
 

 

Abstract— Identifying high-risk areas and understanding the 
spatial distribution of malaria is crucial for developing an early 
warning system for preventing, controlling, and providing 
targeted antimalaria interventions. Global Moran’s I has been 
used to analyzing spatial dependence and Bayesian hierarchical 
models to figure out the spatial distribution and high-risk areas 
of malaria disease at sub-district level in Bandung city, 
Indonesia. We used malaria incidence data collected in 2018 for 
30 sub-districts, and considered two risk factors: altitude and 
healthy behaviors. We evaluated 24 models by combining four 
likelihoods: Poisson (P), Negative Binomial (NB), Zero Inflated 
Poisson (ZIP), and Zero Negative Binomial (ZNB) distributions; 
two spatially-structured: Besag, York, and Mollié (BYM) and 
Leroux priors and three hyperparameter distributions: Half 
Cauchy (HC), Uniform (U) and Inverse Gamma (IG).  Using 
deviance information criteria (DIC), Watanabe Akaike 
information criteria (WAIC) and Pseudo determination 
coefficient (R2), we found that the spatial model with Poisson 
distribution as the likelihood, BYM for spatial structure prior, 
and Uniform as the hyperprior distribution had a better fit to 
explain the relationship between risk factors and malaria 
relative risk over sub-districts. 
 

Index Terms— Bandung city, Bayesian, BYM, Early warning 
system, Leroux, Malaria 
 

I. INTRODUCTION 
alaria has been known as a mosquito-borne infectious 
disease that may cause death. It is transmitted to human 

through the bites of infected female Anopheles mosquitoes 
[1]. World Health Organization (WHO) mentioned that in 
2018, there were an estimated 228 million incidences of 
malaria worldwide and 405,000 died. In 2008, total funding 
for controlling and reducing malaria incidences reached an 
estimated US$ 2.7 billion [1].   
 

The geographical variation of disease burden and limited 
resources cause disease control and treatment to become 
challenging [2]. Account for the spatial heterogeneity and 

 
 

focus on high-risk regions is a common strategy used to 
overcome the limited resources. Hence, identifying spatial 
distribution and high-risk regions can be a crucial step for 
developing an early warning system for a better quality of life 
by preparing an effective and efficient solution to control and 
prevent disease transmission with a limited budget [3]. 
Spatial analysis is often used to identify high-risk area and the 
critical risk factors. Hence, disease control could be more 
directed.  

Weather information and quality of life, such as healthy 
behaviors are widely used to predict disease risk variation 
over space [4]. However, for a small area, climate 
information including temperature, precipitation, and 
humidity may have a single value for all areas because of the 
limitation of weather monitoring stations. Altitude is 
commonly used to represent the weather variation over areas. 
Altitude and health behaviors information could be used 
effectively to improve public health awareness in a bid to 
prevent certain epidemics such as malaria disease. Prevention 
consists of detection, monitoring, and predicting disease risk 
that might lead to an early warning system [3]. 

We provide the spatial analysis to explore the spatial 
distribution of malaria risk in Bandung city, Indonesia and 
verify the risk factors which are related to the incidence risk 
at sub-district level. We assessed two spatial methods to 
address the spatial variations of malaria disease risk. The first 
method is descriptive approach using the standardized 
incidence ratio (SIR), and the second method is model-based 
approach using Bayesian hierarchical model. We considered 
using a Bayesian hierarchical Poisson model, including 
spatially structured and unstructured effects. Spatially 
structured effects is used to model spatial dependence and 
spatially unstructured effect for modeling spatial 
heterogeneity. Bayesian approach in disease mapping study 
gives some advantages such as its ability to account for 
uncertainty in the risk estimates and provide exceedance 
posterior probability which is useful to define high-risk 
clusters  [3].  

The rest of paper is structured as follows: In section 2, 
we describe spatial modelling, including discussion of global 
Moran’s I and incidence risk modelling. Section 3 contains 
the empirical estimation result on spatial modelling of 
malaria in Bandung city, Indonesia, while section 4 consists 
of discussion and conclusions.  
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II. SPATIAL MODELLING FOR DEVELOPING AN EARLY 
WARNING SYSTEM 

 
A. Global Moran’s I 
Identify the high-risk clusters of disease risk is the crucial 
step in developing an early warning system. The disease 
clustering can be determined by evaluating the spatial 
dependence of disease risk across areas. Investigation of 
spatial dependence across sub-districts is critical in spatial 
modelling to provide information on whether or not the 
disease transmission is caused by area proximity. Disease 
clustering provides information on high-risk clusters. 
Moran’s I is widely used for identifying global spatial 
autocorrelation in order to detecting spatial clustering of 
disease risk [5].  

Define 𝑦" denotes the number of incidences and 𝑁" as 
the population at risk at spatial unit i (𝑖 = 1,… , 𝑛) with n 
denotes the number of spatial observations (e.g., sub-
districts). Moran’s I is defined as follows [6]: 

 

𝐼 =
1
𝑠,-
∑ ∑ 𝑤"0{0:"30} (𝑦" − 𝑦7)9𝑦0 − 𝑦7:;
"<=

∑ ∑ 𝑤"0{0:"30}
;
"<=

 (1) 

where 𝑦7 = =
;
∑ 𝑦";
"<= , 𝑠,- =

=
;
∑ (𝑦" − 𝑦7)-;
"<= , 𝑖 and j are the 

sub-district indexes and 𝑤"0 is the element of spatial weight 
matrix W and defined as:  
 

𝑤"0 = >1	if	𝑖	and	𝑗	are	adjacent	neighbors
0		otherwise																																										 

 
This study considered queen adjacency spatial weight matrix 
W. Moran’s I coefficient takes values from -1 to 1. Zero value 
indicates  that there was no global spatial autocorrelation or 
no spatial cluster. The strong spatial cluster is indicated by 
positive and large value the Moran’s I coefficient.  
 
B.  Standardized incidence ratio 
The disease risk is widely measured by relative risk (RR) that 
is the ratio of number of incidence and expected number of 
incidence. The expected number of incidence is a function of 
population at risk and/or demographic (e.g., age and gender). 
Let 𝑦" denotes the number of incidences at spatial unit i which 
is count data with mean 𝜇" [8]. In order to evaluate the disease 
risk over spatial units and accommodate different structure in 
population at risk such as age-and sex, 𝜇" is commonly 
defined by product of relative risk (𝜃") and expected disease 
incidence (𝐸"). 𝐸" is calculated by accounting the population 
at risk structure. However, the detail information of age and 
gender were often not available, then it is defined as 𝐸" =
𝑁"(∑ 𝑦";

"<= ∑ 𝑁";
"<=⁄ ). The simple way to calculate relative 

risk is:  
𝜃V" =

𝑦"
𝐸"

 (2) 

and its asymptotically standard errors (SE) is: 

𝑆𝐸9𝜃V": =
X𝑦"
𝐸"

 
(3) 

The equation (2) is known as the crude relative risk and it is 
a kind of descriptive approach. The crude risk SIR is often 
used in disease mapping but it has many drawbacks. First, 
SIR is unreliable for a small area level because it tends to be 
high for the small expected count [9]. Second, SIR cannot be 
used to model the risk factors [3].  

2.3. Loglinear model 
To overcome the drawback of SIR, model based approach is 
used. Using model based approach it is possible to account 
the risk factors in estimating the relative risk which is 
modeled through mean function. For count data, generalized 
linear model (GLM) i.e., log-linear model could be used. iven 
the 𝐾number of risk factors, the loglinear model of the mean 
𝜇" is presented as [3, 8, 9]: 
 
			log𝔼(𝑦"|𝐱) = log(𝜇") 

												= offset(log 𝐸") + 𝐱"_𝜷 + 𝜖";	 
𝑖 = 1,… , 𝑛 

(4) 

 
offset(log 𝐸") explains the regression coefficient of log 𝐸" is 
constrained to 1, 𝐱" = (1, 𝐱"=, … , 𝐱"c)_is a (𝐾 + 1) × 1 is 
vector of 𝐾 number of risk factors, 𝜷 = (𝛽f, 𝛽=, … , 𝛽c)′ is 
(𝐾 + 1) × 1 vector of regression coefficients, and the last 
components 𝜖" is random effect component. It is used to 
account the spatially structured and unstructured effects.  
 
C. Distribution for disease count 
There are two distributions were commonly used to model 
disease count data. First Poisson distribution and second 
Negative Binomial distribution. The Poisson distribution of 
𝑦" is defined as [3, 8, 9]: 
 

𝑦"|𝐸", 𝜃"~𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝐸"𝜃"); 	𝑖 = 1,… , 𝑛 (5) 
 
Poisson distribution assumes the equality of the mean and 
variance 𝔼(𝑦") = 𝑉𝑎𝑟(𝑦") = 𝐸"𝜃". The Poisson regression 
model is similar to equation (4) [3]. However, the equality 
assumption may be violated because of spatial dependency or 
heterogeneity. When the variance is larger than the mean is 
known as overdispersion (i.e., 𝑉𝑎𝑟(𝑦") > 𝔼(𝑦")). The 
violation of the equality assumption lead to bias standard 
errors estimates and cause test statistics become wrong. 
Negative Binomial distribution was used to model the 
overdispersion. The idea behind the negative binomial 
regression model is by including second parameter 𝜀"p  into 
the Poisson distribution to model the variance of  𝑦" with 𝜀p  
follows a Gamma distribution. The equation (5) can be 
extended becomes Eq. (6), [3, 10]: 
 

𝑦"|𝐸"𝜃", 𝜀"~Poisson(𝐸"𝜃"𝜀") and 
	𝜀" |𝜚~Gamma(𝜚, 𝜚), 

(6) 

 
for 𝑦" = 0,1,2,… and 𝜚 > 0. The Poisson-Gamma mixture 
distribution of 𝑦" is [3]: 
 
𝑝(𝑦!|𝐸! , 𝜃! , 𝜀!) = Gamma(𝜚, 𝜚)Poisson(𝐸!𝜃!) 

	= w
𝜚"(𝜀!)"#$exp(−𝜚𝜀!)

Γ(𝜀!)
zw
exp(−𝐸!𝜃!)(𝐸!𝜃!)%&

𝑦!!
z. 

 
(7) 

 
By integrating out 𝜀" we get  the marginal probability of 𝑦" 
which is a Negative Binomial (NB) distribution [10]: 
 

𝑝(𝑦"|𝐸"𝜃", 𝜚)

=
Γ(𝑦" + 𝜚)

Γ(𝑦" + 1)Γ(𝜚)
~

𝐸"𝜃"
𝐸"𝜃" + 𝜚

�
,�
~

𝜚
𝐸"𝜃" + 𝜚

�
�
. (8) 

 
The mean and variance of NB distribution are 𝔼(𝑦") = 𝐸"𝜃" 
and Var(𝑦") = 𝐸"𝜃" + (𝐸"𝜃")-/𝜚 respectively, with 𝜚 is the 
additional Poisson variation parameter. The NB distribution 
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has greater variance than the its mean, so that NB is 
appropriate distribution to deal with overdispersion. If 𝜚 ⟶
∞, the NB distribution is just a Poisson distribution. 
Although NB is appropriate to be used to model data with 
overdispersion, it is not good enough to use if the model 
involves a lot of zero data.  Large number of zeros in the data 
cause the Poisson and NB regression models are not 
appropriate to be used to predict the zero observations [11, 
12]. The excess zeros are also a source of overdispersion [13]. 
Zero-inflated (ZI) models were used to model excess zeros 
[14]. It is specified as: 
 

𝑦"~ �
𝑓(𝑦")			with	probability	1 − 𝜋"
0										with	probability	𝜋"							

 (9) 

 
We considered Zero Inflated Poisson (ZIPP) and Zero 
Inflated Negative Binomial (ZINB) for 𝑓(𝑦") and 𝜋" the zero-
inflation probability. By assuming that the 𝜃" and 𝜀" are the 
relative risk and overdispersion parameters of the NB 
distribution respectively, then the Eq. (9) can be defined as 
[12]: 

𝑦"|𝐸", 𝜃", 𝜋"~𝑍𝐼𝑃(𝐸"𝜃", 𝜋") (10) 
 
for ZIP distribution, or  
 

𝑦"|𝐸", 𝜃", 𝜋", 𝜀"~𝑍𝐼𝑁𝐵(𝐸"𝜃", 𝜋", 𝜀") (11) 
 
for ZINB distribution. Note that, 𝜆" = 𝐸"𝜃" and 𝜋" is modeled 
using canonical link function [12]: 
 

𝑙𝑜𝑔𝑖𝑡(𝜋") = 𝒙"_𝜸 
𝑙𝑜𝑔(𝜆") = 𝒙"_𝜷 + offset(log 𝐸") 

(12) 

where	𝜸 is a vector regression coefficient of the logit model.  
 
D. Hierarchical models for relative risks 
Hierarchical models of relative risk are often used to 
smoothen the relative risk estimate as well as overcome the 
overdispersion and excess zeros problems. The model is 
flexible for smoothing purpose by introducing random effect 
components. The random effect components may capture the 
spatial heterogeneity and spatial dependence: 
 
log(𝜆") = offset(log(𝐸")) + 𝛼 + 𝛽=𝑥=" + 𝛽-𝑥-" + 

																			𝜔" + 𝑣"	; 𝑖 = 1, … , 𝑛 
(13) 

where 𝛼 in an intercept and describes the overall relative risk, 
𝛽= and 𝛽- denotes the regression coefficients of latitude (x1) 
and healthy behaviors (x2).  We used intrinsic conditional 
autoregressive (iCAR) or BYM CAR prior for the spatially 
structured random effect of region i	(𝜔") [15]: 
 

𝜔"|𝝎�", 𝜎�- ,𝐖~𝒩w
∑ 𝑤"0𝜔0;
0<=

∑ 𝑤"0;
"<=

,
𝜎�-

∑ 𝑤"0;
"<=

z (14) 

 
where 𝑤"0 is similar to 𝑤"0 in equation (1), 𝜎�-  is the variance 
parameter of 𝜔". We also consider Leroux CAR prior [16]: 
 

𝜔!|𝝎#!, 𝜎𝜔2 ,𝑾~𝒩 w
𝜌∑ 𝑤!'𝜔'(

')$

𝜌 ∑ 𝑤!'(
')$ + 1 − 𝜌

,
𝜎𝜔2

9𝜌 ∑ 𝑤!'(
')$ + 1 − 𝜌:

z (15) 

 
where 𝜌 denotes the parameter autoregressive. Note that 
iCAR	is the limiting case of the Leroux prior when 𝜌 equals 

1. The spatially unstructured random effect 𝑣" is modeled by 
an exchangeable prior:  

𝜐"|𝜎¢-~𝒩~0,
1
𝜎¢-
� (16) 

where 𝜎¢- is the variance parameter of 𝑣".  
We assigned a vague Gaussian prior distribution for 

𝛼, 𝛽=, and	𝛽-, that is, {𝛼, 𝛽=, 𝛽-}~𝒩(0, 10£) and log(𝜌/(1 −
𝜌)) ~𝒩(0,100) [12]. For each variance, parameters are 
commonly assigned by inverse Gamma prior. However, it is 
too sensitive to the variation of the hyperprior parameters 
[17]. Here we use half Cauchy (HC) prior for standard 
deviation of each random components. Gelman (2006) [17] 
proposed 25 as scale parameter for the HC hyper-prior. To 
select the best prior and hyperprior distributions, we use 
model selection techniques. We consider deviance 
information criterion (DIC), Watanabe Akaike information 
criterion (WAIC), and the pseudo coefficient of 
determination (R2).  We fit the model in equation (4) using 
Integrated Nested Laplace Approximation (INLA) [18]. 
Bayesian exceedance probability [19, 20, 21] is computed to 
test the significant high-risk areas namely hotspots. The 
models were estimated using R-INLA packages.  

INLA works in three hierarchies: the first is the 
likelihood model 𝑝(𝐲|𝚽,𝛙), where 𝐲 is the vector 
observation, 𝚽 = (𝛼, 𝛽=, 𝛽-,𝜔, 𝑣, 𝜌)′ is a vector parameters 
and  𝛙 = (𝜎¢-,𝜎§-)′ denotes the vector of hyperparameter. 
The second is defining the latent Gaussian field (GMRF), 
𝑝(𝚽|𝛙)~𝑁¨𝝁(𝛙),𝑸�𝟏(𝛙)¬. The last hierarchy is defining 
hyperprior distribution of the hyperparameter 𝛙. The 
hyperprior distribution is denoted by 𝑝(𝛙). The posterior 
marginal of  𝚽𝒊 is  [22]: 

𝑝(𝚽𝒊|𝐲) = ® 𝑝(𝚽𝒊|𝛙, 𝐲)𝑝(𝛙|𝐲)𝑑𝛙
𝛙

 (17) 

All parameters models are approximated by INLA using the 
finite sum: 

𝑝°(𝚽𝒊|𝐲) =±𝑝°9𝚽𝒊|𝛙(𝒋), 𝐲:𝑝°9𝛙(𝒋)|𝐲:
𝒋

∆(𝒋) (18) 

where 𝑝°9𝚽𝒊|𝛙(𝒋), 𝐲: and 𝑝°9𝛙(𝒋)|𝐲: denote approximation of 
𝑝9𝚽𝒊|𝛙(𝒋), 𝐲: and 𝑝9𝛙(𝒋)|𝐲:. Equation (18) is evaluated at 
support grid points 𝛙(𝒋) using suitable weights ∆(𝒋).  
 

III. RESULT AND DISCUSSION 

 
A. Data exploration 
We used malaria incidences data in 2018 in 30 sub-districts 
of Bandung city. To estimate the relative risk (RR) and 
identify the high-risk clusters for developing an early warning 
system, a number of population is needed to adjust the 
population at risk variation over space. To facilitate the 
ecological hypothesis, two covariates altitude and healthy 
behaviors were used. The altitude was used as a 
representation of the weather variables such as temperature, 
humidity, and precipitation which have a high correlation 
with the altitude (Kazembe, 2007). The data presented in 
Table I was obtained from  http://data.bandung.go.id/. The 
average of number of incidences per sub-districts for the 
entire city was 1 (range: 1-3), and the average of the 
population at risk was 83,457 (range: 24,929-13,6351) with 
overall mean incidence rate was 1 (range: 0-3) episodes per 
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100,000 persons in 2018. In 2018, the highest number of 
incidences of malaria were found in Buah Batu, Kiara 
Condong, and Sukajadi sub-districts. We observed that there 
were 14 (46.6%) sub-districts which have zero incidences. 
The excess zeros incidences may lead to overdispersion 
problem.  

TABLE I 
RESEARCH VARIABLES 

 

 
 
Figures 1-2 presents the choropleth maps of the research 
variables that we used in this study. 
 

 
 

Fig 1. Spatial distribution of malaria incidences 
 

Figure 1 presents the spatial distribution of malaria 
incidences in Bandung city, Indonesia. The high incidences 
were concentrated in northern and central Bandung which 
have high population density.  
 
 
 

 

 

 

 
Fig. 2. (a) Population at risk, (b) Population density, (c) Altitude, and (d) 

Healthy behaviors 
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Figure 2 shows the spatial distribution of variables interest 
including population at risk, population density, altitude, and 
healthy behaviors. Population at risk is used to calculate the 
expected count (𝐸"). Two variables were considered as risk 
factors: altitude and healthy behaviors. The population 
density was not included directly in the analysis because the 
population variable was used to calculate 𝐸". It will be used 
to validate the spatial distribution of incidence risk or the 
relative risk. 
 
B. Spatial dependence  
The spatial dependence in the number of malaria incidence 
was evaluated by mean global Moran’s I.  

 
Fig. 3. Moran’s Index plot 

  
Moran’s I statistics of 0.170 with (p-value<0.05) indicates 
there is a significant spatial dependency. Figure 3 shows the 
Moran’s I scatter plot of malaria incidence over 30 sub-
districts.  Points are place in quadrant I shows that clusters 
with high malaria incidence was surrounded by clusters of 
high malaria incidences. The plots show more cluster points 
in quadrant I. This information can be used as an initial 
reference that malaria is spreading due to proximity to 
locations. 
 
C. Bayesian Hierarchical Model  
To estimate the relative risk of malaria, we applied Bayesian 
hierarchical model and compared the result with the crude 
SIR. A total of 24 models were estimated considering four 
distributions (i.e., Poisson, negative binomial, zero-inflated 
Poisson, and zero-inflated negative binomial), two different 
spatial prior (BYM, and Leroux), and three different 
hyperprior distributions (half Cauchy, Uniform and Inverse 
Gamma). The model comparison based on DIC, WAIC, and 
R2 are presented in Table 2. 

TABLE II 
MODEL COMPARISON MEASURES FOR VARIOUS SPATIAL 

MODELS FITTED IN THE STUDY 
 

 
 
Model: P (Poisson); NB (Negative Binomial); ZIP (Zero 
inflated Poisson); ZINB (Zero inflated Negative Binomial) 

Table II presents the model comparison measures for the 
spatial models. Based on the DIC, WAIC, and R2 values, the 
model (M1), a model with Poisson likelihood, BYM spatial 
prior, and Uniform prior had a better fit. This model explains 
51% of the total variation.   

TABLE III 
POSTERIOR ESTIMATES FOR THE FIXED AND RANDOM EFFECTS 

OF THE BEST SPATIAL MODEL OF MALARIA INCIDENCE RISK 
AT SUB-DISTRICT LEVEL IN BANDUNG CITY, INDONESIA 

 
  
Estimates for covariates (altitude and healthy behaviors) after 
considering for spatially structured in the best model are 
given in Table III. The malaria incidence risk was positively 
associated with altitude (RR: 1.005, 95% CI: 0.995–1.015). 
Inversely, the incidence was related negatively with healthy 
behaviors (RR: 0.990, 95% CI: 0.995–0.1005). Both 
associations were not statistically significant. But, the sign of 
the coefficients was reasonable. It indicates that the number 
of malaria incidences could be reduced by increasing healthy 
behaviors. The proportion variance of spatially structured is 
about 0.510, and spatially unstructured is of 0.490, which 
indicates that the variation of malaria was explained similarly 
by spatially dependence and heterogeneity. The spatially 
structured and unstructured effects for each sub-district were 
presented in Figures 4(a)-4(b). 
  

 

 
Fig. 4. (a) Spatially structured effects and (b) spatially 

unstructured effects 
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Fig. 5. (a) Malaria relative risk and (b) standard deviation based on SIR 
Model 

 
Figures 5(a)-5(b) shows the relative risk and its standard 
deviation maps based on the SIR estimator in Eqs. 2-3. The 
SIR ranges from 0 to 3.370, with zero relative risks for most 
eastern and southwest regions.  
 

 

 
 

Fig. 6. (a) Malaria relative risk and (b) standard deviation based on BYM 
Model 

 
Figures 6(a)-6(b) present the relative risk and its standard 
deviation maps based on the BYM model. The BYM ranges 
from 0.460 to 2.835 with relatively small relative risk most at 
eastern and southwest regions.  The smoothed map gives 
homogeneous RR, which is easy to interpret. The relative risk 
estimates based on BYM has shrunk toward the overall 
means, compared to the crude SIR because of the smoothing 
effect of the spatial dependence and heterogeneity. The 
smoothing effect is also described by the plots of BYM versus 
crude SIR (Fig. 7). 

 
 

 
Fig. 7. (a) Boxplot SIR versus BYM and (b) scatter plot SIR versus BYM 
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Figure 7(a) presents the comparison between crude relative 
risk SMR and smoothness relative risk BYM. BYM has a 
smaller variation than SMR, but scatterplot (Figure 7(b)) 
shows that the BYM and SMR have high correlation which 
indicates that the smoothness does not produce 
underestimated estimation of the relative risk. The 
corresponding BYM map gives posterior probabilities of RR 
> 1 (Figure 8). From the map, we have three sub-districts 
which were categorized as hotspot areas with a posterior 
exceedance probability greater than 0.80. The districts are 
Kiaracondong, Sukajadi, and Sukasari with posterior 
probabilities of 0.865, 0.935, and 0.806, respectively (see 
Table IV). The high-risk clusters were observed mostly in the 
northwest and southeast of Bandung.  
 

 
 

Fig. 8. Posterior probability of relative risk based on BYM 
 
Figure 8 shows that the hotspots of malaria risk in 2018 were 
located at northern and central Bandung, Indonesia.  

 
TABLE IV 

ESTIMATION OF BYM AND POSTERIOR PROBABILITY OF 
MALARIA DISEASES IN BANDUNG CITY, INDONESIA, 2018 

 

 

IV. DISCUSSION AND CONCLUSION 
We have analyzed and mapped the relative risk of malaria  by 
considering altitude and healthy behaviors as the risk factors.. 
This study is an application of and spatial regression for 
epidemiological data at small area [3, 9]. Using a Bayesian 
spatial hierarchical model, we obtained more homogenous 
relative risk estimates than crude standardized incidence 
ratios by smoothing the data through BYM CAR model with 
Uniform hyperprior distribution [16]. The smoothing model 
is more comfortable to interpret where the posterior estimate 
has high specificity and low sensitivity [21]. This is an 
important property to avoid false-positive, thereby predicting 
true clusters in the maps. The BYM CAR model of malaria 
risk gives a more reliable estimate of the relative risk of 
disease than the crude estimate SIR [3, 21, 23]. A 
nonparametric model, such as P-spline may also have a 
similar advantage. However, it can give a computational 
challenge [24].  
Over smoothing issue becomes an exciting topic in disease 
mapping study. Several alternatives to CAR models have 
been proposed to be able to distinguish the high-risk and low-
risk clusters better. Allowing the spatial autocorrelation has 
different values from 1 using BYM model and selecting the 
appropriate interval of the relative risk on the choropleth 
maps may also be possible to minimize the over smoothing 
problem realized by the CAR model. As far as we know, this 
is the first study to evaluate the spatial distribution of malaria 
risk in Bandung city, Indonesia. However, there is a 
limitation on data access. The newest data that we can access 
is Malaria data in 2018 due to the government regulation that 
published health profile information after one until two years 
later. We also realized that under-reported malaria incidences 
might occur in the community because most people resort to 
home or community-based care [24]. They usually visit the 
health facility or modern biomedical care at a health facility 
if the disease is perceived to be severe or near-fatal [25, 26]. 
Therefore, the relative risk pattern described in this study 
describes the risk of severe malaria [24].  The under-reported 
effect is minimized in this study by defining the sub-district 
level as units of spatial analysis and using the aggregate data 
over sub-districts [24]. Additionally, we believe that the 
availability of health facilities in each sub-district improves 
the data reported quality.   
In this study, we evaluate the effects of altitude and healthy 
behaviors on malaria risk. Because the study includes a small 
sample size (30 sub-districts), we only focus on the direction 
of the effect and avoid the discussion of statistical 
signification. High malaria risk was generally associated with 
high altitude and low healthy behaviors.  In our study, 
naturally, high altitude areas are of high malaria transmission 
increased malaria incidence, while at low altitude, malaria 
risk is decreased. This result confirmed the research study by 
Kazembe (2007) [24], and it was similar to the dengue disease 
incidence in Bandung city, Indonesia. The high-risk dengue 
was found in high altitude areas which are in northern regions 
of Bandung city [3]. The consistency of these results with 
dengue disease is possible because of the similar kinds of 
vectors. Both diseases are transmitted by the same vector, i.e., 
mosquitoes. Mosquitoes benefit from rainfall and high-
altitude regions which commonly have a high frequency of 
rainfall [3]. Rainfall provides aquatic environments for 
mosquitoes breeding sites [27]. 
The high index of healthy behaviors is corresponding to low 
malaria risk. Health behaviors are important risk factors that 
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have to get more attention in disease control and prevention 
[28]. The random effect component of spatial autocorrelation 
was found to influence the malaria risk. This component 
provides a characterization of spatial patterns in the data. The 
Spatial autocorrelation accounts for the relevant unobserved 
variables [3, 24, 29]. At the same time, spatial regression 
modelling is essential to consider malaria modelling [29]. 
This study provides risk maps that could be used for 
developing an early warning system as guidance for the 
government to define priority areas for the focusing of limited 
resources. This is an essential point and future model aimed 
at a sub-district level for the effectiveness and efficiency of 
malaria disease prevention and control [2, 24]. Based on the 
result of our study, we suggest that various risk factors 
influence the spatial variation in malaria risk in the Bandung 
city regions. Give more attention to the risk factors that have 
a high impact on malaria risk could help the government to 
develop an effective and efficient strategy in controlling 
malaria spread and reduce the negative effect on society.  
The Bayesian hierarchical model that has been used can be 
extended to identify spatiotemporal clusters by taking into 
account the space time variation [30]. It is important to 
explore the spatial evolution of disease transmission.  
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