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Appendix 1. Specification of the conditional Poisson-Binomial model with cell

indices age-category, gender and region

Zijk|µijk ∼
indep

Poisson (µijk)

log(µijk) = log(Eijk) + a + b ·X(µ)
ijk + eijk

where eijk ∼
indep

Normal
(
0, σ2

e

)
Yijk|Zijk, pijk ∼

indep

Binomial (Zijk , pijk)

logit(pijk) = α + β ·X(p)
ijk + εijk

where εijk ∼
indep

Normal
(
0, σ2

ε

)
for i = 1..I , j = 1..J , k = 1..K

cell indices are:

i-th age with categories ”0-34” , ”35-64” , ”65-x”

j-th gender, with categories ”Male” , ”Female”

k-th region, with categories of the 174 statistical sub-regions of Hungary

Zijk, Yijk are the observed incidences,

Eijk is the age-gender standardised expected incidence,

a, b, σ2
ε , α, β, σ

2
e are unknown parameters,

X(µ), X(p) are known explanatory variables.
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Appendix 2. An example of artificial data by simulation scheme of two independent

halvings

Zi ∼indep
Poisson (µi)

for i = 1, .., 174 sub-regions

µi = Ei · bi where Ei = 0.006 ·Ni

Ni is the population of sub-region i

bi =

 0.9 in the upper − half

1 in the lower − half

D1+D2 is a realisation of Z

Y
(1)
i ∼indep

Poisson
(
µ
(1)
i

)
for i = 1, .., 174 sub-regions,

µ
(1)
i = βi · µi where µi

βi =

 0.4 in the right − half

0.45 in the left − half

D1 is a realisation of Y (1)

D2 comes from D1+D2 and D1

Parameter estimation of the conditional Poisson-Binomial model

Parameter estimation for D1 + D2: indicator variable of upper/lower halving of sub-regions

are used here and its effect proved to be significant (because coefficient b has .95-level confi-

dence interval (0.41 , 1.36) outside zero).

Parameter estimation for joint model of (D1+D2) and D1/(D1 + D2): coefficient b stands

for upper/lower halving while coefficient beta for left/right halving, and both of them proved

to be significant. This example demonstrates that the model can handle (D1+D2) and

D1/(D1 + D2) depending on different explanatories.
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Appendix 3. Specification and an application of the conditional Poisson-Binomial

model with cell indices age-category, gender, sub-region and year

Zijkt|µijk ∼
indep

Poisson (µijkt)

log(µijkt) = log(Eijkt) + a + b ·X(µ)
ijk + eijkt

where eijkt ∼
indep

Normal
(
0, σ2

e

)
Yijkt|Zijkt, pijk ∼

indep

Binomial (Zijkt , pijk)

logit(pijk) = α + β ·X(p)
ijk + εijk

where εijk ∼
indep

Normal
(
0, σ2

ε

)
for i = 1..I , j = 1..J , k = 1..K

cell indices are:

i-th age with categories ”0-34” , ”35-64” , ”65-x”

j-th gender, with categories ”Male” , ”Female”

k-th region, with categories of the 174 statistical sub-regions of Hungary

t-th year, with categories ”2004” , ”2005” , ”2006” , ”2007” , ”2008”

Zijkt, Yijkt are the observed incidences,

Eijk is the age-gender standardised expected incidence,

a, b, σ2
ε , α, β, σ

2
e are unknown parameters,

X(µ), X(p) are explanatory variables

The following example deals with explanatory variable ”Social indicator of the economic

underdevelopment status” based on KSH (Hungarian Central Statistical Office) Labor Force

Dataset.

Outcome variable Z is the sum of incidence numbers of (K25 + K26) by age-category, gender,

sub-region and year, while variable Y is incidence numbers of K25.

Input data can be visualised as follows.
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Figure 2. Social indicator of the economic underdevelopment status of 174 sub-regions of

Hungary

Figure 3. K25 SIR / (K25+K26) SIR values of 174 sub-regions of Hungary, 2004
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Figure 4. K25 SIR / (K25+K26) SIR values of 174 sub-regions of Hungary, 2005

Figure 5. K25 SIR / (K25+K26) SIR values of 174 sub-regions of Hungary, 2006
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Figure 6. K25 SIR / (K25+K26) SIR values of 174 sub-regions of Hungary, 2007

Figure 7. K25 SIR / (K25+K26) SIR values of 174 sub-regions of Hungary, 2008
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Table 6. Parameter estimation in Poisson-Binomial model with explanatory variable ”Social

indicator of the economic underdevelopment status”.

One can guess that the economic underdevelopment status (shown in Figure 2.) tends to vary

inversely with SIR ratios (shown in Figures 3-7.). Bad economic status of East-North and

South-West part of Hungary coincides with high K25 SIR / (K25 + K26) SIR areas. This

visual impression is confirmed by Table 6. because coefficient beta proved to be negative and

statistically significant (its 0.95-level confidence interval is [-0.2641 , -0.9106] and zero is

outside of this interval).


