
A system dynamics approach to chain/network analysis 
in the primary industry sector

AGRICULTURE & FOOD

Kanar Dizyee (CSIRO) and Karl Rich (ILRI)

3rd Asia Pacific System Dynamics Conference, University of Queensland, Australia, 2-4 February 2020



Motivation

• Significant research has been conducted on agricultural/agribusiness 
value chains in the past 15-20 years

• And while we have lots of analyses, new definitions, and created a lot 
of confusion over terminology (supply chain vs value chain vs 
netchains vs value networks e.g.), we haven’t moved much 
methodologically.

• Current value chain methods are:
• Largely qualitative

• Largely descriptive 

• Reaching their limits in terms of analytical power
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Motivation

• A big gap: limited use of quantitative techniques to look at 
dynamics of value chains, their actors, and interventions that 
affect the system (priorities, impacts, etc.).

• The $20 million question…

• But are current analytical methods good enough in a value chain 
context – are we missing anything? Can we identify other, more 
appropriate methods?
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Current methods
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• We can identify a number of quantitative methods that can be used in a 
policy analysis/impact assessment setting:

– Cost-benefit/partial budget models (used in a few value chain studies e.g. Tchale & 
Keyser 2010)

– Partial equilibrium models (single-sector, multi-sector)

– General equilibrium models (including social accounting matrices and input-output 
models)

• How applicable are these in a value chain, particular given the complex 
interactions that exist between actors from production through 
consumption?



Partial equilibrium models vs value chains
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Chain impacts (economic gains, employment, service provision, gender, and hh nutrition)

Nodal impacts – direct and feedback effects, often with delays (market, institutional, strategic choice)

System impacts – contextual, environmental

Source: Dizyee, K., Baker, D., Rich, K. M., Fleming, E., & Burrow, H. (2016). Applying system dynamics to value chain 
analysis(No. 235242). Australian Agricultural and Resource Economics Society.



Research method: what is system dynamics?
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• What is Systems Dynamics?
A modelling approach that examines the dynamic interactions and feedback effects 
among different components (and sub-components) of a system, using integral calculus 
and differential equations represented through a graphical representation

• How does it work? 
Analyses a problem from a whole chain perspective (producers, intermediaries, 
consumers) to facilitate understanding of trade-offs (winners/losers – based on VC actor 
profit) under different intervention scenarios (new/improved production/technologies) 
and market diversification (new trade channels)

• What opportunities exist through integration?
Value creation from by-products through technology (leather: hides, bones, manure); 
environmental footprint through inclusion of GHG emissions and resource use along the 
chain (economic, consumer, ecological values); broader understanding of value beyond 
VC actor profit (jobs creation, multiplier effect)



Research method: research design & modelling 
process
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Problem 
identification 
& hypothesis

Policy 
design & 
analysis

Model 
formulation 
& validation

• Quantitative systems models (foresight 
modelling and what-if-scenarios)

• Available quantitative data and 
knowledge

• Participatory approaches to engage with 
stakeholder to gather qualitative 
knowledge and construct adaptive and 
resilient decision tools

Socio-economic impact of 
agricultural policy



Conceptual framework: Feedback loops
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Source: Dizyee, Kanar, Derek Baker, and Karl M. Rich. "A quantitative value chain analysis of policy options for the beef sector in 

Botswana." Agricultural Systems 156 (2017): 13-24.
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Botswana: beef value chain

Source: Dizyee, Kanar, Derek Baker, and Karl M. Rich. "A quantitative value chain analysis of policy options for the beef sector in 

Botswana." Agricultural Systems 156 (2017): 13-24.



Beef value chain in Botswana (Profit 
performance)

Source: Dizyee, Kanar, Derek Baker, and Karl M. Rich. "A quantitative value chain analysis of policy options for the beef sector in 

Botswana." Agricultural Systems 156 (2017): 13-24.

Run 1: Business as usual; Run 2: Market liberalization; Run 3: Business as usual + FMD 
freedom; Run 4: Market liberalization + FMD freedom.



Summary: What does SD provide us in value chain 
analysis?
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• Analysis at a finer resolution (from sector to level of chain actors)

• Ability to endogenize the role that governance and institutions 
play in value chains

• System context – incorporating the role of environmental and 
biophysical factors directly in the model

• A bridge to qualitative value chain analysis: SD can serve as an 
additional overlay to existing value chain maps and description



Thank you
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Supplementary slides
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