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Abstract 
Diarrheal diseases were important causes of death in low-and-middle-income countries. It is not only the second 
popular cause of death in childhood but also age 65 because of a variety of infectious diseases. Many factors are 
discussed as risk factors of diarrheal. It is important to find a model to identify the most important factor and try 
to control that factor to reduce diarrheal incidence. We introduced spatial econometrics models including Spatial 
Autoregressive Model and Spatial Error Model to model population density, healthy behaviours index, health 
house index, and clean water index on diarrheal disease in Bandung, Indonesia. The most important factor is 
population density. 
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1. Introduction 
Diarrhoeal diseases are serious problem for tropical countries. It is belong to the leading causes of 
morbidity and mortality in tropical countries, especially in infants and small children [1] [2] [3]. About 
one billion episodes are estimated for this group of age with 4.6 million fatalities [1]. However, it is not 
only the second popular cause of death in childhood but also age 65 because of a variety of infectious 
diseases. Many causes are discussed to explain the high incidence including social and environmental 
factors [1].  
In order to control the diarrheal disease spread and reduce the number of incidence, early warning 
systems are required [3]. The early warning system have to be developed by considering the most 
important risk factors. Statistical modelling can be used to identify the factors that may have a 
significant effect on disease incidence such as spatial modelling. Spatial econometrics models are the 
most common statistical modelling that can be used to identify the most significant factor and 
considering spatial characteristics [4]. The focus of spatial econometrics models is specifying, 
estimating and testing for the presence of spatial interaction [5] [4][6].  

To specify the regression models,  a wide gap between the theoreticians and practitioners are 
commonly found. Theoreticians are usually interested in the model involving endogenous interaction 
effects among the dependent variable, exogenous interaction effects among the independent variables, 
and interaction effect among the error terms or a combination of all interaction  which may lead to the 
complex models [6]. Some spatial econometrics model have been developed are General Nesting 
Spatial model (GNS), Spatial Durbin Error Model (SDEM), Spatial Lag Combined model (SAC), 
Spatial Durbin Model (SDM), Spatial Autoregressive Model (SAR), Spatial Error Model (SEM) [2]. 
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Otherwise, practitioners are interested in a simple model that ignores some interaction components. 
Their focus is choosing a model that easily computed and interpreted. The problem arises when there is 
no valid statistical testing to select the better model. Here, we apply spatial Autoregressive Model and 
Spatial Error Model to model population density, healthy behaviours index, health house index, and 
clean water index on diarrheal disease in Bandung, Indonesia. The most important factor is population 
density. 

 
 
2. Material and Method 
Material 
Materials area Bandung city in Indonesia is a capital city of West Java located 6°54′43″S 107°36′35″E 
with land size of about 167.67 km P

2
P. Total population in 2016 is 2,575,478 with population density 

15,360 /km P

2
P.  As a part of tropical country,  Bandung experiences high temperature, precipitation, and 

humidity year round. Highest precipitation between December and early May.  Data collection yearly 
diarrheal cases 2015 was obtained from the Bandung health department (2016) [1]and its covariates 
including population density, healthy behaviour index, healthy house index and clean water index were 
obtained from Bandung statistical agency (2016) [2]. 
 
Method 
Without effective treatment, diarrheal outbreaks in Bandung need to be controlled by identifying the 
significant risk factors.  We constructed spatial econometrics models including spatial autoregressive 
(SAR) and spatial error model (SEM). 

SAR model is defined as a function of  spatial weight matrix on the response variable and it can 
include some covariates as follows: 

 
𝐲 = ρLag𝐖𝐲 + 𝐗𝛃 + 𝛆; 

𝛆~MVN(0,σ2𝐈n) 
(1) 

 
where 𝐲 = (𝑦1, … ,𝑦𝑛) is the vector of response variable, 𝑋 is a design matrix of 𝑘 + 1 covariates 
include constant term, 𝛃 = (𝛽0,𝛽1, . . ,𝛽𝑘)  are the coefficient of the covariates include intercept, 𝐈𝑛 is 
the identity matrix of dimension 𝑛 x 𝑛, and 𝐖 is a row-standardized adjacency matrix which,  𝜌𝐿𝑎𝑔 is 
parameter of spatial lag that measure spatial autocorrelation. The error term 𝛆 is follows multivariate 
normal (MVN) distribution with zero mean and with constants variance 𝜎2for each region.  

    The SLM model can be written in reducing form as: 
 

𝐲 = (𝐈n − ρLag𝐖)−1𝐗𝛃+ 𝐮 (2) 
 
with:  

𝐮~MVN(0,σ2(𝐈n − ρLag𝐖)−1(𝐈n − ρLag𝐖′)−1) 
 
The second model in SEM, in this model, the error term is modeled as depending on a weighted 

sum of the error term (𝜹) at their neighbours plus some random noise 𝛆: 
𝐲 = 𝐗𝛃 + 𝛅, 𝜹 = 𝜌𝐸𝑟𝑟𝑾 + 𝜺; (3) 
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with 𝜺~𝑀𝑉𝑁(0,𝜎2𝐈𝑛) and the noise 𝜀 is follows multivariate normal (MVN) distribution with zero 
mean and with constants variance 𝜎2 for each region.  

    The SEM model can be written in reduce form as: 
𝐲 = 𝐗𝛃 + 𝐮 (4) 

with 
 𝐮~MVN(0,σ2(𝐈n − ρErr𝐖)−1(𝐈n − ρErr𝐖′)−1) 

 
 
Estimation of The parameters model  

There are several methods that can be applied to estimate parameters SAR and SEM models, 
such as,  maximum likelihood method (ML), Instrumental Variable with Two Stage Least Square 
(2LS) and Bayesian Method [5] [6]. 
The most common estimator is ML. For ML method we obtain the parameter estimates for SEMM 
based on maximizing the likelihood function bellow: 

max
ρ

ln Lc(ρ) = C−
n
2

ln �
1
n

(𝐞𝐎 − ρ𝐞𝐋)T(𝐞𝐎 − ρ𝐞𝐋)� + ln|𝐈 − ρ𝐖|                                       (5) 

and for the SEM model we use 

                 ln L(λ) = C −
n
2

ln
1
n
𝐞T(𝐈 − λ𝐖)T(𝐈 − λ𝐖)𝐞+ ln|𝑰 − 𝜆𝑾|                                     (6) 

 
We solve those likelihood functions to obtain the parameter estimates of the other models 
 
Specification Test  

Given two different models, we have to decide which model is more appropriate model for our 
data set. Commonly, the presence of spatial error autocorrelation is identified using global Moran’s I 
test which applied to the residual from ordinary least square (OLS) regression.  However, this test does 
not inform the better model should be chosen [6].   For the SEM and SEM models, Lagrange 
Multiplier (LM) test is generally used [6] to choose between SAR or SEM. There are two different test 
are proposed: (i) the classical and robust SAR test  and the classical and robust SEM test 

 
  
3. Results and Discussion  
Data exploration 
The descriptive statistic of the variables are used in this study presented in Table 1.   
 
 

Table 1. Descriptive statistics 
Variables Min Max Average 

Diarrheal Cases 747 4231 1916 

Population density 3930.79 41401.65 16376.56 
Healthy behaviour 
index 71.84 98.69 87.50 

Healthy house index 33.42 95.55 66.37 

Clean water index 79.33 100.00 96.33 
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Table 1 shows, the number of diarrheal cases around 1916 for every month in 2015. The descriptive 
statistics also inform there is a district that has a healthy house index under 50%. 
Next, we present the spatial distribution every variable that included in the study.    
 

 
Figure 1. Number of cases diarrheal 

 
The high cases of diarrheal were found in western of the city of Bandung. District Babakan Ciparay 
which has the highest number of cases. The number of cases was 4231 cases. 
The variation of the number of diarrheal cases in the city of Bandung is suspected to be influenced by 
some risk factors included Population density 
Healthy behaviour index, Healthy house index 
Clean water index. Below we present the spatial distribution of risk factors.  
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(a) Population density 

 
(b) Healthy behaviour index 

 

 
(c) Healthy house index 
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(d) Clean water index 

 
Figure 2 (a)-(d) Risk factors of diarrheal 

 
Given the spatial distribution of risk factor we can identify that only population density that has a 
similar spatial distribution to number of diarrheal cases. To support this finding, we make a individual 
plot between logarithmic natural number of cases and risk factors. The logarithmic transformation is 
applied to avoid the heteroscedasticity problem.  

 
(a) Population density vs ln(cases) 
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(b) Healthy behaviour index vs ln(cases) 

 

 
(c) Healthy house index vs ln(cases) 

 
(e) Water index vs ln(cases) 

 
Figure 3 (a)-(e) data exploration 

 
Based on scatterplot and regression line, we found there is only one predictor variable that has a linear 
relationship with log(number of cases). The other variables seem to have zero correlation. The variable 
is population density.  
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Modeling 
Based on data exploration by plotting approach, we found only population density may have a 
significant effect on log(cases). To prove this hypothesis we apply OLS estimation to estimate the 
parameters of the regression multiple models. 
 

Table 2. OLS estimation full model 

 Estimate Std. Error t-
value p-value 

(Intercept) 6.62E+00 1.46E+00 4.547 0.00012 

Density 2.09E-05 1.06E-05 1.975 0.05938 
Healthy 
Behaviour 1.08E-03 1.71E-02 0.063 0.94997 

Healthy 
House 4.83E-03 6.30E-03 0.766 0.45071 

Clean Water 9.92E-04 1.73E-02 0.057 0.95468 
 
Given the OLS estimation in Table 2, we found one variable-population density has a significant effect 
at a significant level of 10%. The best OLS model for one variable is given: 
 

Table 2. OLS estimation reduced model 

 Estimate Std. 
Error t-value p-value 

(Intercept) 7.17E+00 1.80E-01 39.739 <2e-16 

Density 1.84E-05 9.96E-06 1.851 0.0747 

Next, we model using spatial econometrics models.  

 
Figure 5. Spatial connected map 

 
Table 3. Characteristic of Spatial Weight Matrix 

 
Characteristics of weights list object: 
Neighbour list object: 
Number of regions: 30  
Number of nonzero links: 140  
Percentage nonzero weights: 15.55556  
Average number of links: 4.666667 
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Table 3 shows the characteristic of spatial weight matrix using queen contiguity presents there are 140 
number of nonzero links given 30 district.  
 

Table 4. LM spatial autocorrelation test 

 
Statistics p-value Note 

LM Error 0.24973 0.6173 Accept H0 

LM Lag 0.00029 0.9864 Accept H0 

Robust LM Error 3.64550 0.0562 Reject H0 

Robust LM Lag 3.39600 0.0654 Reject H0 

SARMA 3.64580 0.1616 Accept H0 
 
Table 4 shows the LM test. Based on the LM spatial autocorrelation test Error model is the best model 
that can be used to explain the diarrheal data in the city of Bandung, Indonesia. 
 

Table 5. Spatial error model inference 

 Estimate Std. 
Error z-value p-value 

(Intercept) 7.09E+00 1.58E-01 45.035 < 2.2e-16 

Density 2.29E-05 8.88E-06 2.5819 0.0098 

Lambda -0.22228 0.28297 -0.7855 0.4321 
 
Table 5 presents the final result of the spatial error model. We found there is a positive effect of 
population density on the number of diarrheal cases in the city of Bandung. It indicates increasing 
population density causes an increasing number of diarrheal cases.  
 
4. Conclusions 
We present in detail how to build a diarrheal model to explain the effect of risk factors. Statistical 
modeling has to be applied carefully. We have to know the characteristic of our outcome variable and 
its relationship with the risk factors. Data exploration is an important part of statistical modeling [1]. In 
the regression model, data exploration can be started by creating the bivariate plots between the 
response and predictors. It is useful to identify the relationship form those variables. We found there is 
only one predictor variable that has a linear relationship with log(number of cases). The other variables 
seem to have zero correlation. The variable is population density.  

It is consistent with the OLS result which only population density has a significant effect on 
diarrheal cases in the city of Bandung, Indonesia. However, it has not a final model yet. The best 
model is a model that better than the other alternative models. Because our data is spatial data that 
commonly have spatial dependency characteristics, this characteristic has to be included in the model 
to get a better model [2] [3]. There are several models that can be used to accommodate the spatial 
dependency. Spatial lag and error dependences are the most popular model in the spatial econometrics 
approach. As a prior identification, to select the appropriate model, we can use Lagrange multiplier test 
statistics [4]. We found spatial error model is the best model to explain the effect of population density 
on diarrheal cases by considering spatial dependency.  
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The final spatial error model provide the best model for diarrheal data and we found increasing 
population density causes an increasing number of diarrheal cases. 
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