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1. Introduction

Currently, Indonesia is still unable to meet all of its animal 
protein needs. Most of these materials must be imported, espe-
cially to meet the growing needs of cattle. Meanwhile, poultry 
is a major component in meeting national animal protein 
needs, with approximately 60% of national meat needs being 
met by poultry, especially chickens [1]. The poultry industry 
sub-sector meets around 65% of animal protein demand and 
is a very important part of the country’s economy, providing 
employment to 12 million people and having an estimated 
production value of more than 34 billion USD [2].

Broiler chicken meat, as the most affordable source of 
protein, can make a significant contribution to reducing pov-
erty, overcoming hunger, and achieving sustainable food se-
curity goals. As a country undergoing urbanization, popula-
tion growth, and economic change, the poultry industry faces 
various challenges [3]. The demand for chicken meat in East 
Java Province is increasing every year in line with production 
levels. Based on data from the Badan Pusat Statistik (BPS), 
in the last five years, average chicken meat consumption has 
increased annually, from 0.124 kg per person per week to 
0.158 kg per person per week in 2019 to 2023 [4]. Although 
production continues to rise, consumption needs are also in-
creasing, so there is still a gap between the amount of broiler 
chicken meat produced and consumed [5].

One way to address the challenges of hunger and food 
insecurity among vulnerable communities in most coun-
tries (especially developing countries) is to adopt sustainable, 
affordable, and accessible food production systems to meet 
their nutritional needs [6]. The poultry industry plays a crit-
ical role in strengthening national food security, especially 
in densely populated areas such as East Java, where this 
industry meets most of the population’s protein needs. How-
ever, the dynamics of this sector are complex, influenced by 
various interacting factors, including production, consump-
tion, population growth, and technology adoption. Despite 
continued increases in production, persistent gaps between 
supply and demand, as well as price volatility, highlight the 
fundamental need for more resilient and forward-looking 
strategies. Traditional forecasting methods often fail to cap-
ture the complex and non-linear relationships in this system, 
causing policymakers to be more reactive than proactive. 
The challenge is not only to increase production, but to cre-
ate a stable, predictable, and resilient supply chain that can 
withstand market fluctuations and ensure long-term food 
availability. Therefore, scientific topics on dynamic modeling 
and simulation of broiler chicken supply chains are highly 
relevant. Such research is crucial for providing practical, da-
ta-driven insights that can guide policymakers and industry 
players in developing effective and proactive strategies to 
ensure food security for a growing population.
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2. Literature review and problem statement

Literature on food supply chain dynamics, particularly 
in the poultry sector, shows solid research focusing on quan-
titative methods and dynamic simulations. Studies by [7] 
have successfully established dynamic systems as a robust 
framework for modeling complex agricultural relationships, 
as demonstrated in applications for sustainable apple farm-
ing [8], chicken production for national food security [9], rice 
production [10], and CPO availability for energy security [11]. 
This demonstrates the recognized usefulness of dynamic 
modeling in addressing broad food and resource security 
challenges.

However, there remains a critical research gap in trans-
lating these macro-level insights into applicable operational 
optimization. Although existing dynamic models successful-
ly predict commodity production or availability [9–11], exist-
ing research is often suboptimal in modeling the complex, 
multi-stage, and cascading impacts of modern industrial 
technology adoption across supply chains. Previous research, 
such as that conducted by [12], treats technology and policy 
only as intermediate variables, ignoring how technological 
changes at one stage (e.g., modern agriculture) generate 
complex feedback and time delays at subsequent stages such 
as logistics and distribution. This limitation prevents the ho-
listic optimization of operational metrics.

Furthermore, most existing research, as highlighted in 
the [13] study on national-level supply chains, relies heav-
ily on global or national data, thereby neglecting crucial 
local factors. This broad focus ignores critical regional 
specifications, such as unique provincial policies, different 
consumption patterns, and local agricultural practices that 
are necessary to provide actionable insights for provincial or 
local policymakers, such as in East Java Province. Although 
a location-based approach has been attempted by [5] to model 
regional poultry supply chains, their model does not fully in-
tegrate the detailed cause-and-effect relationships associated 
with comprehensive technology adoption.

All this allows to assert that it is expedient to conduct a 
study on develop a System Dynamics model for the broiler 
chicken supply chain in East Java Province. This is necessary 
for comprehensively evaluate the specific impact of modern 
industrial technology on improving local food security, utiliz-
ing a granular, location-based approach that integrates tech-
nology-driven sub-models to capture complex chain effects.

3. The aim and objectives of the study

The aim of this study is the development of a dynamic 
model for the broiler chicken supply chain, specifically 
focusing on meeting local demand and improving food 
security in East Java Province. This model will allow 
stakeholders to rigorously evaluate various strategic policy 
scenarios and assess the comprehensive impact of modern 
industrial technology on supply chain performance. 

To achieve this aim, the following objectives were 
accomplished:

– designing a conceptual model that clearly illustrates 
the cause-and-effect relationships in the broiler chicken 
supply chain system in East Java Province;

– developing causal loop diagrams and stock and flow 
diagrams to visualize the dynamics of this complex system, 
which will form the basis for model simulation;

– validate the model that has been created to ensure that 
it accurately represents the actual system conditions;

– simulate and develop strategic scenarios to evaluate the 
impact of technology implementation in improving broiler 
chicken availability and sustainable food security.

4. Materials and methods

4. 1. The object and hypothesis of the study
The object of this study is the broiler chicken supply chain 

in East Java Province. This study explores the dynamics and 
complex relationships in each stage from production on the 
farm to distribution to consumers.

The hypothesis in this study is that the application of 
industrial technology in the broiler chicken supply chain in 
East Java can increase supply stability and improve regional 
food security. The adoption of technology at the upstream 
level will directly reduce mortality rates and increase produc-
tion efficiency, thereby maintaining the availability of broiler 
chicken supply at the downstream level.

The assumption in this study is that the broiler chicken 
supply chain process in East Java Province can be modeled 
and tested appropriately using a dynamic systems approach.

This study focuses only on the broiler chicken supply chain 
in East Java Province. This simplification aims to ensure that 
the dynamic system model accurately reflects conditions at the 
regional level, which are often overlooked in national or global 
studies. By limiting the scope of the study, local factors such as 
regional policies and community consumption habits can be 
properly integrated, as these factors may not be widely available.

4. 2. Methodology
This study uses a quantitative approach with Dynam-

ic System modeling and simulation methods. The model 
designed is used to analyze changes in the broiler chicken 
supply chain in East Java Province. The simulation was 
conducted using historical data from 2015 to 2024 to forecast 
the period from 2025 to 2034. The data used consisted of sec-
ondary data obtained from official sources such as the East 
Java Livestock Service, the Central Statistics Agency (BPS), 
and the Ministry of Agriculture. This data covered various 
variables such as population, annual supply, annual demand, 
DOC orders, and per capita consumption. In addition, pri-
mary data was also collected through interviews and discus-
sions with stakeholders, such as farmers and distributors, to 
gain a deeper understanding of the decision-making process, 
risks, and barriers to technology adoption. The following are 
the stages of the research illustrated in Fig. 1.

The explanation of the research stages above is as follows:
a) creating conceptual model.
A conceptual model was developed by defining the bound-

aries of the system, which covers the entire supply chain pro-

Fig. 1. Research stages
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cess from start to finish. Several important variables, such 
as population size, annual supply, annual demand, number 
of DOC orders, and per capita consumption, were identified 
as vital parts of the system. In addition, factors outside the 
system, such as the application of industrial technology, were 
also taken into account and included in the model;

b) designing a causal loop diagram and stock and flow 
diagram.

Causal loop diagrams (CLD) are a commonly used method 
for identifying, analyzing, and explaining the cause-and-effect 
structure of complex problems. CLDs consist of variables and 
arrows with signs (positive or negative) that indicate cause-
and-effect relationships. Reinforcing loops (denoted by “R”) 
serve to reinforce the changes that occur. Conversely, balanc-
ing loops (symbolized by “B”) work to find balance, maintain-
ing system stability by counteracting changes that occur [14].

Stock flow diagrams are a key tool in the tradition of system 
dynamics modeling, first developed by Forrester in the 1950s. 
Stocks represent state variables, and to create them, initial 
values must be determined. Flows represent changes to stocks, 
and each flow has a mathematical equation determined by the 
modeler, which indicates how fast the flow occurs (amount per 
unit of time) [15]. In this study, the design of the stock and flow 
diagram is described in detail by showing the relationships 
between variables that have been expressed in specific symbols, 
making it easier to compile mathematical equations to deter-
mine parameter values and estimate initial values;

c) model validation.
Model validation is carried out to ensure that the struc-

ture and functioning of the model accurately represent actual 
conditions. This stage is important because it helps to deter-
mine the extent to which the model can be relied upon to 
simulate real conditions. System validation testing is carried 
out using two methods, namely structural validation and 
behavioral validation. Behavioral testing is carried out in two 
ways, namely mean comparison testing, where the model is 
considered valid if the result is E1 ≤ 5%, and amplitude vari-
ation comparison testing (% error variance), where the model 
is considered valid if the result is E2 ≤ 30% [16];

d) simulating and developing scenarios.
Scenario design is carried out after the model is consid-

ered valid. This scenario design is carried out so that system 
performance can be improved to achieve the planned objec-
tives. The purpose of this simulation is to compare the re-
sults of the scenario model experiment with the results of the 
model that shows the actual system, so that the most optimal 
results can be obtained. Scenario development in this study 
uses industrial technology with the aim of increasing the 
supply of broiler chickens, which supports the achievement 
of food security in East Java Province.

Based on the results of the scenario simulation, the 
final stage is scenario development. This stage focuses on 
identifying the most effective combination of technologies to 
stabilize supply and improve food security.

5. Results of dynamic system model simulations

5. 1. Conceptualization model of broiler chicken 
supply

The conceptualization model in this study serves to ex-
plain the supply of broiler chickens to facilitate the process 
of designing a causal loop diagram. The conceptualization 
model of this study is illustrated in Fig. 2.

Based on Fig. 2 the conceptual model illustrates the 
cause-and-effect relationships in the broiler chicken supply 
chain system in East Java. This model shows the logical flow 
from production to demand, which is a solid basis for dynam-
ic system simulation.

5. 2. Causal loop diagram and stock and flow dia-
gram of broiler chicken availability

A causal loop diagram (CLD) explains the relationship 
between the variables of broiler chicken production, the 
availability of broiler chickens, and the population size. The 
relationship between these three variables forms a series 
of causes and effects, in which any change in one variable 
can repeatedly affect the other variables and influence each 
other. For a clearer visualization of the causal loop diagram, 
these relationships can be seen in Fig. 3.

Fig. 2. Conceptualization model of the broiler chicken supply 
in East Java
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As can be seen in Fig. 3, the causal loop diagram contains 
symbols such as B1, B2, B3, R1, R2, and R3. B1 can be inter-
preted as a balancing loop (negative loop) that illustrates the 
relationship between higher DOC mortality rates and a reduc-
tion in the number of DOCs and broiler chicken production. 
B2 illustrates the relationship between higher mortality rates 
and a reduction in population and direct population needs.  
B3 illustrates the relationship whereby the higher the demand 
for broiler chickens, the lower the availability of broiler chick-
ens. R1 can be interpreted as a reinforcing loop (positive loop) 
which illustrates the relationship between higher DOC num-
bers and chicken supply, which will increase broiler chicken 
production. R2 illustrates the relationship between higher 
birth rates, which will increase the population and direct 
demand of the population. R3 illustrates the relationship 
between higher broiler chicken production, which will 
increase the availability of broiler chickens.

Fig. 4 stock and flow diagram is a tool used to illus-
trate how a system works dynamically. This diagram 
shows the relationship between the amount stored in 
the system (stock) and the inflow or outflow of that 
amount (flow). This diagram is used as a tool to under-
stand how changes in a certain amount are affected by 
inflows and outflows. This diagram is a visual representa-
tion that helps in understanding systems that change over 
time, especially in matters involving long-term processes 
and interactions between parts of the system.

In Fig. 4, stock and flow diagram, the data entered 
into the model is data obtained from the Badan Pu-
sat Statistik and Direktorat Jenderal Peternakan dan 
Kesehatan Hewan for the period 2015–2024. This data 
includes the population of East Java, birth rates, death 
rates, number of day-old chicks, broiler chicken produc-
tion, broiler chicken demand, and per capita consump-
tion in East Java.

5. 3. Validation of the actual model of broiler chick-
en availability

Model validation is performed to ensure that the model can 
accurately describe the actual system. There are two methods 
for model validation: structural testing and behavioral validity 
testing. Behavioral validity testing is specifically used to check 
if the model aligns with the desired objectives. The test is con-
ducted by comparing the results of two error metrics, E1 and E2. 
If the E1 value is not more than 5% and the E2 value is not more 
than 30%, the model is considered valid [10]. The results of the 
behavioral validity test for the broiler chicken availability model 
in East Java can be seen in Table 1.

The results of the model behavior testing in Table 1 
show that the calculated behavior validity values for 
the E1 population are 0.08% and E2 are 0.68%, broiler 
chicken production E1 is 1.69% and E2 is 0.09%, broil-
er chicken demand for E1 is 2.59% and for E2 is 2.09% 
from the simulated model can be declared valid.

5. 4. Simulation results and scenario devel-
opment

The simulation scenario was designed based on var-
ious influencing factors, with the aim of identifying and 
addressing factors related to problems in meeting the 
availability of broiler chickens in order to achieve food 
security in East Java Province.

The proposed scenario is an improvement scenario 
in terms of the use of modern technology. The first 
scenario is the use of automated cage technology to 
create a more controlled cage environment, such as 
temperature, humidity, ventilation, feed conversion, 
and water. This is expected to increase production 
efficiency and reduce the mortality rate of broiler 
chickens. The second scenario is the use of big data 
technology to improve the accuracy of predicting the 
demand for broiler chickens from the market. This is 
expected to create a feedback mechanism that helps 
stabilize the supply of broiler chickens in the market:

a) scenario 1: automated cage technology (closed 
house).Fig. 4. Stock and flow diagram of broiler chicken availability in East Java
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Table 1

Behavior validity test

Year
Population Broiler chicken 

production (ton)
Broiler chicken 
demand (ton)

Actual Model Actual Model Actual Model
2015 38,899,992 38,916,680 203,139 208,081.26 151,505 156,358.76
2016 39,248,828 39,273,820 219,833 224,835.02 160,598 164,102.28
2017 39,593,682 39,624,220 270,882 275,712.91 181,926 186,089.36
2018 39,940,093 39,976,806 280,309 285,430.74 171,829 175,947.84
2019 40,297,962 40,333,410 275,758 280,520.74 196,111 201,358.76
2020 40,665,696 40,714,240 308,820 313,848.97 198,449 203,738.08
2021 40,878,761 40,912,980 321,408 326,544.94 197,640 204,211.74
2022 41,150,046 41,181,860 338,590 343,532.74 203,467 208,796.85
2023 41,644,223 41,689,320 355,728 360,806.55 209,295 214,406.43
2024 41,929,135 41,968,600 370,725 375,795.23 215,122 219,708.38

Average 40,424,842 40,459,194 294,519 299,511 188,594 193,471.85
Stdev 1,010,491.90 1,017,343.77 55,241.52 55,289.02 21,275.51 21,720.34

E1 < 5% 0.08% 1.69% 2.59%
E2 < 30% 0.68% 0.09% 2.09%

Sources: primary data processing (2025).
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To evaluate the impact of technology on the availability of 
broiler chickens, researchers created a scenario of closed-house 
automation. This scenario shows how the use of coop technology 
gradually affects the production process. This analysis discusses 
feedback mechanisms that can reduce chicken mortality rates 
and increase production efficiency, resulting in a greater supply 
of chickens. This can be seen in Fig. 5. The causal loop diagram 
visually explains the relationship between the use of technology 
and its impact, and shows how initial investment can start a 
positive cycle that increases profits and more stable production.

Table 2 shows the simulation results that estimate how 
technology adoption can increase broiler chicken production 
from 2025 to 2034.

The results of the simulation show that the adoption of 
automated cage technology can increase annual production. 
The difference between the two projections becomes more sig-
nificant from year to year, due to a decrease in mortality rates 
from 4–5% to 2–3%. Thus, in 2034, broiler chicken production 
will reach 567,665 tons, which represents a significant increase 
of 5.5% compared to the base model;

Table 2 

Broiler chicken production in the scenario of using automatic 
cage technology

Year
Broiler chicken production (ton)

Base model Scenario
2025 390,419 391,111
2026 410,113 412,622
2027 429,807 435,314
2028 449,501 459,250
2029 469,195 484,514
2030 488,889 511,189
2031 508,583 539,360
2032 528,277 569,110
3033 547,971 600,521
2034 567,665 633,684

Average 479,042 503,668
Influential 5.5%

Sources: primary data processing (2025).

b) scenario 2: big data technology.
The second scenario focuses on big data technology and 

demand analytics. The goal is to show how the use of histor-
ical data and predictive analytics can help optimize supply 
planning. Researchers will explain how increased accuracy 
in demand forecasting enables manufacturers to adjust 
production according to market needs, thereby helping to 
stabilize product availability. This is illustrated in Fig. 6, 
where a causal loop diagram shows the complex relation-
ship between prediction accuracy, production planning, 
and market changes, emphasizing the important role of in-
formation technology in improving supply chain resilience.

Table 3 shows the simulation results that estimate how 
technology adoption can affect the accuracy and growth of 
broiler chicken demand from 2025 to 2034.

Table 3

Demand for broiler chickens in the big data technology usage 
scenario

Year
Broiler chicken production (ton)

Base model Scenario
2025 226,250 227,849
2026 232,791 236,276
2027 239,332 245,006
2028 245,873 254,053
2029 252,414 263,430
2030 258,955 273,153
2031 265,496 283,238
2032 272,037 293,703
3033 278,578 304,568
2034 285,119 315,850

Average 255,685 269,713
Influential 3.7%

Source: primary data processing (2025).

The results of the simulation show that the use of big 
data technology can increase the accuracy and growth rate 
of broiler chicken demand. In the base model, demand is 
projected to reach 285,119 tons in 2034. However, with the 
use of big data technology, demand could reach 315,850 tons, 

Fig. 5. Causal loop diagram scenario 1 (automated cage 
technology)
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which means that it could significantly increase and stabilize 
demand accuracy by 3.7%.

6. Discussion of dynamic modeling for food security

Based on the results presented, dynamic modeling has 
proven to be an effective tool in analyzing and projecting the 
broiler chicken supply chain system in East Java to achieve 
food security. The simulation results from Table 2, 3 clearly 
show the significant potential of technological intervention. 
The application of automated cage technology (closed-house) 
in scenario 1 directly increases production, as predicted by 
the causal loop diagram in Fig. 5. The reduction in mortality 
rates from 4–5% to 2–3% creates a reinforcing loop that re-
sults in a cumulative increase in production, reaching 5.5% 
compared to the baseline model.

On the other side, scenario 2 shows that the use of big 
data can increase the accuracy of demand predictions by 3.7%, 
helping producers align supply with market needs. This illus-
trates the important role of information technology in creating 
more resilient systems, as depicted in the causal loop diagram 
in Fig. 6. The system dynamics approach used in this study 
has advantages over static methods, as it is capable of modeling 
feedback loops and non-linear interactions that underlie supply 
chain systems, in line with the framework proposed by experts 
in this field [13]. Model validation through the E1 and E2 met-
rics (Table 1) also confirms the reliability of the model, with all 
values meeting the specified criteria (E1 < 5%, E2 < 30%).

Although robust, this study has several limitations. First, 
the validity of the model is highly dependent on the quality 
and availability of historical data from Statistics Indonesia 
and the Directorate General of Livestock. This model may 
not fully capture the variation in data in the field. Second, 
the proposed scenarios focus only on two types of technolo-
gy, without considering other crucial external variables such 
as feed price fluctuations, policy changes, or the impact of 
climate change. In addition, the assumption that technology 
adoption occurs linearly may not reflect reality.

The main limitation of this study is the absence of sensitivity 
testing. Without this analysis, it is difficult to assess how stable 
the simulation results are to changes in key parameters, for 
example, how tolerant the model is to increases in feed costs 
or decreases in people’s purchasing power. In the future, this 
research can be developed by conducting sensitivity analysis 
to identify the most sensitive variables. In addition, the model 
could be expanded by integrating more external variables or de-
veloped into a spatial model for more specific analysis per region 
in East Java. The difficulties that may be encountered are the 
collection of detailed data and the mathematical complexity that 
will arise from the addition of interactions between variables.

7. Conclusion

1. The conceptual model developed serves as an im-
portant foundation for this research. This model effectively 
visualizes and explains the complex cause-and-effect re-
lationships in the broiler chicken supply chain system in 
East Java. By mapping the logical flow from production to 
demand, this model provides a strong and clear basis for the 
development of further flow diagrams, such as causal loop 
diagrams (CLDs) and stock and flow diagrams (SFDs), which 
are key tools in dynamic system simulation.

2. The causal loop diagram (CLD) successfully iden-
tifies and maps the complex relationships between key 
variables such as production, broiler chicken availabili-
ty, and population size. The diagram explains how rein-
forcing loops (R1, R2, R3) drive growth, while balancing 
loops (B1, B2, B3) tend to stabilize the system. Then, the 
stock and flow diagram (SFD) serves as the quantitative foun-
dation of this model by incorporating historical data from 
2015 to 2024. This allows for a deep understanding of how 
these variables change over time, ultimately providing a solid 
tool for analyzing complex systems.

3. The dynamic model constructed has been accurately 
validated, ensuring that its simulations are reliable in reflect-
ing real-world conditions. Behavioral validity testing shows 
that the E1 error value is no more than 2.59% and the E2 
value is no more than 2.09% for all key variables (population, 
production, and demand). These criteria meet strict validity 
thresholds (E1 < 5%, E2 < 30%), which significantly distin-
guish this model from many other less-tested models. The 
success of this validation proves that the dynamic system 
modeling approach is suitable for addressing local issues, 
overcoming the limitations of national or global models that 
often lack the necessary granularity.

4. Scenario simulations show that technology adoption 
has a significant quantitative impact on food security. The 
application of closed-house technology can increase average 
broiler chicken production by 5.5% from the baseline model, 
with annual production in 2034 reaching 633,684 tons. This is 
due to a decrease in mortality rates from 4–5% to 2–3%. Mean-
while, the use of big data technology can increase the accuracy 
of demand predictions by 3.7%, enabling producers to optimize 
supply and reduce market instability. These results confirm 
the research hypothesis and provide concrete evidence that 
investment in modern technology is an effective and proactive 
strategy to address supply and demand challenges in East Java, 
providing a data-driven foundation for policy making.
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