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a  b  s  t  r  a  c  t

Infectious  diarrhea  is an  important  public  health  problem  around  the world.  Meteorological  factors  have
been strongly  linked  to  the  incidence  of  infectious  diarrhea.  Therefore,  accurately  forecast  the number
of infectious  diarrhea  under  the  effect  of  meteorological  factors  is critical  to control  efforts.  In recent
decades,  development  of  artificial  neural  network  (ANN)  models,  as  predictors  for  infectious  diseases,
have  created  a great  change  in  infectious  disease  predictions.  In  this  paper,  a  three  layered  feed-forward
back-propagation  ANN  (BPNN)  model  trained  by Levenberg–Marquardt  algorithm  was  developed  to pre-
dict the  weekly  number  of  infectious  diarrhea  by  using  meteorological  factors  as input  variable.  The
meteorological  factors  were  chosen  based  on  the  strongly  relativity  with  infectious  diarrhea.  Also,  as  a
comparison  study,  the  support  vector  regression  (SVR),  random  forests  regression  (RFR)  and  multivari-
ate  linear  regression  (MLR)  also  were  applied  as  prediction  models  using  the same  dataset  in  addition  to
BPNN  model.  The  5-fold  cross  validation  technique  was  used  to avoid  the  problem  of overfitting  in models
training  period.  Further,  since  one  of  the  drawbacks  of ANN  models  is  the  interpretation  of  the  final  model

in  terms  of  the  relative  importance  of  input  variables,  a sensitivity  analysis  is performed  to  determine
the  parametric  influence  on  the  model  outputs.  The  simulation  results  obtained  from  the  BPNN  confirms
the  feasibility  of  this  model  in terms  of applicability  and  shows  better  agreement  with  the  actual  data,
compared  to  those  from  the SVR,  RFR  and MLR  models.  The  BPNN  model,  described  in  this  paper,  is  an
efficient  quantitative  tool  to evaluate  and  predict  the  infectious  diarrhea  using  meteorological  factors.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Infectious diarrhea which can be caused by a variety of bacte-
ial, viral and parasitic organisms remains a major public health
roblem around the world [1]. As a kind of common and impor-
ant infectious disease, infectious diarrhea has a serious threat
o human health and leads to one billion disease episodes and
.8 million deaths each year. Infectious diarrhea in young chil-
ren is a killer illness, especially in developing countries [2,3]. In
hina, infectious diarrhea is a notified infectious disease which

s the biggest developing country. In Shanghai of China, the inci-
ence of infectious diarrhea has significant seasonality throughout

he year and is particularly high in the summer and autumn of
ecent years. Moreover the incidence of infectious diarrhea has
een the highest among the class A and B intestinal infectious

∗ Corresponding author. Tel.: +86 13482813260.
E-mail address: ymwang819@gmail.com (Y. Wang).

ttp://dx.doi.org/10.1016/j.asoc.2015.05.047
568-4946/© 2015 Elsevier B.V. All rights reserved.
diseases. Infectious diarrhea has become the focus of the prevention
and control of infectious diseases over the years. Health forecast-
ing is a novel area of forecasting, and a valuable tool for predicting
future health events or situations such as demands for health ser-
vices and healthcare needs. It facilitates preventive medicine and
health care intervention strategies, by pre-informing health service
providers to take appropriate mitigating actions to minimize risks
and manage demand [4]. Hence, a robust short-term (week-ahead)
prediction model for infectious diarrhea incidence is necessary for
decision-making in policy and public health.

Infectious diseases have a closely relation with meteorolog-
ical factors [5] and can affect infectious diseases in a linear or
nonlinear fashion [6]. Over the past couple of decades, there has
been a large scientific and public debate on climate change and its
direct as well as indirect effects on human health [7]. The effects

of meteorological factors, such as temperature, rainfall and rela-
tive humidity, on diarrhea diseases incidence have got much more
concerning recently. As far as we are concerned with the predic-
tion of diarrhea diseases in literature, many forecasting models

dx.doi.org/10.1016/j.asoc.2015.05.047
http://www.sciencedirect.com/science/journal/15684946
www.elsevier.com/locate/asoc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asoc.2015.05.047&domain=pdf
mailto:ymwang819@gmail.com
dx.doi.org/10.1016/j.asoc.2015.05.047
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Table 1
Summary of population in Shanghai [30].

Year Population (million) Population growth
rate (%)

2004 13.52
2005 13.60 0.582
Y. Wang et al. / Applied Sof

ased on statistical methods for diarrhea diseases forecasting have
een devoted. Alexander et al. [8] evaluated monthly reports of
iarrheal disease among patients presenting to Botswana health
acilities and compared this to climatic variables (rainfall, temper-
ture, and vapor pressure). Kolstad et al. [9] combined a range of
inear regression coefficients to compute projections of future cli-

ate change (temperature)-induced increases in diarrhea. Zhao
t al. [10] established multiple regression model rolling forecast
f daily incidence of infectious diarrhea. Chou et al. [11] applied a
limate variation-guided Poisson regression model to predict the
ynamics of diarrhea-associated morbidity. The results indicated
hat the maximum temperature and extreme rainfall days were
trongly related to diarrhea-associated morbidity. In Hashizume
t al. [12], weekly rainfall, temperature and number of hospital
isits for non-cholera diarrhea were analyzed by a Poisson regres-
ion model. McCormick et al. [13] studied of temporal and spatial
atterns of diarrheal disease and construct a spatial panel regres-
ion model suing contemporary acute diarrhea disease and climatic
ata (temperatures and precipitation) and found there is a strong
ssociation between daily mean temperature and precipitation and
he incidence of hospitalization. Singh et al. [14] examined diar-
hea notifications in Fiji in relation to estimates of temperature
nd rainfall, using Poisson regression analysis of monthly data for
978–1998. Result indicated that there were positive associations
etween diarrhea reports and temperature and between diarrhea
eports and extremes of rainfall. Lloyd et al. [15] undertook a global
ross-sectional study of diarrhea incidence in children under 5, and
ssessed the association with climate variables (temperature and
ainfall) by linear regression method.

With regard to the fact that number of meteorological factor
hat effect infectious diarrhea are too much and the inter-relation
mong them is also very complicated, prediction models based on
raditional statistics methods may  not be fully suitable for such
ype of problems. In recent years, artificial intelligence techniques
uch as artificial neural network (ANN) and support vector machine
SVM) have been employed for developing predictive models in
omplex prediction problems. Nowadays, ANNs are considered to
e one of the intelligent tools to understand the complex problems.
s a powerful computational method, ANNs have been widely used

n the medical and health field, such as medical diagnosis and dis-
ase prediction [16–23]. Moreover, ANN-based hybrid prediction
odel (hybrid neural networks) have been widely used in differ-

nt fields and obtained the very good prediction result [24–27].
ompared with other forecast methods, ANNs are advantageous

n terms of high data error tolerance, easy adaptability to online
easurements.
The feed forward back propagation neural network (BPNN) as a

ypical ANNs is essentially a mapping function from input to output
ector(s) without knowing the correlation between the data. BPNN
an implement any complex nonlinear mapping function proved
y mathematical theories, and approximate an arbitrary nonlin-
ar function with satisfactory accuracy [28]. However BPNN are
haracterized by very poor convergence. Several improvements for
PNN were developed. The Levenberg–Marquardt back propaga-
ion neural network is a powerful optimization technique that was
ntroduced to the neural net research because it provided methods
o accelerate the training and convergence of the algorithm [29].

Based on a literature review, so far as I know to the best knowl-
dge of the authors, there is no works has been carried out to utilize
he ANNs method in predicting diarrhea disease, to say nothing
f infectious diarrhea. In this paper, an attempt had been made
o establish a new BPNN model to predict the weekly number of

nfectious diarrhea (WNID) in Shanghai of China with a set of mete-
rological factors as input variable. Also, as a comparison SVR, RFR
nd MLR  models were developed for the same purpose in addi-
ion to BPNN model. Finally, since one of the drawbacks of ANNs is
2006 13.68 0.575
2007 13.79 0.788
2008 13.91 0.883

the interpretation of the final model in terms of the importance of
variables, the calculation is performed using sensitivity analysis.

The rest of this paper is organized as follow. Study area and
dataset that is used in this study are briefly described in Section 2.
The prediction methods and performance evaluation criteria which
are used in this paper are introduced in Section 3. These methods
are ANN SVR, RFR and MLR. ANN and SVR, RFR, MLR  models are
developed in Sections 4 and 5, respectively. In order to investigate
the performance of the established model, the prediction results
of the ANN model are reported in comparison with the SVR, RFR
and MLR  models as discussed in Section 6. Section 7 illustrated the
sensitivity analysis, and conclusions of this paper are concluded in
Section 8.

2. Study area and diarrhea-meteorological data

In this section, we  present the study area in Section 2.1. We
also describe the dependent and independent variables used in this
paper in Section 2.2.

2.1. Study area

Shanghai is located in the eastern part of China which is the
largest developing country in the world, and the city has a mild sub-
tropical climate with four distinct seasons and abundant rainfalls.
It is the most populous city in China comprising urban/suburban
districts and counties, with a total area of 6340.5 km2 and had a
population of 13.9 million by the end of 2008 (Table 1) [30]. Gener-
ally, in epidemiological studies, the incidence is an important index
that has become the focus for many researchers. The incidence is
calculated by dividing the disease number with the total popula-
tion. Since the study population was  relatively stationary during the
time period from 2005 to 2008 with the annual growth rate below
1% (Table 1), the trend of incidence during that time period could
be similarly prescribed by the trend of disease cases number. Hence
we used the number of infectious diarrhea as the response variable
in our models. Description of the input (meteorological factors) and
output (the weekly number of infectious diarrhea) parameters for
constructing the BPNN model have been given in Table 2.

2.2. Dependent and independent variables

The WNID cases data from 2005.1.3 to 2009.1.4 were col-
lected from National Disease Supervision Information Management
System, which is a modifiable diseases reporting system of real-
time, online, based-on-case information. The infectious diarrhea
cases were all clinical or laboratory-confirmed cases of infectious
diarrhea and reported by hospital diagnostic. In choosing meteoro-
logical factors, an important consideration is of course whether a
factor is likely to have a significant influence on the infectious diar-
rhea. The Spearman Rank Correlation Analysis (ARCA) was carried
to determine the effects of nine meteorological factors on infectious

diarrhea. According to the ARCA results (see Table 3), Tmax, Tmin,
Tavg and APavg are statistically significant correlation (p < 0.01) and
RHmin, RHavg, SD,  WSavg and R are statistically correlation (p < 0.05)
with infectious diarrhea. This implies that it is entirely feasible to



282 Y. Wang et al. / Applied Soft Computing 35 (2015) 280–290

Table 2
Description of input and output parameters for constructing the prediction models.

Input (independent
variables)

Parameter (Unit) Symbol

Meteorological factors Weekly average maximum
temperature (�)

Tmax

Weekly average minimum
temperature (�)

Tmin

Weekly average
temperature (�)

Tavg

Weekly average minimum
relative humidity (%)

RHmin

Weekly average relative
humidity (%)

RHavg

Weekly average
atmospheric pressure (hPa)

APavg

Weekly average sunshine
duration (h)

SD

Weekly average wind
speed (m/h)

WSavg

Weekly average rainfall
(mm)

Ravg

Output (dependent
variables)

Parameter (Unit) Symbol
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Infectious diarrhea Weekly number of
infectious diarrhea (case)

WNID

se the meteorology factors to forecast the infectious diarrhea in
hanghai area. The weekly meteorological factors data in Shanghai
rom 2005.1.3 to 2009.1.4 were obtained from the Shanghai Mete-
rological Bureau of City Environmental Meteorological Center.

A total of 209 weeks data pairs were collected to develop the
PNN model. The basic statistical characteristics such as minimum,
aximum, average, standard deviation of the input and output

arameters are illustrated in Table 4. The temporal variation behav-
or of WNID cases and weekly average meteorological factors from
005.1.3 to 2009.1.4 are illustrated in Figs. 1 and 2, respectively. In
his study, the data sets were chosen and segregated in time order.
n other words, the data sets of the earlier period were used for
raining and the data sets of the latest time period were used for
esting. From the collected data sets, the data sets ahead 80% as cali-
ration sets were selected for the development of the BPNN models,
he remaining data sets as testing sets were used for the verifying
he generalization capability of the established BPNN models.

. The methodology and performance metrics

In this study, three of the most common regression fore-

asting models were chosen for modeling: the feed-forward
ack-propagation ANN (BPNN) model, support vector regres-
ion (SVR) and the random forests regression (RFR). Moreover,

able 3
he Spearman rank correlation analysis between input and output variables.

Input variables WIDN

p-value r-value

Tmax <0.01** 0.7328
Tmin <0.01** 0.7569
Tavg <0.01** 0.7563
RHmin <0.05* 0.1671
RHavg <0.05* 0.1761
APavg <0.01** −0.5705
SD  <0.05* 0.1614
WSavg <0.05* −0.1833
R  <0.05* 0.1238

* Statistically correlation.
** Statistically significant correlation.
Time(week)

Fig. 1. Temporal variation of WNID in Shanghai from 2005.1.3 to 2009.1.4.

multiple linear regression (MLR) was  also used to predict the next
week WNID using meteorological factors.

3.1. Multiple linear regression analysis

As one of the most popular techniques for predictive modeling,
multiple regression analysis (MRA) is widely used in engineering
sciences to model and analyze the relationship between several
independent or predictor variables and a dependent or criterion
variable [31]. A multiple linear regression (MLR) prediction model
based on the general MRA  equation is given below:

y =  ̨ +
n∑

i=1

bixi + ε (1)

where y is the dependent variable (predicted result), bi is regres-
sion coefficients represent the independent contributions of each
independent variable,  ̨ is a constant value, xi are the values of the
independent variables and ε represents the random error term.

3.2. Artificial neural network

Artificial neural networks (ANNs), which use the computer net-
work system to simulate the biological neural network, are a class
of flexible non-linear, self-adapting black box intelligent informa-
tion process system. Detailed discussions on the ANNs can be found
in [32–34], but a brief introduction about BPNN is provided here.
The BPNN via Levenberg–Marquardt learning algorithm is the most
widely used algorithm and has been used with great success to
model numerous engineering applications [37,38]. BPNN is com-
posed of an input layer, an output layer and one or more hidden
layers that allow the network to learn relationships between input
and output variables [35,36]. The following equation gives the
mathematical expression of the output of the BPNN:

y = g

⎛
⎝� +

m∑
j=1

vj

[
n∑

i=1

f (wijxi + ˇj)

]⎞
⎠ (2)

In the Eq. (2), y is the prediction value of dependent variable; xi
is the input value of ith independent variable; wij is the weight of
connection between the ith input neuron and jth hidden neuron;
ˇj is the bias value of the jth hidden neuron; vj is the weight of
connection between the jth hidden neuron and output neuron; �
is the bias value of output neuron; g(·) and f(·)are the activation
functions of output and hidden neurons, respectively.

In order for a BPNN to accomplish a required prediction task,

BPNN should be trained with training dataset regarding the prob-
lem. During training, the weights and biases of the network are
iteratively adjusted to minimize the global error between the net-
work outputs and the actual outputs.
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Table  4
Basic statistical characteristics of input and output variables.

Variables Range Mean Median Standard deviation

Min  Max

Tmax 2.3857 36.4000 21.3072 22.7286 8.9847
Tmin −2.5000 27.8429 14.5494 15.1714 8.9827
Tavg 0.6500 31.8464 17.6415 18.6143 8.8901
RHmin 49 87.2857 69.8553 87.2857 7.3985
RHavg 49 87.2857 69.8553 69.8571 7.3985
APavg 999.9750 1032.8571 1.0161e+03 1015.9143 8.6114
SD  0 10.9857 4.6139 4.6000 2.2250

9

3

t

WSavg 1.3929 6.2179 

R  0 34.2571 

WNID 17 317 
.3. Support vector regression (SVR)

The SVR is a non-linear kernel-based regression method which
ries to find the best regression hyper plane with smallest structural
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Fig. 2. Temporal variation of meteorological fact
3.1297 3.0607 0.6818
3.1388 1.6571 4.4943
4.6268 68 67.5613
risk in a so-called high dimensional feature space [40]. Assume that
the training dataset be {(xi, yi)}n

i=1, where xi ∈ � d is input data, yi∈ �
is the expected output value of the ith data point in the dataset, d
is the dimensionality of samples and n is the number of samples.
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hen, the nonlinear relationship between the input and the output
an be formulated by a regression function as follows:

 = f (x) = wT ϕ(x) + b (3)

here ϕ(·) denotes kernel function which use a nonlinear mapping
unction to map  the input space to the high-dimensional feature
pace. w is a vector of weight coefficients and b is a bias con-
tant. When empirical risk �i and structure risk �∗

i
are considered

ogether, w and b are estimated by minimizing the following opti-
ization problem:

minimize
1
2

‖w‖2 + C

n∑
i=1

(�i + �∗
i )

subjected to

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

yi −
(〈

w, ϕ(xi)
〉

+ b
)

≤ ε + �i(〈
w, ϕ(xi)

〉
+ b

)
− yi ≤ ε + �∗

i

�i, �∗
i

≥ 0

(4)

here C is a modifying coefficient representing the trade-off
etween empirical risk and structure risk, ε is band area width. The
arameters values of C and ε are user-determined for SVR modeling.

.4. Random forests regression (RFR)

Random forests (RF), proposed by Breiman [41], are an improved
lassification and regression tree (CART) method. RF regression
RFR) method consists of a collection of unpruned regression trees
sing different bootstrap samples of the training data. In each boot-
trap sample, a random sample with replacement and with the
ame length, some of the data is repeated, and the left out sam-
les are called out-of-bag (OOB). To construct a tree, at each node,

 small random subset of size m of p explanatory variables (m ≤ p)
s chosen, and the best split of the feature space is done using only
his subset instead of using all variables. The value of m is held con-
tant during the forest growing. Each tree is grown to the largest
xtent possible. Then the final output is taken as the average of
he individual tree outputs. Since the OOB data are not used in the
onstruction of each tree, therefore, it is regarded as a test set to
et a running unbiased estimate of the prediction error and variable
mportance as trees are added to the forest [59]. The OOB error esti-

ate is an unbiased estimate of the generalization error, and this is
lmost identical to that obtained by N-fold cross-validation [58]. In
ractice, the number of trees (n) and the size of the variable subset
m) should be optimized to reach the ideal forest by minimizing the
OB error.

.5. Performance evaluation criteria (PEC)

To date, a variety of PECs that can be used for evaluation and
nter-comparison of different models have been proposed and
mployed in the literature to evaluate the forecasting accuracy, but
o single performance measure has been recognized as the univer-
al standard. As a result, we need to assess the performance based
n multiple metrics, and it is interesting to see if different metrics
ill give the same performance ranking for the models to be tested

42]. Among of PECs, the mean absolute error (MAE), the root mean
quare error (RMSE), the mean absolute percentage error (MAPE),
he correlation coefficient (R) and the coefficient of determination
R2) are the most widely used PECs and will be used in this study.
hese criteria can be expressed mathematically and calculated by

qs. (5)–(9).

AE  = 1
n

n∑
i=1

∣∣yi − ŷi

∣∣ (5)
puting 35 (2015) 280–290

RMSE =

√√√√1
n

n∑
i=1

(yi − ŷi)
2 (6)

MAPE = 1
n

n∑
i=1

∣∣yi − ŷi

∣∣∣∣yi

∣∣ × 100% (7)

R =

√
1 −

∑n
i=1(yi − ŷi)

2∑n
i=1(yi − ȳi)

2
(8)

R2 = 1 −
∑n

i=1(yi − ŷi)
2∑n

i=1y2
i

(9)

In the above relations, yt is the actual value, ŷt is the predicted
value, ȳ is the average of the actual value, respectively; n is the total
number of dataset. The models with the smallest MAE, RMSE and
MAPE and the largest R and R2 are considered to be the best models.

4. Development of BPNN model for predicting WNID

The BPNN modeling consists of two  steps: the first step is to train
the network using training data sets which are used to train the
network and adjust the connection weights and biases; the second
step is to test the network with testing data sets, which are not
used in training step and are used to estimate the generalization
error of trained networks. All BPNN models were implemented in
Matlab software (Neural Network Toolbox of Matlab v.2013a, The
Math Works Inc.).

To avoid the problem of overfitting, the 5-fold cross validation
[43], considered to be the most effective method to ensure over-
fitting does not occur [44], was  employed in this study. The
implementation of the 5-fold cross validation was carried out by
further splitting the calibration dataset into five equal-sized sub-
sets. Four sets (80%) as training set was used for updating the
network weights and biases, the remaining set (20%) as validation
set was  utilized to check the performance of the models and to
determine when to stop training to prevent overfitting. The struc-
ture of data sets using 5-fold cross validation is shown in Fig. 3.
In this study, optimal model architecture and parameters are cho-
sen such that they minimized the root mean square error (RMSE)
value between observed values and model outputs on the vali-
dation dataset [29,39,49,52,63].

4.1. Data pre-processing and post-processing

It was  noticed that the range of input–output parameters are
different. In order to improve the efficiency and generalization of
neural network models, data pre-processing is necessary for effi-
cient machine learning [46]. Normalization procedure is utilized so
that larger input values do not overwhelm smaller inputs, help-
ing reduce network error and speeding up the learning process
[47]. There are several different normalization range including 0–1
[45,49], 0.1–0.9 [26], 0.05–1 [29], and 0.05–0.95 [50] in different
literature. It is useful to normalize the input–output parameters to
the range [0.05, 0.95] to avoid the problem of output signal satura-
tion that can sometimes be encountered in ANN applications [50].
In this study, a comparison experiment was  carried out to find the
optimal normalization range. The results of comparison are showed
in Fig. 6. Analyzing Fig. 6 indicates that the lowest RMSE-value for

validation data is obtained using 0.05–0.95. So, in this study, all
the input and output parameters were normalized to lie between
0.05 and 0.95, by using Eq. (10). Where xnorm is the normalized
input/output value, x is the actual input/output value, xmin is the
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In order to compare and evaluate the performance of developed
BPNN model, three other forecasting models SVR, RFR and MLR also
were developed for WNID prediction. To obtain meaningful com-
parisons, SVR, RFR and MLR  models were developed with the same

0.34

0.35

0.36

0.37
Fig. 3. Schematic illustration of the d

aximum input/output value, xmax is the minimum input/output
alue.

norm = x − xmin

xmax − xmin
× 0.9 + 0.05 (10)

It should be noted that, as a result of normalizing the target
alues, the output of the ANN will correspond to the normalized
ange. Thus, to interpret the results obtained from the network,

 reverse of this procedure is performed, transforming the ANN
utput data back to the original scale by using Eq. (11), then these
ata can be applied to the estimate of the model performance.

 = (xnorm − 0.05) × (xmax − xmin)
0.9

+ xmin (11)

.2. Determination of optimum network architectures and
arameters

In the development of BPNN models, determination of an appro-
riate architecture (the number of input nodes, the number of
idden layers and hidden nodes and the number of output nodes)
nd parameters (the activation functions for hidden/output nodes
nd learning rate) for a particular problem are an important issue
s the network architectures and parameters directly affects its
omputational complexity and its generalization capability [51].
here is no unified approach for determination of an optimal BPNN
rchitecture and parameters [35].

For a given problem, the number of neurons of the input and
utput layer is determined according the modeling problem being
ackled, and therefore in this study the input layer has nine neurons
orresponding to the nine input meteorological factors variables
nd one neuron in the output layer corresponding to the output
IDN variable.
For the number of hidden layer, Hecht-Nielsen [36] indicated

hat a single-hidden layer BPNN with a sufficient number of hid-
en neurons is sufficient to approximate the corresponding desired
utputs arbitrarily close. Therefore, one hidden layer was preferred
n this study. To determine the number of hidden nodes, several
euristics approaches (summarized in Table 5) have been used

n this study. As can be seen from Table 5, the number of neu-
ons varies from 3 to 19. So, the technique used to determine the
umber of neurons in the hidden layer was to start with 3 nodes
hen increasing in steps by adding one neuron each time until to

9. During the training process, the RMSE error on the validation
et was monitored. When the RMSE was amplified, the training
as stopped and the minimum of the validation error was  taken

s an indicator for the performance [64]. The average prediction

able 5
he network architecture and parameters used in optimum network architecture.

Heuristic Number of neuron References

<2 × Ni + 1 <19 Hecht-Nielsen [58]
2 Ni 18 Kannellopoulas and Wilkinson [59]
(Ni + NO)/2 5 Ripley [60]
2 Ni/3 6 Wang [61]
(Ni + NO)1/2 3 Masters [62]
rtitioning for 5-fold cross validation.

errors (RMSE) for validation data at different hidden neurons level
are shown in Fig. 4. As demonstrated in Fig. 4, the network with
9–4–1 was found to be the optimum model architecture for the
WNID prediction. For each number of hidden neurons, network was
trained for 20 times to overcome the randomness of choosing initial
weights and biases of neurons.

The activation function (AF) determines the relationship
between inputs and outputs of a network and affects the per-
formance of a BPNN model [38]. The linear function (P), sigmoid
function (L) and hyperbolic tangent functions (T) are the most com-
mon  AFs used in the literature [38]. In our study, various different
combinations of three AFs with different normalization range were
tried out to choose an optimal combination in hidden and output
layer. The results in Fig. 5 revealed that the optimum combination is
L–P with normalization range 0.05–0.95. So, sigmoid AF expressed
as f(x) = (1 + exp(− x))−1 was used in the hidden layer and linear AF
was used in the output layer, respectively.

The BPNN performance depends very much on the learning rate
which influences the rate of weight and bias adjustment, and hence
influences the rate of convergence [39,54–56]. There is no auto-
matic way to select learning rate, and if incorrect value is specified,
the convergence may  be exceedingly slow, or it may  not converge
at all [54]. This study determined the optimum value of learning
rate by varying their values from 0.01 to 1.0, the value 0.3 which
gives the lowest validation RMSE was selected. Fig. 6 shows the
effect of learning rate on the validation RMSE.

5. Development of other models for predicting WNID
2 4 6 8 10 12 14 16 18 20
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Fig. 4. Effect of the number of hidden neurons on validation RMSE.
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MAPE = 0.2556) and a higher R and R2 values (R = 0.7949 and
R2 = 0.9077). The reason for this may  be related to the fact that
ANNs are universal approximator which can approximate a large
ata sets used for the BPNN model and the prediction results were
lso tested with the same datasets used to test the BPNN model,
herefore, making the results comparable.

The software Matlab version R2012b was used to calculate the
oefficients of MLR  model. The MLR  model for prediction of the
NID was derived as presented by the following mathematical

quation:

WNID  =  −1972.7903  −  10.9619Tmax +  20.8158Tmin −  2.6208Tavg

−1.6506RHmin +  0.2993RHavg +  2.0902APavg +  5.7734SD

−15.7205WSavg +  1.6048R

(12)

The detailed results of analysis of variance (ANOVA) for MLR  are
resented in Table 6. As calculated F is greater than the critical F, the
ull hypothesis is rejected and concluded that there is significant

ifference between regressions (parameters). And the calculated
alue of the F-ratio does not exceed the standard tabulated value of
-ratio for a desired level of confidence, say 95%. Therefore, it was
oncluded that the regression analyses were valid.
puting 35 (2015) 280–290

For building the SVR forecasting model, popular LibSVM
[31]1 software package was adapted in this study. Radial basis
function expressed as K(x, y) = exp(−‖x − y‖2/�2) was  used as a
kernel function because of its advantages and simple implemen-
tation only one tuning parameter. Inappropriate parameter (the
penalty parameter C and kernel parameter �) settings may  lead to
poor regression performance of SVR models. The 5-fold cross vali-
dation grid search is selected to determine the best parameters for
SVR and calculating the RMSE of the model. The parameter values
which give the lowest validation RMSE were selected. The details
can be seen from [57], herein we  only give the optimal parameters
setting: Best C = 2 and Best � = 0.5 with the RMSE = 0.1286.

When development of RFR models, the number of trees (n) and
the size of variable subset (m)  are two key parameters that should
be optimized to reach the ideal prediction performance. The values
of the parameters n and m were optimized simultaneously by using
the grid-search method ranging from 10 to 1000 (with step size
10) and from 1 to 9 (with step size 1), respectively. The parameter
values which give the lowest RMSE of the OOB data were selected
as an indicator for the performance. In this study, n and m values
equal to 80 and 6, respectively, were found as optimal and were
chosen for subsequent model. The RFR modeling was  implemented
by using an R package2 in this study.

6. Prediction results and discussion

In this section, the results obtained from the developed BPNN
and the SVR, RFR and MLR  models for one-week-ahead WNID
prediction are presented and compared. With the above selected
optimal structure and parameters in Section 4, the BPNN model was
trained for 20 times and the results are presented in Table 7 along-
side minimum, maximum and mean MAE, RMSE, MAPE, R2 and R
values of the 20 results coming from the 20 trials for training, vali-
dation and testing sets. The average values have been used as results
when comparing the final performance with SVR, RFR and MLR
models. The model outputs were transformed back to the original
range for all four models, then five key PECs were calculated using
Eqs. (5)–(9) and compared between actual and predicted values for
testing period.

The prediction performance statistical values (MAE, RMSE,
MAPE, R2 and R) of the BPNN model and SVR, RFR and MLR  mod-
els for training, validation, and testing results are summarized in
Table 8. According to the obtained results, it is clear that the MAE,
RMSE and MAPE are lower for nonlinear models (BPNN, SVM and
RFR). The correlation coefficients and coefficient of determination
(R and R2) given by BPNN, SVM and RFR models are also higher. This
demonstrates that the performances of nonlinear models are better
than that of linear MLR  model. The MLR  method was chosen only as
a representative statistical model in this study. In many other stud-
ies [37,38], MLR  method was also selected as a benchmark model to
compare. The reason of better performances of the nonlinear mod-
els over MLR  model may  be attributed to the complex nonlinear
relationship between infectious diseases and meteorological fac-
tors. This implies the nonlinearity of the investigated phenomenon.

The comparison of performance of the nonlinear models demon-
strates that the BPNN model yields most satisfactory results when
all PECs are considered simultaneously. This is evident from a
lower MAE, RMSE and MAPE (MAE = 29.136, RMSE = 40.367 and
1 More details on this implementation can be found in http://www.csie.ntu.edu.
tw/cjlin/libsvm.

2 http://cran.r-project.org/web/packages/randomForest.

http://www.csie.ntu.edu.tw/cjlin/libsvm
http://www.csie.ntu.edu.tw/cjlin/libsvm
http://www.csie.ntu.edu.tw/cjlin/libsvm
http://www.csie.ntu.edu.tw/cjlin/libsvm
http://www.csie.ntu.edu.tw/cjlin/libsvm
http://www.csie.ntu.edu.tw/cjlin/libsvm
http://www.csie.ntu.edu.tw/cjlin/libsvm
http://www.csie.ntu.edu.tw/cjlin/libsvm
http://cran.r-project.org/web/packages/randomForest
http://cran.r-project.org/web/packages/randomForest
http://cran.r-project.org/web/packages/randomForest
http://cran.r-project.org/web/packages/randomForest
http://cran.r-project.org/web/packages/randomForest
http://cran.r-project.org/web/packages/randomForest
http://cran.r-project.org/web/packages/randomForest
http://cran.r-project.org/web/packages/randomForest
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Table  6
Analysis of variance (ANOVA) results for MLR  model.

Responses Source of variance Degree of freedom Sum of squares Mean squares F-statistic p-value

WIDN Regression 9 486,536.824 54,059.647 34.214 0.000*

Residual error 155 244,909.722 1580.063
Total 164 731,446.545
R  = 0.816, R2 = 0.665

* Significant at the 95% confidence level.

Table 7
The results of BPNN model for testing, validation and testing periods.

PEC Training Validation Testing

Min  Max  Mean Min Max  Mean Min  Max  Mean

MAE  18.339 19.270 19.167 23.649 27.013 24.402 27.757 30.645 29.136
RMSE 26.454 27.025 26.856 34.083 37.028 36.113 40.154 40.971 40.367
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MAPE  0.2529 0.2878 0.2827 0.3352 

R  0.9084 0.9138 0.9096 0.8572 

R2 0.9364 0.9391 0.9372 0.9143 

lass of functions with a high degree of accuracy. It can be also con-
luded from Table 8 that the SVR and RFR models have almost equal
ccuracy and the RFR showed slightly better performance than the
VR model.

Furthermore, Fig. 7 shows time history based comparisons in
etween predicted and actual values in case of the BPNN and SVR,
FR and MLR  models for the test period. It can be obviously seen

rom Fig. 7 that the BPNN-yielded WNID predicted values are in
loser agreement with the corresponding actual values than those
or SVR, RFR and MLR  models, especially peak points. The BPNN

odel predicted the peak values fairly satisfactorily than SVR and
FR models in forecasting infectious diseases. The underestima-
ion of the peak values and overestimation of the low values are

uch more for the SVR, RFR and MLR  than the BPNN model. It
an be observed from these figures that the MLR  model seems
o be insufficient for the forecasting WNID,  especially the peak
alues.

Fig. 8 is scatter plots giving the comparison between the
bserved values and the predicted values using BPNN, SVR, RFR

nd MLR  during the test period. The linear least square fit scatter
lot, its equation, and the R2 values were shown in Fig. 8. The fig-
res depict that the estimates given by the BPNN model are denser

able 8
he results of BPNN, SVR, RFR and MLR  models for testing, validation and testing
eriods.

Model PEC Training Validation Testing

BPNN MAE  19.167 24.402 29.136
RMSE 26.856 36.113 40.367
MAPE 0.2827 0.3561 0.2556
R  0.9096 0.8647 0.7949
R2 0.9372 0.9184 0.9077

SVR MAE  19.392 26.684 38.461
RMSE 30.884 35.727 49.909
MAPE 0.2423 0.3745 0.3494
R  0.8785 0.8678 0.6612
R2 0.9169 0.9202 0.8590

RFR MAE  26.579 27.290 35.030
RMSE 36.996 41.809 48.144
MAPE 0.3714 0.3433 0.3048
R  0.8156 0.8135 0.6899
R2 0.8789 0.8907 0.8687

MLR MAE  28.892 33.405 40.128
RMSE 38.291 42.370 54.280
MAPE 0.4451 0.4451 0.4066
R  0.8057 0.8080 0.5782
R2 0.8723 0.8877 0.8332
0.3864 0.3561 0.2493 0.2745 0.2556
0.8805 0.8647 0.7879 0.7973 0.7949
0.9274 0.9184 0.9050 0.9102 0.9077

in neighborhood of the straight line and have very less scattered
estimates compared with that of SVR, RFR and MLR. In summary,
it can be concluded that BPNN has provided more accurate results
for prediction of WNID compared to SVR, RFR and MLR  models.

7. Sensitivity analyses

Since one of the drawbacks of ANNs is the interpretation phys-
ical meaning of the final model in terms of the relative importance
of input variables [59], sensitivity analysis [60] can be carried out to
quantify the relative significance of each individual input param-
eter on the objective (output) parameter in the modeling and to
examine the contribution of an input variable to the outputs. Iden-
tifying sensitive inputs can be helpful for the model designers to
carefully treat with such influential parameters in the designing
models process [61]. Sensitivity analysis yields the information
about the input parameters which must be measured most accu-
rately and the effect of any small increment and decrement of that
parameter on the overall design objectives.

The Cosine Amplitude Method (CAM) [62] is one of the sensi-
tivity analysis methods that used to determine the effect of each
individual input on the output and has been widely used in the rel-
evant literature [60,63]. So, in this paper, CAM was employed to
identify the most sensitive meteorological factors affecting WIDN.

In this method, the degree of sensitivity of each meteorological
factor is assigned by establishing the strength of the relationship
(rij) between the WNID and meteorological factors under consid-
eration. The larger the value of CAM, the greater is the effect on
the WNID.  To use this method, all of the data pairs were expressed
in common X-space. The data pairs used to construct a data array
X defined as: X = {X1, X2, X3, . . .,  Xm}. Each of the elements, Xi, in
the data array X is a vector of lengths, that is: Xi = {xi1, xi2, xi3, . . .,
xim}. Thus, each of the data pairs can be thought of as a point in m-
dimensional space, where each point requires m-coordinates for a
full description. Each element of a relation, rij results in a pairwise
comparison of two  data pairs. Therefore, the strength of the relation
between the data pairs, xi and xj, is given by using Eq. (13):

rij =
∑m

k=1xikxjk√∑m
k=1x2

ik

∑m
k=1x2

jk

(13)
Here, the strengths of relations (rij values) between the infec-
tious diarrhea (output) and input parameters using the CAM
method are shown in Fig. 9. As can be seen, the most effective
parameters on the WNID are the temperature-related variables
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Fig. 7. The actual and predicted values by BPNN, SVR, RFR and MLR  models in test period.
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Fig. 9. The effect of meteorological factors on WNID.

Table 9
The Chi-square goodness-of-fit test p-values for temperature-related variables.

Variable Tmax Tmin Tavg

Tmax – 0.2453 0.2452
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Tmin 0.2453 – 0.2412
Tave 0.2452 0.2412 –

Tmax, Tmin, and Tavg), whereas the weekly average rainfall is the
east effective parameter on the infectious diarrhea.

In order to further evaluate whether there is a significant differ-
nce among Tmax, Tmin, and Tavg, following hypothesis is proposed:
0: there is no difference among Tmax, Tmin, and Tavg; H1: there is

 significant difference among Tmax, Tmin, and Tavg. A Chi-square
oodness-of-fit test is applied on rij values to test the hypoth-
sis. The results are shown in Table 9. As it is shown, since all
-values > 0.05, so H1 is rejected at the 95% confidence level. So,
here is no significant statically difference among the rij values of
he Tmax, Tmin, and Tavg.

. Conclusions

In this study, feed-forward back-propagation neural network
BPNN) model was developed to predict the weekly number of
nfectious diarrhea of the Shanghai in China. For achieving this
oal, an investigation was carried out to prove the potential of
sing meteorological factors dataset for producing higher accu-
acy of prediction. Nine meteorological factors were considered.
n order to obtain true and effective evaluation of the performance
f BPNN model, the same data sets were also trained and tested by
he SVR, RFR and MLR  models. The results presented in this paper
uggested that a BPNN model with architecture 9–4–1 has the best
ccurate prediction results in prediction of the weekly number of
nfectious diarrhea. The experiments results indicate that BPNN

odel shows a good prediction performance as compared to the
VR, RFR and traditional MLR  model. Moreover, sensitivity analysis
evealed that most effective meteorological factors on the infec-
ious diarrhea are temperature-related variables (Tmax, Tmin, and
avg), whereas weekly average rainfall is the least effective param-
ter on the infectious diarrhea in this study. Considering the above

esults, it can be concluded that the BPNN model has good capa-
ility in predicting infectious diarrhea. Therefore, this technique
an be used to predict one-week-ahead infectious diarrhea using
eteorological factors in Shanghai of China.

[
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