Supply Chain Model Description for Supplemental Materials

The supply model is modified based on a commodity supply chain model discussed at length in Sterman (2000).  The model’s key assumptions are:
· Farms, wholesalers, retailers and consumers are the key decision makers.
· Farms, wholesalers, retailers and consumers each are aggregations of multiple actors, e.g., production occurs on numerous farms that do not (directly) coordinate their production.  Similar assumptions apply to wholesalers, retailers and consumers.  Thus, this is an aggregated supply chain, not one for a particular retailer and decisions are not coordinated in advance (as in some manufacturing supply chains).
· The key stock to be managed is inventory of product at the farm, wholesale and retail levels.  
· Inventory is sold to customers (e.g., wholesalers ship product to retailers) and replenished from suppliers (e.g., farms supply to wholesalers).
· Inventory coverage (the number of weeks of inventory available given current rates of sales and spoilage) affects prices for farms, wholesalers and retailers.  If inventories are higher than the desired number of weeks, price is reduced.  If inventories are less than the desired number of weeks, prices are increased.  This assumes price-setting ability is equal among the actors in the supply chain.
· A proportion of inventory is assumed as “loss” due to spoilage at the farm, wholesale and retail levels.  No allowance is made for loss during use by consumers.
· The price received by the supplier is the same as the cost paid by the buyer, e.g., the price paid to farmers is the cost to wholesalers.
· Profits drive production decisions for farms and ordering decisions for wholesalers and retailers.  Each actor expands activities when expected profits (a smoothing of previous values of current profits) are higher than an initial (reference) level and decreases activities when profits are lower than the initial level.
· Profits for farms, wholesalers and retailers equal revenues less costs.  Revenues equal sales time selling price.  Costs equal (constant) other costs per unit acquired plus the price paid to the supplier.  Note that:  there are no economies of scale (lower other costs per unit) assumed for larger volumes and the quantity sold is less than the quantity purchased due to spoilage of product in inventory.
· There are time delays between planting and harvest for farmers, and between the placement and receipt of quantities ordered by wholesalers and suppliers.  These delays are represented by the “supply lines” for each actor.
· Consumer decisions about the quantity to purchase depend on expected prices (a smooth of previously-observed prices), current income and current knowledge about the healthfulness of vegetables.  The impacts of each are modeled as “constant elasticity” (nonlinear) functions of these variable relative to an initial (reference) value.
· Interventions include changing yields, spoilage rates for each actor and consumer knowledge.  Interventions are assumed to have no cost and are implemented instantaneously.
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Figure S1.  Detailed Quantitative Model Structure for Retailers and Consumers


[image: ]
Figure S2.  Detailed Quantitative Model Structure for Wholesalers
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Figure S3.  Detailed Quantitative Model Structure for Farmers 

Vensim Model Equations

	Variable or Parameter
	Value or Equation
	Units of Measure
	Comment

	Proportional Change in Income
	0
	Dmnl
	Input to test income intervention

	Income Elasticity
	1
	Dmnl
	% in consumption/% in income

	Demand from Consumers
	Base Demand from Consumers*Impact of Prices on Demand*(1+STEP(Proportional Change in Income,10)^Income Elasticity)*(1+STEP(Impact of Behavior Change Communication on Consumption-1,10))
	kg/Week
	Quantity Demanded

	Base Demand from Consumers
	320
	kg/Week
	Initial Demand

	Effort at Behavior Change Communication
	0
	Dmnl
	Increase in effort at BCC

	Change in Exp Retail Price
	(Retail Price-Expected Retail Price)/Retail Price AT
	$/kg/Week
	

	Smooth of Retail Price
	
	
	

	Expected Retail Price
	INTEG (Change in Exp Retail Price,75)
	$/kg
	Consumer expectation of future price

	Impact of Behavior Change Communication on Consumption
	(1+Effort at Behavior Change Communication)^Sensitivity of Consumption to Behavior Change Communication
	Dmnl
	Effect of BCC Efforts on Consumption

	Impact of Prices on Demand
	(Expected Retail Price/Reference Price to Retailer)^Price Elasticity of Demand
	Dmnl
	Effect of Prices on Quantity Demanded

	Price Elasticity of Demand
	-1.5
	Dmnl
	% in consumption/% in retail price

	Sales to Retailer
	MIN(Wholesale Inventory/MRT Wholesaler, Orders Placed by Retailers)
	kg/Week
	Sales from Wholesaler to Retailer

	Sensitivity of Consumption to Behavior Change Communication
	0.1
	Dmnl
	% in consumption/% in BCC

	Retail Price AT
	4
	Week
	Time constant for adjustment of retail price expectations

	Reference Price to Retailer
	75
	$/kg
	Initial price paid by consumers to retailer

	Expected Retail Profits
	INTEG (Change in ERP,75*320-50*400)
	$/Week
	Profit expectations by retailers; smooth of actual profits

	Base Retail Spoilage Rate
	0.2
	1/Week
	Proportion of retail inventory spoiling in 1 week

	Impact of Profit on Orders by Retailers
	(Expected Retail Profits/Reference Retail Profits)^Retail Sensitivity Orders to Profits
	Dmnl
	% in retail orders/% in retail profit

	Retail Acquisition Costs Per Unit
	Wholesale Price + Other Retail Unit Costs
	$/kg
	Costs per unit for retailer

	Change in ERP
	(Retail Profits-Expected Retail Profits)/Retail Expectation AT
	$/Week/Week
	Change in retail profits per week

	Retail Current Inventory Coverage
	Retail Inventory/Retail Current Loss Rate
	Week
	Number of weeks of inventory at current loss rates

	Retail Current Loss Rate
	Sales to Consumers + Spoilage of Retail Product
	kg/Week
	Product leaving retail inventory as sales or losses

	Delivery Time from Wholesaler
	0.5
	Week
	Time required to receive product from wholesaler

	Retail Profits Expectation AT
	4
	Week
	Time constant for adjustment of retail profits expectations

	Retail Inventory
	INTEG (Retail Delivery-Sales to Consumers-Spoilage of Retail Product, 400)
	kg
	Inventory of product at the retail level

	Sensitivity of Retail Price to Inventory Coverage
	-1.5
	Dmnl
	% in retail price/% in retail inventory coverage

	Retail Price
	Reference Price to Retailer*(Retail Current Inventory Coverage/Retail Desired Inventory Coverage)^Sensitivity of Retail Price to Inventory Coverage
	$/kg
	Retail price of product

	Retail Profits
	Retail Revenues-Retail Acquisition Costs
	$/Week
	Profits for retailers

	Retail Revenues
	Retail Price*Sales to Consumers
	$/Week
	Revenues for retailers

	Retail Sensitivity Orders to Profits
	0.05
	Dmnl
	% in retail orders/% in profits

	Retail Supply Line
	INTEG (Retail Order from Wholesaler-Retail Delivery, 400)
	kg
	Product in shipment to retailers from wholesalers 

	Sales to Consumers
	MIN(Retail Inventory/MRT Retailer, Demand from Consumers)
	kg/Week
	Product sold to consumers, objective of interventions

	MRT Retailer
	0.5
	Week
	Minimum possible time in retailer inventory

	Sales to Wholesaler
	MIN(Farm Inventory/MRT Farm, Orders Placed by Wholesaler)
	kg/Week
	Sales from farm to wholesaler

	Reference Orders by Retailer
	400
	kg/Week
	Base orders by retailer to wholesaler

	Orders Placed by Retailers
	Reference Orders by Retailer*Impact of Profit on Orders by Retailers
	kg/Week
	Orders from retailer to wholesaler

	Retail Desired Inventory Coverage
	1
	Week
	Weeks of inventory desired by retailer

	Other Retail Unit Costs
	25
	$/kg
	Other retailer costs of product per unit

	Retail Order from Wholesaler
	Sales to Retailer
	kg/Week
	Amount ordered by retailer from wholesaler

	Reference Retail Profits
	75*320-50*400
	$/Week
	Initial retailer profits

	Spoilage of Retail Product
	Retail Inventory*Proportional Retail Spoilage Rate per Week
	kg/Week
	Quantity of product lost each week from retail inventory

	Wholesale Order to Farm
	Sales to Wholesaler
	kg/Week
	Orders to farm from wholesaler

	Retail Acquisition Costs
	Retail Delivery*Retail Acquisition Costs Per Unit
	$/Week
	Costs to retailer for product from wholesaler

	Retail Delivery
	DELAY FIXED(Retail Order from Wholesaler , Delivery Time from Wholesaler , Retail Order from Wholesaler)
	kg/Week
	Amount delivered to Retailer after delivery delay from wholesaler

	STEP Change in Retail Spoilage Rate
	0
	1/Week
	Change in spoilage rate at retail to test interventions

	Proportional Retail Spoilage Rate per Week
	Base Retail Spoilage Rate + STEP(STEP Change in Retail Spoilage Rate,10)
	1/Week
	Spoilage rate per week at retail as a proportion of inventory including intervention effects

	Base Farm Spoilage Rate
	0.2
	1/Week
	Initial proportional farm loss rate

	Base Farm Yields
	62.5
	kg/(ha*Week)
	Initial farm yields, kg/ha

	Base Wholesale Spoilage Rate
	0.2
	1/Week
	Initial proportional wholesale loss rate

	Change in EFP
	(Farm Profits-Expected Farm Profits)/Farm Expectation AT
	$/Week/Week
	Change rate for expected farm profits

	Change in EWP
	(Wholesale Profits-Expected Wholesale Profits)/Wholesale Expectation AT
	$/Week/Week
	Change in expected wholesale profits

	Delivery Time from Farmer
	1
	Week
	Time required for delivery from farm to wholesaler

	Desired Farm Inventory Coverage
	1
	Week
	Weeks of inventory desired by farm

	Expected Farm Profits
	INTEG (Change in EFP, 5000-5*625)
	$/Week
	Expected farm profits

	Expected Wholesale Profits INTEG (
	Change in EWP, 25*400-15*500)
	$/Week
	Expected wholesaler profits

	Farm Current Inventory Coverage
	Farm Inventory/Farm Current Loss Rate
	Week
	Number of weeks of inventory at current loss rates

	Farm Current Loss Rate
	Sales to Wholesaler + Spoilage of Farm Product
	kg/Week
	Product leaving retail inventory as sales or losses

	Farm Profits Expectation AT
	4
	Week
	Time constant for adjustment of farm profits expectations

	Farm Inventory
	INTEG (Harvested by Farmer-Sales to Wholesaler-Spoilage of Farm Product, 625)
	kg
	Inventory of product on farm

	Farm Price
	Reference Price to Farmer*(Farm Current Inventory Coverage/Desired Farm Inventory Coverage)^Sensitivity of Farm Price to Inventory Coverage
	$/kg
	Price paid to farmer by wholesaler

	Farm Production Costs
	Harvested by Farmer*Production Costs Per Unit Harvested
	$/Week
	Total costs of production for the farm

	Farm Profits
	Farm Revenues-Farm Production Costs
	$/Week
	Farm profits equal revenues less costs

	Farm Revenues
	Farm Price*Sales to Wholesaler
	$/Week
	Farm revenues are sales times farm price

	Farm Supply Line 
	INTEG (Planting by Farmer-Harvested by Farmer, 625)
	kg
	Planted crops not yet harvested

	Growth to Harvest Time
	12
	Week
	Time required for crop production

	Harvested by Farmer
	DELAY FIXED(Planting by Farmer , Growth to Harvest Time , Planting by Farmer )
	kg/Week
	Amount harvested by farmer after time required for production

	Impact of Profit on Land Area Planted
	(Expected Farm Profits/Reference Farm Profits)^Sensitivity of Land Planted to Profit
	Dmnl
	Impact of profits on land area to be planted

	Impact of Profit on Orders by Wholesaler
	(Expected Wholesale Profits/Reference Wholesale Profits)^Wholesale Sensitivity Orders to Profits
	Dmnl
	Impact of profits on orders to farmer

	Land Area Planted by Farmer
	Reference Land Area Planted by Farmer*Impact of Profit on Land Area Planted
	ha
	Land area planted to crop

	MRT Farm=
	0.5
	Week
	Minimum possible time in farm inventory

	MRT Wholesaler
	0.5
	Week
	Minimum possible time in wholesale inventory

	Orders Placed by Wholesaler=
	Reference Orders by Wholesaler*Impact of Profit on Orders by Wholesaler
	kg/Week
	Quantity ordered by wholesalers from farmers

	Other Wholesale Unit Costs
	5
	$/kg
	Other wholesaler costs of product per unit

	Planting by Farmer
	Land Area Planted by Farmer*Yield Per Acre
	kg/Week
	Quantity of crop planted

	Production Costs Per Unit Harvested
	5
	$/kg
	Costs of production per kg crop

	Proportional Farm Spoilage Rate per Week
	Base Farm Spoilage Rate + STEP(STEP Change in Farm Spoilage Rate,10)
	1/Week
	Spoilage rate per week at the farm as a proportion of inventory including intervention effects

	Proportional Wholesale Spoilage Rate per Week 
	Base Wholesale Spoilage Rate + STEP(STEP Change in Wholesale Spoilage Rate,10)
	1/Week
	Spoilage rate per week at wholesaler as a proportion of inventory including intervention effects

	Reference Farm Profits
	5000-5*625
	$/Week
	Initial level of farm profits

	Reference Land Area Planted by Farmer
	10
	ha
	Initial amount of land planted

	Reference Orders by Wholesaler
	500
	kg/Week
	Initial orders from wholesaler to farm

	Reference Price to Farmer
	10
	$/kg
	Initial farm price per kg

	Reference Price to Wholesaler
	25
	$/kg
	Initial wholesale price per k

	Reference Wholesale Profits
	25*400-15*500
	$/Week
	Initial wholesale profits

	Sensitivity of Farm Price to Inventory Coverage
	-1.5
	Dmnl
	% in farm price/% in farm inventory coverage

	Sensitivity of Land Planted to Profit
	0.05
	Dmnl
	% in planting/% in profits

	Sensitivity of Wholesale Price to Inventory Coverage
	-1.5
	Dmnl
	% in farm price/% in wholesale inventory coverage

	Spoilage of Farm Product
	Farm Inventory*Proportional Farm Spoilage Rate per Week
	kg/Week
	Quantity of product lost each week from farm inventory

	Spoilage of Wholesale Product
	Wholesale Inventory*Proportional Wholesale Spoilage Rate per Week
	kg/Week
	Quantity of product lost each week from wholesale inventory

	STEP Change in Farm Spoilage Rate
	0
	1/Week
	Change in farm spoilage due to intervention

	STEP Change in Farm Yields
	0
	Dmnl
	Proportional change in farm yield due to intervention

	STEP Change in Wholesale Spoilage Rate
	0
	1/Week
	Change in wholesale spoilage due to intervention

	Wholesale Acquisition Costs Per Unit
	Farm Price + Other Wholesale Unit Costs
	$/kg
	Costs for product at wholesale

	Wholesale Acquisition Costs
	Wholesale Delivery*Wholesale Acquisition Costs Per Unit
	$/Week
	Total costs of product at wholesaler

	Wholesale Current Inventory Coverage
	Wholesale Inventory/Wholesale Current Loss Rate
	Week
	Number of weeks of inventory at current loss rates

	Wholesale Current Loss Rate
	Sales to Retailer + Spoilage of Wholesale Product
	kg/Week
	Product leaving wholesale inventory as sales or losses

	Wholesale Delivery
	DELAY FIXED(Wholesale Order to Farm , Delivery Time from Farmer , Wholesale Order to Farm)
	kg/Week
	Amount delivered to wholesaler after delivery delay from farm

	Wholesale Desired Inventory Coverage
	1
	Week
	Weeks of inventory desired by the wholesaler

	Wholesale Profits Expectation AT
	4
	Week
	Time constant for adjustment of farm profits expectations

	Wholesale Inventory INTEG (Wholesale Delivery-Sales to Retailer-Spoliage of Wholesale Product, 500)
	kg
	Inventory of product at wholesaler
	

	Wholesale Price
	Reference Price to Wholesaler*(Wholesale Current Inventory Coverage/Wholesale Desired Inventory Coverage)^Sensitivity of Wholesale Price to Inventory Coverage
	$/kg
	Price per unit at wholesale

	Wholesale Profits
	Wholesale Revenues-Wholesale Acquisition Costs
	$/Week
	Wholesale profits equal revenues less costs

	Wholesale Revenues
	Wholesale Price*Sales to Retailer
	$/Week
	Wholesale revenues are sales times wholesale price

	Wholesale Sensitivity Orders to Profits
	0.05
	Dmnl
	% in wholesale orders/% in wholesale profits

	Wholesale Supply Line
	INTEG (Wholesale Order to Farm-Wholesale Delivery,500)
	kg
	Quantity in wholesale supply line

	Yield Per Acre
	Base Farm Yields*(1+STEP(STEP Change in Farm Yields, 10))
	kg/ha/Week
	Crop yield per acre



Simulation Control Parameters

	FINAL TIME 
	100
	Week
	The final time for the simulation.

	INITIAL TIME
	0
	Week
	The initial time for the simulation.

	TIME STEP
	0.125
	Week
	The time step for the simulation.
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