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¥R — YO R e (PMC) 3R Rod-Riwars s f@9@ (PCMC), qoT #gRTse & 3R &9 &
S dFeX SAfaAd W (VBD) S S AR HARAT W STerarg 1 fffr 1 THsA H1 GI fhar I g
sa% fT 2010-2018 & ENeT 3udad a1 MR AT F TR fAHET § 3UeRy VBD & ARAE HEwr &
AHAT 3R 57 AN & STy 3T Td A, AR AGA A @HET & Fed § 3ucey Alfde
SToraTg 37iehst 1 3TN fhar arr g1 56 Wi 3egds 4, Pfafad yRifs oo & ¢

(i) #E AR R, Tl AGAT I FAARAT &F AFGT 7 Fol 37 § AN 2017 TF @ FEA 7 S F AW F
& &5 ¢l

(ii) FARAT & fAT glewdic 70-82% RH 31X #ATET AU 25-30 °C & &1 W 91T| 24-26 °C & Tmean, DTR
6-8 °C WX HIRAT & glexdic T 7|

(iiii) S97 T T F glewdlc T T AT S AfHF Tmean, 20-25 °C F ¥ A1 AR AfAF Aewr RH 55-
70% & R dUT S AfA% Tmean 25-30 °C & iR a1 3R Af@w ATeT 3IRTT 75-80% & iR &)
SId ALY YA 24 °C @ A glar §, o 3ifehad 39 & HAHS DTR # 16-18 °C & oI g &, 5
AT dAT9HATT 24 3R 26 °C & ST g1 &, a9 DTR 8-12 °C WX gl Tl IV ST §1 26 °C ¥ IR, o
HE AT e @l &, S & A FH g S

(iv) FoREr 3R So1 A % faw, qor ik Rud-Riaas TR & e 7 g arelr 3o Aifds dear &
“gAcH A A9, i Jia drere, w1 A DTR, #ffs ol awl 3R #1ffsw Ae RH
& WY Agcaqul FAT AR Femelr wewat g

(v) 3T IETTT T UH AT Ig W T 2010-2018 I FHARAT F A H WIAR FH & FROT 5
TIeINOT ) 9o 9ET|

ABSTRACT. An attempt has been made to understand the role of climate on some Vector borne diseases (VBD),
like Dengue and malaria over the region under the jurisdiction of Pune Municipal Corporation (PMC) and Pimpri-
Chinchwad Municipal Corporation (PCMC), Pune Maharashtra. For that monthly number of cases of occurrence of these
VBDs during 2010-2018, available from Heath Department of above two Municipal corporations and Monthly Climate
data of these years, available from the office of Climate Research and Services, India Meteorological department have
been used. From this pilot study, following preliminary results have been found:

(i) Broadly, there is a decrease in the malaria cases for all months and there is an increase in the dengue cases for
all months till 2017.
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(if) Hotspot for Malaria were observed to be associated with RH between 70-82% and Mean temp 25-30 °C. At a
Tmean of 24-26 °C, Malaria hotspots were found at DTR 6-8 °C.

(iii) Hotspots of occurrences of Dengue were found when monthly Tmean was within 20-25 °C & monthly Mean
RH is within 55-70% and when monthly Tmean was within 25-30 °C & monthly Mean RH is within 75-80%.
When mean temp is below 24 °C, then maximum Dengue cases occur at DTR between 16-18 °C, when mean
temp is between 24 & 26 °C, then hot spots are found at DTR 8-12 °C. Above 26 °C, as mean temp increases,

dengue occurrence decreases.

(iv) For both Malaria and Dengue, their monthly number of occurrences in Pune & Pimpri - Chinchwad municipal
corporation area have significant concurrent and lagged correlation with Mean monthly minimum temperature,
daily mean temperature, monthly mean DTR, monthly total rainfall and monthly mean RH.

(v) One limitation of the study is that gradual reduction in cases of malaria from 2010-2018 might have affected

the analysis.

Key words — Vector borne disease, Climate, Climate-health.

1. Introduction

Vector borne diseases (VBD) constitute an important
cause of death, disease burden and health inequity, a brake
on socioeconomic development and a strain on health
services (Cambell et al., 2015). Vector-borne diseases are
among the most well studied of the diseases associated
with climate change, owing to their large disease burden,
widespread occurrence and high sensitivity to climatic
factors. In contrast to some other climate-sensitive health
risks, such as heat-stress, or exposure to storms and
floods, the influence of meteorological factors are less
direct and more diverse, both within and between
individual diseases (Smith et al., 2014). The simplest
pathways are through temperature, affecting the biting,
survival and reproductive rates of the vectors, extrinsic
incubation period (EIP) and the survival and development
rates of the pathogens that they carry. Precipitation also
exerts a very strong influence, most obviously in the case
of diseases transmitted by vectors that have aquatic
developmental stages (such as mosquitoes), but also, via
humidity, on diseases transmitted by vectors without such
stages, such as ticks or sand-flies. Spatial and temporal
distribution of vector-borne diseases like malaria, dengue
and chikungunya are likely to be affected the most as the
mosquitoes which transmit the diseases are cold blooded
(Singh & Dhiman, 2012). Their life cycle and
development of pathogen in their body are likely to be
affected at varying temperature and relative humidity.
Studies undertaken in India with A2 scenario on malaria
reveal that the transmission window in Punjab, Haryana,
Jammu & Kashmir and north-eastern states are likely to
extend temporally by 2-3 months and in Odisha, Andhra
Pradesh and Tamil Nadu there may be reduction in
transmission windows. Studies undertaken in India on
malaria in the context of climate change impact reveal that
transmission windows in Punjab, Haryana, Jammu and
Kashmir and north-eastern states are likely to extend
temporally by 2-3 months and in Orissa, Andhra Pradesh

and Tamil Nadu there may be reduction in transmission
windows and Orissa, West Bengal and southern parts of
Assam will still remain malarious and transmission
windows will open up in Himachal Pradesh and north-
eastern states etc. (Dhiman et al., 2010).

For most Anopheles vector species of malaria, the
optimal temperature range for their development lies
within 20 °C to 30 °C. However, transmission of P. vivax
requires a minimum average temperature of 15 °C and
transmission by P. falciparum, requires a minimum
temperature of 19 °C. The transmission window in terms
of the temperature range should extend over a period of
time for completion of the sporogeny. Malarial survival is
also dependent on the time of the year, i.e., the wet or dry
season. However, no clear relationship has been observed
between the positive malaria cases and the annual
precipitation. Some actually contend that the amount of
rainfall may be secondary in its effects on malaria to the
number of rainy days or the degree of wetness that exists
after a rain event. Also, if the average monthly relative
humidity is below 55 per cent and above 80 per cent the
life span of the mosquito gets so shortened that the scope
of malaria transmission diminishes (Bhattacharya et al.,
2006). Paaijmans et al. (2010) while studying the
dependence of Malaria transmission on daily temperature
fluctuation found that, compared with rates at equivalent
constant mean temperatures, temperature fluctuation
around low mean temperatures acts to speed up rate
processes, whereas fluctuation around high mean
temperatures acts to slow processes down.

Impact of climate change on dengue also reveals
increase in transmission with 2 °C rise in temperature in
northern India. Although there is an established
transmission window with respect to maximum
temperature, minimum temperature and relative humidity
for Malaria virus, similar information for Dengue virus
with respect to all these climate parameters is not known.
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Fig. 1(a). Year wise distribution of monthly number of Malaria cases over Pune (based on PMC &

PCMC data) during 2010-2018

:

20

80

70

60

50

40

30

20

9% frequency of prevalence of given climatic conditions

10

0

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

m 33<TMAX<39

= 16<TMIN<19

= 14<TMIN<15

meanRH >55% =

Fig. 1(b). Climatology of threshold values of meteorological parameters for Malaria at he location of study
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Fig. 1(c). Frequency of prevalence of climate suitability condition during 2010-2018 over the location of study
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Fig. 1(f). Monthly mean of daily mean temperature and monthly number of malaria occurrence




DUTTAc etal. : EFFECT OF CLIMATE ON THE INCIDENCE OF VECTOR BORNE DISEASE 403

~——No of Malaria cases —+—Mean DTR

o 20 40 60 80 100 120

80 20
70

60 15
50

40 10
30

Jl
20 5

o
\’°v~°" \&0“'\"“@‘ \&oc's"(‘vﬁk \‘}Oo's“(‘vﬁ( \&oéx"(\v‘?( éo"’x"vﬁk \*o"‘\”v“ \*&'\—#‘é \“\ob\’b(‘vﬁ‘ \éoé
Month

Fig. 1(g). Monthly number of Malaria cases and mean monthly DTR
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Fig. 1(h). Mean monthly daily mean RH and monthly number of malaria cases
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Ehelepola & Ariyaratne (2015) have shown that
Dengue incidence in the city of Kandy in Sri Lanka is
negatively correlated with large diurnal fluctuations of
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both temperature and humidity. Ko-Chang et al. (2016)
attempted to develop a mathematical model using lagged-
time Poisson regression analyses to evaluate the effect of
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meteorological parameters on dengue incidences during
2000-2014 in Kaohsiung, Singapore. They found that
increased minimum temperatures rendered a 2- and 3-
month lagging interactive effect on higher dengue risks
and higher rainfall a 1- and 2-month lagging interplay
effect on lower risks.

Shil et al. (2018) showed that overall, mosquito
abundance increased during the SW Monsoon due to low
diurnal temperature range (DTR) along with increased
rainfall and humidity, but decreased during winter
followed by a slight increase during the Pre-Monsoon
season. Sahai et al. (2020), using weekly total malaria and
acute diarrheal diseases cases for Pune (Nagpur) for the
period 2012-2016 (2012-2016) and 2013-2016 (2012-
2016) respectively and using weekly Climate data of
above two locations, for the period 2009-2016, found that
higher amounts of rainfall, moderate maximum
temperature and high minimum temperature are more
conducive for the incidence of malaria and diarrhea over
above two locations.

In recent years locations under the jurisdiction of
Pune Municipal Corporation (PMC) and Pimpri-
Chinchwad Municipal Corporation (PCMC) have
witnessed an enhanced number of Dengue cases, although
Malaria cases have been reduced (Based on information
on dengue and malaria cases provided by health
departments of Pune Municipal Corporation (PMC
hereafter) and Pimpri-Chinchwad Municipal Corporation
(PCMC hereafter). Also India Meteorological Department,
following GFCS requirement, has initiated Climate
service for health sector. Following WMO/WHO, one of
the aspects for holistic approach towards Climate service
to health is research and development, aiming to find out
threshold values of Climatic parameters for the outbreak
of different VBD, at local level.

Objective of this study is to understand the role of
different climatic parameters in the locally outbreak of
VBD like Malaria and Dengue over the region under the
jurisdiction of PMC & PCMC and also to estimate
threshold values of Climatic parameters for the outbreak
of Malaria and Dengue, at local level for this specific
location.

2. Data

Monthly number of Malaria and Dengue
cases during 2010-2018 have been obtained from
Health department of PMC & PCMC, Maharashtra
and daily maximum temperature, minimum temperature,
relative humidity and rainfall for all months during
these years of Pune have been obtained from office of
Climate Research & Services, India Meteorological

Department, Pune. From daily maximum and minimum
temperature (Tmax and Tmin) and relative humidity
(RHO0300 UTC and RH1200 UTC), daily mean temperature
[Tmean = (Tmax + Tmin) / 2], mean relative humidity
[RH = (RH0300 UTC + RH1200 UTC) / 2] and daily diurnal
temperature range (DTR = maximum temperature-minimum
temperature) have been computed. Monthly total rainfall
has been computed by summing up the daily rainfall.

3. Analysis

In this section we shall discuss the climate disease
relationship for Malaria and Dengue separately:

3.1. Malaria

Year wise distribution of monthly total number of
Malaria cases for all months during 2010-2018 over Pune
has been shown in Fig. 1(a). From this figure it can be
seen that in general there is a decrease in the malaria cases
for all months and in any year maximum incidences occur
during June-September.

3.1.1. Climate suitability for occurrence of Malaria
over PMC & PCMC areas and its observed
monthly and yearly variation

Climatic suitability for the outbreak of Malaria is
defined in terms of the prevalence of threshold values of
certain climatic parameters, viz., Tmax, Tmin etc. Study
by Craig et al. (1999) suggests that five months above
80 mm rain is sufficient and rain above 80mm for one
month is not sufficient for a transmission season but rain
for three months above 80 mm is. In Bikaner (India),
malaria outbreak occurred with 40 mm rainfall in two
consecutive months at the threshold of transmission
season. Lingala et al. (2020) using district-wise monthly
malaria cases and monthly meteorological data for the
period from January 2009-December 2012 showed that
Malaria outbreaks can occur in post monsoon over arid
and semi-arid region whereas in summer/ monsoon over
humid and per-humid regions. The study also suggests
that lag period between rainfall and outbreak differs from
one month with short lag (humid and per-humid) to long
lag (arid and semi-arid). However, no conclusive
information about rainfall threshold for malaria over PMC
& PCMC areas are available. WHO document (2010)
suggests that threshold limits of maximum and minimum
temperatures for Malaria are respectively 33 °C-39 °C and
16 °C-19 °C, however Craig et al. (1999) suggested 32 °C
to be the upper limit for maximum temperature.
Mordecai et al., 2013, using a large data set in Africa have
shown that optimal malaria transmission takes place at
25 °C and transmission decreases dramatically at
temperatures above 28 °C. However, in the present study,
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Correlation coefficient between monthly total number of malaria and mean monthly maximum/minimum temperature, DTR, RH

and monthly rainfall at different lags. (t.05,106 = 1.6610, t.05,105 = 1.6613, t.05,104 = 1.6615, t1.05,103 = 1.6617 )

Correlation coefficient between monthly Lag=0 t-value Lag=1 t-value Lag=2 t-value Lag=3 t-value
total number of malaria and month months months
Monthly mean Tmax -0.1667  -1.7409  0.0318 0.3259 0.2274 2.3813 0.3374 3.6380
Monthly mean Tmin 0.3499 3.8461 0.3996 4.4668 0.3457 3.7573 0.1988 2.0587
Monthly mean daily mean temp 0.1607 1.6759 0.3095 3.3354 0.3817 42111 0.3375 3.6384
Monthly mean DTR -0.4171  -4.7251 -0.3235  -3.5033  -0.1446  -1.4903 0.0564 0.5736
Monthly mean RH 0.2964 3.1956 0.1221 12610  -0.0983  -1.0069 -0.2745 -2.8974
Monthly total rainfall 0.0485 0.5001 0.0230 0.2360  -0.0615 -0.6283  -0.1125  -1.1491

for studying the Climatic suitability over these regions
following thresholds have been used:

(i) 33°C<Tmax <39 °C,
(i) 16 °C < Tmin< 19 °C,
(iii) RH > 55% (WHO, 2010).

Using last 30 years mean monthly Tmax, Tmin and
RH of Pune, climatology has been prepared for percentage
frequency of prevalence of above climatic conditions for
individual parameters and the same has been shown in
Fig. 1(b).

From Fig. 1(b), it can be seen that:

(I) Condition (ii) is satisfied in 69% cases in October,
followed by 30% during March-April 18% in November
and 10% in February.

(I1). Condition (iii) is satisfied in 100% during June-
September, followed by 96% in October, 93% in January
and 89.6% in December.

3.1.2. Number of malaria cases reported &
prevalence of Climate suitability condition

Fig. 1(c) shows the prevalence of Climate suitability
for Malaria over Pune during 2010-2018 and number of
Malaria cases reported (Based on Health department of

PMC & PCMC, Pune, Maharashtra, India). From this
figure it can be seen that:

(i) Malaria cases over the location of study during 2010-
2018 increased slightly from January to February and then
it remains almost stationary till March then it rises attains
maxima in July and then it falls.

(ii) All parameters don’t show simultaneous fulfillment
of Climate suitability criteria as discussed in above
subsection 3.1.1.

(iii) In June, fulfillment of climatic suitability criteria, by
Max temp is 5-10% and by RH is 10-12%.

(iv) In July-September, December and in January only
RH fulfills the criteria in 10-12% cases.

(v) In October, fulfillment of climatic suitability criteria,
by RH is 10-12% and by Tmin is 25-30%.

(vi) In April & May, only Tmax fulfills the Climate
suitability criteria by 20-30%.

(vii) In March RH (1-2%), Tmax (30%) and Tmin
(50-55%) satisfy the criteria.

Thus, from the foregoing discussion, it is clear that
climatic suitability criteria for Malaria, as described in
subsection 3.1.1., didn’t match mostly over the area under
the jurisdiction of PMC & PCMC, Pune during the period
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under study. Hence in the following subsection, we shall
investigate joint dependence of Malaria occurrence on
different combination of Climatic parameters.

3.1.3. Observed variability of Malaria occurrence
on individual Climatic parameter over Pune

Figs. 1 (d-f) show the monthly total number of
occurrences of Malaria cases vis-a-vis mean monthly
minimum temperature, maximum temperature and daily
mean temperature. From this figure it is seen that during
the period & region of study, after mean-monthly
maximum or minimum or daily mean temperature attains
a peak, a peak in the monthly malaria case takes place
after approximately 1-3 months. Figs. 1 (e-g) show the
monthly total number of occurrences of Malaria cases vis-
a-vis mean monthly DTR, RH and monthly total rainfall.
From the figure it is seen that monthly number of malaria
cases is a maximum or minimum when monthly mean
DTR has a minimum or maximum value. Survival and
transmission of vectors (here mosquito) is very much
temperature dependent. At a low DTR abundance of
Mosquito is more and thus more bites and more
transmission of the disease (Shil et al., 2018). Physically it
may be interpreted that with a moderate maximum
temperature and higher minimum temperature are suitable
of Malaria occurrence. Also it can be seen that when
monthly rainfall and monthly mean RH increases, then
monthly number of malaria cases also increases. These
results are in conformity with the results of correlation
analysis as discussed below.

Table 1(a) shows the correlation between monthly
numbers of malaria cases and mean monthly maximum/
minimum temperature, Daily mean temperature, DTR, RH
and monthly rainfall at different lags (1-3). It is seen that
mean monthly maximum temperature has significant (at
95% level) negative concurrent correlation, positive
lagged correlation, with lag 2 & 3 months, with monthly
number of occurrences of Malaria over PMC & PCMC
areas. It can also be seen that the Monthly number of
occurrences of Malaria over this area have significant (at
95% level) positive correlation (concurrent & lagged both)
with Mean monthly minimum temperature and daily mean
temperature. It has significant (at 95% level) negative
correlation with monthly mean DTR with lag 0 & 1
month, which is in conformity with the findings of Shil
et al. (2018) that Mosquito abundance and subsequent
transmission is more at low DTR. Monthly number of
occurrences has significant (at 95% level) concurrent
positive correlation and negative lagged correlation with
lag 3 months with monthly mean RH. Monthly total
rainfall has a positive correlation with lag 0 & 1 and
negative at lag 2 & 3, although the correlation is not
statistically significant at 95% level.

3.1.4. Observed variability of Malaria occurrence
jointly on two climatic variables over Pune

Fig. 1(f) shows joint dependence of monthly number
of Malaria cases on mean monthly daily maximum and
minimum temperatures. From this figure it is seen that the
Malaria hot spots are found when Tmax is between 28 &
32 °C and Tmin is between 20 & 24 °C.

Fig. 1(g) shows joint dependence of monthly number
of Malaria cases on observed mean monthly daily mean
temperature and monthly total rainfall. From this figure it
is seen that for any mean temperature ranging from 20 to
30 °C, malaria hotspots are found, when monthly total
rainfall is between 50-60 mm, 110-120 mm and
160-180 mm. From this figure it can also be seen that as
mean monthly maximum  temperature  exceeds,
approximately, 35 °C, number of cases decreases, even if
rain fall increases.

Fig. 1 (h) shows the monthly number of Malaria
cases vis-a-vis mean monthly mean RH and monthly mean
of daily mean temperature. This figure suggests a hotspot
for malaria when mean monthly value of daily mean
temperature is between 25 °C-30 °C and monthly mean
RH is between 70-80%. Fig. 1(i) shows the joint influence
of mean monthly minimum temperature and monthly total
rainfall on monthly number of Malaria cases. This figure
suggests the presence of three hotspots for malaria, all
when mean monthly minimum temperature is between
20 °C-24 °C and monthly total rainfall is between 40 mm-
60 mm, 100 mm-120 mm and 160 mm-180 mm.
Dependence of the monthly number of Malaria cases,
jointly on mean monthly DTR and RH can be seen in
Fig. 1(j). From this figure it is seen that malaria hotspot is
found when monthly mean relative humidity lies between
72% & 82% and monthly mean DTR lies between 5 °C-
10 °C. Fig. 1(k) shows the dependence of the monthly
number of Malaria occurrence jointly on the monthly
mean daily average temperature (Tmean) and DTR. This
figure suggests that at a Tmean of 24-26 °C, Malaria
hotspots found at DTR 6-8 °C. It can also be seen that as
the Tmean increases from 28 °C, DTR reduces the number
of occurrence. This result is in conformity with the
findings of Paaijmans et al. (2010).

3.2. Dengue

Fig. 2(a) shows the yearly distribution of Dengue
cases in different months, reported during 2010-2018
(Based on information shared by Health department of
PMC & PCMC), from which, it is seen that in general,
there is an increase in the dengue cases for all months
from 2012 onwards and in any year maximum incidences
occur during September-November, followed by August
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Fig. 2(a). Year wise distribution of monthly number of Dengue cases over Pune (based on PMC &
PCMC data) during 2010-2018
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Fig. 2(c). Monthly mean Tmin & total number of Dengue cases
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Fig. 2(f). Monthly mean of daily mean RH & total number of Dengue cases
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TABLE 2

Correlation coefficient between monthly total number of Dengue and mean monthly maximum/minimum temperature, DTR, RH

and monthly rainfall at different lags. (t.05,106 = 1.6610, t.05,105 = 1.6613, t.05,104 = 1.6615, 1.05,103 = 1.6617 )

Correlation coefficient

between monthly total Lag=0 t-value Lag =1month t-value Lag=2months t-value Lag=3months t-value
number of malaria and
Monthly mean Tmax  -0.2989 -3.2251 -0.3122 -3.3669 -0.3029 -3.2409 -0.1219 -1.2460
Monthly mean 0.0561 0.5780 0.3150 3.4005 0.4563 5.2295 0.5170 6.1296
Tmin
Monthly mean ~ -0.1282  -1.3308 0.0517 0.5306 0.1596 1.6489 0.3073 3.2772
daily mean temp
Monthly mean ~ -0.2507  -2.6659 -0.4826 -5.6457 -0.5984 -7.6158 -0.5283 -6.3145
DTR
Monthly mean RH 0.3786 4.2115 0.4785 5.5836 0.4874 5.6931 0.3024 3.2194
Monthly rainfall 0.0857 0.8853 0.2485 2.6283 0.3204 3.4497 0.3873 4.2637

and December. Unlike Malaria, for Dengue, except for
minimum  temperature, no conclusive information
about transmission window for climatic parameter is
available in literature. However, for minimum
temperature, optimally it is around 11 °C-12 °C (11.9 °C
following WHO, 2010).

The transmission of dengue viruses is climate
sensitive for several reasons. First, temperature changes
affect vector-borne disease transmission and epidemic
potential by altering the vector’s reproductive rate, biting
rate, the extrinsic incubation period of the pathogen, by
shifting a vector’s geographical range or distribution and
increasing or decreasing vector-pathogen-host interaction
and thereby affecting host susceptibility [Gratz, 1999].

Second, precipitation affects adult female mosquito
density. An increase in the amount of rainfall leads to an
increase in available breeding sites which, in turn, leads to
an increase in the number of mosquitoes. An increase in
the number of adult female mosquitoes increases the odds
of a mosquito obtaining a pathogen and transmitting it to a
second sensitive host [Kuno, 1997].

Third, a distinct seasonal pattern in dengue
haemorrhagic fever (DHF) outbreaks is evident in most

places in tropical regions where monsoon weather patterns
predominate. DHF hospitalisation rates increases during
the rainy season and decrease several months after the
cessation of the rains [Gratz, 1993]. This decline may be
related to a decrease in mosquito biting activity, a
decrease in longevity of female mosquitoes, or both.

Promprou et al. (2005) investigated the climatic
factors associated with DHF incidence in southern
Thailand, using rainfall, rainy days, relative humidity and
maximum, minimum, mean temperatures and monthly
DHF data. Pearson's correlation coefficient was used to
explore the primary association between the DHF
incidence and all climatic factors. Step-wise regression
technique was then used to fit the statistical model. The
result indicated that the mean temperature, rainfall and
relative humidity were associated with the DHF incidence
in the areas bordering on the Andaman Sea, while
minimum temperature, rainy days and relative humidity
were associated with the DHF incidence on the Gulf of
Thailand side of the southern peninsula.

Chandy et al. (2013) attempted to assess the effect of
climate on the incidence of dengue in Tamil Nadu. The
study uses climate data, viz., rainfall and mean maximum
and minimum temperature to assess its association if any,
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with dengue incidence in two districts of Tamil Nadu,
South India. Results of this study indicates that while
precipitation levels have an effect on dengue incidence in
Tamil Nadu, non-climatic factors such as presence of
breeding sites, vector control and surveillance are
important issues that need to be addressed. Ehelepola
(2015) examined the interrelationship between dengue
incidence and diurnal ranges of temperature and humidity
in a Sri Lankan city and its potential applications. They
found a negative correlation of dengue incidence
withdiurnal temperature range (DTR) with 3.3-week lag
when DTR>10 °C and with diurnal humidity range (DHR)
with 4-week lag periods when DHR>20%. Additionally,
they also found a positive correlations of dengue
incidence with DTR when DTR<10°C and with DHR
when DHR<15% with 3- and 4-week lag periods,
respectively.

3.2.1. Observed variability of Dengue occurrence
on individual Climatic parameter over Pune

Figs. 2(b-d) and Figs. 2(e-g) show the monthly total
number of occurrences of Dengue cases vis-a-vis mean
monthly maximum temperature, minimum temperature
and daily mean temperature, mean monthly DTR, RH and
monthly total rainfall. From the former one it is seen that
during the period of study over the location of study, in
general when these temperatures attain their peak values,
then Dengue occurrence is low. From the later one it is
seen that when monthly mean DTR has a maximum value
then monthly number of dengue cases is a minimum.
Also, it is seen that after monthly rainfall attains a peak, a
peak in the monthly dengue occurrence cases takes place
after approximately 1-3 months.

Table 2 shows the correlation between monthly
numbers of dengue cases and mean monthly
maximum/minimum temperature, DTR, RH and monthly
rainfall at different lags (1-3). It can be seen that the
monthly number of Dengue cases, over the location of
study, has significant concurrent negative correlation with
monthly mean maximum temperature & monthly mean
DTR, significant concurrent & lagged (lag 1, 2 & 3
months) positive correlation with monthly mean relative
humidity and significant lagged (lag 1, 2 & 3 months)
positive correlation with monthly total rainfall.

3.2.2. Observed variability of Dengue occurrence
jointly on two climatic variables over Pune

Fig. 2(h) shows the monthly total number of
occurrences of Dengue cases vis-a-vis mean monthly
relative humidity and diurnal temperature range. From this
figure, it follows that the number of dengue cases appears
to be related jointly with Diurnal temperature range and

relative humidity. From the adjoining figure, four hotspots
of dengue occurrence can be seen, viz., at RH : 80-85% &
DTR:5-10 °C; RH : 75-80% & DTR : 10-15 °C; RH : 65-
70% & DTR approximately 15 °C and RH : 55-60% &
DTR approximately 15 °C. First two can be clubbed and it
corresponds to the situation of high RH and less DTR.
Generally, this situation in Pune& Pimpri-Chinchwad
region resembles with South West Monsoon Season.
Third one corresponds to pre-monsoon season and fourth
one post-monsoon/winter season.

Fig. 2(i) shows the monthly total number of
occurrences of Dengue cases vis-a-vis mean monthly
mean relative humidity and mean temperature. From this
figure, it follows that the number of dengue cases appears
to be related jointly with monthly mean of daily mean
temperature (Tmean) and relative humidity (Mean RH).
Hotspots of occurrences of Dengue found when monthly
Tmean is within 20-25 °C & monthly Mean RH is within
55-60% & 65-70% and when monthly Tmean is within
25-30 °C & monthly Mean RH is within 75-80%.

Fig. 2(j) shows the joint influence of mean monthly
daily mean temperature and DTR on monthly number of
Dengue cases. From this figure it can be seen that when
mean temp is below 24 °C, then maximum Dengue cases
occur at higher DTR (16-18 °C), When mean temp is
between 24 & 26 °C , then hot spots are found at DTR 8-
12 °C. Above 26 °C, as mean temp increases, dengue
occurrence decreases.

4. Conclusions

From the above study, broadly following conclusions
can be made:

(i) Broadly, there is a decrease in the malaria cases for
all months and there is an increase in the dengue cases for
all months till 2017.

(i) In any year maximum incidences of Malaria occur
during June-September and incidences of Dengue occur
during September-November, followed by August &
December.

(iii) Hotspot for Malaria were observed to be associated
with RH between 70-82% and Mean temp 25-30 °C. At a
Tmean of 24-26 °C, Malaria hotspots were found at DTR
6-8 °C.

(iv) As regard rainfall, Malaria hotspot found, when
monthly total rainfall is between 50-180 mm.

(v) Hotspots of occurrences of Dengue were found when
monthly Tmean was within 20-25 °C & monthly Mean
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RH is within 55-60% & 65-70% and when monthly
Tmean was within 25-30 °C & monthly Mean RH is
within 75-80%.

(vi) When mean temp is below 24 °C, then maximum
Dengue cases occur at DTR between 16-18 °C, when
mean temp is between 24 & 26 °C, then hot spots are
found at DTR 8-12 °C. Above 26 °C, as mean temp
increases, dengue occurrence decreases.

(vii) Monthly number of occurrences of Malaria in Pune
& Pimpri-Chinchwad municipal corporation area have
significant positive correlation (concurrent & lagged both)
with Mean monthly minimum temperature and daily mean
temperature. It has significant negative correlation with
monthly mean DTR with lag 0 & 1 month, has significant
concurrent positive correlation and negative lagged
correlation with lag 3 months with monthly mean RH.

(viii) Monthly number of Dengue cases, in the region
under the jurisdiction of Pune & Pimpri-Chinchwad
Municipal Corporation, has significant concurrent
negative correlation with monthly mean maximum
temperature, monthly mean DTR and monthly mean
relative humidity and has significant positive correlation
with monthly total rainfall with lag 1, 2 & 3 months.

(ix) One limitation of the study is that gradual reduction
in cases of malaria from 2010-2018 might have affected
the analysis.
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