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

indices age-category, gender and region

indep

Zijilpige ~ Poisson (wijk)

log(pir) = log(Eyjk) +a + b- Xi%) + ek

indep
where e, ~ Normal (O,af)

indep

Yijk| Zijis i~ Binomial (Ziji , pij)

lOgZ't(pijk) =« + B . Xz(jplz + 5ijk

where & "SSP Normal (0,052) fori=1.1,757=1.J, k=1.K

cell indices are:
i-th age with categories 70-34” | 735-64" | 765-x"
7-th gender, with categories "Male” |, ”Female”

k-th region, with categories of the 174 statistical sub-regions of Hungary
Zijk, Yiji are the observed incidences,

Eiji is the age-gender standardised expected incidence,

a,b,02, , 3,0% are unknown parameters,

X X®) are known explanatory variables.
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Appendix 2. An example of artificial data by simulation scheme of two independent

halvings
UPPER -
HALF
Z; " Poisson (1)
for ¢=1,..,174 sub-regions

N; is the population of sub-region ¢

0.9 in the upper — half

b;
1 in the lower — half

D1+4D2 is a realisation of Z

Y(l) i"i/ep

7

Poisson (u(1)>

)

for ¢ =1,..,174 sub-regions,

Mz(l) = B; - u; where p;
0.4 in the right — half

Bi
0.45 in the left — half

D1 is a realisation of Y (1)

D2 comes from D1+4D2 and D1

Parameter estimation of the conditional Poisson-Binomial model

McC
node mean sd error 2.5% median |97.5% start sample
a 0.05775| 0.04782 | 0.002822| -0.03371| 0.05752 0.1553 751 2250
b 0.7903( 0.1915| 0.01496 0.4059 0.8205 1.3557 751 2250
deviance 1884.0 20.08 0.4589 1846.0 1883.0 1924.0 751 2250

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).

MmcC
node mean sd error 2.5% median |97.5% start sample
a 0.0456| 0.04457| 0.002497| -0.04171| 0.04605 0.1348 751 2250
b -0.6552 0.09433| 0.005195| -0.8395| -0.6529| -0.4698 751 2250
alpha -0.02203| 0.02643| 0.001492| -0.07451| -0.02159| 0.02898 751 2250
beta 0.2013( 0.05598| 0.003062| 0.09089 0.2025 0.3097 751 2250
deviance 1929.0] 16.99 0.9391 1894.0 1930.0 1959.0 751 2250

Parameter estimation for joint model of (D14+D2) and D1/(D1 4+ 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 (D14+D2) and

D1/(D1 + D2) depending on different explanatories.

Appendix-2
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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

inde

Zijkt|fign ~" Poisson (ftijkt)

lOg(,U/ijkt) = log(Ez‘jkt> +a + b- Xz(]lfk) + €ijkt

inde

P
where e~ Normal (O,Jz)

indep . .
Yijkt| Zijke, Pijie ~  Binomial (Zijke , Dijk)

logzt(pwk) =« + ﬁ Xz(gplz + gijk

indep

where g, ~ Normal (0,03) fore=1.1,57=1.J,k=1.K

cell indices are:

i-th age with categories ”0-34" , 735-64” | 765-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 ”72004” | 72005” , 72006” , 72007 , ”72008”

Zijkt, Yijre are the observed incidences,
Eiji is the age-gender standardised expected incidence,
a,b,02, , 8,02 are unknown parameters,

XWX @) 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 4+ 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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Social indicator of the economic underdevelopment status*

y :
"' ~10.005-0.014

.~ 0.014-0.022
.~ 0.022-0.033
I 0.033 - 0.044
[ 0.044 - 0.061
[ 0.061 - 0.082
[ 0.082-0.118
[ 0.118 - 0.171

Values - NUTS-4 / LAU-1
* Based on KSH (Hungarian Central Statistical Office) Labor Force Dataset (Q:t?;icaliuf_regiong)

The higher value of the index indicates under-developed areas.

Figure 2. Social indicator of the economic underdevelopment status of 174 sub-regions of
Hungary

K25 SIR / (K25+K26) SIR
year: 2004

ot
e ¥

=2

LK

g
| 0.373-0.653
| 0.653-0.803
1 0.803-0.897
I 0.897 - 1.001
1.001 - 1.109
I 1.109 - 1.266
I 1.266 - 1.488
I 1.488 - 1.79

Values - NUTS-4 / LAU-1
(Statistical sub-regions)

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

. 0.319-0.649
© 1 0.649 - 0.801
.~ 0.801-0.879
I 0.879 -1

B 1-1.125

B 1.125 - 1.269
I 1.269 - 1.483
B 1.483 - 1.769

Values - NUTS-4 / LAU-1
(Statistical sub-regions)

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

K25 SIR / (K25+K26) SIR
year: 2006

[ 10.308-0.619
0.619-0.754
| 0.754-0.862

I 0.862 - 0.959
I 0.959 - 1.102
B 1.102-1.235
B 1.235 - 1.392
B 1.392-1.62

Values - NUTS-4 / LAU-1
(Statistical sub-regions)

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

. 10.39-0.687
~ 0.687-0.819
.~ 0.819-0.9
I 0.9-0.963
I 0.963 - 1.046
I 1.046 - 1.192
B 1.192 - 1.364
I 1.364 - 1.575

Values - NUTS-4 / LAU-1
(Statistical sub-regions)

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

K25 SIR / (K25+K26) SIR
year: 2008

. 0.332-0.578
.~ 0.578-0.823
.~ 0.823-0.925
I 0.925 - 1.011
B 1.011-1.119
B 1.119-1.275
B 1.275 - 1.47

B 147 -1.721

Values - NUTS-4 / LAU-1
(Statistical sub-regions)

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”.

node mean sd MC error|2.5% median |97.5% start sample

a -0.1119) 0.03112] 000236 -02077] -0.1231] -0.10672 751 2250
b 0.3166] 0.2871] 0.01819] -0.2115] 04074 1.0335 751 2250
alpha 0.3821 0.0794] 0.00544] 01983] 0.3164] 05193 751 2250
beta -0.5812)  01772] 0.00713] -0.2641| -0.6123] -0.9106 751 2250
deviance 2711 33.41 0.9093 2026 2732 3280 751 2250

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 4+ 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).



