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Table S.-1: PARAMETRIZATION PROCEDURES FOR THE SD MODEL (PARTICIPATORY SYSTEM MAPPING AFTER LOPEZ AND VIDEIRA, 2015)
1. Overview- aim and principles

· Aim: assign numeric values, functional forms, and plausible ranges to every model stock, flow, auxiliary, and exogenous input so that the model behaves realistically for 2020 dash 2030 and supports scenario testing.

· Principles: Prefer observational data where available; otherwise use published literature expert elicitation or calibrated assumptions.

2. Step by step workflow

Step A – Inventory parameters

a. Export a complete parameter list from the model: name, role [stock/ flow/ aux/ exogenous], equation, unit, and the default value [if any]. 

b. Group parameters by subsystem: population/agriculture/ transport and energy/ policy.

Step B – Data sourcing

a. Primary data sources: National Statistics [Destatis for Germany], FAO/ Eurostat for agriculture, IEA for energy, transport ministries for logistics metrics. 

b. Secondary sources: Peer reviewed literature, technical reports, market indices, stakeholder reports/ responses. 

c. For parameters without data: expert elicitation/ assumptions were relied upon. 

Step C – Pre-processing

a. Convert all data into consistent units

b. Align time bases [convert monthly to annual as model uses yearly steps]

c. Fill missing data using interpolation seasonal adjustment, or expert elicitation

Step D – Structural mapping 

a. Model its empirical value to the model variable it contains

b. If a parameter is part of an equation, identify observables that can be used to estimate it

Step E – Calibration  

a. Choose parameter values within plausible bounds so that the model output matches the historical time series.

b. Methods used where iterative parameter tuning guided by visual fit and key metric differences.

Step F – Sensitivity and uncertainty analysis

a. Change one parameter at a time bye ±X% to see immediate effect on key outputs [example: population, food price, fuel price etc.]

Step G – Validation and credibility tests

The validation of the model was based on the lines of Barlas (1994), the model was tested for: 

a. Structural validation: confirm stock and flow balances, and unit consistency.

b. Behavioral validation: check that model reproduces historical trends and key behaviors [example: population spike during refugee influx, import shifts during war.]

c. Extreme conditions test: run extreme but plausible inputs [example prolonged war until 2030] to ensure model is numerically stable and behaves sensibly.

d. Policy/ face validation: present model outputs to domain experts and record feedback and acceptance.

e. Cross validation: wherever possible, validate against independent data sets.

Table S.-2: MODEL ASSUMPTIONS FOR SD (2020-2030)

	Subsystem
	Variable / Factor
	Assumption Statement
	Rationale

	Population dynamics
	Population segmentation
	Population divided into three groups: less than 18, 18-65, and greater than 65 years
	Allows tracking of dependency ratios and labor availability.

	
	Birth and death rates
	Birth and death rates remains stable, with minor deviations.
	Provides model stability and isolates effects of war and migration.

	
	Immigration
	Immigration rate increases significantly during war.
	Reflects influx of refugees from war affected regions.

	
	Emigration
	There is a slight increase in emigration due to economic and social stress.
	Captures secondary migration outflows due to instability and high prices.

	
	War Duration
	War duration is defined as an exogenous variable [example: 2022 dash 2028]
	Enables scenario testing [short vs. Prolonged war]

	
	Urbanization
	Urbanization rate rises with population growth.
	Represents expansion of cities and residential land demand.

	
	Arable Land
	Agricultural land decreases proportionally with urbanization
	Captures trade off between habitation and cultivation space.

	Macroeconomic dynamics
	Food demand
	Food demand increases with total population.
	Population growth drives domestic consumption.

	
	Food categories
	Key commodities modeled for are winter wheat, dairy and meat
	Simplifies model while covering major nutritional sources.

	
	Food imports
	Imports from Ukraine/ Russia declined during war: compensated by higher cost imports elsewhere
	Reflects disruption in traditional supply chains.

	
	Food prices
	Food price index rises with increased production costs and imports dependency.
	Links cost dynamics to market instability

	
	Yield decline
	Successive cultivation cycles reduce yield due to soil nutrient depletion.
	Capture sustainability challenge in intensified farming.

	
	Labor availability
	Labor shortages in agriculture increase production cost.
	Reflects demographic and migration related workforce shifts

	
	Energy and fertilizer prices
	Rising prices increase cost of production and affect food prices.
	Connects macroeconomic shocks to system behavior.

	Transportation and energy dynamics
	Transportation demand 
	Transportation demand increases with population and food movement.
	More people and dispersed supply chains increase logistics requirements.

	
	Energy demand
	Total energy demand grows with population and industrialization.
	Capacitors rising dependence on energy intensive processes.

	
	Transportation costs
	Transport costs increase with higher fuel and energy prices.
	Models feedback loop between energy markets and food logistics.

	
	Renewable energy adoption
	Reflects realistic energy transition pace.
	Reflects realistic energy transition pace.

	
	EV adoption
	EV adoption in logistics remains modest due to cost and technology limits.
	Accounts for early-stage adoption barriers.

	
	Energy prices
	Energy price index is influenced by geopolitical stability and fossil fuel dependence.
	Represents war induced market volatility.

	
	Carbon emissions
	Increase transportation distance and fossil fuel use raise emissions
	Ads environmental feedback into system behavior.

	System wide assumptions
	Simulation horizon
	Model runs annually from 2020- 2030.
	Provides decadal forecast for scenario testing.

	
	Feedback loops
	All subsystems interact dynamically.
	Capture system wide interdependence.

	
	Policy interventions
	No new major policy is introduced unless scenario based.
	Focus this model on structural and behavioral dynamics.

	
	Technological growth
	Technological improvements occur gradually and linearly.
	Simplifies complex innovation patterns. 


Tables in the supporting information with more than 50 numerical data points (e.g., data tables with 5 columns and 10 rows) should be provided in a numerical format (e.g., comma-separated value files or a spreadsheet). For a template for spreadsheets used as supporting information, please visit http://jie.click/templates.
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