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ABSTRACT

Land-use conversion in peri-urban areas poses significant social, economic, and environmental challenges,
often threatening agricultural livelihoods and community stability. This study aims to analyze the dynamics of
land-use change and the interactions among key stakeholders, informing sustainable land management strategies.
An agent-based simulation model was developed, integrating social, economic, and environmental variables. The
model simulates interactions among farmers, urban developers, NGOs, and government entities in three agricul-
tural regions of South Kalimantan Province, Indonesia. Variables such as social trust, distress levels, economic in-
centives, policy interventions, and weather conditions were incorporated to reflect real-world complexity. Simula-
tion results indicate that strong social trust and NGO support substantially reduce distress among farmers, thereby
fostering greater resilience. Conversely, profit-driven urban developers increase pressure on farmers, especially in
scenarios lacking effective government regulation. Participatory and adaptive government policies are shown to
balance economic development with environmental and social sustainability. These findings highlight the critical
role of social dynamics and policy frameworks in managing land-use transitions and mitigating conflicts. The study
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concludes that multi-stakeholder engagement and adaptive governance are essential for sustainable peri-urban

development. The agent-based model provides a practical tool for policymakers to test policy scenarios safely, en-

abling evidence-based strategies to protect agricultural communities and promote sustainable land use in rapidly

urbanizing regions.

Keywords: Land-Use Change; Agent-Based Simulation; Social Trust; Government Policy; Environmental Sustain-

ability

1. Introduction

In the current global context, land-use conversion,
especially in peri-urban areas, represents a significant
The

transformation of land, particularly from agricultural ar-

challenge for both society and governments!.

eas to urban or industrial zones, has led to substantial
social, economic, and environmental impacts (21, Rapid
urbanization, the need for infrastructure development,
and economic pressures often drive these changes, yet
their effects on local community well-being and envi-
ronmental sustainability are frequently overlooked 34,
This phenomenon not only results in the loss of pro-
ductive agricultural land but also increases pressure on
farmers who feel their livelihoods are threatened [°!. Ad-
ditionally, land-use change can create tensions between
urban developers seeking economic profitand local com-
munities who depend on the land for their daily lives[®].
In many cases, governments attempt to regulate land use
through various policies, but the effectiveness of such
measures is often questioned 78],

Many studies have discussed the impacts of land-
use change; however, most focus on a single aspect,
such as environmental or economic effects, without con-
sidering the dynamic interactions among the actors in-
volved [*10], Interactions between farmers, urban devel-
opers, NGOs, and government agencies in the context
of land-use change have not been widely explored [,
For instance, how social trust and NGO support influ-
ence pressures on farmers, or how the level of govern-
ment intervention can manage conflicts between eco-
nomic growth and environmental sustainability.

Most previous studies have not taken into account
how agents’ decisions and interactions are influenced
by external factors such as changing weather conditions

12]

or adaptive government policies! Furthermore, re-

search that integrates social, economic, and environ-
mental dimensions into a single agent-based simulation
model remains quite limited (131,

This study employs an agent-based modeling
(ABM) ' to simulate the complex interactions among
farmers, developers, NGOs, and government agencies in
the context of peri-urban land-use change. Agent-based
simulation is an effective method for modeling complex
systems with many interactive entities. Each agent in
this simulation functions as an autonomous entity with
unique characteristics and actions, allowing for interac-
tion with other agents and the environment. This ap-
proach enables the observation of how changes at the
individual level affect the system as a whole >,

In the context of land-use change, various agents
play crucial roles. This study also considers environ-
mental variables such as weather conditions, which can
change randomly within the simulation and influence
agents’ decisions!*®l. Thus, the simulation provides a
more realistic picture of agent interactions within a dy-
namic and uncertain environment 7],

The agent-based simulation in this study offers sev-
eral complex aspects. It adopts a holistic approach by
integrating social, economic, and environmental dimen-
sions into a single simulation model, allowing for a more
comprehensive analysis of land-use change impacts (18],
The model enables direct observation of how interac-
tions among agents influence the overall system dynam-
ics™3. It also incorporates external factors such as
changing weather conditions and adaptive government
policies to illustrate how agents respond to environmen-

tal changes ('],

Furthermore, the simulation allows for
policy experimentation, making it possible to test vari-
ous policy scenarios without real-world risk and help-
ing policymakers evaluate potential impacts before im-

plementation [2%,
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This study aims to address the following research
questions:

(1) How do social trust and support influence farm-
ers’ responses to the pressures of land-use change?

(2) What are the economic impacts of developer-
driven land-use change?

(3) How do government interventions affect out-
comes for each stakeholder?

Drawing on prior research, we propose the fol-
lowing theoretical relationships: (a) higher social trust
among farmers reduces their stress and distress in fac-

ing land-use change pressures[?!l;

(b) adaptive gov-
ernment policies moderate the impact of developer
profit motives, reducing negative consequences for farm-

22,23].
ers [2223],

and (c) strong profit orientation by devel-
opers increases pressure on agricultural land[?4, but
this effect can be mitigated by NGO support and social
trust 25261,

The model hypothesizes that collaborative and
adaptive policies, particularly those involving NGO sup-
port, can reduce pressure on farmers, strengthen com-
munity resilience, and balance economic development

with environmental sustainability.

2. Literature Review

2.1. Agent-Based Modeling

Agent-based modeling (ABM) has become an es-
sential tool for studying complex systems in social, eco-

[27], The literature in-

nomic, and environmental contexts
dicates that this approach enables researchers to model
individual behaviors and interactions within dynamic
environments, thereby deepening the understanding of
how macro-level systems emerge from micro-level inter-
actions. A key feature of ABM is its ability to simulate
social and economic interactions among agents [282%],
which is particularly relevant for exploring interactions
among farmers, urban developers, NGOs, and govern-
ment entities in the context of land-use change in peri-
urban areas.

ABM incorporates agent heterogeneity, captur-
ing diversity in behaviors, properties, and interactions
among agents. Such heterogeneity allows realistic mod-

eling of complex systems, where individual differences

can lead to emergent system-level patterns %31, Envi-
ronment representation is another core concept, with
spatial structures often modeled as grids or parcels.
The choice of spatial representation shapes agent inter-
actions and outcomes, enabling simulations to realisti-
cally reflect geographic and urban dynamics (32331, Ad-
ditionally, model validation is critical to ensure that
simulations reliably reproduce real-world phenomena.
Pattern-Oriented Modeling (POM) is often employed
to guide model design and validate ABMs by ensuring
that multiple emergent patterns correspond to observed
data, increasing confidence in predictive reliability [343°],
Comparing model outputs with empirical data verifies
predictive performance and strengthens confidence in
the model’s applicability for decision-making 3],

Building on foundational ABM work by Epstein and
Axtell 37] and formalized through the ODD protocol 38,
ABMs explicitly link heterogeneous agents, spatially ex-
plicit environments, and validated interactions to simu-
late complex system dynamics. This theoretical ground-
ing ensures transparency, reproducibility, and rigor in
modeling agent behaviors and emergent patterns.

ABMs are particularly effective for simulating land-
use change because they can link individual decision-
making to system-level outcomes. Research demon-
strates that ABMs can capture how developers, farm-
ers, and policymakers interact to shape urban expan-
sion, peri-urban conversion, and agricultural land man-
agement 3949, They can also represent coupled human-
natural systems, integrating socio-economic drivers, en-
vironmental constraints, and climate variability to pre-
dict land-use outcomes [4142],

In this study, ABM is used to examine how social
trust, perceived pressure, NGO support, and government
interventions shape interactions among agents and af-
fect peri-urban land-use change dynamics. This ap-
proach provides a flexible simulation environment capa-
ble of capturing the emergent, context-specific outcomes
of agent behaviors, supporting scenario testing for sus-

tainable land-use planning and policy evaluation 29431,

2.2. Social Capital in Land-Use Change

Social capital refers to networks of relationships,

shared norms, and trust that facilitate coordination and
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collaboration for mutual benefit[44].

The concept of
social capital has been extensively explored by schol-
ars such as Bourdieu, Coleman, and Putnam. Bourdieu
(1986) emphasizes the relational nature of social capi-
tal, showing how networks interact with other forms of
capital to shape social advantage and reproduce power
(45461 Coleman (1988) highlights the func-

tional benefits of social capital, particularly trust and

dynamics

reciprocity, which enable individuals and communities
to achieve personal and collective goals, including en-
hanced education and lower crime rates[*l, Putnam
(2000) focuses on civic engagement and social cohesion,
noting that declines in participation in communal activi-
ties weaken trust, cooperation, and overall societal well-
being[*7]. Critiques of these frameworks stress the need
for context-specific understanding, as social capital’s ef-
fects vary across different social interactions #7#8l, Con-
temporary studies further demonstrate that strong so-
cial capital supports public health, economic perfor-
mance, and effective governance by providing access to
resources and supportive networks that mitigate social
and economic inequalities [+%>0],

In the context of land-use change, social capital
is crucial for reducing community distress, strengthen-
ing social networks, and supporting environmental sus-
tainability. Strong social capital can help communities
manage resources more effectively, respond to environ-
mental changes, and mitigate the negative impacts of
land-use change!®!l, Previous studies indicate that so-
cial trust and NGO support significantly reduce commu-
nity pressure. Increased trust and social networks can
enhance community well-being and strengthen their ca-
pacity to cope with environmental changes. In this sim-
ulation, social trust is measured through interactions
among farmers and the support provided by NGOs 2.

Economic considerations also play a key role in
land-use decisions, as described by land rent theory.
This theory examines how land values and rents are de-
termined by spatial, economic, and social factors, em-
phasizing the effects of scarcity, ownership, and market

53-55] " Indonesian land-

dynamics on land-use choices!
use policies further shape these dynamics by regulating
access, ownership, and use of land to balance agricul-

tural productivity, urban development, and environmen-

tal sustainability. Policies such as the Basic Agrarian Law
0f 1960, the 2012 Land Acquisition Law, and related reg-
ulations aim to protect agricultural land, ensure equi-
table land acquisition, and integrate customary law prac-
tices into formal governance, although implementation
challenges remain[°6-%8, In peri-urban contexts, urban
developers often focus on the economic gains from land-
use change, which can disrupt environmental sustain-
ability 59,
aims to maximize land profits, frequently at the expense

Urban development driven by market logic

of ecological balance!®®l. This simulation models how
decisions made by urban developers affect community
well-being and the surrounding environment.

The government plays a crucial role in regulating
land use and implementing policy interventions to bal-
(61 The

success of collaborative resource management often de-

ance economic and environmental interests

pends on policy frameworks and the level of govern-

ment involvement[©2],

In this simulation, government
intervention is measured through the variable “level of
intervention,” which influences how policies are imple-

mented to reduce pressure and support sustainability.
2.3. External Factors in the Simulation

Weather conditions are an important factor influ-
encing agents’ decisions, making the simulation more re-
alistic. Research shows that climate change and weather
variability can significantly affect agricultural produc-

(631 Extreme weather events, such

tion and land use
as droughts and floods, have been found to drastically
impact agricultural productivity and influence farmers’
land management decisions[®¥. The conversion of farm-
land has been linked to intensified regional drought
conditions by altering local temperatures and evapora-
tion rates, as farmland often replaces moisture-retaining
ecosystems, leading to higher regional temperatures and
increased dryness (¢4,

Flooding also poses a significant challenge, poten-
tially causing substantial economic losses for agricul-
tural areas. Studies have demonstrated that land-use
changes, including agricultural expansion and urban de-
velopment, can increase flood risks, particularly in re-
gions previously occupied by forests or wetlands, which

naturally mitigate flooding[®5%¢l, The reduction in land
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capacity to absorb rainfall results in higher runoff and
more severe flood events!®7%8,  Additionally, agricul-
tural practices can contribute to soil compaction and re-
duced vegetation cover, further impairing natural hydro-
logical functions and elevating flood susceptibility [*°],

In this simulation, weather conditions are ran-
domly modeled to observe how agents respond to dy-
namic environmental changes. Incorporating such exter-
nal factors provides a more realistic and flexible environ-
ment for simulating agents’ decisions and interactions
under varying conditions.

Several studies have suggested that agent-based
simulations can be used for policy experimentation with-
out real-world risk[?8l. The ability to test various pol-
icy scenarios in a simulated environment enables stake-
holders to evaluate potential impacts before implemen-

tation 791,

This is highly relevant to this study, where
levels of government intervention and NGO support are
tested to assess their effects on community well-being

and environmental sustainability.

2.4. Hypotheses Development

Drawing on prior research, this study develops the
following hypotheses regarding the interactions among
developers, farmers, NGOs, and government in peri-
urban land-use change:

H1. Higher levels of social trust among farmers reduce th-
eir stress and distress in facing land-use change pressures.

H2. Strong profit orientation by developers increases pres-
sure on agricultural land.

H3. Support from NGOs mitigates the negative impact of
developer profit orientation on agricultural land.

H4. Adaptive government policies moderate the relation-
ship between developer profit orientation and farmer well-

being, reducing negative consequences.

3. Methods

This study follows the ODD+D (Overview, Design
Concepts, Details + Human Decision-Making) proto-
col 71721 to document the agent-based simulation of peri-

urban land-use change. The model integrates spatially
explicit land parcels, accessibility metrics, and hazard
overlays to reflect real-world environmental and social
constraints.

3.1. Overview

The purpose of the model is to explore how farm-
ers, urban developers, NGOs, and government entities
interact in the context of peri-urban land-use change.
The model examines these interactions with a focus on
the roles of social trust, perceived pressure, NGO sup-
port, and government intervention in shaping commu-
nity well-being and sustainability. Agents occupy dis-
crete land parcels arranged on a spatial grid represent-
ing the study area in South Kalimantan Province, Indone-
sia. Each parcel is characterized by its land type (agri-
cultural, residential, or urban), accessibility to infras-
tructure, and susceptibility to hazards such as floods or
droughts.

Four agent types are defined, each with distinct at-
tributes, decision rules, and utility functions (Table 1).
Farmers maximize a utility function that balances in-
come, social trust, NGO support, and perceived pressure.
Developers pursue profit maximization considering rev-
enue, land costs, and policy compliance costs. NGOs im-
plement intervention strategies to reduce farmer pres-
sure and enhance trust, while government entities en-
force policies aimed at balancing economic development
with environmental sustainability.

Agents interact at the community level, with dis-
crete time steps (ticks) representing simulation peri-
ods. Social interactions, policy enforcement, and envi-
ronmental conditions unfold dynamically at each step.
Process overview and scheduling at each tick are sum-
marized in Table 2.

Figure 1 presents the conceptual framework of this
study;, illustrating the hypothesized relationships among
developers, farmers, NGOs, and government entities in
the context of peri-urban land-use change. The frame-
work visually represents how social trust, NGO support,
government interventions, and developer profit orien-
tation influence farmers’ stress and distress, and how
these interactions form the basis for the study’s four hy-
potheses (H1-H4).
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Table 1. Agent Types, Attributes, Utility Functions, and Index Formulas.

%szt Key Attributes  Decision Rule/Utility Function Index Formula/Interaction Behaviors and Interactions
Farmers Social trust, Uy = a.Income + B.Trust Trustiy1 Interact with other farmers and
perceived +v.NGO support = Trusts NGOs to enhance trust or reduce
pressure —d.Perceived pressure +a.Interaction formers pressure; pressure increases
+B.NGO support under land-use change
—~.Developer pressure pressures from developers.
Distresst
= §.Developer pressure
—e.(Trustt
+NGO support,)
Opinion,
_ Y w;.Response;
B 2 w;
Urban Ecoqomlc II4 Pressure exerted on farmers is Seek to maximize financial
Developers  profit . .
= Revenue fromland conversion proportional to land-use returns through land-use
—Land cost change activity change; engage with
— Policy compliance cost government and NGOs to secure
support or permits.
NGOs Support N/A (intervention-based) NGO support, = Provide assistance to farming
capacity > si.Intervention; communities, helping reduce
pressure and increase trust;
interact with government and
communities to strengthen
social networks and resilience.
Government  Policy N . S N .
i . . /A (policy optimization) Enforces policy; indirectly Regulate land-use conversion;
Entities intervention L . . . .
affects all indices via regulation  interact with all agents to
implement policies balancing
economic interests and
environmental sustainability.
Table 2. Process Overview and Scheduling in Each Simulation Tick.
Step Agent Type Main Action Expected Effect
Interact with other farmers and NGOs to exchange . . .
1 Farmers Trust may increase; perceived pressure may decline
trust or reduce pressure
2 Urban Developers Seek opportunities for land-use change Increases economic profit; raises pressure on farmers
3 NGOs Provide support to farmers Enhances resilience; reduces farmers’ pressure
4 Government Implement policies and regulate land-use change Balances economic and environmental interests

Adaptive Government Policies

H4 Farmer Well-being
Developer Profit Orientation Ho
H3 Agricultural Land Pressure

NGO Support

Figure 1. Conceptual Framework and Hypotheses.

Social Trust

Farmer Stress and Distress

3.2. Design Concepts

The model is grounded in social capital theory,
land-use conflict dynamics, and policy intervention
frameworks. System-level outcomes, including distress
index, trust index, and land-use change rate, emerge
from micro-level agent interactions.

Agents are adaptive, modifying their behaviors

based on social, economic, and environmental cues.
Farmers learn from repeated interactions with NGOs
and neighboring farmers, adjusting strategies to mini-
mize pressure. Developers target profit maximization
constrained by policy enforcement and spatial accessibil-
ity. NGOs focus on strengthening community resilience,
while government entities aim to enforce sustainability
policies effectively.

Stochasticity is incorporated through weather vari-
ability, random interaction outcomes, and hazard events,
introducing uncertainty across simulation runs. Outputs
are captured via indices for trust, distress, profit, NGO

support, and opinions.
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3.3. Detalils

At the beginning of the simulation, agent attributes
were initialized using empirical survey data collected
from 220 respondents in South Kalimantan Province, In-
donesia. These respondents included 160 farmers—72
in Banjar, 52 in Batola, and 36 in Tanah Laut—selected
through proportional random sampling. Additionally,
30 urban developers were included, comprising 12 from
Banjar, 10 from Batola, and 8 from Tanah Laut, strati-
fied by scale of operation. The sample also included 20
NGO representatives and 20 government officials, both
selected purposively.

Farmers’ initial levels of social trust and perceived
pressure were assigned based on regency-level means
calculated from the survey (Banjar: mean 0.65, SE 0.05;
Batola: mean 0.60, SE 0.04; Tanah Laut: mean 0.58, SE
0.06). Developers’ profit orientations were initialized
according to strata, with probabilistic ranges reflecting
observed variation among respondents. NGO and gov-
ernment intervention levels were parameterized using
survey-based estimates, incorporating uncertainties to
reflect sampling error. Survey data were also used to
calibrate model parameters, ensuring that simulated dis-
tributions of trust, perceived pressure, and profit orien-
tation closely matched observed survey statistics. For
example, probabilistic ranges for developer profit orien-
tation were adjusted so that the mean and variance in
the simulation reflected empirical distributions. These
procedures ensured that the model both represents ob-
served agent attributes and produces realistic behav-
ioral dynamics.

The model integrates three categories of input data.
Socioeconomic attributes derived directly from survey
responses provided initial values for trust, perceived
pressure, profit orientation, and NGO support capacity.
Environmental data, including local climate information
on drought and flood frequencies, informed the stochas-
tic weather module. Policy context was drawn from gov-
ernment regulations and official reports to set baseline
levels of policy intervention in the simulation.

The simulation consists of several interconnected
submodels. The farmer interaction model simulates
changes in trust, which increase when farmers receive
support from NGOs or cooperate with fellow farmers,

and decrease under developer-induced pressure. The
developer model captures profit-seeking behavior con-
strained by government enforcement. The NGO model
represents the provision of support that reduces per-
ceived pressure and strengthens social trust networks.
The government model implements policies aimed at re-
ducingillegal land-use change while balancing economic
and ecological objectives. Finally, the weather model in-
troduces stochastic drought and flood events, influenc-
ing farmer distress and decision-making processes.

3.4. Simulation Procedure

The simulation was implemented in NetLogo 6.4.0
(Northwestern University, USA), with each run consist-
ing of multiple ticks during which agents interact accord-
ing to their behavioral rules. To reduce stochastic vari-
ability and ensure robust estimates, each scenario was
standardized to at least 100 replications for all indices,
including trust, distress, profit, NGO support, and opin-
ion indices. Outputs from these replications were sum-
marized as mean values with 95% confidence intervals
(CI), providing a more rigorous assessment of system-
level dynamics.

All simulations were conducted with settings de-
scribed in the latter two tables. For reproducibility, ran-
dom seeds used for stochastic elements are provided for
each index: trust and distress indices (seeds 101-149),
profit and NGO support indices (seeds 201-210), and
opinion index (seeds 301-400).

To explore a broader set of conditions, scenarios
combined variations in government policy intervention,
developer profit orientation, NGO support capacity, and
stochastic climate events such as drought and flood. This
policy x incentive x climate design enables the assess-
ment of interactive effects on farmers’ trust, distress,
and overall community resilience.

The simulation also allows for systematic explo-
ration of uncertainty through global sensitivity analysis,
in which key parameters such as government interven-
tion, developer profit orientation, NGO support capac-
ity, and environmental shocks are varied simultaneously
across their plausible ranges. This analysis identifies the
relative influence of each parameter on model outputs

and highlights interactions among parameters that sig-
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nificantly affect outcomes.

An example of the simulation application’s user in-
terface is shown in Figure 2, illustrating how agents and
variables are displayed and managed during simulation

runs.

Figure 2. Simulation Application Interface.

3.5. Model Validation

Model validation was conducted through a multi-
step process to ensure the reliability and robustness of
the agent-based simulation. First, an empirical compar-
ison was performed by aligning simulation outcomes,
such as reductions in farmer distress under NGO sup-
port, with independent field data from similar peri-
urban regions, including East Java. These datasets were
not used in model calibration, providing an unbiased
benchmark for validation. Quantitative agreement be-
tween simulated and observed data was assessed using
the Kappa statistic for categorical outcomes (e.g., land-
use change classification) and RMSE (Root Mean Square
Error) for continuous indices, including trust, distress,
profit, and NGO support. These metrics indicated a high

level of concordance, confirming that the model accu-
rately reproduces independent observations.

Second, cross-model comparison was conducted by
evaluating the simulation outcomes against established
land-use change models, such as the IDRISI SELVA Land
Use Change Modeller. System-level patterns, including
feedback loops between social trust, developer pressure,
and distress, were consistent with prior models, rein-
forcing model credibility.

Third, sensitivity and uncertainty analyses were
undertaken to assess the robustness of the model to pa-
rameter variation and the propagation of input uncer-
tainty. Input uncertainties—including variation in ini-
tial trust, perceived pressure, developer profit orienta-
tion, and NGO support—were propagated through the
model using Monte Carlo simulations, with =100 runs
per scenario. Output distributions were summarized as
means with 95% confidence intervals to quantify the
combined effects of input variability on key outcomes.
For example, a 20% increase in government interven-
tion reduced illegal land-use change by 35% [95% CI:
31-39%], whereas a 15% decrease in NGO support in-
creased farmer distress by 22% [95% CI: 19-25%] (see
Appendix A Table A1). These results demonstrate that
the model reliably captures the influence of parameter

uncertainty on simulation outcomes.

3.6. Parameter Table

Table 3 summarizes key parameters, ranges,
sources, and uncertainties, including spatial and hazard-

related variables.

Table 3. Model Parameters with Ranges, Sources, and Associated Uncertainties.

Parameter Range/Value

Source

Uncertainty /Notes

Farmers’ social trust
Farmers’ perceived pressure
Developer profit drive

0-1 (normalized)
0-1 (normalized)
Low/High (strata)

NGO support capacity 0-1 (normalized)

Government intervention 0-1 (normalized)

Weather shocks Drought/Flood, prob. 0.1-0.3
Parcel type Agricultural/Urban/Residential

0-1
Flood/Drought probability

Accessibility index
Hazard overlay

Survey (160 farmers)

Survey, expert input

Survey (30 developers)

Survey (20 NGOs)

Policy reports, survey (20 officials)
Climate data

Land use maps

GIS, survey

GIS, climate data

Variation across regencies
Influenced by developer activity
Market variability

Funding fluctuations

Policy enforcement uncertainty
Stochastic variation

Land classification uncertainty
Variability in market/road access
Stochastic spatial events

4. Results
4.1. Reduction of Pressure on Farmers

As shown in Figures 3 and 4, the simulation results

demonstrate that interactions among farmers and sup-
port from NGOs generally increase trust levels while re-

ducing distress among farmers. These findings reflect

536



Research on World Agricultural Economy | Volume 07 | Issue 01 | March 2026

positive developments, suggesting that greater trust
strengthens the sense of solidarity and enables farmers
to unite more effectively in facing pressures related to
land-use change. Moreover, lower levels of distress indi-
cate that farmers feel more secure and stable, supported
by legal assistance, training, and resources provided by
NGOs.

100
80
60

40

Trust Index

20

357 9111315171921232527 2931333537394143454749

-20 -
Iteration

before interaction after interaction

Figure 3. Simulation of Farmers’ Trust Levels within the Com-
munity.

Note: “Before interaction” shows trust levels before interactions and policy in-
terventions. “After interaction” shows trust levels after interactions with other
farmers, NGOs, and government policies.

Distress Index

1333537394143454749

-10 .
Iteration

before interaction after interaction

Figure 4. Simulation of Distress Levels Experienced by Farm-

ers.

Note: “Before interaction” shows distress levels before interactions and policy
interventions. “After interaction” shows distress levels after interactions with
other farmers, NGOs, and government policies.

In this simulation, trust and distress were used
as variables to capture two important aspects of farm-
ers’ mental and social conditions. Trust represents the
level of confidence that farmers have within their com-
munity, where higher levels reflect strong social connec-
tions, effective cooperation, and adequate mutual sup-
port among community members. Conversely, low lev-
els of trust may indicate conflict or a lack of confidence in
community mechanisms. Meanwhile, distress measures
the degree of anxiety or stress experienced by farmers,

with higher distress levels indicating significant pres-
sure and a greater need for support. Simulation out-
comes, therefore, suggest that social interactions and
NGO involvement play critical roles in mitigating the ad-
verse impacts of land-use change pressures on farmers’

well-being.

4.2. Economic Impact of Land-Use Change

As shown in Figure 5, government policies that
restrict land-use change reduce developers’ profit mar-
gins, thereby encouraging more responsible develop-
ment practices. Simulation results indicate that urban
developers prioritize economic gains by converting agri-
cultural land into urban areas. This approach often over-
looks environmental sustainability and the needs of lo-
cal communities, aligning instead with market-driven
logic. Although developers achieve significant economic
profits, these gains come at the expense of farmers’ liveli-
hoods and carry the potential to cause environmental
degradation.

Profit Index

1 2 3 4 5 6 7 8 9 10

Iteration

— The start of simulation after simulation

Figure 5. Urban Developers’ Profits Under Land-Use Change
Limits.
Note: “Start of simulation” shows developers’ profits before land-use change re-

strictions and policy interventions. “After simulation” shows profits after agents
have interacted with policies, other developers, and environmental constraints.

The simulation also reveals that economic incen-
tives drive developers to expand projects aggressively,
which, in turn, fuels social tensions with farmers. In
the absence of government regulation, urban expansion

poses risks to social cohesion and ecological balance.

4.3. The Role of NGOs in Supporting Farm-
ers

NGOs play a crucial role in reducing pressure on
farmers by providing legal assistance, education on land
rights, and economic empowerment initiatives. The sim-
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ulation results show that support from NGOs increases
farmers’ trust and strengthens their bargaining position
against developers, as illustrated in Figure 6. Further-
more, mediation by NGOs helps prevent conflict escala-
tion and preserves social cohesion.

160
140
120
100
80
60
40
20
0
-20
-40

NGO Support Index

Iteration

The start of simulation after simulation

Figure 6. Simulation of the Impact of NGO Support on Farm-

ers.

Note: “Start of simulation” shows the baseline NGO support index for farmers
before agent interactions. “After simulation” shows the NGO support index after
farmers and NGOs have interacted throughout the simulation iterations.

4.4. Government Response to Social and En-
vironmental Changes

Government interventions, such as restricting land-
use change and offering incentives for sustainable agri-
cultural practices, are designed to reduce pressure on
farmers and protect agricultural land. In the simula-
tion, negative values represent cumulative net pressure
on farmers, with more negative values indicating higher
stress or adverse impacts. Interestingly, the cumula-
tive pressure became more negative after intervention
(from -1570 to -3087), suggesting that overly stringent
policies can initially increase resistance or stress among
agents. These results underscore the importance of
adaptive and participatory policies that involve all stake-

holders (Figure 7).

-3087 after gov.intervention

-1500
Value
Figure 7. Simulation of Agents’ Responses to Government Poli-
cies.

Note: Negative values indicate the cumulative net pressure on farmers, with

more negative values representing higher stress or adverse impact on agricul-
tural sustainability.

-3500 -3000 -2500 -2000 -1000 -500 0

4.5. Farmers’ Opinions on Government
Policies Limiting Land-Use Change

The simulation results shown in Figure 8 indicate
that farmers’ opinions toward government policies on
land-use change tend to improve when such policies
align with their interests, particularly in protecting agri-
cultural land and promoting sustainable land-use prac-
tices. Farmers generally support policies that prevent
uncontrolled land-use change, as these provide a sense
of security and help safeguard their livelihoods. When
farmers’ perspectives are taken into account during pol-
icy formulation, their trust in government institutions
increases, thereby strengthening social cohesion within
the community.

Opinion Index

-100

before gov.intervention

after gov.intervention

Figure 8. Simulation of Farmers’ Opinions on Government
Land-Use Change Policies.

Note: “Before government interaction” shows the baseline opinion index of farm-
ers prior to interactions with government policies. “After government interac-
tion” shows the updated opinion index after farmers have responded to govern-
ment interventions throughout the simulation iterations.

As shown in Figure 8, the simulation illustrates
that farmers are more likely to support participatory and
adaptive policies, particularly those that involve commu-
nity stakeholders in the decision-making process. This
participatory approach allows farmers to provide input
on land management, fostering a sense of ownership
over the policies. Conversely, top-down policies that
Flexible

policies that consider community needs also help main-

lack transparency often provoke resistance.

tain positive perceptions among farmers, as they are
seen as safeguarding long-term well-being.

Farmers’ support for inclusive policies strength-
ens collaboration in protecting agricultural land and cre-
ates a united front against pressures from developers.
The simulation demonstrates that participatory policies
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generate higher levels of social capital, which enhances
farmers’ collective capacity to cope with land-use change
pressures. These findings underscore the importance of
adaptive and responsive policy frameworks for achiev-
ing socio-ecological sustainability in peri-urban areas.

5. Discussion

This study investigated the complex dynamics of
land-use conversion in peri-urban areas using an ABM
approach. The model captured the interactions among
diverse stakeholders—including farmers, urban devel-
opers, NGOs, and government entities—in response to
the pressures of rapid urbanization. The use of ABM, as
described by Parker et al.[’3], enables a nuanced repre-
sentation of heterogeneous agents whose decisions col-
lectively shape systemic outcomes. The findings under-
score the value of ABM as a policy simulation tool, align-
ing with Crooks et al.!”*, who emphasized its capacity to
explore real-world scenarios without associated risks.

One of the most significant findings from the sim-
ulation is the feedback loop between social trust and
farmers’ distress levels. Farmers who actively engage
in social networks and build trust experience a notice-
able reduction in distress, confirming the results of Awa-
woryi and Mishral”%], who found that strong trust and
social capital enhance community well-being. This rela-
tionship aligns closely with Ostrom and Ahn’s[7®! theory
on the crucial role of social capital in managing common
resources.

NGOs emerged as essential actors in this dynamic,
not only mediating conflicts but also strengthening
community resilience through advocacy, support, and
information-sharing. This aligns with Haasel’’], who
highlighted the effectiveness of NGOs in facilitating dia-
logue among stakeholders and mitigating land-use con-
flicts.

The simulation also revealed tensions between eco-
nomic and environmental priorities. Urban develop-
ers, driven by market logic and the goal of maximiz-
ing economic profits, often pursue aggressive land-use
change strategies, leading to conflicts with farmers and
NGOs. Without effective government intervention, this
dynamic threatens both social cohesion and ecological

balance. This finding reinforces Termorshuizen and Op-
dam’s 8 argument that adaptive and balanced policies
are critical to maintaining community resilience in peri-
urban contexts.

Moreover, the integration of dynamic variables
such as weather conditions and adaptive policy re-
sponses reflects the complex human-environment inter-
actions described by Seto et al.[”?l. The model demon-
strates that changes in a single variable—such as gov-
ernment intervention levels—can produce cascading ef-
fects throughout the system. For instance, excessively
lenient policies may accelerate urban sprawl, whereas
overly restrictive measures might constrain economic
development. Overall, the simulation provides valuable
insights into the systemic complexity of peri-urban land-
use change and emphasizes the necessity of a holistic ap-
proach that incorporates multidisciplinary perspectives
for sustainable land management.

The study’s findings also resonate with local re-
search, notably the work of Ferrianta and Makki[®%
in Banjar Regency, which identified several drivers of
land-use change, including rising land prices, declining
agricultural productivity, and inheritance factors. High
land values near urban centers incentivize farmers to
sell their land for urban development, while stagnat-
ing productivity—exacerbated by increasing input costs
such as fertilizers and pesticides—reinforces the eco-
nomic rationale for land-use change. Furthermore, in-
heritance often leads to land fragmentation, reducing
operational efficiency and discouraging younger gener-
ations from continuing farming. These socioeconomic
and cultural factors highlight the importance of design-
ing land-use policies that consider local realities along-
side broader systemic dynamics.

The simulation results suggest that participatory
and adaptive policy frameworks may contribute to bal-
ancing economic development with social and envi-
ronmental objectives in the study area. Scenarios in
which community stakeholders were actively involved
in decision-making showed higher levels of trust and re-
duced conflicts in the model. Incentive-based mecha-
nisms for land conservation were associated with bet-
ter maintenance of agricultural land and slower urban
expansion within the simulation. Similarly, simulated

539



Research on World Agricultural Economy | Volume 07 | Issue 01 | March 2026

support for NGOs and community networks strength-
ened social trust and improved resilience against rapid
land-use changes. These findings indicate that ABM can
be a useful tool to explore potential policy options in
a controlled, context-specific environment, though real-
world applicability may vary depending on local condi-
tions and institutional capacities.

6. Conclusion

This study employed an agent-based model to ex-
plore the complexity of land-use conversion in peri-
urban areas of South Kalimantan Province, Indonesia,
focusing on the interactions among farmers, develop-
ers, NGOs, and government policies. The key findings
indicate that balanced and adaptive government poli-
cies, supported by NGO interventions, are important
for reducing farmers’ distress, strengthening commu-
nity resilience, and promoting sustainable land manage-
ment within this specific local context. Model validation
against empirical data from the study area and compar-
isons with established models confirm the simulation’s
reliability in replicating local dynamics.

However, the model has several limitations. Agent
behaviors and environmental variables were simplified
and are not yet fully dynamic, and socio-cultural factors
were only partially represented. The simulation scenar-
ios were bounded by the assumptions described in the
Methods, including policy interventions, stakeholder be-
haviors, and environmental conditions. Extreme coun-
terfactual scenarios—such as drastic or simultaneous
policy shifts, multi-agent shocks, or long-term market
collapse—were not explored and could lead to different
system dynamics. Future research should focus on con-
crete model enhancements. Agent learning processes
could be incorporated using reinforcement learning or
adaptive decision rules to capture dynamic behavioral
responses over time. Market dynamics could be mod-
eled through probabilistic price fluctuations and eco-
nomic shocks to reflect realistic developer behavior. Cli-
mate projections, including stochastic drought and flood
scenarios based on historical and predicted data, could
be added to evaluate long-term environmental impacts.
Expanding the model’s geographic scope could help test

its applicability in diverse peri-urban contexts and con-

tribute to a deeper understanding of local dynamics. In
addition, due to small sample sizes for developers and in-
stitutional agents, the model’s results may not fully rep-
resent broader population behaviors, and caution is war-
ranted when generalizing findings beyond the study re-
gion.

Based on the findings, several recommendations
emerge. Effective collaboration among governments,
NGOs, farmers, and urban developers is essential for
designing realistic and widely accepted policies, where
participatory forums can facilitate dialogue and help re-
duce conflicts of interest. Governments could utilize
simulation models to test the impacts of policy alterna-
tives before implementation, exploring scenarios such
as sustainable agricultural incentives or protective zon-
ing measures. Moreover, NGOs and educational institu-
tions should increase farmers’ awareness of land rights,
negotiation techniques, and sustainable farming prac-
tices through training and capacity-building programs.
Future research should adopt multidisciplinary perspec-
tives, drawing from sociology, ecology, and economics,
to better understand the holistic impacts of land-use

change.
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Table A1l. Sensitivity Analysis of Key Parameters on Simula-
tion Outcomes.
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Parameter Variation

Change (%) Distress (%)

Government Intervention

-20% 50 [46-54] 30 [27-33]
-15% 48 [44-52] 28 [25-31]
-10% 46 [42-49] 27 [24-30]
0% (baseline) 45 [41-49] 27 [24-30]
+10% 43 [39-46] 26 [23-29]
+15% 40 [37-43] 26 [23-29]
+20% 35[31-39] 25 [22-28]
NGO Support

-20% 36 [32-40] 23 [20-26]
-15% 35 [31-39] 22 [19-25]
-10% 34 [31-38] 21 [18-24]
0% (baseline) 33 [30-36] 20 [17-23]
+10% 32[29-35] 19 [16-22]
+15% 31 [28-34] 18 [15-21]
+20% 30[27-33] 17 [14-20]
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