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SCIENCE

A
study that
looked at den-
gue deaths and
meteorological

conditions in Pune during
the period 2004 to 2015 us-
ing both statistical tools
and machine learning
methods found that tem-
perature, rainfall, and rela-
tive humidity were asso-
ciated with increased
dengue deaths due to in-
creased cases of dengue.
Importantly, the study
showed that Pune had a
time lag of two to �ve
months between favoura-
ble weather conditions and
dengue deaths, thus pro-
viding su�cient lead time
to curb dengue outbreaks
and thereby deaths. Re-
sults of the study led by re-
searchers from Pune’s In-
dian Institute of Tropical
Meteorology were pu-
blished in the jour-
nal Scienti�c Reports.

The study found that
moderate rainfall spread
over the entire duration of
the summer monsoon sea-
son was associated with in-
creased dengue deaths in
Pune compared with hea-
vy or extreme rainfall. Un-
like when the weekly cum-
ulative rainfall was less
than 150 mm, heavy or ex-
treme rainfall above 150
mm in a week reduces den-
gue incidence. This is be-
cause heavy rainfall wash-
es away or �ushes out the
mosquito eggs and larvae.
The association between
rainfall intensity and den-
gue incidence is consistent
with observational data.

Similarly, in the case of
mean temperature, the
study found that dengue
deaths were higher during
the years when the mean
temperature in Pune was

above 27 degrees C, says
Dr. Roxy Mathew Koll from
IITM, Pune, and the cor-
responding author of the
paper. At this mean tem-
perature, dengue transmis-
sion in Pune was optimal
as it positively a�ected the
longevity of mosquitoes,
the number of eggs depo-
sited by each female mos-
quito, the number of times
a mosquito laid eggs, and
the time between a blood
meal and laying eggs. “We
�nd a statistically signi�-
cant positive correlation
between the annual den-
gue mortality and the
number of days with opti-
mal temperatures (above
27 degrees C) during the
summer monsoon season
( June to September) in
Pune. This temperature
window is speci�c to Pune
and may be di�erent for
other regions,” he says. 

Likewise, the years
when relative humidity va-

ried between 60% and 78%
during the monsoon sea-
son were when dengue
deaths were relatively
higher, the study found.
Relative humidity impacts
the hatching, survival rate,
and biting frequency of
adult dengue mosquitoes.
According to the authors, a
minimum of 60% relative
humidity is required
for Aedes aegypti mosqui-
toes to survive as low hu-
midity kills the mosquitoes
due to water evaporating
from their bodies.

They also found there
was an association bet-
ween increased dengue
cases and deaths and ac-
tive-break phases of the
monsoon. When the sum-
mer monsoon during a
particular year has fewer
active-break days, the
number of dengue cases
and deaths was higher
compared with those years
when the number of ac-

tive-break days was higher.
Dr. Koll explains that it is
the pattern of rainfall —
moderate rainfall during
the monsoon season with
fewer active-break days
that in�uences dengue
transmission. “Increased
number of active-break
days suggests greater varia-
bility or �uctuation in rain-
fall, including the number
of extreme rainfall events,
during low dengue years,”
says Sophia Yacob from
IITM, Pune, and the �rst
author of the paper. “In
contrast, evenly distribut-
ed rains with fewer active-
break days result in in-
creased dengue cases.”

“We found that dengue
deaths were lower during
the years when rainfall
during June — the �rst
month of the summer
monsoon season — was
heavy,” Dr. Koll says. This is
because mosquito eggs are
capable of surviving the

dry season for up to eight
months. So eggs laid after
the preceding monsoon
season can hatch into mos-
quitoes when the mon-
soon season begins in
June. Heavy rainfall during
June therefore tends to
wash o� the eggs laid the
preceding year, thereby re-
ducing the mosquito popu-
lation and dengue-related
deaths at the beginning of
the monsoon season. 

‘Clear pathway’
Based on weather-dengue
associations, the authors
developed a dengue early
warning system based on
arti�cial intelligence/ma-
chine-learning to predict
potential dengue out-
breaks about two months
in advance. The model
used observed mean tem-
perature, cumulative rain-
fall, and relative humidity
patterns. About 41% of the
model’s prediction skill is
determined by mean tem-
perature, 29% by cumula-
tive rainfall, and 20% by re-
lative humidity. The
dengue model was also
used for future projections
of dengue mortality over
Pune by utilising climate
projections from selected
models suited for the In-
dian monsoon region.

“In response to climatic
changes, dengue mortali-
ties over Pune are project-
ed to increase by 12-112% in
the future (2021-2100) un-
der low-to-high emission
pathways,” the authors
write. “The �ndings of this
study have signi�cant im-
plications for policymak-
ers, as they provide in-
sights into the potential
impacts of climate change
on dengue mortality in
Pune and provide a clear
pathway to extend the mo-
del to any other region.”

Dengue warning system predicts
risk two months in advance 
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Moderate rainfall spread over the entire duration of the summer monsoon season led to increased dengue deaths in Pune

compared with heavy or extreme rainfall 


