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DYNAMIC MULTI-METHOD OCCUPANCY MODEL

To determine the local occupancy status of the raccoon variant of the rabies virus (RABV)
within our study area, we sampled raccoons from a variety of surveillance methods. The es-
timated occupancy in grid cell i and at time period t is denoted by ψi t . The true occupancy
status (zi t ) is an unknown latent variable that is informed by the surveillance data. If any rac-
coons in a site at a time are found to be positive for RABV then the site is occupied (zi t = 1).
If no surveillance method detects RABV presence then zi t might be 1 and we failed to detect
RABV, or it could mean that the site was unoccupied with RABV and zi t = 0.

When the site is occupied (zi t = 1), the probability of detecting RABV (p) can be calculated
for each surveillance method ( j ). Therefore, the number of RABV-positive raccoons sampled
(yi t j ) is a function of the total number of raccoons sampled at that site, time, and method
(ni t j ), and the detection probability by method (p j ).

The initial occupancy (ψi 1) is estimated from an uninformed prior. All subsequent occu-
pancy estimates are conditioned on the previous time steps and the transition parameters of
extinction (ϵi t ) and colonization (γi t ). We modeled extinction with an uninformed prior. We
modeled colonization with covariates we expected may influence either raccoon densities or
RABV occurrence.

The full model spec is shown below, as well as the joint distribution and conditional distribu-
tions used to code the Markov Chain Monte Carlo (MCMC).
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yi j t =


0 , zi t = 0 i = 1, ..., N (grid cell)

j = 1, ..., J (surveillance method)

Bi n(p j ,ni j t ) , zi t = 1 t = 1, ...,T (time period)

p j ∼ Bet a(αp ,βp )

zi 1 ∼ Ber n(ψi 1) ψi 1 ∼ Bet a(1,1)

zi t |zi t−1 ∼ Ber n(ψi t )

ψi t = (1−ϵi ,t−1)zi ,t−1 +γi t−1(1− zi t−1)

ϵi t ∼ Bet a(αϵ,βϵ)

l og i t (γi t ) = Xγβγ

βγ ∼ Nor m(0,1)

JOINT DISTRIBUTION

[z ,ψ,ϵ,βγ, p|y, n, Xγ] ∝
N∏

i=1

T∏
t=1

J∏
j=1

(
[yi j t ,ni j t |p j ]zi t 1(1−zi t )[zi t |zi t−1]

)
[ψi 1][ϵ][βγ][p j ]
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CONDITIONAL DISTRIBUTIONS

[ψi 1|•] ∝
N∏

i=1
[zi 1|ψi 1][ψi 1]

∼ Bet a

(
N∑

i=1
zi 1 +1,

N∑
i=1

(1− zi 1)+1

)

for zi ,t−1 = 1 [ϵ|•] ∝
N∏

i=1

T∏
t=1

[zi t |zi ,t−1][ϵ]

∼ Bet a

(
N∑

i=1

T∑
t=1

zi t +1,
N∑

i=1

T∑
t=1

(1− zi t )+1

)

for zi ,t−1 = 0 [βγ|•] ∝
N∏

i=1

T∏
t=1

[zi t |zi ,t−1][βγ]

Metropolis-Hastings

M Hr ati o =


N∏

i=1

T∏
t=1

Ber n(Xβγ
∗|zi t )

N∏
i=1

T∏
t=1

Ber n(Xβγ|zi t )

×
(

Nor m(βγ
∗,0,1)

Nor m(βγ,0,1)

)

for yi j t = 0 [zi t |•] ∝
J∏

j=1

(
[yi t ,ni t |p j ]zi t 1(1−zi t )) [zi t |zi t−1, zi t+1]

∼ Ber n


J∏

j=1
(1−p j )ψ∗

i t

J∏
j=1

(1−p j )ψ∗
i t + (1−ψ∗

i t )


ψ∗ is dependent on the status of zt−1 and zt+1 described in the conditions below

[ψ∗
1,1] = (1−ϵt−1)(1−ϵt )

(1−ϵt−1)(1−ϵt )+ϵt−1γt

[ψ∗
1,0] = (1−ϵt−1)ϵt

(1−ϵt−1)ϵt +ϵt−1(1−γt )

[ψ∗
0,1] = γt−1(1−ϵt )

γt−1(1−ϵt )+ (1−γt−1)γt

[ψ∗
0,0] = γt−1ϵt

γt−1ϵt + (1−γt−1)(1−γt )
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