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2 Appendix B2 - Model Formulation21

Objective Function: min
xi

{
A =

∑
i

xi

}
22

23

Subject to:24

Production:25

Crop Res. Produced:
∑
i,t

xiXpBpit = Rp ∀p26

Food Produced:
∑
i,p,t

xiYjpBpit(1− Lj)Ej + laZja = Fj ∀j27

Non-Edible Produced
Fj

Ej
(1− Ej) = Qj ∀j28

Food for Pop.: Fj −
∑
a

fja − dj = hj ∀j29

Healthy Diet:30

Food Group Intake: G−
k ≤

∑
j

hjPjk ≤ G−
k ∀k31

Nutrient Intake:
∑
j

hjCzj ≥ Nz ∀z32

Feed Availability:33

Crop Residue:
∑
a

rpa ≤ Rp ∀p34

Edible Frac.:
∑
a

fja ≤ Fj ∀j35

Non-Edible Frac.:
∑
a

qja ≤ Qj ∀j36

Feed Requirements:37

DM Intake:
∑
p

rpaD
′

pS
′

pa+38

∑
j

(
fjaD

′′

j S
′′

ja + qjaD
′′′

j S
′′′

ja

)
≤ laMa ∀a39

Nutrient Intake: laV
−
ea ≤

∑
p

rpaD
′

pT
′

epaS
′

pa+40

∑
j

(
fjaD

′′

j T
′′

ejaS
′′

ja + qjaD
′′′

j T
′′′

ejaS
′′′

ja

)
≤ laV

+
ea ∀a41

xi, la, rpa, fja, qja, hj , dj ≥ 042

4344
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3 Appendix B3: Decision Sets45

Table 2: Set lists of crops (i), food products (j), food groups (k), human nutri-
ents (z), animal nutrients (e), and growing seasons (t) used in the LP model.
*Grass is included as a food product but has an edible fraction of 0.

p Crop j Food Product

1 maize 1 maize
2 sorghum 2 sorghum
3 cassava 3 cassava root

4 cassava leaves
4 sweet potato 5 sweet potato root

6 sweet potato leaves
5 plantain 7 plantain
6 mango 8 mango
7 banana 9 banana
8 papaya 10 papaya
9 beans 11 beans

10 pigeon pea 12 pigeon pea
11 soybeans 13 soybeans
12 sesame 14 sesame
13 groundnuts 15 groundnuts
14 tomato 16 tomato
15 cabbage 17 cabbage
16 onion 18 onion
17 pumpkin 19 pumpkin flesh

20 pumpkin seeds
21 pumpkin leaves

18 eggplant 22 eggplant
19 sugarcane 23 sugarcane stalks
20 grass 24 grass*

a Animal Type j Food Product

1 dairy cattle 25 beef
26 milk

3 beef cattle 25 beef
4 goats 27 goat meat
5 chicken 28 chicken meat

29 eggs

k Food Group

1 cereals
2 eggs
3 fruits
4 vegetables
5 meat
6 dairy
7 oils
8 legumes
9 tubers

z Human Nutrient

1 calories
2 proteins
3 Iron
4 vitamin A

e Animal Nutrient

1 metabolizable energy
2 crude protein
3 fibrous dry matter

t Growing Season

1 season 1 (Mar-May)
2 season 2 (Aug-Dec)

6



Table 3: Set list of cropping systems
(i) included in the LP model, with the
first crop grown in season 1 (Mar-May,
t = 1) and the second in season 2
(Aug-Dec, t = 2). *Grass is included
amongst the cropping systems as per-
manent grassland, with grass in both
seasons, but its harvested product has
en edible fraction of 0.

i Cropping system

1 maize - maize
2 maize - sorghum
3 maize - sweet potato
4 maize - potato
5 maize - beans
6 maize - pigeon pea
7 maize - soybeans
8 maize - sesame
9 maize - groundnuts

10 maize - tomato
11 maize - cabbage
12 maize - onion
13 maize - pumpkin
14 maize - eggplant
15 sorghum - sorghum
16 sorghum - sweet potato
17 sorghum - potato
18 sorghum - beans
19 sorghum - pigeon pea
20 sorghum - soybeans
21 sorghum - sesame
22 sorghum - groundnuts
23 sorghum - tomato
24 sorghum - cabbage
25 sorghum - onion
26 sorghum - pumpkin
27 sorghum - eggplant
28 sweet potato - sweet potato
29 sweet potato - potato
30 sweet potato - beans
31 sweet potato - pigeon pea
32 sweet potato - soybeans
33 sweet potato - sesame
34 sweet potato - groundnuts
35 sweet potato - tomato
36 sweet potato - cabbage

i Cropping system

37 sweet potato - onion
38 sweet potato - pumpkin
39 sweet potato - eggplant
40 beans - pigeon pea
41 beans - soybeans
42 beans - sesame
43 beans - groundnuts
44 beans - tomato
45 beans - cabbage
46 beans - onion
47 beans - pumpkin
48 beans - eggplant
49 pigeon pea - soybeans
50 pigeon pea - sesame
51 pigeon pea - groundnuts
52 pigeon pea - tomato
53 pigeon pea - cabbage
54 pigeon pea - onion
55 pigeon pea - pumpkin
56 pigeon pea - eggplant
57 soybeans - sesame
58 soybeans - groundnuts
59 soybeans - tomato
60 soybeans - cabbage
61 soybeans - onion
62 soybeans - pumpkin
63 soybeans - eggplant
64 groundnuts - groundnuts
65 groundnuts - tomato
66 groundnuts - cabbage
67 groundnuts - onion
68 groundnuts - pumpkin
69 groundnuts - eggplant
70 sugarcane - sugarcane
71 mango - mango
72 banana - banana
73 papaya - papaya
74 cassava - cassava
75 plantain - plantain
76 grass - grass*
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