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Abstract
Article history: Karawang Regency serves as a crucial national granary, playing a vital
Received July 18,2026 role in supporting food security. This study analyzes how climate
Revised August 12, 2026 change, shifting agricultural land areas, productivity, and population

Accepted August 16, 2026 growth impact rice availability. Additionally, it models simulations to
maintain stable rice supplies using a system dynamics approach. The
model was developed using Causal Loop Diagrams (CLD) and Stock
Flow Diagrams (SFD), and subsequently validated through Mean
Absolute Percentage Error (MAPE). The validation results showed
MAPE values of 5.6% for rice production and 3.2% for rice
consumption, indicating that the model is valid. Simulation results
revealed that although rice production is projected to remain higher than
consumption, rice availability is expected to decline until 2046. Scenario
analysis demonstrated that increasing productivity has the greatest
influence on improving rice availability. First scenario consisting of a
productivity level of 8 tons/ha, an annual change in agricultural land area
of 65 ha, a population growth rate of 0.5%, and a maximum temperature
increase of 0.035°C is projected to produce approximately 539,959 tons
of rice availability by 2046. The proposed model can serve as a decision
support system for local governments in maintaining food security
through simulation-based policy planning by incorporating the effects of
flooding, paddy grain prices, rice prices, and rice distribution and supply
chain dynamics.
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1. INTRODUCTION

Indonesia is the fourth most populous country in the world, with a population of 284 million people in
2025 (Anonim, 2025). Indonesia has set an ambitious vision of achieving Golden Indonesia 2045 as a United,
Sovereign, Advanced, and Sustainable Unitary State of the Republic of Indonesia (Badan Perencanaan
Pembangunan Nasional, 2025). The National Long-Term Development Plan (RPJPN) 2025-2045 outlines a
comprehensive strategy to realize the Golden Indonesia 2045 Vision through eight national development
missions. These development missions are further translated into 17 development directions (objectives),
whose achievements are measured using 45 key indicators (Badan Perencanaan Pembangunan Nasional, 2025).
Among the eight development missions, collectively known as the Asta Cita, the second mission focuses on
strengthening the national defense and security system while promoting national self-reliance through self-
sufficiency in food, energy, and water, as well as the development of the Islamic economy, digital economy,
green economy, and blue economy. These eight development missions are further elaborated into 17
development directions (objectives), referred to as the 17 priority programs. The first priority program is to
achieve self-sufficiency in food, energy, and water.

Food self-sufficiency is aimed at strengthening food availability, particularly through domestic
production, by developing and reinforcing food production centers (Badan Perencanaan Pembangunan
Nasional, 2025). The stability of rice supply is a fundamental pillar in maintaining food security at both the
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regional and national levels (Ramadhan & Faridatussalam, 2025). Rice is a strategic commodity that directly
influences inflation and social stability (Lubis & Octavia, 2025).

West Java Province is one of the key regions contributing to Indonesia’s food supply. Rice production in
this province fluctuated quite significantly between 2021 and 2025. In 2021, output stood at 9,113,573 tons,
which then ticked up slightly to reach 9,443,723 tons in 2022, as illustrated in Figure 1.

Rice Production in West Java Province at
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Figure 1. Rice Production in West Java Province (Central Statistics Agency, 2026)

However, this upward trend reversed in 2023, with output dropping to 9,140,039 tons of dry milled grain
(GKG) and continuing its decline through 2024. The sector then bounced back in 2025, surging to 10,226,654
tons of GKG and marking the sharpest increase in the given period. These fluctuations may indicate factors
that adversely affect agricultural productivity, such as changes in agricultural land area, climate change, or
declining production intensity.

Rice is the primary commodity in achieving the national food self-sufficiency program. Accordingly, the
potential of rice production is reflected by the extent of Permanent Paddy Field Area (Luas Baku Sawah/LBS).
Based on the Decree of the Minister of Agrarian Affairs and Spatial Planning/National Land Agency
(ATR/BPN) No. 446.1 SK-PG concerning the Determination of the National Permanent Paddy Field Area for
2024, Karawang Regency ranks second in terms of the largest permanent paddy field area in Indonesia.

Karawang Regency has long been recognized as the rice granary of West Java, although it is now also
known as the regency with one of the largest industrial estates in Indonesia. According to data from the
Department of Industry and Trade, there are currently 12 industrial estates in Karawang Regency. Inevitably,
this development has led to changes in the extent of agricultural land within the regency. Nevertheless, land
cover in Karawang Regency is still predominantly occupied by paddy fields, accounting for 52.91% of the total
land area, while industrial areas account for only 2.83% (BAPPEDA Kabupaten Karawang, 2025).

Based on the foregoing, Karawang Regency remains a major rice-producing region that plays a significant
role in supporting Indonesia's national food security. However, along with population growth, climate and
weather change (Ruminta et al., 2024), changes in the area of agricultural land in this case can affect the area
of rice plants as shown in Figure 2, akan dapat mempengaruhi ketersediaan beras atau produksi padi and
changes in agricultural land area—which may affect the extent of rice cultivation areas as illustrated in Figure
2—the availability of rice and overall rice production may be significantly influenced.

Rice Harvested Area in Karawang Regency
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Figure 2. Rice Harvest Area in Karawang Regency (Central Statistics Agency, 2026)
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Between 2020 and 2025, the harvested area for rice fluctuated, starting at 197,916 hectares in 2021 before
peaking at 204,326 hectares in 2022. However, the harvested area declined to 183,065 hectares in 2024 before
increasing again to 202,293 hectares in 2025, as shown in Figure 1.5. These fluctuations indicate variations in
the harvested area, one of which may be attributed to changes in agricultural land area. These changes also
affected rice production, which fluctuated from 2021 to 2025. In 2021, rice production reached 1,234,133 tons
of dry harvested paddy (GKG). It then decreased to 1,041,530 tons of GKG in 2024 before rising again to
1,194,712 tons of GKG in 2025, as illustrated in Figure 3. This trend is consistent with the fluctuations observed
in the harvested rice area over the same period.

Rice Production in Karawang Regency
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Figure 3. Rice Production in Karawang Regency (Central Statistics Agency, 2026)

Rice consumption in Indonesia remains high, driven by cultural habits where eating "rice" is considered
an essential part of a proper meal. Although dietary patterns have increasingly been directed toward balanced
and nutritious diets, rice continues to be the primary source of carbohydrates for most Indonesians. As shown
in Figure 4, grains made up 10.9% of the average monthly food spending per capita in Karawang Regency in
2024, ranking as the third-highest expenditure category. This indicates that rice consumption remains a top
priority among the people of Karawang Regency.
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Figure 4. Average Percentage of Monthly Per Capita Expenditure
on Food Commodity Groups (Central Statistics Agency, 2025)

These uncertainty factors may affect rice availability in achieving rice self-sufficiency as part of national
food security. Food security is also a global issue that has attracted the attention of governments and the
scientific community (Giraldo et al., 2008). This study is based on the relationship between uncertainties
affecting both the supply and demand sides, which ultimately determine the level of regional ending rice stocks
(Herliana et al., 2025). The dynamics between supply-side uncertainties, influenced by climate, changes in
agricultural land area, and productivity (Ruminta et al., 2024) and demand-side uncertainties, driven by
population growth (Sintiya, 2023) and monthly per capita expenditure (consumption) on cereals (Saputra et
al., 2024) affect the stability of ending rice stocks in Karawang Regency. Climate change can affect rice
production through changes in rainfall patterns, temperature, and the duration of wet and dry periods. These
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conditions can disrupt planting schedules, water availability, and crop growth, making rice yields more
uncertain. In Karawang Regency, extreme weather conditions have been found to be associated with rice
production and productivity (Buswar et al., 2025). On the other hand, the conversion of paddy fields reduces
the amount of land available for rice production. A decline in paddy field area can reduce production capacity,
particularly as the demand for rice continues to increase.

Given the complexity of the relationships among these variables, which are nonlinear and characterized
by feedback loops, the application of the System Dynamics approach is highly relevant. System Dynamics is
capable of representing the complex causal structure between the biophysical characteristics of agricultural
land and socio-economic population pressures in a holistic manner (Hartono et al., 2025). This approach is
appropriate because food security issues in Karawang Regency do not represent a static phenomenon but rather
a dynamic system in which changes in one variable, such as a reduction in paddy field area, have long-term
implications for future food stock accumulation (Putri & Syaukat, 2024). System dynamics modeling allows
for the simulation of different policy options to identify the core drivers behind increased rice production and
supply. Consequently, this offers a more accurate and sustainable basis for strategic planning. (Ramadhan et
al., 2026).

2. RESEARCH METHOD

This study began with problem identification to capture real world phenomena, which were then analyzed
by establishing the research questions, objectives, and scope to ensure a focused and relevant analysis. The
theoretical framework was strengthened through a literature review, serving as the foundation for determining
the required data parameters.

A Causal Loop Diagram (CLD) maps the system's conceptual framework, which is then translated into a
quantitative simulation using a Stock Flow Diagram. This structured approach guarantees that the Results and
Discussion are backed by a valid model, leading to Conclusions and Suggestions that offer reliable strategies
for maintaining future rice supply stability. Figure 5 outlines the systematic research workflow.

Problem
Identification

Determination:
Research Problem
Research Objectives
Research Scope and Limitations

Literature Review

Data Collections
Rice Production
Productivity
Rice Consumsion
Harvested Area
Population

I

Data Processing:

Parameter Determination
Development of Causal Loop Diagram
Development of Stock Flow Diagram
Model Validation
Model Simulation

l

[Results and Analysis|

!

Conclutions and
Recomendations

Figure 5. Research Flowchart

3. RESULTS AND DISCUSSION

The analysis of uncertainty factors affecting rice availability in Karawang Regency was conducted using
a System Dynamics approach to understand the causal relationships among the variables influencing the
sustainable availability of rice.
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3.1. Identification of Uncertainty Factors Affecting Rice Availability in Karawang Regency

The identification of uncertainty factors was carried out through a questionnaire survey involving 30

respondents consisting of:

a. Department of Agriculture, Food Security, and Fisheries (9 respondents).
b. Regional Development Planning, Research, and Innovation Agency (15 respondents)

¢. Community members (6 respondents)

The respondents were selected using purposive sampling, a sampling technique in which participants are
chosen based on the consideration that they possess the knowledge, experience, and direct involvement relevant
to the research problem. A total of 30 respondents was considered adequate, as it meets the minimum
recommendation for assessing the reliability of questionnaire instruments (Bujang et al., 2024). The purpose
of the questionnaire was to obtain assessments from respondents with relevant expertise rather than to
statistically generalize the findings to the broader population. "This approach aligns with literature
recommending purposive sampling to select informants who are best positioned to provide relevant insights

for the study's objectives (Campbell et al., 2020).

The questionnaire was administered to evaluate the influence of uncertainty factors on rice availability in
Karawang Regency using a five-point Likert scale. The indicators measured for each variable in the

questionnaire are presented as follows.

Table 1. Climate Change Variable (Changes in Temperature and Rainfall)

Num Indicator Operasional definition

1 The impact of temperature on rice growth and productivity Climate change refers to long-term
(Auliya et al., 2024) changes in weather conditions,

2 The impact of temperature on crop pests and diseases characterized by variations in air
(Santoso et al., 2022) temperature and rainfall, which

3 The impact of temperature on cropping patterns and may affect rice cultivation,
planting schedules (Sabang et al., 2025) agricultural productivity, and rice

4 The impact of rainfall on the planting season and water availability (Joseph et al., 2023).
availability (Bowden et al., 2023)

5 The effect of climate change on rice availability (Joseph et
al., 2023)

Table 2. Changes in Agricultural Land Area Variable

Num Indicator Operasional definition

1 Agricultural Land Conversion Rate (Gafuraningtyas et al.,  Agricultural land conversion is the
2024) change in the use of agricultural

2 Impact of Agricultural Land Conversion on Rice land, particularly paddy fields, to
Production (Mahmudah et al., 2024) non-agricultural uses, which can

3 Economic Factors Driving Agricultural Land Conversion affect rice production capacity and
(Gafuraningtyas et al., 2024) rice availability. (Mahmudah et al.,

4 Effectiveness of Agricultural Land Protection Policies 2024).
(Angga, 2024)

5 Impact of Agricultural Land Conversion on Rice

Availability and Food Security (Mahmudah et al., 2024)

Table 3. Productivity Variable

Num Indicator Operasional definition

1 Role of Rice Productivity in Rice Availability Agricultural productivity is the capacity of
(Anggrayana, 2025) agricultural land and production factors to

2 Agricultural Production Inputs (Fertilizers and ~ generate outputs in the form of paddy or rice per
Irrigation) (Zhu et al., 2024) unit of land area. It is influenced by the use of

3 Production DisruptionsCaused by Pests and agricultural inputs, cultivation technologies,

Diseases (Santoso et al., 2022)
4 High Quality Seeds and Cultivation
Technologies (Martinez et al., 2023)
5 Effects of Rice Productivity on Rice
Availability (Putra et al., 2024)

irrigation conditions, and pest and disease
infestations. (Putra et al., 2024)
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Table 4. Population Growth Variable

Num Indicator Operasional Definition
1 Increased Rice Demand Caused by Population Growth ~ Population growth is the increase in the
(Wati & Faridatussalam, 2024) number of people within a region over
2 Integration of Food Needs into Development Planning  time, which leads to higher food
(Aziz et al., 2024) demand, particularly for rice, and may
3 Impact of Rice Consumption on Rice Availability affect the balance between rice
(Prasetyo & Fadila, 2024) availability and rice demand. (Wati &
4 Degree of Dependence on Rice (Nurhasan et al., 2024)  Faridatussalam, 2024).
5 Food Diversification and Reduced Rice Consumption

(Minyiwab et al., 2024)

The questionnaire responses were subsequently analyzed to determine the respondents' assessment of
each variable. The percentage interpretation for each indicator was determined based on the following
assessment criteria (Mantiri, 2025).

Table 5. Results Interpretation

Percentage Category
84,01%-100% Very Impoortant
68,01%-84% Important
52,01%-68% Moderately Important
36,01%-52% Unimportant

20%-36% Very Unimportant

Based on the questionnaire results, the findings are presented in Table 3.6. The results indicate that the
four uncertainty factor variables have a linear influence on rice availability in Karawang Regency. Each
questionnaire indicator was subsequently used as a reference for determining the polarity in the development
of the Causal Loop Diagram (CLD).

Tabel 3.6. Interpretation of Variables Affecting Rice Availability

Variable Results Category

Climate Change 85,1% Very Impoortant
Changes in agricultural land area 86,5% Very Impoortant
Productivity 92,3% Very Impoortant
Population Growth 86,8% Very Impoortant

3.2. Causal Loop Diagram (CLD)

This stage was conducted to qualitatively identify the problem as a basis for developing a quantitative
simulation model. The development of the Causal Loop Diagram (CLD) aims to map the logical
interrelationships and cause-and-effect relationships among the various factors affecting rice availability in
Karawang Regency, as identified from the questionnaire results. In the diagram, each relationship between
variables is represented by either a positive (+) or negative (—) polarity:

a. Positive Polarity (+): Indicates a positive relationship, where an increase in one variable leads to an increase
in another variable.

b. Negative Polarity (—): Indicates an inverse relationship, where an increase in one variable leads to a decrease
in another variable.
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Figure 6. Causal Loop Diagram (CLD)
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Figure 6, shows that rice availability depends on the interaction between consumption and production
dynamics. Looking at consumption, population growth increases demand, potentially threatening rice
availability unless matched by production gains. This is consistent with Wulandari and Umar (2025), whose
research indicates that population expansion and consumption needs are primary drivers of future food security.
Meanwhile, rice production itself is dictated by crop yields and harvested land area. Higher rice productivity
and larger harvested areas lead to increased rice production, thereby helping to maintain rice availability for
the population (Wulandari & Umar, 2025).

On the production side, rice availability is subject to various pressures arising from agricultural land
conversion, climate change, and pest infestations. Industrial expansion, residential development, and
commercial area development contribute to changes in agricultural land use, resulting in a reduction in
harvested area and a decline in rice production capacity. Putra et al. (2024) reported that the conversion of
paddy fields due to urbanization and regional development has a significant negative impact on rice production
and availability. In addition, changes in temperature and rainfall associated with climate change can reduce
rice productivity, whereas advances in agricultural technology serve as a driving factor that enhances
productivity and strengthens food security. Therefore, maintaining rice availability requires the protection of
agricultural land, effective control of agricultural land conversion, and the adoption of innovative and climate-
adaptive agricultural technologies (Putra et al., 2024).

3.3. Stock Flow Diagram (SFD)

Based on the cause-and-effect relationships identified in the Causal Loop Diagram (CLD), rice
availability results from the interaction between consumption and production factors driven by population
growth, rice production, changes in agricultural land area, and climate change. The CLD illustrates the direction
of influence and the feedback relationships among variables that shape the dynamics of the rice availability
system. However, the CLD is unable to quantitatively represent the magnitude of changes over time or the
number of resources influencing the system.

Therefore, the model must be further developed into a Stock Flow Diagram (SFD). The SFD is used to
represent the relationships between stock and flow variables that determine changes in the system over time
(Vanany et al., 2021). The developed Stock Flow Diagram is presented in Figure 7.
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Productivity

Rice Demand
Production

Agriculture Land
o " \
/ \\ Populations
Climate Changes

Change in Agriculture
Land Area .
Populations

Growth

Rice Availibility’

Figure 7. Stock Flow Diagram (SFD)

3.4. Validation Model

Validation Model was conducted to evaluate whether the developed model adequately represents real-
world conditions. The validation process assessed the accuracy of the simulation results against actual data
using the Mean Absolute Percentage Error (MAPE). The model performance was evaluated according to the
criteria proposed by Lewis (1982): a MAPE value of less than 10% indicates that the model is highly accurate;
a MAPE value between 10% and 20% indicates good forecasting performance; a MAPE value between 20%
and 50% indicates reasonable forecasting performance; whereas a MAPE value greater than 50% indicates
inaccurate forecasting (Sukartini & Moin, 2022).

Table 7. Simulation of Validation Model

Variable Year Actual Data Simulation Result
Rice Production (Ton) 2021 712.690,2 665.559

2022 708.501,3 662.764

2023 653.696,2 657.490

2024 601.465,5 659.256

2025 689.925 657.926

MAPE 5,6%

Consumsion (Ton) 2021 223.408 225238

2022 215.758 223 196

2023 237.366 221 455
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2024 216.935 223513
2025 216.075 220 627
MAPE  3.,2%

The validation results showed that the MAPE values were 5.6% for the rice production simulation and
3.2% for the rice consumption simulation. Since both values are below 10%, the model is classified as highly
accurate according to the Lewis (1982) criteria, indicating that it is suitable for simulating rice availability.

3.5. Model Simulation

At the simulation stage, the developed model was used to predict future rice availability. The model was
subsequently tested under several predefined scenarios, including temperature change, population growth, rice
productivity, and changes in agricultural land area.

3.5.1. Simulation of Rice Availability in Karawang Regency
The simulation was conducted to project rice availability, rice production, rice consumption, population
size, agricultural land area, and temperature changes over the next 20 years.

800000
600000
= —
o 400000

200000

0
2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046
Time (Year)

———  Rice Availibility : current ——— Rice Production : current

—— Rice Consumsion : current

Figure 8. Rice Availability Simulation

As shown in Figure 8, rice production and rice consumption in Karawang Regency exhibit fluctuations
over time, resulting in corresponding fluctuations in rice availability. The data indicate that rice production in
Karawang Regency is more than twice the level of rice consumption. However, the simulation projects that
rice availability will gradually decline, with rice stocks decreasing from 473,592 tons in 2021 to 428,478 tons
by 2046. This indicates that rice availability is not stable due to uncertainties associated with the factors
influencing the system.

In line with the objective of this study to simulate rice availability in support of food security in Karawang
Regency, several policy scenarios were developed and evaluated. These scenarios include population growth
control, changes in agricultural land area, improvements in rice productivity, and climate change adaptation
(represented by temperature change scenarios) to identify strategies for maintaining stable rice availability in
Karawang Regency.

3.5.2. Scenario Simulation

Scenario simulations were conducted to identify the factors that have the greatest influence on changes
in rice availability in Karawang Regency. In addition, the simulations were used to evaluate and determine the
most effective scenario for maintaining the stability of rice availability in Karawang Regency. The scenarios
presented in table 8, were developed by increasing or decreasing the baseline simulation parameters to evaluate
the sensitivity of the simulated variables with respect to the main output, namely rice availability.

Tabel 8. Scenario Parameters for Simulation

No Variable Scenario 1 Scenario 2 Scenario 3
1 Population Growth (%) 0.5 0.2 0.1

2 Changes in agricultural land area (Ha) 65 30 10

3 Temperature changing (°C) 0.035 0.015 0.007

4 Productivity (Ton/Ha) 8 10 12

Based on the simulation results under the proposed scenarios, the projected rice availability in Karawang

Regency for the year 2046 is shown in Table 9.
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Tabel 3.9. Scenarion Simulation Results

No Variabel Scenario 1 (Ton) Scenario 2 (Ton) Scenario 3 (Ton)
1 Population Growth 438.771 439.426 439.645
2 Changes in agricultural land area 437.532 437.778 437.918
3 Temperature changing 444.993 445.068 445.098
4 Productivity 528.330 717.700 907.070

As shown in table 9, the most substantial increase in rice availability was observed under the rice
productivity scenarios. Compared with the baseline condition, Scenario 1 increased rice availability by 23%,
Scenario 2 by 68%, and Scenario 3 by 112%. However, the productivity levels assumed in Scenarios 2 and 3
(10 and 12 tons/ha, respectively) are considerably higher than historical productivity levels and therefore are
unlikely to be achieved under current conditions. Consequently, Scenario 1 represents the most realistic and
feasible option. A similar consideration was applied to the other variables, namely population growth, changes
in agricultural land area, and temperature change.

Therefore, Scenario 1 was selected to simulate the effects of these four variables on rice availability in
Karawang Regency. The simulation results are presented in Figure 9.
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Figure 9. Simulation of Uncertainty Factors Scenario

As shown in figure 9, the simulation to stabilize supply in Karawang Regency utilizes the variables from
Scenario 1. Consequently, the projected rice availability in Karawang Regency for 2026 reaches 539,959 tons
effectively doubling the total consumption. This enhanced stability is expected to secure both food security
and food self-sufficiency in the region.

4. CONCLUSION

This study highlights that rice availability in Karawang Regency is shaped by four primary uncertainties:
temperature fluctuations, changes in agricultural land area, crop productivity, and population growth.
Questionnaire results classified all four variables as highly critical, establishing them as the foundation for
developing the system dynamics model through Causal Loop Diagrams (CLD) and Stock Flow Diagrams
(SFD).

Validation tests confirm the model's reliability, with MAPE values of 5.6% for production and 3.2% for
consumption, demonstrating excellent accuracy for simulation purposes. Baseline results indicate that although
Karawang Regency's rice production remains higher than its consumption, overall availability is projected to
decrease continuously until 2046, driven by the identified uncertainty factors.

The scenario analysis indicates that increasing agricultural productivity is the single most influential driver of
rice availability, surpassing the impact of population growth management, changes in farmland area, and
shifting temperatures. Considering historical conditions and implementation feasibility, Scenario 1—which
combines an increase in rice productivity to 8 tons/ha, control of agricultural land conversion to 65 ha/year, a
population growth rate of 0.5%, and a temperature increase of 0.035°C—was identified as the most realistic
and feasible strategy. The implementation of this scenario is projected to increase rice availability to
approximately 539,959 tons by 2046, thereby helping to maintain stable rice availability

Recomendation

a. Improving rice productivity is an important priority, as the simulation results show that productivity has
the greatest influence on rice availability. This can be supported by the use of improved seed varieties,
balanced fertilizer application, appropriate agricultural machinery, and regular assistance for farmers.
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Extension services should also focus on practical support so that farmers can apply these improvements
effectively in the field. (Martinez et al., 2023; Santoso et al., 2022; Wulandari & Umar, 2025).

b. Protecting paddy fields through the implementation of Sustainable Food Agricultural Land (LP2B) is also
important to maintain the production capacity of the region. This requires not only designating LP2B areas
but also ensuring that the policy is implemented consistently. Regular updates of LP2B data and maps,
monitoring of land-use changes, and periodic evaluation can help prevent the conversion of protected
agricultural land. Coordination among relevant local government agencies is also needed to strengthen
supervision and enforcement (Angga, 2024; Gafuraningtyas et al., 2024; Mahmudah et al., 2024).

c. Adapting rice production to climate change should be carried out by considering the conditions faced by
farmers in the field. The use of climate-resilient varieties, adjustments to planting schedules based on
seasonal and climate information, and more efficient irrigation can help reduce the risks associated with
changing weather conditions. These efforts should be accompanied by better access to climate information
and technical assistance for farmers (Bowden et al., 2023; Joseph et al., 2023; Ruminta et al., 2024; Saputra
et al., 2024).

d. Balancing population growth with rice demand is necessary to maintain a reasonable balance between food
supply and consumption. Population projections and changes in rice consumption should therefore be
considered in regional food planning. Strengthening population management and promoting more diverse
food consumption can also help reduce pressure on rice demand (Herliana et al., 2025; Prasetyo & Fadila,
2024; Ramadhan & Faridatussalam, 2025).

e. Strengthening collaboration among stakeholders is needed because maintaining rice availability cannot be
addressed by the government alone. Local governments, farmers, universities, businesses, and communities
can work together through coordination forums, farmer assistance, pilot projects, and the application of
research-based innovations. Regular evaluation of these activities is important to determine whether the
interventions are actually improving rice production and availability (Aziz et al., 2024; Giraldo et al., 2008;
Vanany et al., 2021)

Future Research Directions

Future research may further develop the system dynamics model by incorporating additional variables that
were not included in the present study, such as the impacts of flooding, paddy prices, rice prices, and
interregional rice distribution, including both inflows and outflows of rice (Wajdah et al., 2024).

ACKNOWLEDGEMENTS

The authors would like to express their sincere gratitude to the Rector of Universitas Buana Perjuangan
Karawang, the Head of the Faculty of Engineering, the Head of the Industrial Engineering Study Program, the
research supervisor, and all respondents for their invaluable support and contributions to the completion of this
research

REFERENCES

Angga, I. M. P. (2024). Collaborative Governance Perlindungan Lahan Pertanian Dalam Implementasi
Undang- Undang Tentang Perlindungan Lahan Pertanian Pangan Berkelanjutan (PLP2B). Jurnal
Administrasi Publik Dan Kebijakan (JAPK), 4(2), 1-14. https://doi.org/10.30596/japk.v4i2.20376

Anggrayana, W. S. (2025). Visualizing Spatial Disparities in Indonesia’s Rice Productivity Using Interactive
Dashboard. Dinasti  International Journal of Management Science, 7(2), 437-447.
https://doi.org/10.38035/dijms.v7i2.6077

Anonim. (2025). Total Population by Country 2025. In World Population Review.
https://worldpopulationreview.com/countries?os=vb.&ref=app

Auliya, D., Rosandi, A. H., & Subroto, W. T. (2024). Analisis perubahan iklim terhadap produktivitas padi di
Jawa Timur. Diponegoro Journal of Economics (DJOE), 13(3), 55-65.

Aziz, T. N. A. T., Nordin, N., & Ismail, H. (2024). Unveiling Determinants in Rice Supply Chain Studies: A
Bibliometric  Analysis on Food Security. Jurnal Gizi Pangan, 19(2), 235-244.
https://doi.org/10.25182/jgp.2024.19.Supp.2.235-244

Badan Perencanaan Pembangunan Nasional. (2025). RPJIMN 2025-2029.

BAPPEDA Kabupaten Karawang. (2025). RPJMD Kabupaten Karawang 2025 —2029.

1874



Volume 6 (2), July-December 2026, 1865-1876, DO https://doi.org/10.35870/ijmsit.v6i2.8065

Bowden, C., Foster, T., & Parkes, B. (2023). Identifying links between monsoon variability and rice production
in India through machine learning. In Scientific Reports. Nature Publishing Group UK.
https://doi.org/10.1038/s41598-023-27752-8

Bujang, M. A., Omar, E. D., Hui, D., & Foo, P. (2024). Sample size determination for conducting a pilot study
to assess reliability of a questionnaire. Resorative Densistry & Endodontics, 49(1), 1-8.
https://doi.org/10.5395/rde.2024.49.e3

Buswar, A. S., Ruminta, R., & Wicaksono, F. Y. (2025). Rice (Oryza sativa L.) production, productivity, and
harvested area in Karawang Regency under extreme weather from 1991-2023. Jurnal Kultivasi, 24(2).

Campbell, S., Greenwood, M., Prior, S., Walkem, K., Young, S., & Bywaters, D. (2020). Purposive sampling:
complex or simple? Research case examples. Journal of Research in Nursing, 25(8), 652—-651.
https://doi.org/10.1177/1744987120927206

Gafuraningtyas, D., Setiadi, H., Dwi, M., & Manessa, M. (2024). Analyzing Farmers’ Engagement with
Sustainable Agricultural Policies: Insights from Indonesia’ s LP2B Initiatives. Journal of Natural
Resources and Environmental Management, 14(2), 241-252. https://doi.org/10.29244/jpsl.14.2.241

Giraldo, D. P., Betancur, M. J., & Arango, S. (2008). Food Security in Development Countries: A systemic
perspective. Technology, 1, 1-15.

Herliana, S., Ratnaningtyas, S., Aina, Q., Zuraida, U., Sutardi, A., & Qorina, S. (2025). Supply and Demand
of Rice in Indonesia: A Critical Review. Journal of The Community Development in Asia, 8(1), 80-96.
https://doi.org/10.32535/jcda.v8il.3665

Joseph, M., Moonsammy, S., Davis, H., Warner, D., Adams, A., & Timothy, T. D. (2023). Modelling climate
variabilities and global rice production: A panel regression and time series analysis. Heliyon, 9(4),
e15480. https://doi.org/10.1016/j.heliyon.2023.e15480

Lubis, A. L. P., & Octavia, S. (2025). Strategi Pengendalian Inflasi Melalui Pemetaan Pola Distribusi
Komoditas Kebutuhan Pokok Masyarakat Kota Depok. IKRAITH-EKONOMIKA, 8(1), 295-315.

Mahmudah, F. T., Sarwono, & Utomowati, R. (2024). Analisis Pengaruh Alih Fungsi Lahan Pertanian
Terhadap Ketahanan Pangan di Kecamatan Bayan Kabupaten Purworejo Tahun 2013 dan Tahun 2023.
Indonesian Journal of  Environment and Disaster (JED), 03(1), 86-96.
https://doi.org/10.20961/ijed.v3i1.1100

Mantiri, T. T. (2025). Analisis Tingkat Kepuasan Kerja Karyawan di PT Andalan Pesik Internasional
Menggunakan Skala Likert. JURNAL RISET MANAJEMEN DAN EKONOMI (JRIME), 3(4), 254—
266. https://doi.org/10.54066/jrime.v314.3560

Martinez, J. M., Labarta, R. A., & Gonzalez, C. (2023). Impacts of the joint adoption of improved varieties and
chemical fertilizers on rice productivity in Bolivia: implications for Global Food Systems. Sustainable
Food System, 7. https://doi.org/10.3389/fsufs.2023.1194930

Minyiwab, A. D., Mengistu, Y. A., & Tefera, T. D. (2024). The effect of livelihood diversification on food
security:  evidence from Ethiopia. Cogent Economics &  Finance, 12(1), 1-12.
https://doi.org/10.1080/23322039.2024.2345304

Nurhasan, M., Leo, D., Mia, A., Hutria, M., Fahim, M., Aprillyana, N., Maulana, A. M., & Ickowitz, A. (2024).
Dietary transitions in Indonesia: the case of urban, rural, and forested areas. Food Security, 16, 1313—
1331. https://doi.org/10.1007/s12571-024-01488-3

Prasetyo, M. A., & Fadila, A. (2024). Tren Konsumsi Beras dan Implikasinya terhadap Ketahanan Pangan di
Ponorogo Tahun 2021-2023. Journal of Economics and Social Sciences (JESS), 3(2), 104-116.
https://doi.org/10.59525/jess.v3i2.561

Putra, I. G., Igbal, M., Bafih, A. R., & Wati, D. R. (2024). Impact of Rice Field Conversion Effectiveness on
the Availability of Rice in Jakarta Province from 1981 to 2023. Agricultural Science, 8(1), 54—69.
https://doi.org/10.55173/agriscience.v8il.149

1875



Volume 6 (2), July-December 2026, 1865-1876, DOI https://doi.org/10.35870/ijmsit.v6i2.8065

Ramadhan, A., & Faridatussalam, S. R. (2025). Determinasi Rasio Ketersediaan Beras di Indonesia dalam
Perspektif Ketahanan Pangan Nasional. Jurnal Economic Resource, 8(2), 1007-1016.
https://doi.org/10.57178/jer.v8i2.1618

Ruminta, R., Wicaksono, F. Y., & Gunawan, G. P. (2024). Identifikasi Perubahan Iklim dan Korelasinya
terhadap Produksi Tanaman Padi (Oryza sativa L.) di Kabupaten Karawang. Paspalum: Jurnal Ilmiah
Pertanian, 12(2), 428—433. https://doi.org/10.35138/paspalum.v12i2.840

Sabang, Y., Aprilia, R. M., Setyonagoro, P., & Judhaswati, R. D. (2025). Mapping Risk of Changes in Rainfall
Pattern and Mitigation Strategies Rice Production Using Spatial Data in East Java, Indonesia. Jurnal
Pendidikan Ekonomi Dan Kewirausahaan, 9(3), 1312—1323. https://doi.org/10.29408/jpek.v9i3.33796

Santoso, A. A., Kartikawati, R., Supraptomo, E., & Fikra, M. (2022). Productivity of Four Rice Varieties and
Pest Diseases with the Application of Environment Friendly Agriculture Technology in Jaken, Pati,
Central Java. Agric, 34(1), 35-44. https://doi.org/10.24246/agric.2022.v34.i1.p35-44

Saputra, I. W. O. P. J., Mutisari, R., Wisyawati, W., & Nugroho, C. P. (2024). Analisis Efisiensi Teknis dan
Pengaruh Adaptasi Perubahan Iklim terhadap Usaha Tani Padi (Oryza Sativa) di Desa Randuagung.
Jurnal Ekonomi Pertanian Dan Agribisnis (JEPA), 8, 1004-1016.
https://doi.org/10.21776/ub.jepa.2024.008.03.15

Sintiya, E. S. (2023). Analisis ketersediaan beras menggunakan sistem dinamik sebagai pendukung kebijakan
ketahanan pangan. Jurnal Tecnoscienza, 7(2), 268-282. https://doi.org/10.51158/tecnoscienza.v7i2.852

Sukartini, M., & Moin, A. (2022). The Implementation of Generalized Autoregressive Conditional
Heteroscedasticity (GARCH) Model on the Index Forecasting of Sharia Stocks in Asian Countries.
International Journal of Economics, Business and Management Research, 6(06), 138-156.
https://doi.org/10.51505/ijebmr.2022.6611

Vanany, 1., Hajar, G., Made, N., Utami, C., & Jaelani, L. M. (2021). Modelling food security for staple protein
in Indonesia using system dynamics approach Modelling food security for staple protein in Indonesia
using system dynamics approach. Cogent Engineering, 8(1).
https://doi.org/10.1080/23311916.2021.2003945

Wajdah, R. R., Nurmalina, R., & Yusalina. (2024). Ketersediaan beras menuju kemandiriaan pangan:
pendekatan sistem dinamik. Analis Kebijakan Pertanian, 22(1), 63-80.
https://doi.org/10.21082/akp.v22n1.2024.63-80

Wati, B. C., & Faridatussalam, S. R. (2024). Analysis of Rice Availability in Central Java Province 2018-2022.
Jurnal Ilmu Manajemen, 8(2), 212-220. https://doi.org/10.26618/profitability.v8i2.13549

Wulandari, S., & Umar, 1. (2025). Model Dinamis Produksi Padi Sawah Untuk Kebutuhan Pangan. Jurnal
Pendidikan Tambusai, 9(1), 4030-4038.

Zhu, H., He, X., Wang, X., & Long, P. (2024). Increasing hybrid rice yield, water productivity, and nitrogen

use efficiency: Optimization strategies for irrigation and fertilizer management. Plants, 13(12), 1717.
https://doi.org/10.3390/plants13121717

1876



