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Abstract: Climate change increasingly threatens farmers’ livelihoods and heightens the vulnerability of
smallholder farming communities in flood-prone areas. Integrated agricultural and livelihood strategies are therefore
needed to strengthen resilience and ensure long-term environmental and socioeconomic sustainability. This study
aimed to develop and validate the Sustainable Livelihood Model for Flood Resilience Strategies (SLIMFRESS) for
smallholder rice farmers in South Sumatra Province, Indonesia. An explanatory sequential mixed-methods design
was employed, in which quantitative data were analysed first and subsequently complemented by qualitative evidence
obtained from relevant stakeholders. A system dynamics model was developed using STELLA Architect 9 through
causal-loop diagrams, stock-and-flow diagrams, and model validation procedures. Thematic analysis of stakeholder
perspectives was conducted alongside the system dynamics modelling process to interpret the quantitative findings
and refine the structure of the model. The resulting SLIMFRESS model integrates farmers’ sustainable livelihood
assets with sustainable livelihood strategies to assess interventions aimed at reducing the economic and environmental
risks associated with flooding in rice-farming areas. The simulation results indicate that livelihood resilience does not
develop immediately but emerges gradually through sustained support, continuous knowledge development, and

Copyright: © 2026 by the authors. Licensee JHU

This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0)



https://jonuns.com/
http://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.55463/issn.1674-2974.53.8.8
mailto:nordiana@ukm.edu.my
https://orcid.org/0000-0002-3849-4101
https://orcid.org/0000-0003-0982-0577
https://orcid.org/0000-0002-1463-3787

Journal of Hunan University (Natural Sciences) Vol. 53 No. 8, August 2026

effective institutional collaboration. The model also highlights the importance of coordinated interventions addressing
environmental conservation, household financial security, and market participation. Accordingly, policy measures
should prioritise community-based conservation initiatives, financial mechanisms providing income support and
agricultural insurance during flood events, and improved market access for products developed by smallholder
enterprises. SLIMFRESS provides an integrated decision-support framework for designing and evaluating long-term
flood-resilience strategies for smallholder rice-farming communities.

Keywords: sustainable livelihoods; flood resilience; system dynamics modelling; smallholder rice farmers;
climate change adaptation.

SLIMFRESS : ENEEAT A7 IZEEH KR OFEET SHKFEER

BE: SETLEAEEMKEMEL, FMETHRRZAMR/NKERAMESE S, Bk, AREXRRSEE
MR G4 RER, LUEEETNE, HREXESHELFTUKARFELE Y, AREEEAMERERET
7 JEREE R/ ARTE KA F U R 1 RIS AT S THEEY (Sustainable Livelihood Model for
Flood Resilience Strategies, SLIMFRESS) ., IRRAMFRBRYEFIESHRIRIT, BANEEREHTHN
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XHE : AIESAL ARYM  RADHFEE ; DMIEREK  SIEZLEN

1. Introduction

In agricultural countries, climate change impacts
farmers' livelihoods, making them vulnerable, and
undermines their food security and climate awareness.
This situation certainly requires local visibility to
mitigate the risks of vulnerable livelihoods through
climate resilience knowledge [1]. Integration of various
aspects is needed to address flood vulnerability and food
insecurity in Indonesia. Other integrated agricultural
practices needed to ensure sustainable livelihoods for
farmers in flood-prone areas [2]. Another obstacle to
sustainable agricultural livelihoods is the unstable rice
supply and labor shortages. A key finding is the need for
policies to support increased use of crops for floodplain
areas, but farmers are currently unmotivated to change
their farming practices [3].

The contribution of this research in line with

several objective, this Livelihood resilience is related to
the relevance of policies for groups and communities to
cope with natural and human-made impacts. Efforts by
affected communities to recover and adapt to shocks and
stresses focus on changes in material or financial
resources at the community level. Developing inclusive

interventions and policymaking in ecologically
vulnerable areas can anticipate transformative
environmental changes and create sustainable

livelihoods [4]. The region is highly vulnerable and
faces a high level of food-related vulnerability, and that
shifting from isolated hazard analysis to comprehensive
assessment accounting for exposure and vulnerability
can reveal the underlying root causes of risk. The
concept of impact chains is essential to provide
policymakers and researchers with an overview of
potential food vulnerability risks, supporting
recommendations for enhancing local capacity and
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fostering social transformation in flood-prone areas [5].

Local community empowerment integrated with
traditional ecological knowledge serves as a modern
innovation for building the adaptive capacity of
smallholder farmers [6]. Study aims to identifies an
agricultural system that protects against climate change,
ensures environmental sustainability, through education
on social needs, such as community efforts in dealing
with floods. In this final modeling stage, the influencing
factors analyzed are integrated into the resulting model
to determine whether the inclusion of variable
components can improve the effectiveness of efforts to
address flooding in rice fields for small-scale farmers in
South Sumatra Province, Indonesia.

The novelty of SLIMFRESS Model from
existing livelihood resilience framework that the
integration of Sustainable Livelihood Assets (SLA) and
Strategy of Sustainable Livelihood (SSL) with system
dynamics is potentially useful to give recommendation.

The name of "SLIMFRESS" reflects the novelty
of this research in offering recommendations to address
the flooding issues faced by rice farmers.
“SLIMFRESS” stands for "Sustainability Livelihood
Model to Face Flood with Resilience Strategy"; this
model integrates an analysis of flood management
factors with Sustainable Livelihood Assets (SLA) and
Sustainable Livelihood Strategies (SSL), resulting in a
comprehensive new model that is specifically
implementable at both the farmer and local government
levels. The SLIMFRESS Model has identifiable applied
potential, particularly for flood-prone rice farming in
South Sumatra, Indonesia.

2. Research Method

2.1. Study location

The study was conducted in South Sumatra,
Indonesia. South Sumatra is an area in Indonesia that is
prone to flooding in the rice fields. The agricultural area,
taken as an example, is considered in each regency
(purpose) criteria as the region's barns and paddy fields
are affected by floods and water shortages. This research
conducted in three regencies in South Sumatra that are
mostly affected by floods, namely Ogan Ilir regency,
Ogan Komering Ilir regency, and Banyuasin regency.

2.2. Sampling method

Type of sampling used in this research is purposive
sampling. It aligns the sample directly with research
goals, increasing data accuracy and credibility. Its four
main concepts are credibility, transferability,
dependability, and confirmability [6].[7].
The sample in this study will follow by purposive
sampling at the research location, with divided by three
districts in South Sumatra in different typological of
farmland, there are tidal, swamp and rainfed. The
sample must follow the sample criteria, consisting of:

1. Small scale rice farmers (having the cultivated

area about 0.5-2 Ha)

2. Farmers have experience with flooding in the rice
field at least once a year

3. Farmer have minimum 2 years experiences in rice
farming

Table 1. Sample with Slovin formula

No Small ScalePopulation Slovin  Sample
Farmers N) (n)
Ogan llir (OI) 13.959 99,2887199

2 Banyuasin 12.593 99,2121699

3 Ogan Komering26.606 99,6255599
Ilir (OKI)

Total 53.158 298

Margin Error 0,10%

Table 1 shows, from the Slovin formula the total
sample is 298, however only 202 farmers fulfilled the
sampling criteria, as 98 potential respondents had not
experienced annual flooding and were therefore
excluded. Despite this reduction, the final sample size
remains adequate for analysis. The minimum of 100-
200 respondents are sufficient for the application of the
maximum likelihood (ML) estimation technique,
indicating that the retained sample of 202 farmers meets
the recommended threshold for robust statistical
modelling [8].

2.3. Research design
This study is a quantitative research project
utilizing primary data collected with questionnaires
from the respondents that meet the sampling criteria.
Quantitative research involves the collection and
analysis of numerical data, while qualitative research
considers narrative or experiential data [9].

2.4.The empirical basis of the SLIMFRESS model

2.4.1.  Quantitative with Confirmatory Factor Analysis
(CFA)

Confirmatory factor analysis (CFA) is employed
to address the second objective of this study, which is to
analyse the factors influencing the strategies adopted by
small-scale rice farmers in responding to floods in South
Sumatra, Indonesia. The analysis uses Mplus 8, which
offers advanced capabilities for handling complex
latent-variable models, accommodates non-normal data,
and provides robust estimation procedures suited to
social and environmental research. CFA performs using
primary data collected directly from small-scale farmers
whose rice fields are affected by recurrent flooding.

In this study, a questionnaire with a Likert scale
was used. The Likert scale is used to measure a person's
or a group of people's attitudes, opinions, and
perceptions about social phenomena [10]. In this study,
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researchers used an even Likert scale, with even
categories, such as 4, 6, or 8 choices [11]. The
researcher used a six-option Likert scale, as this scale
allowed respondents to avoid selecting the middle or
neutral category, which could have prevented the
researcher from obtaining accurate information.
Therefore, the use of an even Likert scale is
recommended for research purposes.

The software used in this study's confirmatory
factor analysis (CFA), MPlus 8 is a latent variable
modelling software, offers a broad range of analysis
features. The software enables the study of complex
survey data, Bayesian analysis, Monte Carlo
simulations, mixture modelling (including latent class
analysis), exploratory factor analysis, item response
theory analysis, and multilevel data analysis.

2.4.2. Quantitative analysis with System Dynamic (SD)
Model

System dynamics model with STELLA Architect
software is used to formulate models through causal
loop diagrams, stock flows, and system dynamics model
validation testing. This produces reliable models for
scenario analysis simulations. STELLA Software
enables the creation of simulation models from causal
loops or stock-flow diagrams [12]. System dynamics
models describe complex dynamic feedback loops,
nonlinear relationships, and simulate future trends.
Systems dynamics generates scenario analysis, which is
essential for policymaking. These models are flexible
enough to simulate multiple scenarios simultaneously
[13].

Conceptualization of the Dynamic System model
was conducted to examine the relationships between
variables. The Dynamic System simulation model was
tested based on feedback information to generate
forecasts. This was followed by the development and
analysis of the Dynamic System model for various
scenarios (the minimum-effort scenario, the partial-
effort scenario, and the desired scenario) [14].

A sustainable livelihood model for flood
prevention among small-scale farmers, a formula using
the dynamic systems approach, structural thinking, and
experiential learning laboratory with animation
(STELLA). The constructed STELLA model comprises
three subsystems: sustainable livelihood assets,
sustainable livelihood strategies, and flood conditions
affecting rice fields. STELLA Architect v9 (ISEE
systems) employs a policy-oriented simulation model
that generates recommendations to support the long-
term sustainability of farmers' livelihoods in flood-prone
environments.

The modelling process involves several stages:
first, survey data are entered into Excel to produce
Likert-scale scores; second, these indicator-level scores
are incorporated into a STELLA modelling framework;
third, stock-and-flow structures are created based on the

specified indicators; and finally, converters containing
ideal formulas are developed to ensure a calibrated and
functional system model [15].

The final model is grounded in real-world
experiences and reflects practical needs, thereby
enhancing its relevance, credibility, and applicability in
flood-affected agricultural settings [16]. The structured
approach ensures consistency, replicability, and a clear
linkage between the data, the interpretations generated,
and the conclusion drawn [17][18].

In the model simulation using Stella Architect v9,
equation validation reveals that if invalid values are
entered or the predictive model inputs are incorrect, the
model cannot be executed. Consequently, to achieve an
executable model, the researcher must input valid
variables that allow the model to run and the stock-and-
flow structure to appear; if the entered equations are
invalid, the stock-and-flow components fail to
materialize, preventing the model from running. This
demonstrates that the validation of equations as accepted
by the system dynamics framework in Stella Architect
v9 is achieved through digital system validation.

3. Result and Discussion

In this section, all influencing factors resulting
from the analysis of the first and second objectives of
this study are integrated, combined with indicators of
sustainable livelihood assets (SLA) and strategy of
sustainable livelihood (SSL), into a model built through
dynamic systems using the STELLA Architech v9.

This modelling presents the analyse data and
components to predict how SLA and SSL allocations
will affect flood management over the next five years.
The results demonstrate that implementing the modelled
flood management efforts in rice fields can enhance
farmers' sustainable livelihoods by utilizing asset
allocation and strategies suggested by the STELLA
dynamic system.

In dynamic systems, researchers will conduct in-
depth observations of analysed indicators, grounded in
theory and computer skills, to explore various
recommended solutions to research problems that
require critical and innovative thinking [19]. The
vulnerability of farmers' livelihoods to climate change is
influenced by topography, soil fertility, and available
irrigation facilities, so that sustainable livelihood
strategies and livelihood assets are needed that can be
used to overcome various risks caused by flooding [20].

3.1. Integrated The Floods Influencing Factors for
Sustainable Livelihood Model

3.1.1. Contruct variable of Confirmatory Factor
Analysis (CFA)

The validity of the construct variables was
established from the results of the CFA model analysis
in the second stage, which was obtained by modifying
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the first-stage model to eliminate invalid variables
identified in the first CFA simulation. The results of this
model modification not only indicate that all factors in
the second-stage model are valid but also provide
practical recommendations for influencing efforts to
address flooding in rice fields for small-scale farmers in
South Sumatra province.

Table 2. CFA Construct variable

Code Frequency Loading Status

of flood dissater Factor

X1 Frequency of flood disaster

B2 Depth  of flood 0.673 Valid
inundation

B3 Flood inundation 0.882 Valid
area

Cl High rainfall 0.737 Valid

C2 Shift of rainy 0.860 Valid
season

C3 Rainy period 0.609 Valid

Dl Types of rain 0.516 Valid

X2 Responsibility for flood protection

F1 Water channel 0.725

facilities
F2 Water gate 0.505 Valid
Gl Extension workers ~ 0.577 Valid
G3 Farmers group 0.728 Valid
H1 Suboptimal 0.509 Valid

land adaptation

strategy

H3 Planting calendar 0.673 Valid

X3 Local flood knowledge and education

L1 Government 0.571 Valid
assistant

L2 Knowlede Of 0.604 Valid
Managing Rice
Field

L3 Flood community 0.669 Valid
establishment

X4 Trust in the government in risk adaptation
strategies

01 Expert assistant 0.657 Valid

02 Training to deal 0.762 Valid
with floods

03 Livelihood 0.687 Valid
strategies

P1 Farming flood 0.611 Valid
community

P2 Farmer group 0.662 Valid
community

P3 Farmer  business 0.635 Valid
group

The results of the second stage of the CFA model
in table 2 indicate that only a few of the four latent
variables are valid. Overall, the highest loading factor
values were observed in shifts during the rainy season,
in flood-inundation areas, during high rainfall, at water
channel facilities, and in indicators such as flood
management training, livelihood strategies, and flood
community establishment. Based on these wvalid
construct variables, we recommend implementing an
integrated program to address the most influential
variables. This program has the potential to bring about
significant positive changes, giving us hope and
optimism for the future.

3.1.2. Model Equation

In the first stage of the model, a score is calculated
based on the results of a survey with respondents
regarding sustainable livelihood assets (SLA) and
strategies of sustainable livelihood (SSL). This score is
then entered into the dynamic system modelling in
STELLA software to simulate and forecast the expected
model.

The integration of SLA and SLL is carried out in
a flood environment, the first stage of this modelling
involves identifying an ideal model for flood
management efforts in rice fields by small-scale rice
farmers, aiming to improve sustainable livelihoods and
reduce the risk of economic and environmental losses
through the allocation of SLA and SSL.

In the next modelling stage, the second stage of
modelling will be carried out in the form of integration
of the first model, namely SLA, SSL and Farmers risk
into the next integration with the influencing factors for
flood management in rice fields that have been analyse
with confirmatory factor analysis (CFA). The second
stage of model integration is expected to present a more
comprehensive modelling in this study which becomes
a recommendation model for policy making in various
stakeholders related to this research.

Table 3. Model equation for SLA and SLL

No Variable
A Sustainable
livelihood asset

Equation

(SLA)

A.1  Natural capital Score NC + depth of flood
inundation+flood inundation
area+ high rainfall+ shift of
rainy

season+ rainy period + types
of rain + planting
calendar +

A.2  Physical capital Score PC + water channel
facilities + water gate

A.3  Human capital Score HC + famers group +
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suboptimal land

adaptation strategy +
knowledge of managing rice
field + expert assistance +
knowledge of managing

rice field +training to deal with
floods

Score SC + farmers group +
flood community
establishment + farming flood
community + farmer

group community

A.5  Financial capitalScore FC + government

A4  Social capital

assistant + livelihood
strategies
B Strategy of
sustainable
livelihood
(SSL)
B.1  Attractive toScore AN +depth of flood
nature inundation + flood
inundation area + high rainfall
+ shift of rainy
season + rainy period + types
of rain
B.2  Crop Score Cr + water channel

facilities + water gate +

suboptimal land adaptation
strategy + planting
calendar + knowledge of

managing rice field

B.3  Wage of labor Score WL+ extension workers

+ government
andassistant
Score PS + expert assistant
Score OB + farmers group +
flood community
establishment + farming flood
community + Farmer group
community + armer business

group

B.4 Product
services
B.5 Own business

Table 3 above shows that the SLA and SSL
variables in the integration model equation refer to the
results of the combined CFA analysis, ensuring that the
equation's fit is consistent with the previous CFA
analysis. Each variable entered into the equation will
make an equation that explains the integration model
obtained. In this equation, the created cluster will be
validated by STELLA Architech v9, ensuring the
variable fit remains valid throughout the model run.
However, if it cannot run, the equation is adjusted until
a fit model is obtained, thereby improving farmers'
sustainable livelihoods.

The equations were implemented and
computationally verified within the STELLA Architecht
v9, invalid mathematical formulations prevent the
corresponding model structure from being successfully
executed, whereas a model that can be compiled and run
provides evidence of computational consistency of the
formulated  stock-and-flow  relationships.  This
formulation enables the model to evaluate alternative
livelihood and flood-resilience strategies through
simulation over time.

3.2. SLIMFRESS: Sustainable livelihood model for
flood resilience in rice fields

The modelling was conducted using the STELLA
Architech v9 application, a dynamic system modelling
tool, to obtain a fit model according to the scenario we
hope can provide recommendations for adaptation
efforts to flooding in rice fields faced by small-scale
farmers. The modelling trials conducted have produced
a suitable model for small-scale farmers' adaptation
efforts to flooding in rice fields, thereby providing
sustainable livelihoods.

The model was formulated by combining the
input of sustainable livelihood assets with additional
outputs in the form of sustainable livelihood strategies
for farmers, resulting in outputs that reduce economic
and environmental risks associated with flooding in rice
fields. The outcome of this modelling output is an
increase in the sustainable livelihood of small-scale rice
farmers. Floods have a profound socioeconomic impact,
particularly on small, coastal, and low-lying farming
communities. However, understanding the perspectives
of small-scale farmers on flood impacts and adaptation
strategies is uncommon [21].

Flood control is a key strategy for preventing and
minimize flood damage [22]. Flood management to
support the livelihoods of farming households, enabling
them to continue rice cultivation despite flood
submersion in paddy fields.

Results suggest that focused effort on
coordinated, strategic planning reduces the adverse
effects of natural hazards in hazard-prone counties.
These strategies involve long-term planning, land-use
policies, structural mitigation, and non-structural
mitigation measures to reduce community vulnerability
to flood risk, thus advancing more sustainable rural
livelihoods [23] The results indicate that farmers' flood
response efforts are influenced by social, institutional,
and economic factors. This suggests that the existence
of farmer groups and farmer businesses is a crucial
factor in economic resilience in the face of flood impacts
[24].
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Figure 1. SLIMFRESS: Sustainable livelihood model for flood resilience in rice fields
Source: STELLA Analysis, 2025

According to figure 1, the results from STELLA
Architech v9 provide a modelling scenario that
simulates the achievement of the next 5 years towards
efforts to improve the sustainable livelihoods of small-
scale rice farmers, specifically in South Sumatra,
Indonesia, the location of this study. The results of the
simulation of the next five years on the output of the

sustainability of the livelihoods of farmers affected by
flooding in rice fields show that the fit model is obtained
when farmers can allocate the use of livelihood assets
optimally together with the five assets owned by farmers
locally, in the form of five assets in sustainable
livelihood, namely natural capital, physical capital,
financial capital, human capital and social capital.
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The map model demonstrates a simulation model
that can enhance farmers' sustainable livelihoods by
implementing a sustainable livelihood strategy to
mitigate economic and environmental risks associated
with flooding in rice fields. This model demonstrates
that allocating livelihood strategies can improve
farmers' livelihoods amid flooding in rice fields,
supported by the maximum allocation of all livelihood
assets. Maximize livelihood asset allocation by using all
five livelihood assets together in the simulation model
successfully resulted in a significant increase in farmer
livelihoods over the next five years.

A reduction in flood frequency is also possible,
although not as sharp. The number of flood events is
predicted to decrease from 2025 to 2029, accompanied
by a reduction in the risk of economic losses and
environmental losses. The model successfully predicted
that allocating livelihood assets to flood risk reduction
efforts in rice fields could reduce economic losses by
21.2% and environmental losses by 21.5%. The model

3k
2,64k

2,29k
1,93k
1.57k
1.21k

857

500

143 e s S

predicts that the decline in losses will continue, reaching
-33 for economic losses and -32.7 for environmental
losses due to flooding in rice fields for small-scale rice
farmers. The prediction model is presented in the
following table.

Formula validation in the STELLA model is
performed automatically by the software during model
construction and execution. Each equation is checked
for consistency with the defined stocks, flows, and
auxiliary variables. If a formula contains an invalid
expression, undefined variable, or incompatible
relationship, STELLA will identify the error and prevent
the corresponding model structure from being
successfully executed. Consequently, the stock and flow
components cannot be properly generated or the model
cannot be run until the formulation errors are corrected.
This automated checking process provides an initial
level of structural and formula validation before the
model is subjected to further simulation and validation
procedures.

214
571
-929 S

-1,20K ’

-1,64k

-2k
2025

2026

2028
years

2029 2030

~ Decrease Environment Loss
Increase of Farmer Sustainable Livelihood
Decrease Flood risk in Economic

Figure 2. Model Prediction of SLIMFRESS: Sustainable livelihood model for flood resilience

in rice fields
Source: STELLA Analysis, 2025

Figure 2, illustrates that maximize the allocation
of subsystem variables can significantly improve
farmers' sustainable livelihoods in flood-prone rice
fields. Predictions from 2025 to 2030 indicate
significant improvements in the subsystem aimed at
enhancing farmers' sustainable livelihoods. Sustainable

livelihood assets, including natural capital, physical
capital, financial capital, human capital, and social
capital, will yield significant positive changes if
maximally allocated to flood mitigation efforts in rice
fields.

The model also indicates that the forecast for
reducing economic risk yields positive results, with the

Page | 124



Journal of Hunan University (Natural Sciences)

Vol. 53 No. 8, August 2026

maximum allocation of the Livelihood asset subsystem
expected to have a significant impact on reducing the
risk of economic losses due to flooding in rice fields
from 2025 to 2030. This condition also allows for a
decrease in the frequency of flooding in rice fields,
although it is not significant, resulting in only a slight
decrease in frequency from year to year.

In the STELLA model simulation, various
scenarios with minimum subsystem allocations have
also been tested; however, the results obtained show no
improvement in the sustainable livelihoods of small-
scale farmers in flood conditions. Simulation
experiments were conducted on the allocation of
Sustainable Livelihood Assets (SLA) only at high
scores, with the hope that the model could predict that
the minimum allocation would overcome the flood
problems faced by farmers. However, the resulting
STELLA model shows that the minimum allocation of
SLA does not provide an increase in the sustainable
livelihoods of farmers in flood conditions in rice fields,
this is because the scores generated from respondents on
the SLA value are still relatively low, so that the
minimum allocation has not been able to provide a
significant impact on efforts to improve the livelihood
conditions of farmers affected by flooding. Therefore, it
is necessary to increase the SLA, which is the local
potential owned by farmers, as the primary capital in
sustainable livelihoods.

The results of the STELLA simulation on the
allocation of SLA Strategy also show that the minimum

allocation on the SLA strategy has not been able to
provide a positive impact on the model, so that the
simulation on the minimum model for the SLA strategy
subsystem has not been successful and is not
recommended, this is also because the interview scores
with farmers obtained on the SLA strategy are relatively
very low, this condition illustrates that both the SLA
assets and the SLA strategy currently available to
farmers still need to be improved so that farmers can
face flood conditions according to  model
recommendations. A simulation image of the STELLA
model scenario with the minimum subsystem allocation
is shown in figure below.

Simulations were performed on the model five
times until the desired recommendation model was
obtained. In the first simulation, Model A allocated four
Sustainable Livelihood Assets (SLAs) and three
Sustainable Livelihood Strategies (SSLs). However, the
results showed a decrease in these allocations, with no
impact on the sustainable livelihoods of farmers.

3.2. Sustainability livelihood asset (SLA)

The Sustainability Livelihood Asset (SLA) is a
crucial subsystem used in testing the STELLA model to
generate recommendations for addressing flooding in
rice fields for small-scale farmers. This subsystem
represents the capital owned by farmers, so the influence
of SLA capital allocation in the model is significant in
producing a fit model.

Fioods n Rice Fieids

-
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,
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Figure 3. Sustainable livelihood asset (SLA) in
system dynamics (SD)

Source: STELLA Analysis, 2025
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In figure 3, it is evident that the SLA capital
allocated in this dynamic system modelling consists of

um allocation of SLA capital in the model has
yielded positive results in addressing flooding problems
in rice fields for small-scale rice farmers, demonstrating
the practical implications of our study. However, the
minimum allocation of SLA capital with a high score
has not produced positive changes in the model. The
SLA capital that obtained high scores was Human
Capital and Social Capital. This aligns with the
validation results from the CFA analysis, where
variables with high validity include flood knowledge
and education, indicating that the human capital factor
plays a vital role in efforts to improve the sustainable
livelihoods of rice farmers who face flooding.

In the STELLA simulation model, two capitals
are applied that are considered capable of providing a
maximum scenario, namely the allocation of sustainable
livelihood assets in the form of natural capital, human
capital, and social capital. Still, the model simulation

\

Crop

natural capital, physical capital, financial capital, human
capital, and social capital. The maxim

shows that the minimum allocation only on the dominant
variable does not show positive changes in increasing
the sustainable livelihood of small-scale farmers, so that
it is still necessary to allocate the maximum of all
sustainable livelihood assets owned by farmers together
to obtain a model with a fit or ideal scenario, this is due
to the still low level of ownership of SLA assets owned
by farmers.

3.3. Strategy of sustainability livelihood (SSL) for
farmers

The Strategy of Sustainable Livelihood (SSL) is a
subsystem that also influences the dynamic system
modelling process. This subsystem is very dominant in
generating the desired changes in the model. The
maximum allocation must still be applied to the SSL
subsystem because the minimum allocation is
insufficient to produce positive changes in the model.

Stwrategy of Sustanabiity
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Figure 4. Strategy of sustainable livelihood (SSL) in system dynamics
Source: STELLA Analysis, 2025

According to figure 4, it can be seen that the SSL
that gives the highest score is attractive to nature, wage
of labor and own business, this is due to the current
conditions of farmers as depicted in the subsystem,
where small-scale farmers still rely on extractives on
land which is the main livelihood of the household, and
in addition to farming, farmer households also earn a
living from working as laborers, both farm laborers and
other daily laborers, in addition some have their own

businesses such as opening stalls, selling vegetables.
This condition is unable to provide the maximum
contribution to efforts to improve the sustainability of
farmers' livelihoods in flood conditions in rice fields, as
their SSL strategy remains minimal. This condition
renders the minimum allocation in the SLL subsystem
incapable of yielding positive results in improving
farmers' livelihoods; therefore, it is necessary to allocate
the maximum amount to all SSL subsystem variables to
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produce a positive model. The allocation of SLL
variables that can be given is Attractive to nature, crops,
products, services, labor wages, and own businesses.

3.4. Integration Model of SLIMFRESS: Sustainable
livelihood model for flood resilience in rice fields

This section presents the results of the second-
stage model simulation, which integrates the first model,
the SLA and SSL models, with the results of the CFA
analysis. This results in a comprehensive model that
reflects all the findings of this study. The resulting
model will serve as recommendations for addressing
flooding in rice fields faced by small-scale rice farmers
in South Sumatra, Indonesia.

The flooding problem in rice fields, previously
analyzed in the first and second objectives of this
research, requires the integration of all factors into a
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single unit to obtain an equation that can be entered into
the dynamic system modeling with STELLA Architech
v9. Dynamic system modeling results predict the
specific year when the allocation of influencing factors,
as determined by the recommendation model, will
achieve the optimal value.

To improve farmers' sustainable livelihoods,
long-term technological interventions are needed. There
is an agricultural system that protects against climate
change, ensures environmental sustainability, through
education on social needs, such as community efforts in
dealing with floods. In this final modeling stage, the
influencing factors analyzed in the CFA are integrated
into the resulting model to determine whether the
inclusion of variable components can improve the
effectiveness of efforts to address flooding in rice fields
for small-scale farmers in South Sumatra Province.
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Figure 5. Integration Model of SLIMFRESS: Sustainable livelihood model for flood resilience in rice fields
Source: STELLA Analysis, 2025

The resulting integration model shows in figure 5,
that the maximum allocation of all SSL and SLA
variables, combined with factors influencing valid CFA

results, yields a model consistent with the conditions for
improving farmers' sustainable livelihoods. The results
of the integration model show that scores increase after

Page | 127



Journal of Hunan University (Natural Sciences)

Vol. 53 No. 8, August 2026

integrating sustainable livelihood assets (SLA) and
sustainable livelihood strategies (SSL), thereby
reducing economic and environmental losses and
increasing the potential to reduce flooding in rice fields.

The results of the integration of Sustainable
Livelihood Asset (SLA) show that the highest score is
on the natural capital variable, which means that several
influencing factors on flood management efforts in rice
fields are still closely related to natural factors, where
the influencing factors are still around the causes of
flooding related to natural capital, so flood management
need in the management of natural resources such as
land, water and also types of plants that can reduce the
risk of losses due to flooding in rice fields for small-
scale farmers.

The score also increased after the integration of
the social capital model, this condition shows that flood
management efforts carried out through community
action are more effective in reducing the risk of losses
due to flooding in rice fields, in addition to the allocation
of influencing factors in the form of flood community
establishment and farmer flood community and farmer
groups are considered adequate for flood management
efforts carried out together.

In the sustainable livelihood strategy, influencing
factors have also been integrated to improve farmers'
sustainable livelihoods. This is done by intensifying
agriculture, which leads to extractive practices on
nature. In the SSL model, this variable shows the highest
score after model integration. Activities that can be
carried out include forest and swamp conservation and
land rehabilitation. Strategies that are recommended by
this integration model are own businesses, which means
small-scale trade, MSME production (livestock farming,
fisheries, food production), are necessary to provide
additional income during floods. As development
practitioners, policymakers, farmers, and local
community leaders, play a crucial role in implementing
these strategies.

The SLIMFRESS model introduces a novel
concept to existing sustainable livelihood frameworks
by integrating flood management factors with
Sustainable Livelihood Approaches (SLA) and
Sustainable Livelihood Frameworks (SLL). It offers
recommendations for mitigating economic and
environmental risks through optimal resource allocation
on rice paddies during flood events. By further
developing the existing sustainable livelihood
framework into an integrated model, SLIMFRESS
enables the proposal of alternative survival strategies for
farmers in flood-prone areas.

3.5. Model Equation

In STELLA system dynamics modeling, an
equation is needed to obtain a good fit. If the equation
used is not suitable for the STELLA application, the
model cannot run, so the equation needs to be adjusted

until the correct one is found. The results of the equation
used in the integration model, crucial for guiding the
process, are shown in Table 1 below.

Table 4. Model equation in STELLA

N Variable Equation
0
1 Increase of farmer Sustainable Livelihood
sustainable Asset
livelihood +Strategy
of Sustainability
Livelihood
or_farmers-

Decrease Flood Risk
in_Environment-
Decrease

Flood risk in Economic
Floods_in_Rice Fields*D
ecrease
Environment Loss
+Strategy of Sustainabili
ty_
Livelihood for farmers
Floods in_Rice Fields*D
ecrease

Economic Loss
+Strategy of Sustainabili
ty_
Livelihood for farmers
Decrease Economic_Loss
+Decrease
_Environment Loss
Financial Capital+Human
_Capital+

Natural Capital
+Physical Capital+Social
_Capital
2.91+0.673+0.882+0.737
+0.860+0.609
+0.516+0.673
1.85+0.725+0.505

2 Decrease of flood
risk in environment

3  Decrease flood risk
in economy

4 Floods in rice fields

5  Sustainable
livelihood Asset

6 Natural capital

7  Physical capital

8  Human capital 2.39+0.577+0.509
9  Social capital 1.90+0.728+0.669+0.611
+0.662
1  Financial capital 1.79+0.571+0.687+0.635
0
1 Strategy of Cropt+Extractive to_natur
1  sustainable e+Own_
livelihood Bussines
+Product_and_services
+Wage of Labour
1  Attractive to nature  2.74+0.673+0.882+0.737
2 +0.860
+0.609+0.516
1 Crop 2.45+0.725+0.505+0.509
3 +0.673
+0.604+0.762
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1 Wage of labour 2.95+0.577+0.571+0.687
4

1  Product and 2.64+0.657

5  services

1  Own Business 3.48+0.728+0.669+0.611
6 +0.662+0.635

Source: STELLA Analysis, 2025

In this equation model table 4, each variable to
test is given an equation that forms it. The modeling
objective is an equation that summarizes the constituent
variables. Some of the model objectives are to improve
farmers' sustainable livelihoods, reduce environmental
flood risk, reduce economic flood risk, and reduce
flooding in rice fields. These four model objectives are
defined by the inclusion of variables in the equations for
each objective.

Table 4 presents the mathematical equations
implemented in the STELLA system dynamics model to
represent the interactions between sustainable livelihood
assets (SLA), strategies of sustainable livelihood (SSL),
and flood risk reduction in rice-farming systems. The
equations were formulated to capture the dynamic
relationships between livelihood capacity and farmers’
ability to reduce the environmental and economic loos
of flooding.

The equations in Table 4 function as the
mathematical representation of the causal relationships
identified in the conceptual model. The model does not
treat sustainable livelihood assets, livelihood strategies,
and flood risk as independent variables. Instead, they are
connected through feedback relationships.

20k
17.9k
15,7k
13,6k
11,4k
9,29k
7,14k
Sk
2,86k

714

In particular, livelihood assets provide the
resource base for developing livelihood strategies, while
diversified livelihood strategies can improve farmers’
capacity to cope with flood impacts. At the same time,
flood-related environmental and economic losses can
reduce the effectiveness of livelihood systems. This
creates a dynamic interaction in which strengthening
livelihood assets and diversification strategies is
expected to contribute to greater resilience of rice-
farming households under recurrent flood conditions.

The equations are implemented directly within
STELLA, where the mathematical consistency of the
model is automatically checked during model
construction and simulation. Variables that are
incorrectly specified or contain invalid mathematical
relationships cannot be properly incorporated into the
executable model. Thus, the successful appearance of
the stock-and-flow structure and the ability to run the
simulation provide an initial technical verification that
the equations have been correctly specified within the
STELLA environment.

3.6. Model prediction in graph

The results from the STELLA modeling
constitute a prediction model for the objective
indicators. In this model, the predicted objective
indicators are an increase in farmer sustainable
livelihoods, a decrease in environmental loss, and a
reduction of economic loss. The prediction model results
in an integrated graph showing the expected changes
resulting from the allocation of variables and factors that
influence flood management efforts in rice fields for
small-scale farmers in South Sumatra Province.

-1,43k
3,57k
-5, 71k

-7,86k

-10k
2025 2026

2028 2029 2030
years

Decrease Environment Loss
Increase of Farmer Sustainable Livelihood
Decrease Flood risk in Economic

Figure 6. Model prediction 2025-2030
Source: STELLA Analysis, 2025
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The results of this integrated modeling in figure
6, show that from 2025 to 2030, the model predicts a
significant increase in farmers' sustainable livelihoods.
It occurs by combining the previous SSL and SLA
models with the CFA analysis results, thereby predicting
an increase in farmers' sustainable livelihoods. This
integrated model also predicts a decline in economic
risk, with a relatively positive, stable downward trend.
Environmental risk will also decline, but at a more
gradual rate. However, the model's predictions indicate
a positive change from the integrated model results

3.7. Model prediction in the table

The prediction model from the STELLA analysis,
which integrates the SSL, SLA, and CFA models, yields
a model that provides predictions from 2025 to 2030,
consisting of four predicted indicators: an increase in
farmer sustainable livelihoods, a decrease in economic
loss, a decrease in environmental loss, and flooding in
the rice fields. These four indicators were analysed using
system  dynamics, resulting in  analytical
recommendations as shown in the following Table.

The interpretation of simulation results, the values
presented in Table 3 represent changes in each indicator
over the simulation period. Positive values indicate an
increase, while negative values indicate a reduction in
the respective indicator. Therefore, increasingly
negative values represent a greater reduction,
particularly for indicators such as economic loss and
flood impacts.

In the context of the model, negative values for
economic loss and flood impacts should not necessarily
be interpreted as unfavorable outcomes. Rather, they
indicate a reduction in the corresponding indicators
relative to the reference condition, meaning that
increasingly negative values represent greater
reductions in economic losses and flood impacts. This
interpretation is applicable because these variables are
defined in the STELLA model as changes or deviations
from the reference condition, rather than as absolute
measures of economic loss or the number of flood
events.

Table S. Integrated Model prediction

Yea Increase Decrease Decrease Flood
r of farmer economi environmen s in
sustainabl ¢ loss t loss rice
e fields
livelihood
202 -8.1k 44 .8 90 45.1
5
202  -3.99k 22.2 89.3 22.5
6
202 674 -0.5 88.6 -0.2
7
202  4.06k -23.2 87.9 -22.9
8

202 7.98k -45.8 87.2 -45.5
9
203 118k -68.5 86.5 -68.2
0

Source: STELLA Analysis, 2025

Table 5 presents the integrated model prediction
generated using STELLA analysis for the period 2025—
2030. The model illustrates the projected relationship
between farmers’ sustainable livelihoods, economic
losses, environmental losses, and flooding in rice fields.
Overall, the simulation indicates a gradual transition
from a condition dominated by flood and economic
impacts toward improved livelihood outcomes as the
integrated intervention progresses.

In 2025, the model predicts a decline in farmers’
sustainable livelihood of 8.1k, accompanied by an
economic loss of 44.8 and an environmental loss of 90.
Floods in rice fields are projected at 45.1. This initial
condition indicates that farmers remain highly
vulnerable to flooding, with substantial economic and
environmental consequences. The negative livelihood
value suggests that existing interventions and livelihood
strategies have not yet generated sufficient resilience to
offset the impacts of flooding.

In 2026, the predicted decline in sustainable
livelihood is reduced to -3.99k, while economic loss
decreases to 22.2. Environmental loss also declines
slightly to 89.3, and flooding decreases to 22.5. This
suggests an initial improvement in the system,
particularly in terms of reducing flood exposure and
associated economic losses. However, the livelihood
system remains vulnerable because the sustainable
livelihood indicator is still negative.

A significant transition occurs in 2027, when the
sustainable livelihood indicator becomes positive at
67.4. At the same time, economic loss decreases
substantially to -0.5, while flood occurrence reaches -
0.2. This turning point indicates that the integrated
intervention begins to generate a resilience effect,
enabling farmers to move from vulnerability toward a
more sustainable livelihood condition. The negative
values for economic loss and flooding can be interpreted
as a modeled reduction relative to the baseline or
reference condition.

The improvement becomes more pronounced
during 2028-2030. Sustainable livelihood increases
from 4.06k in 2028 to 7.98k in 2029 and reaches 11.8k
in 2030. In contrast, economic loss continues to decline
from -23.2 in 2028 to -45.8 in 2029 and -68.5 in 2030.
Flooding in rice fields follows a similar declining
pattern, from -22.9 in 2028 to -45.5 in 2029 and -68.2 in
2030. These results suggest that strengthening
livelihood assets and strategies, combined with flood-
management interventions, can progressively reduce
farmers’ vulnerability and the impacts of flooding.

However, environmental loss shows a different
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pattern. Although it gradually decreases from 90 in 2025
to 86.5 in 2030, the reduction is relatively small
compared with the changes in economic loss and
flooding. This indicates that environmental impacts may
respond more slowly to intervention than economic and
livelihood outcomes. Consequently, environmental
management should remain an important component of
the integrated model rather than assuming that
reductions in flooding will automatically produce
equivalent reductions in environmental loss.

The development of rural industry will have a
significant impact on increasing human capital, social
capital, and financial capital of farmers, thus becoming
capital for the sustainable livelihoods of farmers [25].
Efforts to mitigate the impacts of flooding included
providing education, agricultural technology training,
transportation infrastructure, information accessibility,
climate change awareness, perceptions of climate
change, and shifting livelihood strategies away from
agriculture.[26].

Table 2 provides strong evidence that the
integrated model accurately reflects the behaviour of
farmers' livelihood systems under flood pressure. The
simulation demonstrates that resilience is not immediate
but requires time, consistent support, and continuous
improvement in knowledge and institutional
cooperation. Overall, the simulation indicates that an
integrated intervention combining flood management
with livelihood strengthening can facilitate a shift from
flood vulnerability toward resilience among rice
farmers.

4. Conclusion

The dynamic system model, a significant outcome
of our data processing using STELLA, indicates that the
scenario with the maximum allocation of all livelihood
asset capital is the most effective in reducing flood risk
in rice fields for small-scale rice farmers.

The integrated STELLA model indicates a
gradual shift from flood vulnerability toward greater
livelihood resilience among rice farmers. The results
show that combining livelihood-strengthening strategies
with flood management can improve sustainable
livelihoods while reducing economic losses and flood
impacts. The negative values for economic loss and
flood impacts represent reductions relative to the
reference condition, rather than actual negative losses or
flood events. Overall, the model highlights the
importance of an integrated, resilience-oriented
approach to strengthen farmers’ livelihoods and reduce
the impacts of flooding in rice-farming areas.

The recommendation policy to address these
gaps, efforts should focus on: training and extension for
climate-smart agriculture, access to flood-resilient seeds
and technology, support for community-based
conservation, financial schemes for flood-time wages
and insurance then enhancing market access for small

business products.
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