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model

{

for(i in 1:N)

{

y[il ~ dpois(mulil)

log(mul[i]) <- alpha + betal*x1[i] + beta2+*x2[i] +beta3+*x3[i] + ul[i] + v[i]
ul[i] ~ dnorm(0, precu)

}

v[1:N] ~ car.normal(adjl[], weights[], num[], precv)
for (k in 1:sumNumNeigh){ weights[k] <- 1}

alpha ~ dflat()

betal ~ dnorm(0,1.0E-5)

beta2 ~ dnorm(0,1.0E-5)

beta3 ~ dnorm(0,1.0E-5)
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precu ~ dgamma(0.001, 0.001)
precv ~ dgamma(0.1, 0.1)
sigmau<-1/precu
sigmav<-1/precv

¥

#liatticels

#Data

list (N=16,

num=c(1 ,2, 3, 2, 6, 4, 3, 4 ,3, 3, 6, 3,

4, 4, 7, 3,
adj=c(4 ,

15, 8,

13, 11, 15,
13, 1,

15, 10, 7, 12, 14, 8,
10, 9, 11, 15,

5, 12, 14,

2, 15, 5, 14,

16, 11, 6,

6, 15, 5,

15, 3, 6, 9, 16, 13,

7, 5, 14,
4, 16, 11, 3,
8, 5, 12, 7,

3, 11, 6, 10, 5, 8, 2,
13, 11, 9

),

y=c(5547,4822, 17454,
6317,

3538,

4112,

5195 ,



0

14081,
5,573,
12170,
7422,
3138,
5410,
7977,
115632,
2283 ),

x1=c (28742, 38824, 48193, 61055, 16351, 18416, 51586, 58378,

31209, 13220, 41975, 15306, 22246, 49351, 179456, 16901),

x2=c (91257, 108130, 139016, 200649, 46975, 54226, 147399, 167544,

92310, 42408, 125074, 43225, 69865, 140686, 523749, 52649),

x3=c(3286, 2417,9657,4272, 1094,1647, 3,069,6538,2606, 8985, 3591,
1184, 4720, 4578, 55630, 1129),

sumNumNeigh = 58)

list(alpha=0, betal=0.5, beta2=0.5, beta3=0.5, precv=0.01, precu=0.01),

precu ~ dgamma(0.001, 0.001)

precv ~ dgamma(0.1, 0.1)

sigmau<-1/precu

rm(list=1s())

library (R20penBUGS)

1.model <- function(){

## Likelihood

for(i in 1:N){
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y[i] ~ dpois(muli])

log(mul[i]) <- beta[l] + beta[2]*x1[i] + betal[3]*x2[i] +
beta[4]*x3[i] + v[i] + u[il

uli] ~ dnorm(0, precu)

# Area-specific relative risk (for maps)

# RR[i] <- exp(betalO + betal * x1[i] +

# beta2 * x2[i] + beta3d * x3[i] + v[il])

}

# CAR prior distribution for random effects:
v[1:N] ~ car.normal(adj[], weights[], num[], precv)
for (k in 1:sumNumNeigh){

weights[k] <- 1

}

precu ~ dgamma(0.01, 0.01)

precv ~ dgamma(0.01, 0.01)

sigmau <- sqrt(1/precu)

sigmav <- sqrt(1/precv)

#

for (j in 1:4){

betalj] ~ dnorm(0,.01)

}

}

# Loading data

1l.data <- list(N = 16,

num=c(1 ,2, 3, 2, 6, 4, 3, 4 ,3, 3, 6, 3, 4, 4,7, 3),

adj=c(4 ,
15, 8,

13, 11, 15,
13, 1,

15, 10, 7, 12, 14, 8,
10, 9, 11, 15,
5, 12, 14,
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2, 15, 5, 14,
16, 11, 6,

6, 15, 5,

15, 3, 6, 9, 16, 13,
7, 5, 14,

4, 16, 11, 3,

8, 5, 12, 7,

3, 11, 6, 10, 5, 8, 2,
13, 11, 9

),

y=c(5547,4822, 17454
, 6317,

3538,

4112,

5195 ,

14081,

5,573 ,

12170 ,

7422

3138,

5410,

7977,

115632,

2283 ),

x1=c(-0.363253508829662, -0.109955722412744, 0.125428820429955,
0.448570670151676, -0.674562065811612, -0.622681493608584, 0.210673750931106,
0.381314354516079, -0.301273183587593, -0.753224570202742, -0.0307907427460408,
-0.70081639896036, -0.526457478336138, 0.154522138885697, 3.42324942531429,
-0.660743995733324) ,

x2=c(-0.314534366653528, -0.16939426940249, 0.0962844506648097,
0.626446224734223, -0.695444328513923, -0.633071849099043, 0.168394296883944,



()I’IEPJI%LJ(EE§3 IQ:)BS‘ﬁ)J ¢b[)5lﬁuo aA

0.341679857194627, -0.305476551066179, -0.734729270382322, -0.0236434362476521,
-0.727701506531549, -0.498546513894339, 0.110649647275325, 3.40572468273282,
-0.646637067694722) ,

x3=c(-0.252182437726062, -0.319255229612263, 0.239556062972422,
-0.176079131857485, -0.421369503105293, -0.378686817359529, -0.505577116393952,
-0.500482980301329, -0.00118045934410152, -0.304667476256115,
0.187688495483899, -0.228641354267729, -0.41442295388808, -0.141500753531803,
-0.152460864518961, 3.78793058700498, -0.418668067298599),

sumNumNeigh = 58)

l.inits <- function() {

list(beta = c(0, 0, 0, 0), precv=0.1, precu=0.1,
v= ¢(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),

u= ¢(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0))

}

### Fitting model

1l.out <- bugs(data l.data, inits = 1l.inits,
parameters.to.save = c("beta", "sigmav", "sigmau"),
model.file = 1.model,

n.chains = 1, n.thin=10, n.iter = 10000, debug=FALSE)

1.out

1.out$summary

par (mfrow=c(2,3))

#Intercept

plot(density(l.out$sims.list$betal,1]), main=expression(alpha), xlab="")

#abline(v = seq(-0.5, 1), col = "grey")

abline(v = mean(l.out$sims.list$betal,1]), col = "red", lwd = 1)

abline(v = median(l.out$sims.list$betal,1]), col = "red", 1lwd = 1, 1ty = 2)
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plot(density(l.out$sims.list$betal,2]), main=expression(betall]), xlab="")

abline(v

abline(v

mean(1l.out$sims.list$betal,2]), col = "red", 1lwd = 1)

median(l.out$sims.list$betal,2]), col = "red", lwd = 1, 1ty = 2)

plot(density(l.out$sims.list$betal,3]), main=expression(betal[2]), xlab="")

abline(v

abline(v

mean(1l.out$sims.list$betal,3]), col = "red", 1lwd = 1)

median(l.out$sims.list$betal,3]), col = "red", lwd = 1, 1ty = 2)

plot(density(l.out$sims.list$betal,4]), main=expression(betal[3]), xlab="")

abline(v = mean(l.out$sims.list$betal,4]), col = "red", lwd = 1)

abline(v = median(l.out$sims.list$betal,4]), col = "red", lwd = 1, 1ty = 2)
plot(density(l.out$sims.list$sigmav), main=expression(sigmalv]), xlab="")
abline(v = mean(l.out$sims.list$sigmav), col = "red", lwd = 1)

abline(v = median(l.out$sims.list$sigmav), col = "red", lwd = 1, 1ty = 2)

plot(density (1.

out$sims.list$sigmau), main=expression(sigmalul]), xlab="")

abline(v = mean(l.out$sims.list$sigmau), col = "red", lwd = 1)

abline(v = median(l.out$sims.list$sigmau), col = "red", lwd = 1, 1ty = 2)

par (mfrow=c(3,2))

acf(1l.out$sims.
acf(l.out$sims.
acf(l.out$sims.
acf(l.out$sims.
acf(l.out$sims.

acf(1l.out$sims.

list$betal,1], main=expression(alpha), xlab="")

list$betal,2], main=expression(betal[1l]), xlab="")
list$betal,3], main=expression(beta[2]), xlab="")
list$betal,4], main=expression(betal3]), xlab="")
list$sigmav, main=expression(sigmalv]), xlab="")

list$sigmau, main=expression(sigmalul), xlab="")

par (mfrow=c(3,2))

ts.plot(l.out$sims.list$betal,1], main=expression(alpha), xlab="")

ts.plot(l.out$sims.list$betal,2], main=expression(betal[l]), xlab="")

ts.plot(1l.out$sims.list$betal,3], main=expression(betal2]), xlab="")

ts.plot(1l.out$sims.list$betal,4], main=expression(beta[3]), xlab="")
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ts.plot(l.out$sims.list$sigmav, main=expression(sigmalv]), xlab="")

ts.plot(l.out$sims.list$sigmau, main=expression(sigmalu]), xlab="")
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Abstract

In recent years, the problem of small-scale regionalization has to be considered because of the need
reliable statistics have been very much considered. The major problem here is the impossibility of
measuring the target variable for each individual in the area in question. Even sampling from all
areas under study could lead to high financial and time costs. Several statistical models have been
proposed to achieve this goal. The main purpose of these models is the use of auxiliary information
to upgrade direct estimates. To this end, the importance of using spatial information of areas within
the framework of spatial models plays an effective role in analyzing small areas. The similarity of
space between adjacent areas is also useful information that small space-based models have been
proposed to use for this information. In view of the fact that in many analyzes of small regions with
nonnormal responses such as numeric responses, we classify the generalized linear space mixing
models in the framework of Bayesian inference for the analysis of small area data. By studying the
simulation and analysis of the insurance data package in Gilan province, we show the performance
of these models.

Keywords: Small area estimation, Spatial models, Generalized linear Mixed models, Bayesin

inference.
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