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The epidemics of cholera are impacted by many climatic and environmental factors such as precipitation, temperature, elevation
and so on. The paper analyzed the suitable degree of V. cholerae in China using MaxEnt based on some geographic and climatic
factors, and predicted the cholera risk in each district of China according to the suitable degree. The result shows that the areas in
coastal southeast, central China and western Sichuan Basin are relatively suitable for V. cholerae and the suitable degree is higher
in the Xinjiang Basin than in surrounding areas. The variables of precipitation, temperature and DEM are three main environmental risky factors that affecting the distribution of cholera in China. The variables of relative humidity, the distance to the sea and
air pressure also have impacts on cholera, but sunshine duration and drainage density have little impact. The AUC value of
MaxEnt based model is above 0.9 which indicates a high accuracy.
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Cholera was first introduced to China in 1820 during its first
pandemic. It caused tremendous losses to China in the followed pandemic. The horizontal incidence of cholera in
China has steadily been at a low level in recent years.
However, there would be an outbreak every 3–4 years due
to the impact of extreme weather conditions or natural disasters [1]. In 1998, China was hit by a once-in-a-century
flood, which led to the Yangtze River, the Yellow River and
some other rivers burst their banks. The flood carrying with
vibrio cholerae (shortly V. cholerae) was washed into the
residential areas especially the towns and villages, which
caused the food and water to be contaminated. As a result,
the incidence of cholera in China increased significantly in
1998 and 1999 [2]. The overall cholera incidence was relatively low during the subsequent decades, but there was a
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small peak appeared in 2001 and 2005 respectively. The
cholera cases outbreak in 2001 were mainly distributed in
Guangdong, Sichuan, Zhejiang, but in 2005, they were mainly distributed in Fujian, Zhejiang and Guangdong. What’s
more, the dominant serotype O139 was transformed into
serotype Inaba which had been caused the cholera pandemics
in history. Hainan Province suffered a once-in-30-year heavy
rainfall, which caused floods in many areas. Because of the
seawater intrusion and the hydrops being difficult to discharge, the natural V. cholerae contaminated the living environment of the residents. Also, there were cholera epidemics
outbreak in Mengcheng, Anhui and Huai’an, Jiangsu in August and September, 2010 respectively [1].
Cholera epidemic is affected by climate, geography and
some other natural environmental factors. It also has connections with lifestyle of the inhabitants, sanitation, population and some other socio-environmental factors [3]. The
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relationship between socio-environmental factors and cholera epidemic is very complex. The socio-environmental
factors are difficult to be quantitatively described and the
relevant data is difficult to acquire. However, most of the
natural environmental factors can be acquired with the help
of RS and GIS techniques, and they are easy to be quantitatively expressed [4,5]. Therefore, the paper focused on the
analysis of the influences of natural environmental factors
such as geography and climate on the cholera epidemic, and
predicted the potential spatial distribution of cholera in
China based on these natural environmental factors.

1 The analysis on the natural environmental
factors of cholera
Temperature is one of the most important climatic factors
which affect the living and reproducing of V. cholerae in
the natural environment [6]. The temperature of 37°C is the
most suitable for the growth and reproduce of V. cholerae.
In addition, the temperature between 16°C and 42°C is also
very suitable for the growth and reproduce of V. cholerae.
Although the V. cholerae can also survive a certain amount
of time out of this interval of temperature, the environment
temperature above or below this temperature will inhibit its
reproduction [7]. Because of the global industrialization
process, a large number of greenhouse gases were increased.
The trend of global warming is increasingly evident. The
average temperature of the tropical regions becomes closer
to the most suitable breeding temperature of the bacterium.
Therefore, the epidemic of cholera in these regions especially in Africa countries which have poor basic health conditions will be more frequent. Fernández et al. [8] analyzed
the relationship among cholera cases in Lusaka, Zambia in
weeks during 2003–2006 and the climate factors such as
rainfall, temperature and so on. The results showed that
when the temperature of six weeks ago increased 1 degree,
the cases of cholera increased 5.2 percent. Gil et al. [9]
found there was a significant positive correlation between
the sea surface temperature and the local cholera incidence
in Peru by continuous collected the water sample in four
locations along the coast of Peru. Precipitation is also an
important climate factor which affect the cholera epidemic
[10,11]. The high-incidence period of cholera is always after the rainy season. That’s because the large number of rain
lead to the raise of local rivers and lakes, even caused the
heavy flood. A large number of residential areas were submerged. That would increase the probability of the residents
contacting to the contaminated water, which led to the increase of the cholera occurrence. The researches in Hue,
Bangladesh and KwaZulu-Nuatal, South Africa showed that
the local incidence of cholera had significantly related to the
precipitation two months ago [10,12]. Pascual et al. [13]
found that the cholera mortality in nine provinces of India is
significantly related to the local precipitation.
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As an important geographic environmental element, elevation may significantly impact the distribution of variety of
diseases. In general, low attitude areas are prone to the outbreak of cholera. The reason is that V. cholerae mainly
spread through the water, the areas with a low elevation are
vulnerable to the floods. Thus the local residents have higher probability to contact the water or food with bacterium.
Drainage density is an important indicator of the basin
structural features. It reflects the precipitation and the underlying surface condition to a certain extent, which exerts
great influence on the risk of cholera outbreaks. The regions
of high rainfall and weak permeability have high risk with
the flooding which associated with the outbreak of cholera.
Therefore, drainage density may be an indicator that indirectly reflects the risk of cholera outbreaks. The ocean is an
important aquatic environment for the survival and reproduction for V. cholerae. The cholera cases in China and many
other countries are mainly distributed in coastal and offshore
areas. The rising sea levels caused by global warming makes
the coastal areas in the low-elevation more vulnerable to the
invasion of seawater, resulting in a large number of marine
saline water being injected into fresh water such as groundwater. This will raise the water salinity of coastal areas to be
close to the suitable salinity for V. cholerae, thus resulting in
the rise of the cholera incidence [14]. Borroto et al. [15] researched the spatial model of cholera incidence of Mexican
states during 1991 and 1996 using the method of spatial autocorrelation. The result showed the cholera incidence in
coastal areas is 2.47 times that in inland areas.

2
2.1

Data processing
Cholera and demographic data

The cholera data is acquired from the Institute for Infectious
Disease Control and Prevention, Chinese Center for Disease
Control and Prevention. It is a compilation of data which
was submitted and summarized through administrative levels. The data set includes the record of cholera incidence
and deaths of cholera in each county of China during 2001–
2008. Each record contains the number of cholera incidence
and deaths per month and the corresponding county name
and district code. The demographic data is from the Speediness Collected Data of National Population of Fifth Census,
which can be downloaded from the website of National Bureau of Statistics (http://www.stats.gov.cn/). The paper collected the demographic data of each county in China in the
fifth national census. Each record of demographic data includes the natural population, county name and district
code.
2.2

Geographic data

The basic geographic data is collected from the 1:1000000
national basic scale electronic maps, which are provided by
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the National Geomatics Center. This data set includes the
administrative margin vector of each county, and the National Rivers distribution vector. We established a connection between the administrative boundary vector and the
cholera and demographic data by using the field of “district
code”, and generated a new vector which contained the
number of cholera cases and population in each county, thus,
realized the spatialization of the cholera and demographic
data. We unified the coordinate system through the projection conversion for each layer, and then established the
temporal and spatial database of cholera in China.
The elevation data is acquired from SRTM (Shuttle Radar Topography Mission) with a spatial resolution of 90 m.
The DEM data of SRTM divided the global scale into raster
maps with 1 degree in the length and width according to the
latitude and longitude. The paper collected the DEM raster
maps of SRTM which covered the whole China. We spliced
these images using the software of ENVI 4.5, and then cut
the mosaic data based on the administrative boundary vector
layer of China. By this way, we got the elevation raster layer of China.
The drainage density was calculated based on the National Rivers distribution vector in the 1:1000000 national
basic scale geographic datasets. It was expressed as the ratio
of average river length l and the average adjacent area a. If
there are n rivers in the area A, and the whole rivers length
is L. Then l=L/n, a=A/n. The format of drainage density can
be expressed as
D

L l
 ,
A a

(1)

namely the drainage density can be expressed as the total
length of all the rivers per unit area.
The distance from each county to the ocean is calculated
using the coast map of China as the input layer. By computing the distance of the central point of each county to the
ocean based on spatial analysis, we generated the corresponding raster layer of the distance to the ocean.
2.3

Climate data

The climate data in the paper was downloaded from the
website of China Meteorological Data Sharing Service
(http://cdc.cma.gov.cn/). Five climate elements were collected in this paper, including temperature, precipitation,
relative humidity, air pressure, sunshine duration from the
annual standard data in the surface climate dataset during
2001 and 2008. The dataset originated from the surface meteorological records which was submitted and summarized
through administrative levels by the meteorology departments of each province, city and county. The type of original climate data is ASCII file. It includes the summary data
from the 722 basic surface meteorological observation stations.
The climate data were processed as follows. Firstly, we
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did something about the missing data processing to the climate data, and deleted the station records which contained
blank value or invalid value in the original file. Secondly,
we converted the ASCII file into the file of floating data
with a standard unit to each element. Then, we calculated
the average annual values of temperature, precipitation,
relative humidity, barometric pressure, sunshine duration.
Finally, we spatialized all the climate data.
The process of spatialization establishes the connection
between the climate data of each station and its location by
latitude and longitude file based on the site ID code, and
then generates the vector layer for each meteorological station. In order to acquire the continuous planar layer of the
climate data, the paper spatial interpolated the climate elements layers using the method of IDW(Inverse Distance
Weighted). Based on the above processing, the paper acquired the raster layers of average annual temperature, precipitation, relative humidity, barometric pressure, sunshine
duration in mainland China between 2001 and 2008.

3 The MaxEnt
The Ecological Niche Model (ENM) is based on the theory
of niche, which is the general term of the environment for
special species and their living habits [16,17]. ENM was
first used to research on the potential geographical distribution of the species. The basic principle of its prediction is
based on the living environment of biological or microbiological special. Firstly, using a suitable mathematical model
to summarize or simulated its niche needs from its known
distribution, namely the living environment. Then, predicting the suitable distribution area of the target area according
to various environmental elements of the target area.
The MaxEnt is a niche prediction model based on the
principle of maximum entropy. It extrapolates or predicts
from deficient known information. It explores the non- random relationship between the environmental characteristics
of the known species distribution and the study area according to the known species distribution data and environmental layers. And find the maximum entropy probability distribution as optimal solution for the prediction of species suitable area under a certain constraints [18]. The
mathematical principle is as follows [19]. Assuming that the
set of X present the points which are transformed from the
grid cells of whole study area, x1, x2,  xn are the finite positions of the known biodistribution. n is the number of the
known distributed points. Namely, the series of x1, x2,  xn
are samples of X which present the set of all points in the
study area. These samples are dominated by the probability
distribution of a position which we denote . Therefore, we
should build an approximate value of ̂ to estimate . We
assume that fj is the function of environment variable of all
the target point-of-presence. Then the expectation of fj is
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 ( x) f j ( x) which denoted by [fj]. The

feature expectations [fj] can be approximated using the
known sample points. The empirical average of fj is
1 n
 f j ( x j ) , which we can write as  [ f j ] . Therefore, the
n j 1
constraint condition can be expressed as ˆ [ f j ]   [ f j ] . In

fact, the empirical means has a deviation with the true
means of fj. So a neighborhood constraint condition is required to make the empirical values to be close to the true
values.

ˆ [ f j ]   [ f j ]   j .

(2)

According to the convex duality theory, ̂ can be described by a special Gibbs distribution.
N

q ( x) 

e

  f ( x)

Z



e

  j  f j ( x)
j 1

Z

,

(3)

where j is the weight coefficient of index j; Z is a constant
which are used to insure that  q  1. This distribution is
namely Gibbs distribution. The probability distribution of
the maximum entropy equals to the special Gibbs distribution. And the special Gibbs distribution should ensure that
the value of  [  ln(q )] is the minimum.
The prediction of MaxEnt is divided into the following
four steps. Firstly, collect the investigation records of the
species distribution or refer to the relevant historical literature records, and obtain the data of the known distribution
area. Secondly, select the appropriate environment variables
which have a direct relationship with the accuracy of the
prediction results from the environmental data set of species.
Then, input the environment variables set of the known distribution data into the model and get the prediction result of
the target area, namely the potential geographic distribution
of the species. Finally, analyze and evaluate the prediction
model.

4
4.1
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the geographic and environmental factors, and realize the
district partition of cholera risk in China according to the
suitable degree distribution.
We regarded the distribution layer of cholera cases for all
the counties in China between 2001 and 2008 as the known
distribution data in the ENM. Then we randomly extracted
25% samples of the known cholera cases as the test data,
and the other 75% as the training data. The average values
of annual precipitation, temperature, sunshine duration, air
pressure, relative humidity, DEM, drainage density and the
distance from the ocean were input as environmental variables. The output suitable degree distribution of V. cholerae
in China has a value in the range of 0–1. As shown in Figure 1, the southeast coastal China, central China and the
western Sichuan Basin have a relatively high suitable degree of V. cholerae. However, there is a relatively low suitable degree of V. cholerae in northeast and northwest China.
In northwest areas, the Xinjiang Basin has a relatively higher suitable degree of V. cholerae than surrounding areas.
The suitable degree probabilities of cholera that the
MaxEnt obtained are continuous variables in the range of
0–1. We need select an appropriate threshold in order to get
the risky levels of the cholera incidence in each region.
China was divided into non-incidence area, low-risk area,
medium-risk area and high-risk area according to the suitable degree of V. cholerae using empirical method though
consulting with the epidemiological experts. The area which
had a value of suitable degree less than 0.01 was regarded
as no incidence area. The range of 0.01–0.1 was regarded as
low-risk area and 0.1–0.3 as medium-risk area, while the
value over 0.3 was high-risk area. According to the partition,
we got the risky map of cholera in China as shown in Figure
2. Most regions of the Southeast coastal provinces such as
Guangdong, Fujian, Zhejiang, Jiangsu, Hainan and Central
China such as Anhui, Jiangxi, Hunan and Hubei are highrisk areas of cholera. Sichuan Province which is located in
West China has very complex geographical and climatic

Result and discussion
The suitable degree of V. cholerae in China

The district prediction of cholera risk based on environmental factors is mainly to estimate the probability of the
epidemic outbreak in the unknown areas according to the
geographic distribution and the risky factors of known samples. Zo et al. [20] proved that the outbreak of cholera epidemic was consistent with the increase of the amount of the
V. cholerae in the natural environment. So there must be a
number of V. cholerae in the area where cholera cases outbreak. Therefore, we can use the niche model to predict the
suitable degree of V. cholerae in different areas based on

Figure 1 Prediction of the suitable of cholera in China. The warm colour
represents the area with high suitable degree; the cold colour represets the
area with low suitable degree; the black colour represents no data area.
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Figure 2 District prediction of cholera risk in China. The red colour
represent high-risk area; the orange colour represent medium-risk area; the
reseda colour represent low-risk area; the bottle green colour represent
non-incidence area and the black colour represent no data area.

environments, and it covers all the four levels of risk. Most
of the Northwest regions except Xinjiang are no incidence
areas. The Northeast regions except coastal Liaoning are no
incidence or low-risk areas.
4.2

The evaluation of prediction model

The accuracy and error sources of the prediction model are
analyzed through model evaluation process. Generally, the
Receiver Operating Characteristic Curve (ROC Curve) is
widely used for the prediction model evaluation [21,22]. It
is a comprehensive indicator that reflects the continuous
variables of sensitivity and specificity. The basic principle
is as follows. To suppose a threshold value is the correct
criteria for prediction. The predicted value below this
threshold is regarded as wrong prediction, and the predicted
value over the threshold is regarded as correct prediction.
We separately obtained a series of correct data and wrong
data by analyzing the predictive results, computed the true
positive rate and the false positive rate by contrasting the
true value.
The area under ROC curve is the AUC (Area Under
Curve) value. AUC is one of the most commonly evaluation
indicators for its impregnability to the threshold. The AUC
value close to 1 indicates the predictive result of the model
is good. Generally speaking, when AUC value is between
0.5 and 0.7, the accuracy of predictive model is believed
relatively low. The AUC value between 0.7 and 0.9 indicates a moderate accuracy of the predictive model. However,
while the AUC value is greater than 0.9, the accuracy is
relatively high [23]. We evaluated the predictive result using ROC curve and computed the AUC value. The result is
shown in Figure 3. The red lines represent the ROC curve of
the training samples, and the blue line represents the ROC
curve of the test data. Both of them are greater than 0.9
which are respectively 0.937 and 0.944. Therefore, it is believed that the predictive model has a high accuracy.
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Figure 3 The ROC curve and AUC value of prediction, the red lines
represent the ROC curve of the training samples, and the blue line represents the ROC curve of the test data.

4.3 The contribution analysis of environmental risk
factors

The MaxEnt evaluates the contribution of each environmental risk factor to the predictive model using the indicator of relative contribution, namely the importance of each
environmental factor to the predicted results. The relative
contribution of the environmental variable increases as the
absolute value of the weight coefficient increases and it
decreases as the weight coefficient decreases in each training iteration process.
This paper calculated the contribution of each environmental factor to the cholera predictive model. The results
showed that the precipitation was the most important environmental variable that affected cholera incidence which
had a relative contribution of 24.3%. The temperature
(23.8%) and elevation (17.9%) has a little weaker importance than precipitation. These three environmental factors accounted for more than 65% of the relative contribution. The relative humidity (12.2%), the distance to the
ocean (9.4%), the air pressure (7.8%) and the sunshine duration (2.8%) are also important environmental risk factors.
The drainage density has the smallest contribution to the
model which is only 1.8%, namely the drainage density has
nearly no effect on the cholera incidence in China.
The precipitation has the greatest impact on the cholera
incidence in China. The reason is that the floods induced by
the continuing large amount of precipitation rushed the river
water with V. cholerae into the neighborhoods, and contaminated the food and water which made the residents be
prone to infect cholera. The temperature is also a major environmental factor of cholera, mainly due to the survival,
and reproduction of the V. cholerae has great sensitivity to
the environmental temperature. Only under suitable condition of temperature can V. cholerae survive and reproduce.
The elevation also effect cholera a lot. Because the neigh-
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borhoods in low altitude areas are more prone to be invade
by the floods and the coastal waters which will increase the
probability of the residents to contact with the V. cholerae.
4.4

The statistical analysis of the cholera risk

The paper analyzed the area ratio of different cholera risk
levels for all the regions in mainland China. The statistical
results are shown in Table 1. The high-risk areas of cholera
are generally in the coastal or offshore areas such as Jiangsu,
Shanghai, Anhui, Guangdong, Jiangxi, Zhejiang, Hainan,
Tianjin, Fujian, etc. The top-3 high-risk areas we predicted
are Anhui, Jiangsu and Shanghai. Mengcheng, Anhui and
Huai’an, Jiangsu respectively had an outbreak of cholera in
August and September 2010. The cholera outbreak in a
Middle School of Huai’an, Jiangsu had infected total 19
students, while the cholera outbreak in Mengcheng, Anhui
had reached 33 cases. Shanghai may reduce the risk of
Table 1 The area ratio of different cholera risk levels in each region
Region
Jiangsu

Non-incidence Low-risk
area (%)
area (%)
0.00
0.00

Mediumrisk area (%)
0.00

High-risk
area (%)
100.00

Shanghai

0.00

0.00

0.00

100.00

Anhui

0.00

0.00

6.44

93.56

Guangdong

0.00

0.00

12.72

87.28

Jiangxi

0.00

0.00

13.69

86.31

Zhejiang

0.00

0.00

15.20

84.40

Hainan

0.00

0.00

16.18

83.82

Tianjin

0.00

0.00

25.81

74.19

Fujian

0.00

0.00

37.46

62.54

Hunan

0.00

0.39

39.61

60.00

Hubei

0.00

10.78

30.87

58.35

Chongqing

0.00

9.13

35.10

55.77

Shandong

0.00

0.00

46.44

53.56

Guangxi

0.00

1.28

47.35

51.37

Henan

0.00

16.47

42.82

40.71

Guizhou

0.00

10.00

60.23

29.77

Sichuan

34.13

24.92

21.30

19.65

Hebei

26.40

22.54

39.31

11.75

Liaoning

0.98

50.74

38.73

9.56

Beijing

0.00

42.86

55.10

2.04

Yunnan

1.46

38.50

59.37

0.67

Shaanxi

3.65

83.21

13.14

0.00

Xinjiang

48.62

50.29

1.10

0.00

Tibet

92.24

7.36

0.40

0.00

Shanxi

26.87

72.90

0.23

0.00

Ningxia

23.36

76.64

0.00

0.00

Jilin

34.35

65.65

0.00

0.00

Heilongjiang

61.74

38.26

0.00

0.00

Gansu

66.94

33.06

0.00

0.00

Inner Mongolia

79.89

20.11

0.00

0.00

100.00

0.00

0.00

0.00

Qinghai
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cholera outbreak to some extent due to its good basic sanitation. In the following five regions, Jiangxi has similar
geographical location and climate conditions with Anhui,
and has a relatively backward basic sanitation. The probability of cholera outbreak in the future is very high for
Jiangxi. While the cholera incidence of Guangdong,
Zhejiang, Hainan, Tianjin and Fujian has been at the forefront in the country recently. They have relatively high-risk
of cholera over a long period of time. Tibet and Qinghai are
the lowest risk regions of cholera in China. Moreover, Tibet
is the only region in China which has no case reported since
the 7th global epidemic of cholera.

5

Conclusion

The paper used niche model to predict the suitable degree of
V. cholerae in different areas based on the geographic and
environmental factors, and realized the district partition of
cholera risk in China according to the suitable degree distribution. Most regions of the Southeast coastal regions such
as Guangdong, Fujian, Zhejiang, Jiangsu, Hainan, and Central China such as Anhui, Jiangxi, Hunan, Hubei are
high-risk areas of cholera. Sichuan Province located in West
China has very complex geographical and climate environments, and it covers all the four levels of risk. Most of the
Northwest regions except Xinjiang are no incidence areas.
ROC curve was used to evaluate the predictive result. Both
of the training samples and the test data are greater than 0.9.
It shows the predictive model has a high accuracy. The precipitation is the most important environmental variable that
affects cholera incidence. The temperature and elevation
have weaker importance than precipitation. These three environmental factors account for more than 65% of the relative contribution. The relative humidity, the distance to the
ocean, the air pressure and the sunshine duration are also
important environmental risk factors. The drainage density
has the smallest contribution to the model, only 1.8%. The
analysis on the area ratio of different cholera risk levels for
all the administrative regions in mainland China shows that
Jiangsu, Shanghai, Anhui, Guangdong, Jiangxi, Zhejiang,
Fujian, Hainan, Tianjin are the highest risk regions of cholera in China.
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