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Appendix A. Expectation and variance of overall probability of detection g across multiple

independent areas or time periods. **Please note.: This is an older uncorrected version.

Let n be the number of areas (e.g., sites, detection classes, turbine sets) or time periods (e.g.,
seasons, years) for which detection probabilities may differ and for which data (counts, detection
probabilities, relative weights) are available. We estimate the total number of fatalities by
calculating a pooled overall detection probability as the weighted average of detection
probabilities over all sites and then applying Bayes’ formula to the collection of sites considered
as a single entity. The method for calculating a pooled g is described below.

Let G be a random variable for the conditional detection probability of a carcass that arrives at
site k and let EG), = g and VG, = 0.

Let Ay, = M, /M be a random variable for the proportion of the total carcasses landing in site i,
where M = ), M), and M ~Poisson(A;) are independent.

Then, let G be a random variable for the probability of detecting a carcass that arrives at one of
the sites during the study period. We have: G = ), Gy Ay =

Y. P(observe carcass|carcass arrives at site k)P (carcass arrives at site k)

Define g = EG = E[Y, Gy Ax] = X E[GrAi]. But E[GLA] = EG,-EAj because G, and A;;, are

independent. Define EGy, = gj and note that EA, = E[M, /M] = %" (1 + %) — cov(M,, M) /A?

(Mood et al. 1974). But M = My + M', where M" = ¥, M; and the M; are independent. Thus,



cov(My, M) = cov(My, My, + M") = cov(My, My,) + cov(My,M") = VM, + 0 = A;, so EA4;, =
%", which we'll define as a, or the expected proportion of carcasses landing at site .

Therefore, we have:

EG = z Gihi/A
The variance of G is given by

VG = V[ G Akl = VX GeM /M) = Y azo? + 1/1Y a, (g2 + 6) — g?/A (Mood et al.

1974), which can be shown in several steps. For n = 2, V[4;G; + A,G,] =V MG+ MeGe
M
2 2
= (ux/1y)? (Z—’Z( + :—’f - ZC:V—(;(M)), where X = M; G, + M,G, and the u and o2 terms represent
X M XH“M

the means and variances of their subscripted variables. The components of the expression are
calculated below.

l.uy =c4 =2

2.ux = Mg + 4292

3. 0% = V[M,G, + M,G,] = V[M,G,] + V[M,G,], since carcasses both arrive independently and
are observed independently at different sites, and V[M, G, ] = E*M; - Vg, + E*gy - VM, +
Vi ' VM = 1202 + gidy + i, fork=1,2,s0 V[X] = X 207 + X Ak (gi + o)

4. cov[X, M] = cov[M,G, + M,G,, M] = cov[M,G,, M; + M,] + cov[M,G,, M; + M,]

= cov[M, Gy, M;] + cov[M,G;, M;] + cov[M,G,, M,] + cov[M,G,, M,]. The middle two terms
are zero because the sites are independent. The first and last terms are calculated as

cov[M, Gy, My ] = E[G,M?] — E[M}G)E[M,] = EG,-EM? — EG,E*M,

= EG,(EMZ — E*My) = g Ay, s0 cov[X,M] = g1A; + gz 4s.

Combining the terms into the original expression gives:



2262 +2%0%+21(g2+02)+A5(g3+03) | A g1iA1+g22

~ 2 1%1 292 1\Y1 1 2\Y2 2 1711 2712

VG = (4191 + 2292/ ( 2 t 2 )
(A191+2292) A (9141+9242)2

A3024+2202+11 (9% +02)+1,(g3+0% 2 . .
12z 1(9/112 )*+A2(95+93) —gT, which can be rewritten as:

a,(gz + o) — g*
VGEZaIZCGIE-I_Z k(9k a K)— 9

By mathematical induction, the sums can be taken over k=1, ... , n.

The calculations are identical if we are considering » time periods instead of » areas.
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