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System Dynamics of Exchange Rate and COVID-19 Shocks in Iran's
Broiler Industry

Mona Ahmadian', Hamed Najafi Alamdarlo'*, and Katayoon Shemshadi Yazdi?
Abstract

Keywords: Broiler Industry, COVID-19, Exchange Rate Volatility, System Dynamics.

1- Introduction
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costs, constrained production capacity, and threatened the sustainability of poultry farms

(Palouj et al., 2021; Sattar et al., 2021; Hafez et al., 2021). These developments highlight the
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importance of assessing the combined effects of exchange-rate reform and external shocks on
the resilience of Iran's broiler industry.

Previous studies have examined exchange-rate fluctuations, subsidy reforms, and external
shocks from different perspectives. Heydari and Haj Seyed Javady (2024) showed that the gap
between official and market exchange rates significantly affects livestock input imports. Javadi
etal. (2024) demonstrated volatility spillovers from livestock input markets to egg prices, while
Ronaghi (2022) reported that COVID-19 affected Iran's meat market mainly through exchange-
rate increases and declining exports. Together, these studies emphasize the importance of
exchange-rate policy but largely investigate individual shocks rather than their interactions.

International evidence likewise confirms the vulnerability of poultry supply chains to
external shocks. System dynamics studies highlight the role of feedback mechanisms in
production instability (Cuevas Garcia-Dorado et al., 2021; Chaudhry & Miranda, 2024), while
studies from Bangladesh, Indonesia, India, and Nigeria reported that COVID-19 disrupted feed
supply, increased production costs, reduced producer income, and threatened poultry
enterprises (Fouzder et al., 2021; Setiadi et al., 2022; Mishra et al., 2023; Bamidele et al., 2023).
Other studies identified productivity constraints as a barrier to resilience (Onuwa, 2022; Zhong
et al,, 2021), and consistently recommended strengthening domestic feed production,
improving supply-chain resilience, reducing exchange-rate distortions, and modernizing

production systems (Gafi & Javadian, 2018; Singh Malik et al., 2024; Zargaraan et al., 2021).
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2- Methodology

System dynamics is an interdisciplinary method for simulating and analyzing complex
problems, integrating qualitative and quantitative aspects of systems to support policy analysis
and decision-making (Sterman, 2000).

The modelling process begins with Causal Loop Diagrams (CLDs) to represent relationships
among system variables, with positive (+) and negative (—) signs denoting link polarity (Garcia,
2020). A Stock—Flow Diagram (SFD) is then constructed to describe the system's dynamic
behavior and physical structure, followed by simulation, validation, and scenario analysis
(Schoenenberger et al., 2021).

The detailed procedure is described below. Key modelling assumptions include: (1) broiler
feed price as a weighted function of imported corn (60%), soybean meal (30%), and other
inputs (10%); (2) the exchange rate directly determining import prices with no smoothing
buffer under full subsidy removal; and (3) COVID-19 impact operationalized via a time-
indexed Lookup function with disruption coefficients declining from 0.4 in 2019 to 0 by 2023.
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3- Results and Discussion
The modeling process begins with the development of causal loop diagrams (Sterman, 2000).
First, hypotheses are formulated to identify key variables based on causal relationships within

the poultry supply chain.

3-1- Causal Loop Diagrams

These diagrams represent the dynamic system of the broiler industry, examining cause-and-

effect relationships among variables. Vensim software was used to develop the diagrams. The
6
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impact of economic variables—such as exchange rates and input prices—on production,
productivity, and prices of broiler feed and meat was analyzed. The structure includes four
balancing loops and three reinforcing loops. Figure 4 illustrates the causal relationships among

the variables involved in broiler meat production.

Broiler price-to-pro — 1 Broiler producnon
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Figure 4. Causal relationships among the variables involved in broiler meat production

3-2- Causal Loops Related to Production, Demand, and Input Prices

Figure 5 illustrates the interaction between R1 (reinforcing) and B1-B3 (balancing) loops,
generating a "Limits to Growth" pattern. Feed price hikes—driven by exchange-rate
depreciation and COVID-19 logistical disruptions—surge production costs, which are passed
to consumers. While R1 supports short-term supply through imports, it increases long-term
vulnerability. To counteract these shocks, producers pivot toward domestic input expansion
(B3) and inventory rebuilding (B1), though these balancing mechanisms often operate with
significant delays.

The simulation results directly support the behavior generated by these interacting loops.
Specifically, the dominance of the reinforcing loop (R1)—where exchange-rate depreciation
continuously inflates imported input prices—explains the exponential, sustained rise in broiler
feed prices observed in the simulation period. Concurrently, the balancing loops (B1 and B3),
Inventory adjustments and domestic production responses are delayed, making these balancing
mechanisms too slow to offset R1-driven price shocks, resulting in the sharp increase in broiler

meat prices shown in Figure 5.
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Figure 5. Causal loops resulting from the increase in input prices

3-3- Causal Loops Related to Investment, Production Capacity and Productivity

Figure 6 presents three loops illustrating interactions among variables in the broiler
production system. These loops influence price, production, capacity, and demand, functioning
as both balancing and reinforcing mechanisms. Balancing loop B4 links productivity gains to
improved inventory-to-demand ratios, supporting price stability. Meanwhile, reinforcing loops
R3 (demand-profitability) and R2 (investment-capacity) drive sectoral growth and unit-cost
reduction. However, the removal of the preferential exchange rate and the resulting rise in input
costs weakened profitability and investment, limiting the effectiveness of reinforcing loop R2
and threatening long-term industry sustainability. Simulation results indicate that R2 improved
production capacity, while balancing loop B4 stabilized production through inventory
adjustments (Figure 6). Although COVID-19 disruptions peaked during 2019-2020, their
effects gradually diminished, whereas exchange-rate depreciation remained the dominant

driver of production costs.
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Figure 6. Causal loops of investment, production capacity, and productivity

3-4- Stock—Flow Diagram of Broiler Meat Production

The Stock—Flow Diagram (Figure 7) simulates the interactions between production costs,

input prices, and broiler meat output. Key variables include meat and feed prices, productivity,
and production capacity
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221 Figure 7. Stock—Flow Diagram of Broiler Meat Production Simulation Results
222
223 3-5- Simulation Results
224 Analysis of poultry industry trends shows feed prices surging from 1,635 Tomans in 2018

225 t0 10,700 1in 2021, with a forecast exceeding 30,000 by 2025. Modest productivity gains remain
226  below international standards due to structural constraints like fragmented smallholdings, low
227 R&D investment, and input volatility. As validated by the model’s behavior reproduction test
228  (Figures 1-3) for the 2018-2022 period, these factors hinder growth, with rising costs and
229 inflation serving as the primary drivers of meat price increases and eroding industry
230  profitability.

231
232  Table 2. Comparison of Actual and Simulated Values of Key Indicators in Iran’s Broiler Industry

Indicator Time Period Actual Value Simulated Value
2018 1,635 Toman 1,635 Toman
Poultry Feed Price 2021 10,700 Toman 10,543 Toman
2026(Forecast) - 30,656 Toman
2018 378,44 7thousand tons 378,447thousand tons
Production Capacity 2021 421,883thousand tons 421,652 thousand tons
2026(Forecast) - 420,489thousand tons
2018 8,200Toman 8,200Toman
Broiler Meat Price 2021 34,473 Toman 33,980Toman
2026(Forecast) - 131,059Toman
2018 20,500units 20,500 units
Productivity Index 2021 22,634units 22,48 1units
2026(Forecast) - 24,684 units
233  Source: Research findings (System Dynamics Model Simulation).
234
235 The simulation captured the major trends in Iran's broiler industry, indicating that long-term

236  sustainability depends on productivity improvements, reduced import dependency, stable input

10
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prices, and continued investment. A key finding is the stagnation of production capacity after
2021 despite rising broiler meat prices, suggesting that structural constraints extend beyond
short-term shocks. Although the productivity index improved modestly, these gains were
insufficient to offset the cost increases caused by exchange-rate depreciation and import
dependency.

Scenario analysis further showed that broiler meat prices were higher under Scenario 2 than
under Scenario 1 by 2026, with the former producing the highest projected price among all
simulated scenarios. These findings demonstrate that gradual exchange-rate reform is more

effective than abrupt removal in limiting market disruption and controlling consumer prices.

3-6- Scenario result

Following model validation through various tests, simulation scenarios were developed
based on different policy assumptions. Policy design involves creating new strategies,
structures, and decision-making rules (Sterman, 2000). Accordingly, drawing on a systemic
approach, research objectives, existing solutions, and expert opinions, the following scenarios
were analyzed.

Scenario 1: This scenario evaluates a gradual preferential exchange rate increase from 4,200
to 38,500 Tomans. Under these conditions, broiler meat prices rise from 8,200 in 2018 to

160,000 in 2026, while feed prices surge from 1,635 to 32,480 Tomans. The 2019-2020

pandemic disruptions reduced the policy’s cost-moderating efficacy, raising the projected 2026

price from 150,000 (pre-COVID) to 160,000 Tomans.
Scenario 2: Under Scenario 2, The preferential exchange rate is eliminated entirely, with the
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The findings are consistent with evidence from other import-dependent developing
economies (Chaudhry & Miranda, 2024; Setiadi et al., 2022; Fouzder et al., 2021; Mishra et
al., 2023), where exchange-rate instability, rising feed costs, and COVID-19 disruptions
increased production costs and constrained poultry production. Recent studies (Singh Malik et
al., 2024; Adaszynska-Skwirzynska et al., 2025) further emphasize that persistent price
pressures are primarily driven by exchange-rate volatility and import dependency, reinforcing

the need for structural policy reforms.

4- Conclusion

This study employed a system dynamics approach to evaluate the combined effects of
exchange-rate reform and COVID-19 on Iran's broiler industry. The findings show that
exchange-rate shocks, driven by dependence on imported feed, substantially increased
production costs and broiler meat prices, while complete subsidy removal produced the most
severe outcomes. COVID-19 further amplified these adverse effects, emphasizing the
importance of accounting for compound shocks in agricultural policy.

The simulation provides clear policy implications. The 13.1% price difference between the
gradual adjustment and complete elimination scenarios supports phased subsidy withdrawal
over three to five years. However, stagnant production capacity and only a 20.4% productivity
improvement indicate that exchange-rate reform alone is insufficient. Complementary policies,
including investment incentives, domestic feed production, strategic feed reserves, modern
production technologies, and improved access to finance, are required to enhance resilience
and productivity.

Future research should compare the effects of direct production subsidies and feed-input
subsidies on profitability, production capacity, market stability, and sectoral development.
Further studies should also evaluate the long-term impacts of subsidy reform on small-scale
producers and rural development, as well as the roles of strategic feed reserves, domestic feed
production, productivity-enhancement programs, inflation-adjusted modelling, and producer
and consumer behavioral responses under alternative policy scenarios. Addressing these issues

would contribute to more resilient and sustainable policy frameworks for Iran's broiler industry.

13
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    P  b r o i l e r   m e a t ( t ) = ( (     P  m e a t 1 −   P  m e a t 0  t ) × ( 1 . 8 ∗ I n f l a t i o n ) )


  B r o i l e r   M e a t   P r i c e =   I N T E G   ( c p   C M )


  B r o i l e r   M e a t   P r i c e =   I N T E G   ( c p   C M )


  I m p o r t e d   C o r n   P r i c e ( t ) = P   W o r l d   C o r n ( t ) ∗ E x ( t )


  I m p o r t e d   S o y b e a n   P r i c e  ( t ) = P   W o r l d   S o y a   B e a n ( t ) ∗ E x ( t )


  C o r n   i n v e n t o r y =   I N T E G    ( i m p o r t   c o r n   + p r o d   r a t e   c o r n − s a l e   c o r n )


  S o y b e a n   Inv e n t o r y =   I N T E G  ( i m p o r t   s o y a   + p r o d   r a t e   s o y a − s a l e   s o y a )


      d P  F e e d  d t =   w  C o r n     ( d P  C o r n  d t ) +   w  S o y a (   d P  d t ) +   w  O t h e r (     d P  o t h e r  d t )


  D P F ( t ) = B P ( t ) ∗ 𝛼


  D O C  ( t ) = B P ( t ) × 𝛽


  I m p a c t   o f   C o v i d − 19 ( t ) = W i t h   L o o k u p ( T i m e ) , (

