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Abstract — Dengue has been a major public health concern in
the tropical world for decades now. The dynamics of dengue
disease transmission depends on various external factors such
as climate, human behavior, geography and demography.
Modeling dengue dynamics is difficult with classical
approaches due to this complexity. Fuzzy logic and fuzzy set
theory is a useful tool in mathematics to model systems under
uncertainty. We were particularly concerned with modeling
unfavorable environmental conditions produced by climate for
dengue transmission. We used fuzzy set theory to define
membership functions for rainfall and temperature. Then we
used a fuzzy operator and generated a fuzzy valued time series
of the overall effect from rainfall and temperature. This
simulated time series is then compared with the dengue cases
time series reported in Colombo.
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L INTRODUCTION

Dengue is one of the burning public health problems in the
world mainly in the tropical regions. It has been an epidemic
in Sri Lanka now since it was identified five decades ago.
Dynamics of the dengue transmission mainly in the urban
context has been changed due to various reasons. Dengue is an
epidemic disease which is highly sensitive to climate and
human behavior [10]. Some level of rainfall supports mosquito
breeding and increased temperature levels reduce the
incubation period of mosquitoes and increase the vector
capacity to transmit the dengue virus [9]. Various researchers
such as Puntani P. [5] and Pinho T.R [6] have discussed the
applicability of classical SIR models in terms of population
dynamics to understand the dynamics of dengue disease
transmission. The classical SIR models explain the interaction
among of susceptible (S), infected (I) and recovered (R)
human populations together with the susceptible and infected
vector populations. But they have used fixed parameter values
in their models so that the influence of external factors to
change in the parameters has not been addressed in detail. The
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estimation of these parameters should be done under
uncertainty and the fully stochastic models are not appropriate
since we do not know the underlying probability distributions.
Some researchers have attempted statistical models such as
time series and poison regression models but they only
predicted dengue cases as changing the external parameters
such as rainfall, temperature, humidity and wind speed one at
each time [13, 14]. Their models do not reflect an overall risk
measure of dengue disease as all the external parameters taken
together with different levels.

Fuzzy logic and fuzzy set theory are emerging areas in
mathematical research which help researchers modeling
systems under uncertainty [1]. Fuzzy models in biology,
epidemiology and medicine are having tremendous
capabilities of explaining complex system behaviors under
uncertainties.

The aim of this paper is to model the influence of rainfall
and temperature to create unfavorable environmental
conditions for the spread of dengue disease in urban Colombo
using fuzzy set theory. We used fuzzy set theory to investigate
the influence from eight weeks leading rainfall (RF) and the
weekly averaged maximum temperature (TEMP) for dengue
transmission in urban Colombo [7]. We defined our
membership functions for weekly average rainfall with eight
week lead time and weekly average maximum temperature
with the degree of membership value in [0, 1] as the response
variable which is the effect from each variable respectively to
establish unfavorable environmental conditions for dengue
transmission. Then we used a suitable fuzzy operator to
measure the combined effect from above factors.

II.  METHODOLOGY

A. Preliminaries

A fuzzy subset F of U is described by the function
F: U — [0, 1] called the membership function of fuzzy set F'
where U is a classical non-empty set.

The value F(x) €0, 1] indicates the membership degree of
the element x of U in fuzzy set F, with  F(x) =1 and F(x) =0
representing, respectively, the belongingness and not-
belongingness of x in F'[1, 2].
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B.  Mathematical Model

We assumed that at least Smm averaged weekly rainfall is
required to make breeding sites available for mosquitoes and
the breeding sites are washed out due to the heavy rainfall
which is over 55mm [11, 12]. Further we assumed that a
weekly averag temperature less than 16° C is unfavorable for
mosquitoes to transmit the virus and a temperature between 30
0C and 34°C is ideal for mosquitoes to rapidly transmit of the
virus due to the increased vector capacity and reduced
incubation period. According to literature extreme heating
conditions do not support dengue virus transmission so that we
assumed our threshold temperature to be 37° C [8, 11, 12].
Based on our assumptions, we defined the trapezoidal-shaped
membership functions to represent the effect from eight weeks
leading RF and immediate TEMP to create an unfavorable
environment for dengue spread as follows

C. Choice of the fuzzy operator

The choice of the fuzzy operator is not done arbitrary. It may
depend on the real world phenomena being considered. We
are concerned with simulating the overall effect of rainfall
(RF) and temperature (TEMP) in order to produce unfavorable
environmental conditions to transmit dengue disease. Thus the
operator should have the following properties [4].

a. IfRF is unfavorable and TEMP is unfavorable then it

may be highly unfavorable for dengue transmission.

If RF is unfavorable and TEMP is favorable or RF is

favorable and TEMP is unfavorable then it may be

favorable for dengue transmission.

c. IfRF is favorable and TEMP is favorable then it may
be highly favorable for dengue transmission.

1 ifx<5 Therefore we used the Hamacher operator to simulate the
_x+10 iF5<r<10 overall effect which is defined as [3, 4].The Hamacher
T operator is flexible since we can vary the parameter p
Upr(x) =40 f10<x<30 accordingly.
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Figure 1: Membership functions defined for rainfall (a) and temperature (b).
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D. Data and Analysis

We used daily rainfall and maximum temperature data in
urban Colombo from year 2006 to 2011 obtained from the
department of meteorology and transformed into average
weekly data for the above two parameters. MatLab was used
for the simulations. The outcomes of the simulations are given
in section III.

III. RESULTS

Using the trapezoidal-shaped membership function, we
found the membership values for RF and TEMP from year
2006 to 2011. The membership values for each parameter, RF
and TEMP were simulated and the resulted two time series are
presented in Fig 2(a) and Fig 2(b) respectively.

Then we used the Hamacher operator with p = 0.5 defined
in section II to simulate the overall effect from RF and TEMP
to produce unfavorable environmental conditions for dengue
transmission in urban Colombo. The value of p = 0.5 was
chosen as an average value since we observed that the overall
effect was not changing dramatically with varying p in [0, 1].
The simulated fuzzy time series together with the weekly
dengue cases time series is given in the Fig 3.

IV. DISCUSSIONS

It is seen in Fig 3(a) that the membership values obtained
during the end of the year are higher. Further, the Hamacher
operator shows higher values at the beginning of the year
2011. These may be corresponding to more unfavorable
conditions for dengue since less RF and lower TEMP. The
small dengue outbreak in January 2011 can be due to this
unfavorable condition produced by lack of rainfall and low
temperature shown by Fig 3(b).

Further, it can be seen in Fig 3(a) that the combined effect
is zero in the middle of the year 2009 which implies favorable
conditions to dengue spread. If we carefully investigate Fig
3(b) then we can see a relatively large outbreak during April-
June in year 2009.This may be due to considerable amount of
rainfall with the increased temperature during that period
which is supportive for dengue transmission.

The observations in Fig 3 (a) indicate that the membership
values simulated by the Hamacher operator vary between 0
and 0.2 throughout the time period from year 2006 to 2011
considered for this study. This implies that the unfavorable
measure is very small and the rainfall and temperature support
dengue transmission throughout the time period taken into the
study.
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Figure 2: The simulated membership values for Rainfall (a) and Temperature (b).

22

© 2015 GSTF



4th Annual International Conference on Computational Mathematics, Computational Geometry & Statistics (CMCGS 2015)

Combined Effect
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Figure 3: The simulated fuzzy values time series for the combined effect using Hamacher operator with p = 0.5
from year 2006 tom 2011(a) and weekly dengue cases time series in Colombo Municipal Council area from year

2006 to 2011(b).

V. CONCLUSIONS

Fuzzy set theory can be highly useful when modeling and
analyzing uncertain, complex systems such as disease spread.
Theory of fuzzy operators can be used to investigate the
overall potential of dengue transmission from several sensitive
parameters such as rainfall and temperature. We considered
the overall effect from rainfall and temperature to produce
unfavorable  environmental  conditions for  dengue
transmission. The output measure explains the level of risk to
transmit dengue with respect to climate. We only considered
the influence of rainfall and temperature in the model
discussed in this paper. Human mobility, demography and
geography are other vital factors which are sensitive for the
dynamics of dengue disease transmission. The methodology in
this paper can be used to model and study the influence of
those factors as a future work.
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