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[bookmark: _Ref101439709]Table A1 Crops in the linear programming (LP) model of Arua with their corresponding harvested food products, harvest indices (HI, kg harvested DM/ kg aboveground DM) and edible fraction (g edible FM/g harvested FM). DM= Dry Matter and FM= Fresh Matter
	Crop
	Food Product
	Harvest Index (HI)
	Reference for HI
	Edible Fraction (FE)
	Reference for FE

	maize
	maize
	0.30
	Yang and Zhang (2010)
	1.00
	

	sorghum
	sorghum
	0.26
	Kaizzi et al. (2012)
	1.00
	

	rice
	rice
	0.25
	Yang and Zhang (2010)
	0.58
	Institut National de la Recherche Agronomique [INRAE] et al. (2020)

	cassava
	cassava root
	0.65
	Sagrilo et al. (2008)
	0.85
	Institut National de la Recherche Agronomique [INRAE] et al. (2020)

	
	cassava leaves
	0.01
	Sagrilo et al. (2008)
	1.00
	

	sweet potato
	sweet potato root
	0.33
	Mwololo et al. (2012)
	0.70
	Ojewumi et al. (2018)

	
	sweet potato leaves
	0.29
	van An (2004)
	1.00
	

	potato
	potato
	0.70
	Mazurczyk et al. (2009)
	0.74
	Institut National de la Recherche Agronomique [INRAE] et al. (2020)

	plantain
	plantain
	0.50
	Baiyeri (2002)
	0.63
	Assumed equal to FE banana

	mango
	mango
	0.50
	Cannell and Jackson (1985)
	0.55
	Institut National de la Recherche Agronomique [INRAE] et al. (2020)

	banana
	banana
	0.50
	Assumed equal to HI plantain
	0.63
	Soltani et al. (2011)

	papaya
	papaya
	0.50
	Assumed equal to HI mango
	0.78
	Salla et al. (2016)

	beans
	beans
	0.54
	Berrocal-Ibarra et al. (2002)
	1.00
	

	pigeon pea
	pigeon pea
	0.11
	Høgh-Jensen et al. (2007)
	1.00
	

	chickpeas
	chickpeas
	0.30
	Siddique et al. (1984)
	1.00
	

	soybeans
	soybeans
	0.30
	Krisnawati and Adie (2015)
	1.00
	

	sesame
	sesame
	0.24
	Paul et al. (2019)
	1.00
	

	groundnuts
	groundnuts
	0.25
	Mukhtar et al. (2013)
	0.74
	Zhao et al. (2012)

	tomato
	tomato
	0.50
	Zegbe et al. (2004)
	1.00
	

	cabbage
	cabbage
	0.70
	Duarte et al. (2019)
	1.00
	

	onion
	onion
	0.68
	Tsegaye et al. (2016)
	1.00
	

	pumpkin
	pumpkin flesh
	0.42
	Fandika et al. (2011)
	1.00
	

	
	pumpkin seeds
	0.05
	Norfezah et al. (2011)
	1.00
	

	
	pumpkin leaves
	0.27
	Assumed 50% of foliage DM
	1.00
	

	eggplant
	eggplant
	0.45
	Kobayashi et al. (1991)
	1.00
	

	sugarcane
	sugarcane stalks
	0.74
	Kapur et al. (2013)
	1.00
	

	grass
	grass
	1.00
	
	0.00
	



[bookmark: _Ref99976969]Appendix A2 – Animal yields

Milk & egg yields
Annual milk yield in Arua (Table 5, in main text) was estimated based on Balikowa (2011) and WUR experts. Annual egg yield was estimated by extrapolating three-monthly egg yields reported by households in LSMS data from 2011 to 2020 (Uganda Bureau of Statistics [UBoS], 2020) to yearly egg yield per hen. Egg yield at the district level was estimated as the median of all egg yields in Arua, which corresponded well with data from Mujyambere et al. (2022) (Table 5, in main text).  

Meat yields
Annualized meat yields (YMeat) from livestock were estimated for each animal type by multiplying their body weight (BW) by its dressing percentage (DP), and then dividing by the age in years at slaughtering (A) (Equation [1]). Body weights, dressing percentages, and age at slaughtering of different animal types were either obtained from literature or estimated by a WUR expert (Table A2). 

	
	[1] [bookmark: _Ref92190477]white text




[bookmark: _Ref101439912]Table A2 Production characteristics assumed for each livestock type in Arua, including the body weight at slaughter (BW), the age at slaughter (A), the dressing percentage (DP), and the daily weight gain (WG). Source: WUR expert, unless otherwise specified
	Animal Type
	BW
(kg)
	A
(years)
	WG 
(g/d)
	DP
(%)
	Reference for DP

	Dairy Cattle
	330
	6.0
	0
	0.499
	Assumed equal to beef cattle

	Beef Cattle
	220
	3.0
	200
	0.499
	Asizua et al. (2009)

	Goats
	27
	2.5
	50
	0.503
	Asizua et al. (2014)

	Chicken
	1.5
	1.5
	10
	0.710
	Magala et al. (2012)



[bookmark: _Ref92793381]Appendix A3 – Food aid ration

[bookmark: _Ref101440166]Table A3 Ration assumed to be received per refugee per month (United Nations Development Program [UNDP], 2018), and ration per refugee per day after correction for post-harvest losses (Table A4), with each food product’s nutritional value (Hotz et al., 2012)
	Food Product
	Monthly Ration 
(kg/month)
	Daily Ration 
(g/d)
	Calories
 
(kcal/d)
	Protein

(g/d)
	Iron

(mg/d)
	Vitamin A

(mcg RAE/d)

	maize
	12.0
	383
	1397
	36
	10
	0

	cooking oil
	0.9
	29
	254
	0
	0
	0

	beans
	2.4
	77
	261
	17
	4
	0

	corn-soy blenda
	1.5
	48
	182
	7
	4
	431

	a Consisting of 80% maize, 20% soy, and a vitamin supplement mix (World Food Programme [WFP], 2020)


Appendix A4 – Post-harvest losses
[bookmark: _Ref102988942]
Table A4 Loss fractions per food group in each supply chain step based on Porter et al. (2016) for fresh products in Sub-Saharan Africa. The losses assumed for food products produced in Arua (column 7) include losses during agricultural production, storage and handling, distribution, and consumption, while losses assumed for food aid (column 8) include only distribution and consumption. Loss fractions for sweeteners were not reported in (Porter et al., 2016), and were assumed equal to losses for roots and tubers    
	
	Loss in each supply chain step
	
	

	Food Group
	Agricultural Production
	Storage & Handling
	Processing
	Distribution
	Consumption
	Loss for Local Food Production
	Loss for Food Aid

	cereals
	0.07
	0.09
	0.15
	0.02
	0.01
	0.19
	0.03

	eggs
	0.08
	0.08
	0.00
	0.03
	0.01
	0.20
	0.04

	fruits
	0.13
	0.18
	0.25
	0.34
	0.05
	0.70
	0.39

	vegetables
	0.13
	0.18
	0.25
	0.34
	0.05
	0.70
	0.39

	meat
	0.10
	0.01
	0.05
	0.07
	0.02
	0.20
	0.09

	dairy
	0.06
	0.08
	0.02
	0.10
	0.00
	0.24
	0.10

	oils
	0.12
	0.08
	0.08
	0.02
	0.01
	0.23
	0.03

	legumes
	0.12
	0.08
	0.08
	0.02
	0.01
	0.23
	0.03

	tubers
	0.14
	0.17
	0.15
	0.05
	0.02
	0.38
	0.07

	sweeteners
	0.14
	0.17
	0.15
	0.05
	0.02
	0.38
	0.07



Appendix A5 – Animal feed requirements

Dry matter and fibre
The minimum yearly dry matter intake per animal (DMmin, Table 3 in main text) of the ruminant livestock types (dairy cattle, beef cattle, and goats) was based on a function of their body weight at slaughter (BW, Table A2) using Equation [2]. To simulate an adequate fibre intake, a minimum was set of 60% of DM intake which must be supplied by fibre rich sources such as grass,crop residues, leaves, and non-edible food fractions (peels and husks). The minimum yearly DM and fibre intake for chicken was estimated based on van Eekeren et al. (2006). The maximum DM intakes and fibre sourced DM intakes were set at 10% above the minimum intakes.  

	
	
	[2] [bookmark: _Ref92199704]white text


Metabolizable energy
The minimum yearly intake of metabolizable energy per animal (MEmin, Table 3 in main text) is based on the BW and the daily or yearly production using Equation [3] for dairy cattle and Equation [4] for beef cattle and goats. To convert the milk yield (in litres) into a milk yield (YMilk in kg) a milk density constant of 1.03 L milk/kg milk was used (Jones, 2002). The constants c1 and c2 were estimated by a WUR expert (Table A5). The MEmin for chicken was estimated based on van Eekeren et al. (2006). The maximum ME intakes were set at 10% above the minimum intakes.
	Dairy Cattle:
	
	[3] [bookmark: _Ref92200575]white text

	Beef Cattle & Goats:
	
	[4] [bookmark: _Ref92200606]white text



Crude protein
Minimum yearly crude protein intake per animal (CPmin, Table 3) was estimated for ruminants through equations [5] and [6]. Both equations and the constants c3 and c4 were estimated by a WUR expert (Table A5). The CPmin for chicken was estimated based on van Eekeren et al. (2006). The maximum CP intakes were set at 10% above the minimum intakes.  
	Dairy Cattle:
	
	[5] [bookmark: _Ref92201564]white text

	Beef Cattle & Goats:
	
	[6] [bookmark: _Ref92201576]white text




[bookmark: _Ref101440073]Table A5 Constants c1 (MjME/kg BW/d), c2, c3 (kg CP/d), and c4 assumed to calculate minimum intakes of dry matter, metabolizable energy (ME), and crude protein (CP) for ruminant livestock types. BW=body weight, WG= Weight Gain, y=year, d=day. Source: WUR expert
	Livestock Type
	c1
	c2
	Unit of c2
	c3
	c4
	Unit of c4

	Dairy cattle
	0.10
	5.300
	MjME/L milk/y
	1.20
	0.060
	kg CP/L milk/y

	Beef cattle
	0.10
	0.025
	MjME/g WG/d
	0.70
	0.001
	kg CP /g WG/d

	Goats
	0.16
	0.060
	MjME/g WG/d
	0.12
	0.001
	kg CP /g WG/d
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