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The Ross-Macdonald model describes the proportion of humans infected (i) and the proportion of15

mosquitoes infected (z) over time:16

dz

dt
= aci(1 − z) − gz (1)

di

dt
= mabz(1 − i) − ri, (2)

where 1−z and 1−i describe the proportion of susceptible mosquitoes and susceptible humans respectively.17

We modified the Ross-Macdonald model [1] to account for the change in the number of humans18

infected (instead of the proportion), leading to the following set of equations:19

dz

dt
= ac

I

N
(1 − z) − gz (3)

dI

dt
= mabz(N − I) − rI, (4)
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where N is the total size of the human population of interest, and I is the number of humans infected20

with malaria. Thus, N − I represents the number of humans who are susceptible.21

The parameter a is the rate mosquitoes bite humans, c is the probability a mosquito becomes infected22

given that the mosquito has bitten an infected human, b is the probability a susceptible human being was23

infected given a mosquito bite from an infected mosquito, g is the mosquito death rate, m is the ratio24

of the abundance of mosquitoes to humans and r is the recovery rate of infected humans. In this model25

there is no immunity after infection. Because the model without human demography is asymptotically26

equivalent to the model with demography, and because we are interested in equilibrium behavior, we27

omitted human births and deaths for simplicity.28

We have incorporated two modifications to the original model. First, given the high mortality rate29

of mosquitoes, many may not survive to become infectious; hence we replaced (1 − z) with e−gn − z [2],30

where n is the extrinsic incubation period.31

Second, we incorporated immigration and emigration between all Q patches resulting in the following

system of 3 ×Q equations:

dzi
dt

= aici
Ii
Ni

(e−gini − zi) − gizi (5)

dIi
dt

= miaibizi(Ni − Ii) − riIi − Ii

Q∑
j 6=i

kji +

Q∑
j 6=i

kijIj (6)

dNi

dt
= −Ni

Q∑
j 6=i

kji +

Q∑
j 6=i

kijNj (7)

Under the assumptions specified in the main manuscript, our model simplifies to:

dzi
dt

= ac
Ii
N

(e−gn − zi) − gzi

dIi
dt

= miabzi(N − Ii) − rIi − Ii

Q∑
j 6=i

k +

Q∑
j 6=i

kIj (8)
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