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# Poisson-Gamma  
#  
data <- read.csv("hyougo.csv",header=T) 
d    <- data$d 
e    <- data$e 
m    <- length(d) 
 
# theta=c(alpha,beta) 
LL <- function(theta,d,e,m) 
  { 
  alpha <- theta[1] 
  beta  <- theta[2] 
  stand <- numeric(m) 
  for(i in 1:m) 
    { 
    n <- d[i] + alpha - 1 
    k <- d[i] 
    logch <- lchoose(n,k)  #  
    stand[i] <- logch + alpha*log(beta) - (d[i]+alpha)*log(e[i]+beta) + d[i]*log(e[i]) 
    }   
  loglik <- sum(stand) 
  -loglik 
  } 
 
# Nelder-Mead  
op <- optim(c(5,5), LL, d=d, e=e, m=m, hessian=TRUE) 
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data <- read.csv("hyougo.csv",header=T)  #  
library(coda)  # MCMC  
## MCMC 
#  
d     <- data$d    #  
e     <- data$e   #  
m     <- nrow(data) #  
a1    <- 1       # alpha Gamma(a1,b1) a1 
b1    <- 1       # alpha Gamma(a1,b1) b1 
a2    <- 0.1       # beta Gamma(a2,b1) a2 
b2    <- 1       # beta Gamma(a2,b2) b2 
 
# alpha  
fa <- function(alpha,beta,theta,a,b) 
  { 
    slthe <- sum(log(theta)) 
    logf <-  (m*alpha)*log(beta) + (alpha-1)*slthe - b*alpha - m*lgamma(alpha) 
    return(logf) 

} 
 
# MCMC  
chain <- 3                #  
alphst <- c(10,75,150)    # alpha  
betast <- c(10,75,150)    # beta  
# burn <- 10000             #  
# thin <- 10                #   
Niter <- 102000  # MCMC  
reall <- array(0, dim=c((Niter*chain), (m+3))) #  
 
# MCMC  
for (t in 1:chain)     # t MCMC t(1,2,...,chain)  
  { 
  # MCMC  
  alpha <- numeric(Niter)            # alpha  
  beta  <- numeric(Niter)           # beta  
  theta <- array(0, dim=c(Niter, m))  # theta  
  alpha[1] <- alphst[t]               # alpha  
  beta[1]  <- betast[t]               # beta  
  #theta[1,] <-rep(0,m)              # theta ( ) 
  sigma <- 1.9           #  
  u     <- runif(Niter)             #  
  k     <- numeric(Niter)           #  
 
  #  
  for (i in 2:Niter)  # i MCMC i(2,3,...,Niter)  
    { 
    # theta  
    for (j in 1:m)    # j j(1,2,...,m)  
      { 
      theta[i,j] <- rgamma(1, shape=d[j] + alpha[i-1], rate=e[j] + beta[i-1]) 
      } 
 
    # beta  
    sumthe  <- sum(theta[i,]) 
    beta[i] <- rgamma(1, shape=m*alpha[i-1] + a1, rate=sumthe + b2) 
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    # alpha  
    y     <- rnorm(1, alpha[i-1], sigma) #  
    logr  <- fa(y, beta[i],theta[i,],a2,b2) - fa(alpha[i-1],beta[i],theta[i,],a2,b2) 

   if(u[i] <= exp(logr)) 
    {  
     alpha[i] <- y 
     k[i]     <- 1 
     } 
    else  
     { 
   alpha[i] <- alpha[i-1] 
   } 
    } 
 
  # MCMC  
  result   <- cbind(alpha=alpha,beta=beta,theta=theta,k=k) 
  reall[((t-1)*Niter+1):(t*Niter),] <- result 
  } 
# MCMC  
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Application of Bayesian Method to Estimating Relative Risks of Suicide 
in Japan

- Making Shrinkage Estimators of Standard Mortality Rate Using Empirical Bayesian Models
and Hierarchical Bayesian Models - 

 
Hiroaki KONDA

Abstract
Japanese suicide rate got drastically higher in 1998 and it is keeping high since then. And 
prevention of suicide is getting a most important political issue in contemporary Japan. In 
terms of effective preventions of suicide, assessing suicide risks in small areas have been 
regarded as an essential task, and standardized mortality rates (SMR) is generally used to 
showing pictures of conditions of suicide in small areas. However, SMR has disadvantages of 
showing excess variability in calculating it for smaller population areas such as rural districts. 
Therefore, getting reliable estimators of SMR is one of the most important tasks for suicide 
researchers and policy makers until now. In this study, we focused on maximum likelihood 
estimators, empirical Bayesian estimators, and hierarchical Bayesian estimators of SMR as 
indicators of relative suicide risks. First, we applied basic Poisson-Gamma model for areas in 
Hyogo prefecture in Japan and discussed that the Poisson likelihood model with Gamma prior 
distribution constructed the shrinkage estimators. Second, we showed how to construct 
hierarchical Bayesian estimator with Markov chain Monte Carlo methods. Finally, we provided 
a comprehensive discussion of these three estimators’ features.

Keywords and Phrases: suicide, hierarchical Bayesian models, MCMC, small area estimation
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