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Abstract - The spread of infectious diseases has a close diseases of people [5]. GIS can also be used for monitoring

relationship with temporal and spatial localities because it is more
likely to occur if individuals are in near disease sources in terms
of specific space and time. Therefore, it is important to take both
temporal and spatial factors in the epidemic data analysis. The
basic principle is to examine the dependent relationship among
observations on both space and time dimensions. In order to
meet these requirements, Geographic Information System (GIS)
has the advantage over traditional non-space methods. GIS can
be used to determine the location and create the map of disease
cases. It can also be used for researching causes of disease
outbreaks and for simulating and forecasting the disease spread.
This paper proposes a GIS-based cholera forecast model for
Hanoi city, which took the impact of the city’s climate changes into
consideration. Experimental results show that GIS can be
effectively used for the cholera epidemic analysis of the research
area. The research points out hot spots of cholera disease as well
as it well explains the relationship between spatial distribution
variables, including climate, water area and population, and the
temporal distribution variable of the cholera case number.
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1. Introduction

Cholera first appeared in the world in 1817 and
quickly became one of the main causes of mass death
worldwide, especially in developing countries in the
tropics in Africa, Asia and South America. Historically,
cholera outbreaks had been considered as disasters
because of the high mortality rate, fast spreading, wide
region of influence and difficulty in controlling [1, 2].
Vibrio cholera virus can easily spread, or spread through
humans and animals, especially in regions lacking clean
water, poor sanitation facilities and heavy pollution.
Many studies have shown a causal relationship between
factors, including human behaviour, ecology and
infectious factors, and disease outbreaks. Therefore, the
analysis of the spatial model and factors that affect
cholera plays a very important role in research on the
nature of the disease spreading. This paper first
investigates some cholera forecasting models in the world
and in the region that have used GIS technology and then
proposes a GIS-based cholera forecast model for the city
of Hanoi, Vietnam. The rest of the paper is organized as
follows: Section 2 presents the related works; Section 3
describes the experimental data sets and the proposed
forecast model. The experimental results and discussion
are presented in Section 4 and Section 5 is the conclusion.

2. Related works

In recent years, GIS has been widely used as the
support tool for the decision making process in economic,
social and defence activities of many countries in the world
[3,4]. GIS provides tools for statistical analysis, spatial
modeling and researching on the relationship between
natural and environmental factors, and the health and

and forecasting the disease development, which thereby
helps different levels of management make appropriate
decisions for each point of time. As a broad range of
applications, there have been many different approaches to
GIS-based data analysis, such as Inverse Distance
Weighting (IDW), Hot Spot Analysis, Geographically
Weighted Regression (GWR)... [6]. Hot Spot Analysis is a
method of spatial grouping. It applies Getis-Ord Gi* [6]
statistical computation for each object in the spatial data
set. This method calculates the results by considering each
object in context with the surrounding objects. An object of
a high value is not necessarily a meaningful hot spot
statistically. To become a hot spot in terms of statistics, an
object must have a high value and is surrounded by other
high value objects. The local statistical method, such as
GWR considers the heterogeneity of the spatial
relationships. In other words, it models relationships that
vary across different spatial locations.

In 2008, Osei and Duker have used spatial regression
models (including spatial error model and spatial lag
model) to explore the dependence of the incidence of
cholera to a local environmental factor (open landfills) in
Kumasi, Ghana [7]. The study results showed that areas
with the higher density of open landfills had higher cholera
incidence than that of areas with the lower open landfills.
Moreover, areas near an open landfill have a higher cholera
incidence than that of areas far the open landfill [7]. Further
research in 2012 by Osei and his colleagues produced more
positive results when using the spatial regression models to
explore the spatial dependence of cholera to water bodies
potentially contaminated [8].

In 2014, Rasam et al. [9] conducted a study to integrate
GIS and a technical analysis of the cholera epidemiological
analysis of the spatial model in the district of Sabah,
Malaysia. Results showed that cholera tends to concentrate
around the region where there are infected people around
1,500 meters. The cholera outbreak usually occurs in
crowded areas with unsanitary environments, and close to
the contaminated water sources. In addition, cholera has a
close relationship with the coastal areas. It can be
concluded that GIS plays a very important role as a spatial
technology to determine the distribution models and to
clarify the hypotheses of disease development.

In Vietnam, cholera is a serious infectious disease to
humans and it still exists in some localities. To actively
prevent the recurrent of cholera epidemic affecting people's
health, the deployment of GIS applications for the control
and prediction of cholera epidemic is seen as a feasible
solution highly complementary to the professional medical
measures. It also helps the health sector and governments at
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all levels carry out the most appropriate intervention to
improve the effectiveness of the prevention and control of
cholera [5, 8]. Currently in Vietnam, GIS analysis
applications in the medical field are very limited. Most of
GIS-based medical applications stop at the creation of maps
of the disease occurring positions, the number of cases and
the GIS-based database management of disease. To the best
of our knowledge, we have not found any published works
of GIS analysis applications that found out the cause and the
distribution pattern of disease cases in the outbreak, as well
as predicted the possibility of future cases. Therefore, the
objective of this study is to build a predictive cholera model
for the city of Hanoi, which takes into consideration the
impact of variables of the climate, the water surface area
and the population to the number of cholera cases using
GIS-based spatial regression analysis model.

3. Proposed cholera forecast model
3.1. Experimental data sets

Experimental data include numbers of cholera cases
collected by the Hanoi’s Preventive Health Centre.
Climate and hydrology data in Hanoi was from the
National Meteorological Research Centre. The data sets
used in this study’s experiments are described in Table 1.

Table 1. Input data sets for the research

Data Sets Description

Administrative | Represents the boundaries of 29 districts of
map at 1: 50,000 | Hanoi city.

g'e)gdlgz_ical map Represents the network of rivers, streams,
at 1: 50,000 lakes in Hanoi city.

Represents the size of population of each
district of Hanoi city in years of the period
2007-2010.

Collected for the period 2001-2011 by
measuring stations in Hanoi, namely Ba Vi,
Ha Dong, Hoai Duc, Lang and Son Tay.
Data include rainfall, air temperature;
relative air humidity; number of hours of
sunshine; daily wind speed.

Represents archived data of cholera cases by
dates of the period 2001-2011 in Hanoi city.

Population data

Meteorological
data

Cholera data

3.2. Proposed cholera forecast model

Figure 1 shows the proposed GIS-based cholera
forecast model for the city of Hanoi. Input data include
the administrative map, hydro-geological map, population
data, meteorological data by dates (R - rainfall; Sh -
sunshine hours; T - air temperature, U - relative air
humidity; V - wind speed) and numbers of cholera cases
by dates in the period 2001-2011.

Using input data of meteorological variables (R, Sh, T,
U, V), water surface area and population of each district,
this research carries out the statistical analysis and
synthesis of data to build the forecast model. The water
surface area is considered unchanged and is calculated for
each district. Meanwhile, meteorological data was
collected only at 5 meteorological stations (Ba Vi, Ha
Dong, Hoai Duc, Lang and Son Tay). Therefore, the

research has used IDW tools to interpolate data for each
district from the data provided by meteorological stations.
Based on the result map after the interpolation, a multi-
layer map will be created for the simulation and
forecasting of cholera cases in the studied region using
regression functions. The study uses measurements of the
adjusted determination coefficient for comparison
between the regression models and selects the most
appropriate regression model.
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Figure 1. The proposed GIS-based cholera forecast model

4. Experiments and results
4.1. Description of experiments

Based on the proposed cholera forecast model
described in Figure 1, we carried out the data pre-
processing and the following experiments:

e Hot spot analysis of cholera epidemic: The goal of
this experiment is to find hot spots of the cholera
outbreak, and the relationship between the outbreak and
spatial factors, including meteorology and hydrology
(water surface) and population density;

e Experiment of multi-variable regression models
for cholera epidemic forecast. This experiment is done
using the results of the analysis of cholera epidemic hot
spots. It consists of three stages: (i) Selection of
explanatory variables for cholera outbreak, (ii) Linear
regression analysis — OLS [6] and (iii) Geographically
weighted regression — GWR [6]. These stages are
sequentially conducted because the result of the previous
stage is the input for next step.

4.2. Hot spot analysis of cholera epidemic

From annual statistical data of cholera cases in the
period 2001 - 2012 represented in Figure 2, we can see
that cholera was initially recorded in Hanoi with only 25
cases in 2004. Then, cholera outbreak had occurred
continuously from 2007 to 2010, with the peak of 2008.
However, in terms of space, the question is in which areas
did cholera cases usually occur? Was the distribution of
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cases clustered or scattered throughout the region? To
answer these questions, the analysis of hot spots was
conducted for each year using Getis-Ord Gi * statistical
method in the whole Hanoi city to identify areas, in which
cholera cases frequently appeared. The result of this step
is used for the selection of explanatory variables in the
regression models of disease. Hotspot analysis results are
shown in Figure 3. It can be seen from the results that the
hot spots of numbers of cholera cases vary according to
each year. However, they generally concentrate around
urban areas, including Ba Dinh, Hai Ba Trung, Thanh
Xuan, Dong Da, Hoang Mai and Cau Giay districts. These
districts are densely populated areas, adjacent to Nhue,
Kim Nguu and To Lich rivers. These are highly polluted
rivers flowing through the city of Hanoi.
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Figure 2:Number of cholera cases in the period 2001-2012

4.3. Experiments of multi-variable regression models for
cholera forecast

4.3.1. Explanatory variable selection of cholera epidemic

Analysis results of cholera case hotspots by year show
that the hotspots concentrate in the densely populated area
and are located close to the polluted rivers. Based on the
above statement and previous cholera research results, this
study selects explanatory variables for the cholera outbreak
in Hanoi city as follows: climate (R, Sh, T, U, V: annual
average), water surface area (km?) and population
(thousands of people). Because the numbers of cholera
cases are unevenly distributed over the years (in other
words, the data does not follow the standard distribution
rules).This study selects the following regression function
to explain the number of cholera cases (y) as follows:

Log(y)=a+Pr*R+P *Sh+Ps* T+PBsa*U+
Bs* V + Ps * Water surface area + B7 * Population + ¢
Where, Log(y) is the logarithm of the number of
cholera cases; a is the blocking ratio;B1, B2, Bs, Ba, Ps, Bs,
[Brare regression ratios; ¢ is the random error.

The purpose of the selection of the logarithmic
regression function is to transform the data into the
standard distribution. Climate, water surface area,
population variables are considered independent, while
the variable of the number of cholera cases is considered
dependent. Regression models will predict the incidence
of cholera cases in Hanoi based on the climate, water
surface area and population data.

4.3.2. Linear regression analysis — OLS

A linear regression analysis - OLS is conducted to
build the simulation and forecasting function of cholera
cases over the years for the entire area of Hanoi. Overall
results of OLS linear regression analysis for the years of
2007, 2008, 2009 and 2010 are shown in Table 2. The
standard deviation of the residuals (the actual number of
cases — simulation cases) for each year is shown in Figure
4. The study uses the adjusted determination coefficient
metrics (Adjusted R_squared or R?) for describing the
impact level of the climate, water surface area and
population variables to the number of cholera cases. This
adjusted  determination  coefficient indicates the
explanatory variables in the model to explain much of the
variation of the dependent variable.

Table 2. Adjusted determination coefficient in OLS linear
regression analysis by years in Hanoi.

Explanato Adjusted | Statistical
vear vgriablesry R_squared | value
(R) | (*p_value)
op07 | Constant, Water surface, 0.95677 <001
Climate
2008 Constant, Water surface, 042454 <001
Population
po0g | Constant, Water surface, | 970400 | <0.01
Climate, Population
2010 Constant, Water surface, 0.63746 <001
Climate, Population

I+

Hot Spot 2007
Gi_Bin

I cold Spot - 99% Confidence
[ cold Spot - 95% Confidence
[ cold Spot - 90% Confidence

] Not Significant

Hot Spot 2008
Gi_Bin

I coid Spot - 99% Confidence
[E cold spot - 95% Confidence
[ cold Spot - 90% Confidence

[ Not significant

[ Hot Spot - 90% Confidence ["] Hot Spot - 90% Confidence
[ Hot Spot - 95% Confidence [I Hot Spot - 95% Confidence
I ot Spot - 99% Confidence I ot Spot - 99% Confidence

Hot Spot 2009
Gi_Bin

I cold spot - 99% Confidence
[E cold spot - 95% Confidence
[ cold Spot - 90% Confidence
[ Not significant

[ Hot Spot - 905 Confidence
[I Hot Spot - 95% Confidence
I Hot Spot - 99% Confidence

Figure 3. Hotpot analysis of number of cholera cases in 2007, 2008 and 2009
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From the analysis results shown in Table 2, we can
draw the following remarks: In 2007, the combination of
climate and water surface factors can explain 25.87% of
the cases across the region. In 2008, the combination of
population and water surface factors can explain 42.45%
of the cases across the region. In 2009 and 2010, the

value will be more accurate than the model that has the
higher AIC value. The results of AIC comparison and the
adjusted determination coefficient (R%) between OLS and
GWR models for each year are presented in Table 3. The
results show that the GWR model is better than the OLS
model in 3 years of 2008, 2009 and 2010.
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B > 25 5 o

Figure 4. Standard deviation of the residuals (the actual cases — simulation cases) for 2007, 2008, 2009 and 2010
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Figure 5. Adjusted determination coefficient (R?) of the GWR model for 2007, 2008, 2009 and 2010

combination of climate, population and water surface can
explain 70.40% and 63.74% of the cases across the
region, respectively. The current trend shows that the
climate is undergoing profound changes due to the
negative impacts by human and natural activities. These
changes have a significant impact on the human health.

4.3.3. Geographically weighted regression - GWR

The global statistical model using OLS linear
regression assumes spatial homogeneity of the
relationship between the dependent variable and the
explanatory variables. This hypothesis can bring
misleading results when OLS is used for data in spatial
context. To overcome the above issue, the local statistical
method of geographically weighted regression was born.
This method considers the heterogeneity of the spatial
relationships. In other words, it models how relationships
vary across different spatial locations. Based on the
results of OLS regression analysis for the whole region by
year, we build the geographically weighted regression
model to improve its explanatory capability as well as to
establish a linear function suitable for each district. The
study uses the AIC information (Akaite's Information
Criterion) standard method [10] to compare the two
models. Accordingly, the model that has a lower AIC

Table 3. Comparison of OLS and GWR models by years.

2007 2008 2009 2010

Items 5 S TGWR | OLS | GWR | OLS |[GWR| OLS |GWR

AIC (101.10|101.10|105.38(104.65|81.83|73.51|81.81| 78.94

R?2 | 0.26 | 0.26 | 0.42 | 0.46 | 0.70| 0.84 | 0.64 | 0.69

Figure 5 shows that the values of the adjusted
determination coefficient (R? of the GWR model vary
locally by districts. This indicates the spatial variation of the
relationship between the explanatory variables and the
number of cholera cases in the year. Specifically, values of
the adjusted determination coefficient R2 can be divided into
two groups of low and high values. Accordingly, for 2007,
there is an increase in the value of R2 from West to East. For
the years after (2008, 2009 and 2010), the increase in the
value of R2 turns into the direction from North to South.

The advantage of GWR model is the ability to visually
show the estimated coefficients of each explanatory
variable for each space unit that is the district. This makes
it easier to explore complex relationships.

4.3.4. Discussion

Some comments are drawn from the results of OLS
and GWR regression analytics as follows:
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e On the annual basis, clear impact of climate on
cholera cases in the years 2007, 2009, 2010 is found, while
the remaining year 2008 this effect is negligible. On the other
hand, the impact of water surface on cholera cases is clearly
found for all years from 2007 to 2010. Population factor has
clear impact on cholera cases in two years of 2008 and 2010.
The analytical results of the study show water surface factor
plays an important role in forecasting models.

e In terms of space, the predicted number of cases in
urban areas is generally smaller than the actual number of
cases. Meanwhile, in North and South suburb districts the
predicted number is often greater. Further research is
needed to understand the interaction of space in the impact
on the cholera cases to provide the best forecasting models.

¢ In terms of models, both OLS and GWR models
can explain the number of cholera cases. However, GWR
model produces better results by years over OLS model
thanks to its ability to estimate the space-dependent
coefficients of the model.

5. Conclusion

This research has identified the hot spots of the cholera
disease, which are often formed into clusters around the
metropolitan area, where the population are very crowded
and adjacent to the polluted rivers. The study also
experiments OLS and GWR regression models to generalize
the forecast of the cholera in Hanoi city by years based on
climate variables, population and water surface area in the
period 2001 - 2011. The experimental results have shown
that GIS can be effectively used the cholera epidemic
analysis of the research area. The research points out the hot
spots of cholera disease as well as it explained the
relationship between spatial distribution variables, including
climate, water area and population, and the temporal
distribution variable of the number of cholera cases. That
contributes to supporting the management of the disease
over space and time. At the same time, the research results
have created important bases for further studies of the
simulation and forecasting the cholera in Hanoi.

The spatial accuracy of the research is limited due to
the fact that it analyses epidemic at the district level.

Therefore, our future work of further analysis will be
conducted at the level of wards to improve the spatial
accuracy. In addition, in the collection of cholera cases,
detailed information such as the address and GPS
coordinates should be recorded for each case to give more
detailed input to the GIS analysis.

REFERENCES

[1] Plowright, R.K., Cross, P.C., Tabor, G.M., Almberg, E., Bienen, L.
and Hudson, P.J., 2012: Climate Change and Infectious Disease
Dynamics. In: A.A. Aguirre, R. Ostfeld and P. Daszak, eds., New
Directions in Conservation Medicine: Applied Cases of Ecological
Health. Oxford University Press, pp.111-121.

[2] Leckebusch, G.C. and Abdussalam, A.F. (2015): Climate and
socioeconomic influences on interannual variability of cholera in
Nigeria. Health & Place, [online] 34, pp.107-117. Available at:
http://linkinghub.elsevier.com/retrieve/pii/S1353829215000660.

[3] Heywood, I., Cornelius, S. and Carver, S., 2002: Introduction to
Geographic Information Systems. Pearson Publication.

[4] Nguyen Kim Loi and Tran Thong Nhat, 2007: Geographic
Information System — ArcView 3.3. Ho Chi Minh city: Argriculture
Publisher.

[5] Cromley, E.K., McLafferty, S.L.,: GIS and Public Health, 2nd ed.,
New York, USA, The Guilford Press (2011).

[6] Auchincloss, A.H., Gebreab, S.Y., Mair, C., Roux, AV.D.: A
Review of Spatial Methods in Epidemiology, 2000-2010. The
Annual  Review of Public Health is online at
publhealth.annualreviews.org , (2012).

[7] Frank B Osei, Alfred A Duker (2008): Spatial dependency of V.
cholera prevalence on open space refuse dumps in Kumasi, Ghana:
a spatial statistical modelling. International Journal of Health
Geographics 2008.

[8] Frank B Osei, Alfred A Duker, and Alfred Stein (2012): Cholera
and Spatial Epidemiology, Cholera, Dr. Sivakumar Gowder (Ed.),
ISBN: 978-953-51-0415-5, InTech, Auvailable from:
http://www.intechopen.com/books/cholera/cholera-and-spatial-
epidemiology.

[9] Rasam, A.R.A., Ghazali, R., Noor, A.M.M., Mohd, W.M.N.W.,
Hamid, J.R.A., Bazlan, M.J. and Ahmad, N., 2014: Spatial
epidemiological techniques in cholera mapping and analysis
towards a local scale predictive modelling. IOP Conference Series:
Earth and Environmental Science, Available at:
http://stacks.iop.org/1755-1315/18/i=1/a=012095?
key=crossref.018d453478h90fd70bf231feaecdaab6.

[10]Nkeki, F.N. and Osirike, A.B., 2013: GIS-based local spatial
statistical model of cholera occurrence: using geographically
weighted regression. Journal of Geographic Information System, 5,
pp.531-542.

(The Board of Editors received the paper on 11/01/2017, its review was completed on 24/05/2017)



