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ABSTRACT

Introduction: Health sector is one of the most important sectors of any country. Many aspects
such as diseases, health practices, and institutions are associated with health. Among different
infectious diseases, dengue has become a major health issue for human in most tropical and
subtropical regions. It is a viral disease originated and spread from mosquito and it is in several
forms. Since, this seriously affects human life, taking necessary measures, including policies, rules,
regulation and best practices to bring this menace into a minimum level, is essential. Such actions
require proper background about the disease including factors that this disease depends on.
Several factors may be associated with dengue fever and climatic variables take a greater place.
Effect of these variables may vary from area to area.

Aims: This study aimed to investigate the impact of climatic variables for progression of dengue
disease in the Eastern Province of Sri Lanka, which is consisted of three districts: Batticaloa;
Trincomalee and Ampara.

Study Design: Number of dengue incidences and climatic variables such as rainfall, temperature,
number of rainy days, day time humidity, night-time humidity, number of sunny days, and UV Index
were obtained for each month in the period from 2009 to 2017 from Meteorology Department and
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statistical abstracts of Sri Lanka. Analysis was carried out by using the statistical techniques:
correlation analysis; regression analysis; principle component analysis and a graphical technique,
contour maps.

Results: Only a few climatic factors affect dengue incidences in these three districts. However, no
any regular pattern could be observed. Impact of each climatic factor varies from district to district.
In Batticaloa district, a number of rainy days and day time humidity affect dengue incidences
negatively and positively respectively meanwhile wind speed positively affects dengue incidences in
Ampara district. No any climatic variables in Trincomalee district show a relationship with dengue
incidences in the district. In general, moderate humidity creates a favourable situation for the
spread of dengue disease irrespective of districts. Heavy rainfall does not show a relation with
dengue incidences as people believe.

Conclusion: It is difficult to investigate the impact of each climatic factor alone on dengue
incidences because there are inter correlated. Number of dengue incidences may depend on many
other variables such as population density, geographical location, health practices, personal health
status, knowledge, policies of different institutes and organizations. It is essential to incorporate
these sorts of variables also to have a proper understanding of the dengue disease and its spread.

Keywords: Dengue; climatic factors; infectious disease; epidemic disease; mosquitoes.

1. INTRODUCTION

Dengue is a most rapidly spreading mosquito-
borne viral disease in human as a major public
health problem in many tropical and subtropical
regions of the world. It is an infectious disease
transmitted to human mainly through the bites of
infected female mosquitoes Aedes aegypti and
Aedes albopictus. It is caused by a flavivirus with
four distinct but closely related serotypes (DENV
1, DENV 2, DENV 3 and DENV 4) [1]. This
disease is classified into three forms. Dengue
Fever (DF) which is the flu-like illness. Dengue
Heamorrhagic Fever (DHF) is more severe and
associated with loss of appetite, vomiting, high
fever, headache and bleeding diathesis. Dengue
Shock Syndrome (DSS) which reflect a high level
of disease severity requiring intensive medical
care [2].

The World Health Organization (WHO) estimates
that 3.9 billion people, in 128 countries, are at
risk of infection with dengue viruses. Not less
than 500,000 people with severe dengue in every
year are admitted to hospitals with a mortality
rate of 2.5% every year [2].

Dengue is a serious public health problem in
most of the administrative districts in Sri Lanka.
The first serologically confirmed dengue
incidence in Sri Lanka was in 1962 [3]. The first
island-wide outbreak was reported in 1965 [4].
Both Aedes aegypti and Aedes albopictus are
widespread in Sri Lanka [5] and all four
serotypes have been circulating in the country for
more than three decades [6]. Aedes aegyptiis
the primary dengue vector in most endemic

countries and a highly domesticated urban
mosquito that lives close to human residences
where they develop as adults [7]. The adult
mosquitoes prefer to rest indoors and may feed
daylight hours and on low sunshine day if they
are indoors [8]. It prefers to feed on humans, and
breed in natural and artificial man-made water
containers as its larval habitat. Human-blood is
both a protein source for egg development and
energy for flight [9]. Aedes albopictus also
contributes to dengue transmission, but serves
as a vector primarily in rural areas [10] and have
outdoor larval habitat. Aedes aegypti is a
daytime feeder and its peak biting periods are
early in the morning and before dusk in the
evening. Aedes aegypti will often feed on several
persons during a single blood meal and may
transmit dengue virus to multiple persons in a
short time [8].

During the past few months, an increasing trend
in the number of dengue incidences has been
reported in Sri Lanka. In the year 2018, 51569
dengue incidences and from January to
November 2019, 80776 dengue incidences were
reported to the Epidemiology Unit of the Ministry
of Health, Nutrition and Indigenous Medicine. Sri
Lanka experienced its largest dengue epidemic
in 2017. In 2017, 186101 dengue incidences
were reported to the Epidemiology Unit of the
Ministry of Health of Sri Lanka with over 320
deaths. The highest numbers of dengue
incidences were reported during the month of
June, 2017. According to the WHO, this is a 4.3
fold higher than the average number of
incidences for the same period between 2010
and 2016.
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Unplanned urbanization, globalization, climate
change and increasing population growth are
important factors affecting dengue that may
facilitate the global spread of dengue [11].
Further, global warming can extend the disease
transmission season and decrease the duration
of the female mosquito’s gonotrophic cycle [9].
Climatic factors affect directly and indirectly the
disease spreading, mosquito breeding and
establishment [12]. Heavy monsoon rains, public
failure to clear rain-soaked garbage, standing
water pools and other potential breeding grounds
for mosquito larvae are characteristic of the
higher number of incidences reported in urban
and suburban areas [13]. In recent decades,
dengue has been expanding globally due to
climate change.

Sri Lanka is located between 5°55' and 9°51’
North latitude and between 79°42' and 81°53'
East longitude [14]. Due to the geographic
location of Sri Lanka the climate could be
characterized as tropical. Climate factors play an
important role in local and global transmission of
dengue. Sri Lanka ranked as fourth in 2016 [15]
and second in 2017 [16] highest climate risk
country in the world. Rainfall, temperature,
humidity, number of rainy day, number of
sunshine days and wind are the most important

meteorological factors in spreading dengue
virus. Rainfall in Sri Lanka has multiple
origins. Monsoonal, Convectional and

depressional rain account for a major part of the
annual rainfall. Monsoon rain occurs two periods,
namely, the South—West from May to September
and North-East from December to February, and
is responsible for nearly 55% of the annual
precipitation [17]. Convectional rain occurs
during the first inter-monsoon period from March
to April, mainly in the afternoon or evening and is
likely to be experienced anywhere over the
Island. Depressional rain also occurs during the

second inter-monsoon from October to
November.
Rainfall contributes to create and maintain

breeding sites for mosquitoes. Historical data
shows that there were always two peaks of
dengue incidence in Sri Lanka. One during
South-West monsoons and another during North-
East monsoons. Analysis of the data on the
present outbreak showed the incidence of
dengue was high in Eastern province and
districts adjoining to Western province.
Especially with the commencement of the North-
Eastern monsoons, there was a risk of dengue
outbreaks in more districts [18]. Rainfall

affects reproduction of vectors and vector
abundance [19]. However heavy rainfall may
flush out larvae and pupae from outdoor
containers and may reduce the lifespan of the

mosquitoes. A certain number of rainy
days is generally favorable for mosquito
development.
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Fig. 1. Map of Sri Lanka (Eastern province
has been colored)

The average annual temperature of the country
ranges from 26°C to 28°C and average level of
humidity ranges from 60 to 90% during the
different seasons in different regions of the
country and changes with rainfall. Higher
temperature may reduce the extrinsic incubation
period of the dengue virus, egg development
time and increase the biting rate of the
mosquitoes. Humidity affects flights and host
seeking behaviour and lifespan of mosquitoes
and mosquito reproduction. High humidity is
associated with increased feeding activity,
survival and development of eggs in Aedes
aegypti. Humidity and wind directly affect
evaporation rates of mosquito breeding sites. A
certain number of rainy days is generally
favourable for mosquito development [19].
Moreover, the daily minimum temperature and an
increase in the rainfall from the previous month
were associated with an increase in the larval
abundance [20]. There is a combined
contribution of temperature and humidity on
dengue outbreaks generated by the feeding
activity, survival and development of mosquitoes
[21].
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In 2017, the second greatest number of dengue-
related mortalities had been recorded in Eastern
province [22]. The Eastern coastal districts
Batticaloa, Trincomalee and Ampara lie in the dry
zone of Sri Lanka. Batticaloa and Trincomalee
are badly affected by dengue in recent years
[18]. A seasonal shift in the density of the two
Aedes species has been observed in Batticaloa.
Aedes aegypti tends to predominate during the
pre-monsoon season and Aedes albopictus
during the monsoon season. Since the monsoon
rain in Batticaloa district from October to
December, the density of Aedes mosqutoes
increases during this period and a positive
association between rainfall and Aedes density
has been observed [5].

Numerous studies have been done around the
world to relate dengue incidence and climate
factors [19]. Weerartne et al. conducted Aedes
egg survey and larval survey in Kandy and
Kurunegala districts of Sri Lanka. They
presented no positive association between the
abundance of Aedes eggs and larval density
indices with the number of dengue incidences in
Kandy [23]. Also there was a positive relationship
between the number of Aedes eggs and rainfall
and humidity but not with temperature. Dharshini
et al. also conducted Aedes egg survey and
larval survey in Batticaloa district of Sri Lanka [5].
They observed a positive association between
rainfall and Aedes density.

Liyanage et al. pointed that both rainfall and
temperature are significantly associated with risk
of dengue in the Kalutara district of Sri Lanka
[24]. Also they described a strong relationship
between the oceanic El Nino index to weather
patterns and to dengue at a longer latency time.
They used distributed lag non-linear model and
hierarchical analysis to estimate the overall
relationship between weather and dengue.
Sirisena et al. generated an auto regressive
integrated moving average (ARIMA) model to
predict the future outbreak in 12 districts of Sri
Lanka [25]. They used GIS methodology to map
and evaluate the spatial and temporal distribution
of dengue and elucidated the association of
geographical and climatic risk factors with
dengue incidence. Ehelepola et al. have
obtained a result that large diurnal temperature
ranges were negatively correlated with dengue
transmission in Colombo district of Sri Lanka
[26]. Similar studies with different climate factors
(temperature and humidity) were done by them in
Kandy [27]. Also the rainfall, temperature,
humidity, hours of sunshine and wind were

correlated with the dengue incidence using the
wavelet time series analysis [28]. Sun et al.
found an association of dengue incidence and
local climate factors for 12 districts of Sri Lanka
and the correlations are different for different
districts [29]. Moreover they found an ARIMA
models for each districts to predict future trends
of dengue incidence. Prakash et al. did a study in
Sri Lanka: Seven districts of Sri Lanka were
randomly selected across all climatic zones for
this study [30]. They concluded that the
incidence of dengue have shown an increasing
trend from 2006 to 2015 in almost all the districts
and there is a statistically significant difference
between average incidences between vyears.
They constructed Poisson Regression model
(Log —linear) to identify the relationships between
temperature, rainfall and dengue incidence in all
districts together. Sirisena et al. explained the
importance  of  effective  vector  control
programmes to reduce the dengue related
morbidity and mortality in Sri Lanka [6]. Also they
explained about the virus, changes in the
epidemiology, role of climatic factors in spread of
dengue virus and the prevention of dengue.
Edirisinghe revealed that the rainfall factors play
a vital role in the spread of the disease in
Colombo district of Sri Lanka but relatively low
relationship were identified between rain and the
spreading of the disease in other part of the
country [31].

Chakravarti et al. designed a relationship of
dengue infection with climatic factors in India.
They found that highlighted rainfall, temperature
and relative humidity as a major and important
factors for dengue outbreak [32]. Promprou et al.
indicated that the climate factors may play a part
in the transmission cycles of DHF and the
relative importance of these climate factors
varied with geographical areas in Southern
Thailand [19]. They found that relative humidity
had a positive association with transmission of
DHF on the Andaman sea side but a slightly
negative association on the Gulf of Thailand side.
Step wise regression technique was used to fit
the statistical model. Tuladhar et al. analyzed
the importance of environmental factors
influencing dengue incidence in Chitwan district
of Nepal by negative binomial model [33]. They
found that temperature and relative humidity
were significantly affected dengue incidence but
rainfall was not associated with dengue
incidence. Lai analyzed the climate factors
affecting dengue fever outbreaks in Southern
Taiwan [34]. The result indicated that
temperature is significantly correlated with
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dengue fever incidence but rainfall and sunshine
were both negatively correlated with the
transmission of dengue fever. Zhang et al.
assessed the epidemic characteristics of dengue
in Chao-Shan area of China and the effect of
seasonal climate variation on the dynamics of
dengue [35]. They included mean temperature,
mean rainfall and mean relative humidity for the
wavelet analysis for time series of notification of
dengue.

Most of climate studies on dengue have been
done in the central province and Western
province of Sri Lanka [23,24,26], where the
climate differs significantly from that of the
Eastern province of Sri Lanka. Only few studies
have been done on the relationship between
climate and dengue incidences in Batticaloa [5]
and those studies were limited to data which
were collected from only Batticaloa district in the
Eastern Province of Sri Lanka. The objective of
this study is to identify the impact of climatic
factors on the density (in terms of number) of
dengue incidences in the Eastern province of Sri
Lanka, which has three districts Batticaloa,
Trincomalee and Amapra.

2. MATERIALS AND METHODS

The objective of this study was to find the
relationship between number of dengue
incidences in Eastern province which was
obtained from the Epidemiology Unit of the
Ministry of Health, Nutriton and Indigenous
Medicine and some climatic factors which data
were available for. Monthly data from year 2009
to year 2017 were obtained from the statistical

abstracts of Department of Census and
Statistics, Sri Lanka. Number of dengue
incidences, rainfall (mm), temperature (°C),

number of rainy days, day time and night time
humidity (percenta1ge of water particles in air),
wind speed (kmh™), number of sunny days in
each month in the considered period were
recorded.

For this kind of analysis, different statistical
methods could be used. Promprou,
Jaroensutasinee and Jaroensutasinee in 2005,
have used step wise regression technique [19]
meanwhile Poisson regression has been used by
Prakash et al. to model number of dengue
incidences [30]. Further, Promprou,
Jaroensutasinee and Jaroensutasinee in 2005,
have used negative binomial model for
representing number of dengue incidences [19].
The wavelet time series analysis has been used

by Ehelepola and Ariyaratne in 2015 to model
number of dengue incidences [27].

This analysis was carried out by using several
statistical techniques including a graphical
representation. First, the correlation analysis was
used to identify the linear relationships of
variables. Pearson’s product moment correlation
coefficient was used as the measure of linear
relationship. The relationship of number of
dengue incidences with other climatic factors
was given the priority than the relationship
among climatic factors. Further, regression
model was also used to identify the impact of
each climatic variable on number of dengue
incidences. Contour maps were produced for
identified pairs of climatic variables that were
identified from regression analysis and identified
impacts of those factors. Since, some of climatic
variables considered for the regression analysis
show multicollinearity, principle component
analysis also was performed to produce some
independent predictors with climatic factors, and
regression analysis of dengue incidences was
performed with principle components. In the
analysis, the first three principle components
were used for the regression analysis since they
could cover more than 80% of total variation.
Minitab 14 version was used for the analysis
meanwhile analysis was carried out separately
for each district. Some graphs were produced in
Excel.

3. RESULTS AND DISCUSSION

An overview of the status of dengue incidences
in all districts is given in the first part of this
section while the results of the analysis are
discussed separately for each district in the
second part.

Total number of dengue incidences in each
district in each year throughout the period
considered, is given in the Table 1 while it is
illustrated in Fig. 1. Extreme numbers of dengue
incidences have been found in 2017 from all
these districts compared to other years in this
period. Batticaloa district shows the highest
number of dengue incidences in year 2017 while
the minimum number of dengue incidences has
been reported from Ampara district.

During the period from 2009 to 2017, a total of
13412 dengue incidences have been reported
from Batticaloa district which was the highest
among these three districts. In other vyears,
except 2017, numbers of dengue incidences are
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within 534 to 1693 and the highest number of
incidences, 5600, in 2017, is also from
Batticaloa.

The minimum total of 8487 dengue incidences
was recorded by Trincomalee district during the
entire period with a range from 168 to 661 in the
period 2009-2016. In 2017, a peak value, 5008,
of dengue incidences was reported in
Trincomalee district.

In Ampara, a total of 9350 incidences have been
reported from 2009 to 2017 with the highest
number of dengue incidences in year 2017,
which was 4080. In Ampara district, dengue
incidences are in the range from 284 and 1240
during the period from 2009 to 2016.

Figure 2 clearly shows that during the period
from 2009 to 2017, numbers of dengue
incidences in Batticaloa are higher compared
with other two in which the minimum is shown by
Trincomalee except in 2013 and 2016. However,
in 2013 and 2016, Ampara has recorded the
highest total incidences.

Other results of the analysis that was carried out
separately for each district are discussed district
wise below.

3.1 Results of Batticaloa District

Number of dengue incidences that have been
recorded in each month during the period
considered are illustrated by Fig. 3. Overall, two
phases can be observed in this graph. The first
phase is from 2009 to 2015 and then the
second is from 2016 to 2017. Within the first
phase, except in few months, number of
dengue incidence in a month is below 100. Only
around five occasions, it has exceeded 200.

However, incidences in months in the
second phase, from 2016 to 2017, are higher
along that period. On average, it can be
observed that the minimum incidences are in the
months around October and the higher
incidences are seem to be around December
and adjacent months.

Figure 4 illustrates how each climatic factor,
along with dengue incidences, has distributed,
on average, within a period of year. Among
the climatic variables in Batticaloa, rainfall shows
a higher variation within the year. Rainfall, on

avarage, increases from September to
December and then  decreases  upto
March. During the period from March to

September, district gets less rainfall than 100
mm. In June and July, it becomes the
mininmum.  Average number of dengue
incidences also show a fluctuation within the
year. From September to April, an increasing
trend can be observed while it gradually drops
down till September in which the minimum can
be seen.

Monthly average night time humidity in Batticaloa
district varies in the range nearly from 75 to 90.
In the period from June to September, it is below
80. The average day time humidity, which shows
a pattern similar to average night time humidity
within the year, vary with a minimum of 60 and
maximum of 80, and also lower values are during
the period from May to October. It is clear that
average temperature is in the range from 25 to
30, with a slight increment in the middle of the
year. The special pattern, an opposite trend, can
be observed in average number of rainy days
and sunny days. The least average number of
rainy days per month within the period
considered is about 10 meanwhile average value
of UV index per month is below 10 throughout
the year.

Table 1. Number of dengue incidences in each district

Year Number of dengue incidences
Batticaloa Trincomalee Ampara

2009 534 189 389
2010 1250 987 774
2011 1693 177 284
2012 717 168 557
2013 556 207 746
2014 970 661 675
2015 1474 587 605
2016 612 503 1240
2017 5606 5008 4080
Total 13412 8487 9350
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Table 2. Correlations between number of dengue incidences and climatic variables

Rainfall Temperature Rainy Humidity = Humidity Wind Sunny uv
days day night speed days Index
-0.068 -0.095 -0.195 0.198 0.140 0.158 0.168 0.039
(P=.48) (P=.32) (P=.04) (P=.04) (P=.15) (P=.10) (P=.08) (P=.68)
6000
5000
4000 _—
=¢—Batticaloa
3000 / —@—Trincomalee
2000 // Ampara
1000 - //\: [
{ \ \ 'I'\v.,
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Fig. 2. Distribution of dengue incidences of each district in the period from 2009 to 2017
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Fig. 3. Distribution of dengue incidences over the period

Measures for linear relationships, the Pearson’s Number of dengue incidences is negatively
correlation coefficients between number of correlated with number of rainy days and
dengue incidences and climatic variables in positively correlated with day time humidity.
Batticaloa district are given in the Table 2 with Meanwhile, other climatic variables in Batticaloa
corresponding P-values within the brackets. district do not show significant relationships with
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number of dengue incidences. It can be
observed that most of climatic variables are inter
correlated.

Number of dengue incidences was modeled by a
multiple linear regression model with all climatic
variables. Since, all climatic variables, except
day time humidity, were not significant, a simple
linear regression model was fitted again only with
day time humidity. Details of the fitted model are
given in Table 3 and Table 4. P-value indicates
that regression model is significant.

Details regarding the significant of factor are in
the Table 4. Day time humidity is highly
significant.

Contour plots for dengue incidences for some

that density of dengue incidences is higher when
day time and night time humidity are moderate. It
is indicated by the Fig. 5b that low rainy days and
middle humidity in the range from 20 to 50 bring
higher density of dengue incidences. Further-
more, according to the Fig. 5¢, number of rainy
days and night humidity do not contribute much
for higher number of dengue incidences.

The results of principle component analysis are
given in Table 5 and Table 6. Values in the
second row of the Table 5 represent the
variance, as a proportion of the total variance, of
each principle component and the cumulative
proportion of the total variance of climatic
variables are in the last row. The first three
principle components can explain 80.7% of total
variance. Table 5 represents the contribution of

selected pairs of climatic variables are given in each climatic factor for each principle
Fig. 5. The plot under Fig. 5a clearly indicates = components.
600
500 ’ =—¢—Dengue Cases
== Rainfall
400 - \ ==fe=Temperature
300 =>¢=Rainydays
=== Day Humidity
200 - —a—Night Humidity
100 \ Wind Speed
Sunny Days
0 * T d T T T A T T * T \ T & I K T & 1 UV Index
S ¢ » ¢ & ¢ & L
PO P E YL
S ¥ Sy \?9() & & &
W e & O & &F
P <~ 9
Fig. 4. Distribution of climatic variables and dengue incidences within a year
Table 3. ANOVA table of regression model with day time humidity
Source DF SS MS F P
Regression 1 1724991 1724991 52.13 0.000
Residual error 105 3474315 33089
Total 106 5199306

DF: Degree of freedom; SS: sum of square of error; MS: mean square of error; F: F table value; P- P value

Table 4. Significance of predictor in the regression model

Coef SE Coef T P

1.76 0.24 7.22 0.000
Coef: coefficient; SE coef: Standard error of coefficient; T: t table value; P-P value

Predictor
Humidity day
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Table 5. Details of principle component analysis

Eigen value
Proportion
Cumulative

3.641
0.455
0.455

1.8253  0.9898
0.228 0.124
0.683 0.807

0.6532
0.082
0.889

0.3873
0.048
0.937

0.2649
0.033
0.970

0.1825
0.023
0.993

0.056
0.007
1.000

Proportion: variance as a proportion of total variance; cumulative: cumulative proportion

Table 6. Coefficient of principle components

Variable PC1 PC2 PC3

Rainfall -0.419 -0.115 0.029
Temperature 0.414 0.359 -0.112
Rainy days -0.363 0.481 -0.173
Humidity day -0.423 -0.122 0.355
Humidity night -0.413 0.085 0.227
Wind speed -0.170 -0.573 -0.169
Sunny days 0.336 -0.495 0.190
UV index 0.174 0.176 0.845

PC1: principle component 1; PC2: principle component 2; PC3: principle component 3

Contour Plot of DengueCases vs Humidity_Day, Humidity_Night
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Contour Plot of DengueCases vs Humidity_Night, Rainydays
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Fig. 5. Contour maps of dengue incidences for some pairs of climatic variables

Rainfall, rainy days, day time and night time
humidity, and wind speed negatively contribute to
the first principle component while other
variables do have positive effect. The second
principle component is negatively affected by the
variables rainfall, day time humidity, wind speed
and number of sunny days and other show
positive contribution.

Results of the regression model fitted with first
three principle components are given in Table 7
and Table 8. P-value in the Table 7 indicates that
model is significant at 5% significance level.
Except the second principle component other two
principle components including the intercept are
significant at 5% significance level according the
P-values in the Table 8. Rainfall, number of rainy
days, day time humidity have higher contribution
for the first principle component and the second
principle component is most highly contributed by
UV Index.

3.2 Results of Trincomalee District

Distribution of dengue incidences in each month
in the period considered is given by Fig. 6. In this
district also, two phases, in terms of number of
dengue incidences, can be observed during. In
the first phase, that is 2009-2016, numbers of
dengue incidences are below 100 in almost all
months, except in seven months. They are
January (233), February (283), March (145) in
2010, April (115) in 2014, January (131) in 2015
and January (102), December (132) in 2016. In
year 2017, it varies from 70 in October to 2114 in
March.

10

The distribution pattern of dengue incidences,
per month, on average, in Trincomalee district is
given in Fig. 7 with pattern of all other climatic
variables. Average monthly dengue incidences
during the period from January to April is higher,
than 50 incidences, compared to the rest of
period of the year. Further, it is apparent that a
decreasing trend is during the period April to
October and increasing pattern is from October
to April. March shows the on average per month
highest dengue incidences of about 380 in
Trincomalee district. That is due to a single
value, 2114, in March 2017. Except this figure,
average number of incidences much more less
than it appears now. It is probably about 50.

In Trincomalee district, on average rainfall per
month, is below 400 mm. In general, an
increasing trend in average rainfall per month is
in the period from June to December and then it
declines upto June. Night time humidity is higher
than that of day time. Monthly average night time
humidity is in the range from 75 to nearly 85.
During the period from May to September,
average humidity is just below 80. Monthly
average day time humidity, which is always less
than night time, decreases from around 75 to 60
during from January to July. Then, it moves up till
80 in the rest part of the year. Average monthly
temperature shows an increasing trend from
January to June and then downward trend upto
December. Anyhow average monthly
temperature is within 25 to 30. Average number
of sunny days is little below 15. Average monthly
wind speed has exceeded 20 in the period from
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June to August, but below 25. Value less than
10, but nearly close values, are in each month for
UV index.

Pearson’s correlation coefficients for each pair of
climatic variables and dengue incidences
are given in the Table 9. Those climatic
variables show positive as well as negative
relationships with number of dengue incidences.
However, no any factor shows a signifi-
cant relationship with dengue incidences
except relationships among climatic variables
itself.

Results of the regression model fitted for the
dengue incidences by climatic variables are
given in Table 9 and Table 10. According to P-
values, it is clear that no any factor is significant
at 5% significance level.

Contour plots of dengue incidences produced
for certain pairs of climatic variables are given
in Fig. 8. These plots exhibit that higher
density of dengue incidences reported when
moderate day time and night time humidity are
available. Fig. 8b shows moderate wind
speed and low night humidity as well as
higher night humidity and low wind speed

create a favorable environment for dengue
incidences.

Details of principle components of climatic
variables of Trincomalee district are given in the
Table 11. Eigen values, proportion of variance
that represented by each principle component,
and cumulative proportions of variance are given
in the Table. It is clear that first three principle
components represent more than 80% of total
variance. Hence, in fitting the regression model,
only first three components were used.

Rainfall, number of rainy days, day time humidity
and night time humidity are positively related with
the first principle component analysis while other
variables negatively contribute to it. Except UV
index, all other variables are having equal
contribution in size. The second principle
component is positively affected by rainfall, day
time humidity, wind speed and sunny days.
Anyhow, wind speed shows the least contribution
while day time humidity also shows a lower
coefficient. A positive contribution is shown by
rainfall, temperature, rainy days, and wind speed
to the third principle component analysis. UV
index shows the highest negative contribution for
the third principle component while rainfall shows
the least.

Table 7. ANOVA table of the regression model with principle components

Source DF SS MS F P
Regression 3 490182 163394 5.45 0.002
Residual Error 104 3118307 29984
Total 107 3608488
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Fig. 6. Distribution of dengue incidence in Trincomalee district
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Fig. 7. Distribution of each climatic variables and dengue incidences in Trincomalee district

Table 8. Significance of the principle components in regression model

Predictor Coef SE Coef T P
Constant -536.40 228.90 -2.34 0.02
PC1 1.96 0.67 2.90 0.005
PC2 -1.46 2.72 -0.54 0.59
PC3 18.51 5.26 3.52 0.001

Table 9. Correlations between number of dengue incidences and climatic variables

Rainfall Temperature Rainy  Humidity Humidity Wind Sunny days UV index

days day night speed
-0.045 -0.044 -0.004 0.066 0.1 -0.154 0.017 0.022
(P=.64) (P=.65) (P=.96) (P=.49) (P=.31) (P=.11) (P=.86) (P=.82)

Contour Plot of DengueCases vs Humidity_Day, Humidity_Night
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(a) Day humidity Vs night humidity
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Contour Plot of DengueCases vs WIndSpeed, Humidity_Night
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Fig. 8. Contour plots for some selected variables

Results of the regression model fitted with these
principle components are given in the Table 13
and Table 14. Figures (P-values) in these two
tables imply that no any principle component is
significant. This indirectly indicates that status of
dengue incidences do not depend on climatic
variables.

3.3 Results of Ampara District

Distribution of dengue incidences in Ampara
district is illustrated by Fig. 9. Number of dengue
incidences in Ampara district is well below 50
except in a few occasions. During the time closer
to January in several years, number has gone
beyond 100. The special matter is that in
every month of 2017, numbers of dengue
incidences are higher than 100 and below nearly
650.

Average number of dengue incidences per
month does not exceed 175, meanwhile it shows
the minimum of nearly 50 during the period from
April to October. Monthly average rainfall also
shows almost similar pattern of dengue
incidences, where it goes upto 350. From
January to June, it gradually decreases and then
increases upto December. In this district, monthly
average day time humidity comes down from 90
to around 75 during the period from January to
September. Again it starts to increase till its’
maximum. In Ampara district too, monthly
average temperature is between 25 and 30
approximately. During the middle part of the
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year, temperature is in high level. Throughout the
year, average monthly wind speed is below 25
whereas low averages are indicated from
February to October. Average number of rainy
days in Ampara district is less than 20 in the first
part of the year upto August. Thereafter, it
increase to maximum of 25 in December. An
opposite pattern is shown by the average
number of sunny days. In general, UV index
remains almost the same level all the year
around.

Table 15 shows that among all climatic variables
considered, only wind speed shows a significant
positive correlation of size 0.36. However, other
climatic variables are having inter relationship
among them self.

The results of the regression model fitted with
climatic variables are given in the Table 16. Its P
-value is 0.00 which is less than significance
level. This indicates that the model is significant
at 5% significance level.

Significance of each factor in the regression
model is given in the Table 17. It is clear that
only wind speed show a relationship with number
of dengue incidences in Ampara district.

The contour map produced for slightly significant
variables are given in the Fig. 11. This plot
indicates that density of dengue incidences is
higher when wind speed and number of sunny
days are lower.
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Table 10. ANOVA table for regression model

Source DF SS MS F P
Regression 8 343548 42944 0.760 0.642
Residual Error 94 5341441 56824

Total 102 5684989

Table 11. Details of principle components

Eigen value 4.518 1.189 0.717 0.575 0.448 0.315 0.173 0.064
Proportion 0.565 0.149 0.090 0.072 0.056 0.039 0.022 0.008
Cumulative  0.565 0.713 0.803 0.875 0.931 0.970 0.992 1.000

Table 12. Coefficients of first three principle components

Variable PC1 PC2 PC3
Rainfall 0.345 0.205 0.140
Temperature -0.349 -0.466 0.215
Rainy Days 0.398 -0.393 0.264
Humidity Day 0.352 0.170 -0.340
Humidity Night 0.355 -0.256 -0.342
Wind Speed -0.399 0.035 0.331
Sunny Days -0.354 0.470 -0.389
UV Index -0.258 -0.520 -0.610

Table 13. ANOVA table for regression model

Source DF SS MS F P
Regression 3 223453 74484 1.420 0.243
Residual Error 104 5473281 52628

Total 107 5696734

Table 14. Significance of principle components in regression model

Predictor Coef SE Coef T P

Constant -269.00 180.20 -1.49 0.139
PC1 2.06 1.36 1.52 0.133
PC2 0.05 2.62 0.02 0.986
PC3 -6.62 3.54 -1.87 0.064

Table 15. Correlations between number of dengue incidences and climatic variables

Rainfall Temperature Rainy Humidity Humidity Wind Sunny UV Index
Days day night speed days

0.135 -0.184 -0.110 0.144 0.112 0.360 0.067 -0.115

(P=17) (P=.06) (P=.25) (P=.14) (P=.25) (P=.00) (P=.49) (P=.24)

Table 16. ANOVA table of regression model by climatic variables

Source DF SS MS F P
Regression 1 925669 925669 72.03 0.00
Residual Error 107 1375031 12851

Total 108 2300700

Table 17. Significance of climatic variables in regression model

Predictor Coef SE Coef T P VIF
Wind Speed 8.975 1.058 8.49 0.01 0.000
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Fig. 10. Distribution of each climatic variables and dengue incidences in Ampara district

Table 18. Details of principle components

Eigen value 3.880 1.843 0.821 0.599 0.379 0.285 0.1319 0.060
Proportion 0.485 0.230 0.103 0.075 0.047 0.036 0.016 0.008
Cumulative 0.485 0.715 0.818 0.893  0.940 0.976 0.992 1.000
Details of the principle components obtained for  P-value in the Table 19 indicates that the

climatic variables of Ampara district are given in
the Table 18. Cumulative proportions of variance
imply that first three principle components cover
more than 80% of total variation of climatic
variables. Therefore, only three principle
components were used.
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regression model fitted with three principle
components is significant at 5% significance
level.

Details about the significance of each principle
component in the regression model are given in
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the Table 20. Only the second principle
component is significantly affects the number of
dengue incidences.

Contribution of each climatic factor for each
principle component is given in the Table 21.
Each climatic factor contributes differently for
each principle component. In case of the second

principle component, number of sunny days and
wind speed negatively give higher contribution
meanwhile number of rainy days and rainfall
contribute positively for the second principle
component. This indicates dengue incidences is
negatively correlated with number of sunny days
and wind speed, while it is positively related with
rainfall and number of rainy days.

Table 19. ANOVA table of regression model of principle components

Source DF SS MS F P
Regression 3 121461 40487 3.07 0.03
Residual Error 104 1369772 13171
Total 107 1491232
Table 20. Significance of principle components in regression model
Predictor Coef SE Coef T P
Constant -23.74 61.65 -0.39 0.70
PC1 -6.22 4.01 -1.55 0.12
PC2 -7.75 3.07 -2.52 0.01
PC3 13.44 8.47 1.59 0.1
Table 21. Coefficients of principle component analysis
Variable PC1 PC2 PC3
Rainfall -0.439 -0.055 -0.234
Temperature 0.405 0.248 0.124
Rainy Days -0.300 0.569 0.052
Humidity Day -0.473 -0.041 -0.150
Humidity Night -0.384 -0.096 -0.080
Wind Speed -0.229 -0.493 -0.018
Sunny Days 0.272 -0.580 -0.068
UV Index 0.238 0.144 -0.945
Contour Plot of DengueCases vs WindSpeed, SunnyDays
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Fig. 11. Contour map of dengue incidences against wind speed and sunny days
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4. CONCLUSION

According to the results of this study, it is clear
that impacts of climatic variables on dengue
incidences differ from district to district. Climatic
variables in Trincomalee district do not show any
relationship with dengue incidences whereas
some relationships between climatic variables
and dengue incidences can be observed in
Batticaloa and Ampara district. In 2015,
Ehelepola and Ariyaratne in 2015 also have
stated that correlations between some climatic
factors and dengue incidences are different for
different districts [27].

In Batticaloa district, number of rainy days
negatively affects dengue incidences while day
time humidity shows a positive relationship with
the dengue incidences. Promprou,
Jaroensutasinee, Jaroensutasinee in 2005 also
have confirmed that high humidity increases
feeding activity, survival and development of
eggs and raining for a few number days creates
a favorable situation for mosquito spread [19].

The wind speed in Ampara district is positively
correlated with dengue incidence in the district.
Ehelepola and Ariyaratne in 2015 [27] also have
found that wind is related with the dengue
incidences. In contrast, climatic variables in
Trincomalee district do not provide evidence for a
relationship with dengue incidences recorded
within the district.

People’s general view is that heavy rainfall is the
reason for past spread of dengue disease.
However, in this study, such a result could not be
observed. In contrast, Gubler in 2011 [20],
Dharshini et al. in 2011 [5] and Liyanage,
Tissera, Sewe, Quam and Amarasinghe in 2016,
[24] have discovered a relationship between
rainfall and mosquito density.

In this study, several statistical techniques were
used for the analysis. It could be observed that
results of all techniques are not the same. For
instance, in Batticaloa district, correlation
analysis shows only two significant factors
(number of rainy days and day time humidity),
while only one factor (day time humidity), is
identified by regression analysis. This may be
due to the inter relationships exist among all
climatic variables.

Furthermore, it is apparent that only climatic
variables are not enough to explaining the
variation in dengue incidences. District is a large
area. Climatic status of the district is not uniform
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throughout the district meanwhile number of
dengue incidences recorded is also not equally
distributed. This inadequate representation of
reality by data also may be one of the reasons
why these variables are unable to represent a
reasonable amount of variation in dengue
incidences.

Above all, there may be many other types of
factors such as geographical changes,
population density, health practices of dwellers,
policies of government institutes such as
municipal council, and private organizations. For
a better understanding, all these sort of variables
should be taken into consideration in further
researching.
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