meaning the effect of one factor depends on the
value of the other. In contrast, pairs like maximum
demand-minimum demand have nearly parallel lines,
indicating little or no interaction.

Based on the analysis results, three recommendations
are proposed for enterprises in planning crop structure to
meet market and international environmental policy
requirements:

- Prioritize crops with high yield and export profit,
suitable for demanding but high-profit markets.

- Combine cost control in cultivation with emission
reduction to mitigate the dual impact of carbon tariffs.

- Leverage opportunities from carbon credits by
selecting perennial crops with CO. absorption capacity and
implementing MRV systems.

4.4. Model effectiveness evaluation

The traditional model was built with 10 crop types

allocated across 4 cultivation regions, each corresponding to

the crop types in the optimal model’s case study. However,
the traditional model selects only the most suitable crop for

each region based on production experience and common
cultivation practices. Crop allocation does not consider
emissions or carbon credit potential, focusing solely on
maximizing profit from crop yield per soil type.

Table 5. Results of the optimized model compared to

the traditional model

Compar{son Traditional Model | Optimized Model
Criteria

Total Profit VND 977.91 billion| VND 1,244 billion
Profit from Carbon VND 0| VND 33.85 billion
Credits

Cultivation Cost VND 655.20 billion | VND 636.54 billion
Carbon Tax VND 468.97 billion| VND 48.33 billion
Carbon Emissions 11,646 tons of CO2| 10,126 tons of CO-

One of the most notable differences between the two
models lies in the ability to access and capitalize on the
carbon market mechanism, as evidenced by the
simultaneous reduction in emissions and the creation of
new revenue streams. Specifically, the optimal model
reduces CO: emissions by approximately 13% compared to
the traditional model, while generating nearly VND 34
billion from carbon credits-a revenue source previously
untapped. As a result, total profit increased significantly,
with a difference of 27.21%, demonstrating improved
efficiency stemming from cost reduction and the addition
of non-traditional revenue sources.

5. Conclusion and recommendations

This study developed an optimization model for crop
area allocation with the goal of maximizing export profit,
leveraging carbon credits, and complying with
international carbon tariff regulations. The results show
that the model not only enhances economic efficiency but
also serves as a decision-support tool for enterprises,
helping to select optimal crop allocation plans under
practical constraints.

Several recommendations to increase practical
applicability include: (1) pilot implementation in potential
regions and building local experimental databases to
calibrate the model; (2) comparison with traditional
cultivation methods; (3) establishment of appropriate
financial and technical support mechanisms such as green
credit and subsidies to encourage enterprises and farmers
to transition. In the future, the model can be expanded in
the following directions: (1) planning raw material regions
to serve export value chains integrating logistics and
processing; (2) optimizing the combination of crops,
livestock, and multi-resource use (land, water, labor); (3)
planning renewable energy and developing low-emission
agriculture in conjunction with sustainable regional
economic spatial design.
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