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ABSTRACT

Climate change is the main fundamental human development challenge of the 21st century. Sri Lanka
is a developing island nation subject to tropical climate patterns; highly vulnerable to climate change
impacts. High variability of rainfall patterns and increasing temperature experienced during the
recent past in Sri Lanka could be one of the consequences of global climate change with the increase
of Greenhouse gases in the atmosphere. The main objective of this study is to investigate the
possibility to use the dengue prevalence as an evidence of climate change in Sri Lanka by establishing
the correlation of climate factors and dengue incidence. Seven districts were randomly selected
across all climatic zones for the study and dengue incidence, rainfall, and temperature statistics of
last 10 years were collected from relevant governmental institutions. Data analysis was done using
SPSS (version 21) and R (Rx64 3.5.1) Statistical Software. According to the findings of the study,
rainfall and temperature difference have a statistically significant correlation with dengue incidents.
Therefore, dengue prevalence can be used as an evidence of climate change in Sri Lanka. Hence,
authorities should take necessary steps to mainstream Climate change into development policies in all

sectors for a sustainable future.
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1. INTRODUCTION

Climate change; the ultimate outcome of
global warming is now globally
recognized as the fundamental challenge
for socio-economic development of
human in the 21st century. Hence, the
present and future generations in the
world have to live under the threat of
climate change. Although all the nations
are affected by the impacts of climate
change, developing countries are
particularly vulnerable, as they lack the
necessary adaptive capacity (CCS, 2012).
Sri Lanka is a developing island nation
subject to tropical climate patterns which
are highly vulnerable to climate change
impacts and ranked as fourth highest
Climate Risk County in the word
(Eckstein et al., 2017). However, it is
doubtful whether authorities have taken
necessary steps to mainstream Climate
change into development policies in Sri
Lanka.

The relationship between climate factors
and mosquitoes was well established and
these insects are exquisitely sensitive to
climate (Pontes et al., 2000; Reiter 2001;
Bouma 2003; Craig et al., 2004; Pascual
et al.,, 2006; Confalonieri et al., 2007)
Throughout this century public health
researchers have understood that climate
circumscribes  the  distribution  of
mosquito-borne diseases, while weather
affects the timing and intensity of
outbreaks (Gill 1920a; Gill 1920b;
Dobson and Carper, 1993). Dengue is one
such mosquito-borne viral disease that has
rapidly spread in many parts the world.
Dengue infections are caused by a virus
categorized under the family Flaviviridae.
There are four dengue serotypes based on
the viruses serotype responses. Dengue
infections are transmitted by the Aedes
aegypti mosquito in urban and Aedes
albopictus in suburban environments

which do not require an intermediate
animal vector for the dengue virus. The
Aedes mosquito is commonly found in
urban settlements where it maintains a
man—mosquito—man relationship. This
relationship creates a system that
continuously makes dengue infections a
reemerging public health threat; 20
million cases are estimated to occur each
year (WHO, 1996).

The problem intensifies as more people
continue to be at risk of acquiring the
disease. The present increase in dengue
incidence has been attributed to various
factors influencing the behavioral pattern
of this infectious disease. The various
factors are not fully understood, it is
believed that the environment, particularly
the climate, plays a vital role in this
regard. Climate influences many key
determinants that affect one’s health.
Changes in climate have been believed to
favor the spread of diseases to new
populations, and this greatly heightens
people’s concern toward the emergence
and reemergence of infectious diseases.
The risk of dengue epidemics arising from
the occurrence of climate change is
alarming because it enhances the vector—
virus relationship (Shope, 1992). It is
likewise believed that both temperature
and rainfall affect the abundance and
distribution of the mosquito vectors
responsible for the disease (Lindsay and
Birley, 1996). Several studies have
suggested that temperature and rainfall
considerably increase the toll of dengue
infections (Wiwanitkit, 2005; Guzman
and Kouri, 2003).

Dengue is a serious public health problem
in most of the administrative districts in
Sri Lanka. Reporting of dengue cases of
all the 23 districts except Mathale and
Vavuniya have shown an increasing trend
over the past decade and people who live
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in Colombo, Jaffna and Gampaha districts
are more vulnerable for dengue fever
(Prakash  and  Ranasinghe, 2016).
However, limited researches have been
conducted on how climate change
influences the burden of ill health,
particularly on dengue in Sri Lanka.

The objective of this study is to find the
relationship between climate change as
addressed by the temperature and rainfall
variations and the incidence of dengue. It
intends to evaluate the influence of only
temperature and rainfall on dengue
incidence in Sri Lanka so as to establish
and provide a better understanding of the
complex link between climate and health.
This information could be beneficial to
health practitioners to develop effective
measures for the improvement of public
health and policy makers to mainstream
Climate change into development policies
in all sectors for a sustainable future.

2. METHODOLOGY
2.1 Site Selection

Seven out of 25 administrative districts of
Sri Lanka were randomly selected across
all climatic zones for this study (Table 1).

2.2 Data Collection

Monthly dengue incidence data of
selected seven districts were collected
over a 10 years period from 2006 to 2015
from the Epidemiology Unit of the
Ministry of Health, Sri Lanka. Monthly
climatic factors, particularly minimum
and maximum temperature and average
rainfall data, for selected seven districts
for the same time period were collected
from the Department of Meteorology, Sri
Lanka. This study was purely based on
the records obtained from these
government institutions.

2.3 Analysis

ANOVA was conducted to assess the
presence of significant variation in dengue
incidences, monthly rainfall, temperature;
minimum, maximum, and average, as
well as temperature difference data
between years in the study period.

The main objective of this study is to
investigate the possibility to use the
dengue prevalence as an evidence of
climate change in Sri Lanka by
establishing the correlation of climate
factors and dengue incidence. Therefore,
Poisson Regression (Log-Linear) Model
was constructed to identify the
relationships between variables in all
districts together. Assumption checking
before fitting the Poisson Regression
Model was performed using SPSS
(version 21) Statistical Software and
fitting the Poisson Regression Model was
performed using R (Rx64 3.5.1) Statistical
Software.

3. RESULTS AND DISCUSSION

Table 2 summarizes the average incidents
per year in each district and results of the
test for significance. The study found out
a statistically significant variation in
average dengue cases between years in all
selected district (p<0.05). However, there
is no statistically significant variation in
climatic factors between years (p>0.05).

One Sample Kolmogorov- Smirnov Test
was performed for Number of Dengue
Cases in all 7 districts for assumption
Checking (Table 3).

Hypothesis:

HO: Number of Dengue Cases in all 7
districts follows a Poisson distribution
VS.
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H1: Number of Dengue Cases in all 7
districts does not follow a Poisson
distribution

Asymptotic Significance (2-tailed) was
equal to 0.000 which is less than 0.05;
therefore, the null hypothesis is rejected at
5% level of significance. Hence, it can be
concluded that the number of dengue
cases in all 7 districts does not follow a
Poisson distribution, and when the model
fits Robust Standard Errors was taken into
consideration. Then four models were
fitted and the following model was
identified as the best fitting model
because it has the minimum AIC value
and the minimum Residual Deviance
(Table 4).

As the assumption was not satisfied the
Robust Standard Errors were considered
when interpreting the best-fitted model. It
could be identified that the effects of the
following variables are significant at 5%
level of significance. The incident rate of
Number of Dengue Cases of all the seven
districts in the given month of the given
year approximately decreases by 1%, for
every unit increase in the Number of
Dengue Cases in the previous month. The
incident rate of Number of Dengue Cases
of all the seven districts in the given
month of the given year approximately
decreases by 1%, for every unit increase
in the Number of Dengue Cases in the
same month of the previous year. The
incident rate of Number of Dengue Cases
of all the seven districts in the given
month of the given year approximately

increases by 0.03%, for every unit
increase in the Rainfall of the given
month of the given year. The incident rate
of Number of Dengue Cases of all the
seven districts in the given month of the
given year approximately increases by
4%, for every unit increase in the
Difference of the Temperature of the
given month of the given year.

4. CONCLUSION

According to the findings of the study,
dengue incidents have shown an
increasing trend in almost all the districts
and there is a statistically significant
difference between average incidences
between years. There is no statistically
significant difference between averages of
climatic factors between years. However,
the incident rate of the number of dengue
cases of all the 7 districts in the given
month of the given year approximately
increases by 0.03%, for every unit
increase in the rainfall of the given month
of the given year. The incident rate of the
number of dengue cases of all the 7
districts in the given month of the given
year approximately increases by 4%, for
every unit increase in the difference of the
temperature of the given month of the
given year. Therefore, dengue prevalence
can be used as an evidence of climate
change in Sri Lanka, and authorities
should take necessary steps to mainstream
Climate change into development policies
in all sectors for a sustainable future.
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Table 1: Administrative districts selected for study with climatic and elevation zones

District Climatic zone Elevation
Colombo Wet Zone Low Country
Gampaha Wet Zone Low Country
Kurunegala Intermediate Zone Low Country
Ratnapura Wet Zone Mid Country
Batticaloa Dry Zone Low Country
Kandy Wet Zone Up Country
Nuwara Eliya Wet Zone Up Country

Table 2: Average incidents per year and test for significance

3+
5 £ § & % : 5 £
£ £ 5 < Z g =i
O O 2 & & P

2006 285.8 147.9 57.6 45.7 5.25 126.0 3.50
2007 155.5 82.9 65.9 37.7 6.58 34.7 3.50
2008 137.3 80.9 30.2 26.3 71.42 30.8 2.50
2009 401.5 393.1 248.2 177.4 56.67 350.9 24.83
2010 494.8 330.0 119.1 236.4 104.17 137.0 18.92
2011 843.6 364.5 86.7 96.7 141.08 136.3 21.00
2012 834.8 667.2 294.8 328.2 59.75 209.8 28.50
2013 898.6 302.4 231.0 144.1 46.33 146.9 22.67
2014 1225.9 734.3 205.3 235.3 78.33 194.4 26.17
2015 823.4 345.2 104.4 86.8 122.83 110.4 15.00

P 0.000 0.000 0.000 0.000 0.000 0.000  0.000
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Table 3: One Sample Kolmogorov- Smirnov Test for Number of Dengue Cases in all 7
districts

One-Sample Kolmogorov-Smirnov Test

Dengue Cases

N 840
Poisson Parameter®” Mean 209.70

Absolute .654
Most Extreme Differences |Positive .654

Negative -.254
Kolmogorov-Smirnov Z 18.943
Asymp. Sig. (2-tailed) .000

a. Test distribution is Poisson.

b. Calculated from data.

Table 4: The best fitting model for all the 7 districts

Log(Dengue.Cases) ~ PM.Dengue.Cases + PY.Dengue.Cases + RF + T.diff+
offset(log(Mid.year.Pop))

Deviance Residuals:
Min 10 Median Els] Max
-2.8939 -0.6234 0.1364 0. 8646 3. 3180

coefficients:
Estimate std. Error z value Pr(=|z|)

{(Intercept) -1.316e+01 B.140e-02 -161.644 = 2e-16 #=#*
PM. Dengue.Cases -2.795%e-07 6.033e-05 -0.005 0.99630
PY.Dengue.Cases -2.721le-04 &,536e-05 -4,163 3.13e-05 ®¥®*

RF 2.831e-04 1.096e-04 2.582 0.00982 #=*
T.diff 4,61le-02 7.E83Be-03 5.882 4.04e-09 #=#®
signif. codes: 0O *#*#*=' 0,001 *#=*' 0.01 *** 0.05 *." 0.1 * " 1

(Dispersion parameter for poisson family taken to be 1)

Null deviance: 1054.23 on 751 degrees of freedom
Residual deviance: 953.894 on 747 degrees of freedom
(4 observations deleted due to missingness)
AIC: 3429.8

Number of Fisher Scoring iterations: 5
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Estimate Robust SE
(Intercept) 1.930473e-06 1.095666

Ppri=|z|) O5%LL

95%uL

0.000000e+00 1.613966e-06 2.309049=-06
0.956009e-01 9.999004e-01 1.00009924+00
1.053195e-06 9.996187e-01 9.998372e-01
3.004407e-02 1.000027e+00 1.0005392+00
2.245075e-09 1.031479e+00 1.063137e+00

PM. Dengue.Cases 9.999997e-01 1.000051
PY.Dengue.Cases 9.997279%e-01 1.000056
RF 1.000283e+00 1.000130
T.diff 1.047188e+00 1.007742
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