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I N F O A B S T R A C T

Introduction: Mountainous regions in India are prone to malaria disease 
but with low intensity. In this context, Uttarakhand state, a hilly region 
situated in the northern parts of India and located in the central 
Himalayan region is also prone to malaria disease and malaria is present 
in four out of its 13 districts which are mainly plain stations.

Method: A numerical dynamical malaria model, VECTRI is used in this 
study based on various climatic and non-climatic parameters such as 
surface mean temperature, rainfall, population density etc. to predict 
the future malaria transmission dynamics in Uttarakhand state. VECTRI 
model is simulated with the inputs obtained from the CCSM4 global 
climate model for the baseline period (1975-2005) and for the near 
future projection period 2006-2035 (hereafter referred to as 2030s). 
Rainfall, surface mean temperature, mosquito vector density and 
entomological inoculation rate (EIR) during the Indian monsoon season 
(June-Sept) are being investigated from the outputs of VECTRI model 
simulations to predict the future malaria transmission dynamics in the 
Uttarakhand region with respect to the future climate change under 
RCP 8.5 emission scenario. 

Results: Results indicate an overall increase in EIR values (increase is 
around 30%), indicating an increase in future malaria transmission in 
Uttarakhand state as a whole with a maximum increase in the central 
parts of the state which are plain areas with a warming temperature 
of 1°C and with an increase in rainfall of 15% by 2030s with respect to 
the baseline period.

Conclusion: Future warming and increase in the rainfall intensity during 
the summer monsoon season (June-September) over Uttarakhand 
state could potentially increase the spatial and temporal distribution of 
malaria transmission over the regionin future under RCP8.5 scenarios.

Keywords: Climate Change, Global Climate Model, Malaria 
Transmission, VECTRI Model

Climate Change Projections and its Impacts 
on Potential Malaria Transmission Dynamics in 
Uttarakhand 
Ruchi Singh Parihar1,3, Prasanta Kumar Bal2, Ashish Thapliyal3, Atul Saini1,4

1Centre for Atmospheric Sciences, Indian Institute of Technology Delhi, New Delhi, India.
2Qatar Meteorology Department, Civil Aviation Authority, Doha, Qatar.
3Graphic Era Deemed to be University, Dehradun, Uttarakhand, India.
4Delhi School of Climate Change & Sustainability, Institution of Eminence, University of Delhi, Delhi, India.
DOI: https://doi.org/10.24321/0019.5138.202249

http://advancedresearchpublications.com/
https://www.adrpublications.in/medical-journals/journal-of-communicable-diseases


48
Parihar RS et al.
J. Commun. Dis. 2022; 54(1)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202249

Introduction
As per the World Health Organization reports,31 globally, 
the most important and deadly tropical mosquito-borne 
parasitic disease is malaria. It kills around 1 million 
people and troubles as many as 1 billion people in 109 
countries throughout Africa, Asia, and Latin America. 
However, in India, malaria is still a serious public health 
problem. According to the National Vector Borne Disease 
control programme reports, approximately one million 
malaria cases are reported annually in India.21 In South 
East Asia, Indian regions are the second most malaria-
affected regions in the globe after the African region. In 
this context, a few mountainous regions in India are also 
prone to malaria disease but with low intensity. As per the 
report,21 active reported malaria cases of mosquito-borne 
diseases in Uttarakhand are eventually lower than rest 
of the states in India. Further, the report indicates that 
malaria is present in only four out of 13 districts in the 
state, which are in the plains. Climatic diversity is one of 
the utmost reasons for the persistence of malaria in India. 
The factors that cause concerns for malaria disease in 
India are the changes in temperature and rainfall patterns 
owing to climate change. In past, it has been investigated 
extensively by using various climate modelling studies 
that there is an indication of widespread future warming 
and increasing heavy rainfall events in most parts of the 
Indian region during the monsoon seasons. (Sandeep et al. 
2018).1,4,6,14,19,27 Therefore, future climate change projections 
for this region are essential on a temporal and spatial scale 
to address this issue. India has a rich diversity of malaria 
vectors adapted to its equally rich ecological diversity. The 
intensity of malaria transmission is highly affected by major 
climatic variables like temperature and rainfall. (Pascual 
et al. 2006).3,8,15,17,22,23 These climatic variables contribute 
considerably to changes in the mosquitoes and the parasite 
development life cycle.2,13,24 Optimal conditions for malaria 
transmission occur when the temperature is between 18°C 
and 27°C. The water temperatures regulate the period of 
the aquatic breeding cycle of the mosquito vector.7 In many 
parts of the globe, such kinds of studies have been carried 
out so far to derive the impact of climate change on malaria 
transmission.18,25,34 Dynamics of malaria transmission in 
different parts of the world are being investigated using 
different dynamical malaria models such as MIASMA,30 
LMM(Jones, 2007), MARA,3 and VECTRI29 etc. Particularly 
in India, a few such studies have been carried out so far by 
using VECTRI model simulations by using various climate 
model outputs.26 Further, in Uttarakhand state, it is found 
that changes in climate have a direct impact on the plain 
areas of the state which are vulnerable to various vector-
borne diseases like malaria9 but there are no malaria studies 
found so far that focus on the future malaria transmission 
dynamics in Uttarakhand state with respect to the climate 

change studies. As malaria transmission frequently occurs 
during the monsoon and post-monsoon seasons due to 
the increase in the number of mosquito breeding sites, 
this study is concentrated mainly on investigating the link 
between monsoonal climate and its impact on malaria 
transmission dynamics in the state of Uttarakhand, India. 
Malaria transmission is seasonal, with the highest peak 
occurring during the monsoon season and post-monsoon 
season in most of India.10 In this study, we have used 
VECTRI malaria model to predict the future transmission 
dynamics of malaria in the study region. The VECTRI model 
associated with various climatic and non-climatic input 
parameters such as temperature, rainfall, population 
density etc.weremodified during the model run based 
on the available literatureon the Anopheles Culicifacies 
malariaspecies for the study region. The temperature 
and rainfall variations in a region have a huge impact on 
the malaria vector development cycles as well as on the 
presence of malaria parasite,16 and VECTRI model considers 
this effect while predicting the malaria transmission for a 
region. Again, human population density is one of the main 
parameters considered by the VECTRI model to evaluate the 
mosquito-biting rate which helps in predicting the malaria 
transmission rate. In this context, VECTRI malaria model is 
considered one of those models that incorporates a good 
representation of transportation of the malaria parasites 
through human migration to different regions that leads 
to malaria transmission. Additional details of the VECTRI 
malaria model structure, model runs, and experimental 
setup are given in the methodology section. 

Study Area
Being situated in the mountainous region and with the 
forest ecosystem (64.7% supports forest area from the 
total area), Uttarakhand state is highly vulnerable to climate 
change.Itis a hilly state in India, which is situated in the 
central Himalayan region between 28⁰ to 31.5⁰N and 77.5⁰ 
to 81.4⁰E. The topography of the study region is shown in 
Figure 1. Uttarakhand receives maximum rainfall (80% of 
annual rainfall) during the Indian summer monsoon season 
(June to September, JJAS) and sometimes it receives rainfall 
due to the eastward movement of western disturbances. 
The maximum temperatures generally range between 25 
to 27 °C with higher warming during the JJAS season and 
the lowest minimum temperatures ranged between 10 to 
12 °C.35,36,37 Further, 60% of the population isseen over the 
southern parts of the state including the districts Dehradun, 
Haridwar, Udham Singh Nagar, and Nainital. Out of the 13 
districts of the State, there are only 4 districts which are in 
plain stations and the remaining are in hill stations.

Further, the elevation of the state ranges from 175 meters 
(from the sea level) in the plain stations to 7400 metersinthe 
northern hilly regions.
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Materials and Method
We have used VECTRI malaria model in this study to simulate 
malaria transmission dynamics in the Uttarakhand state for 
both the present and future period. VECTRI model, used 
in this study is based on the life cycle of the malaria vector 
Anopheles culicifacies and the Plasmodium falciparum 
malaria parasite.29 The model is simulated in the study 
region by considering a few important parameters such 
as population density, surface temperature, rainfall etc. 
which account for malaria transmission for the parasite. 
The parameters are set by considering the changes in the 
biology of the species in the focused region and changes in 
the climatic factors that influence the survival of the species 
in the region. For this simulation, Aphrodite observed data 
is used for daily mean surface air temperature and rainfall 
at 0.25° resolution for the historical period of 1975 to 
2005.32,33 The major focus of this investigation is to predict 
the future malaria transmission dynamics in Uttarakhand 
state with the help of observed Aphrodite data of 0.25° x 
0.25° resolution for the historical period of 1975 to 2005 
and future projection scenarios of the Global Climate 
Models (CCSM4 model) output. Our results are shown 
for one future projection period of 2030s. CCSM4 is one 
of the best performing global climate models from the 
CMIP5 set of simulations while simulating the monsoonal 
rainfall in the Indian region. Therefore, we chose this model 
for historical validation and climate change projections 
in the focused study region. This model outputs are 
made freely available and are being used for a variety 
of policy-making applications.20,27(Sandeep et al. 2018)
For the future projection period, we used the population 
density data (0.01° x 0.01°) in Uttarakhand provided by 
the Socioeconomic Data and Applications Centre (SEDAC) 
of the National Aeronautics and Space Administration 
(NASA).11,12 The outputs from the VECTRI simulations have 
been used to quantify the temperature, rainfall, vector 
density and malaria transmission intensity in the state 

of Uttarakhand for the present as well as for the future 
period. In particular, EIR (Entomological Inoculation Rate) 
is used to explore the possible changes in the intensity of 
malaria transmission in the changing climate scenario. In 
this context, we have analysed only on few outputs from 
the VECTRI model simulations in this study such as rainfall 
(mm day-1), mean temperature (°C), adult mosquito density 
or vector density (per square meter) and EIR (number of 
infective bites/person/day).

Results and Discussion
Figure 2 shows the VECTRI model performances while 
simulating the surface temperature, rainfall, vector density, 
and EIR both from observed Aphrodite data and CCSM4 data 
during the JJAS period of 1975 to 2005. Results indicate that 
VECTRI model forced with CCSM4 rainfall is well simulated 
spatially over most parts of Uttarakhand. Few of the regions 
show a dry bias of 0 to 1 mm/day in the CCSM4 model when 
compared with the model results forced with Aphrodite 
datasets. Similarly, in the case of surface temperature, the 
model underestimates about 0 to 0.6 °C with respect to 
the observation in most parts of the state. From the spatial 
correlation results, it is found that both the observed and 
model data are in good agreement in most of the regions 
in Uttarakhand (correlation values are showing between 
the range of 0.3 to 0.5).

Again, values of vector density and EIR from VECTRI 
model simulations forced with CCSM4 model data are 
underestimated in the southern parts of Uttarakhand than 
their values from VECTRI model simulations forced with 
observation. In a few of the northern parts of the state, 
vector density and EIR values are very negligible due to the 
mountainous regions. From the spatial correlation results, 
it is found that the vector density and EIR simulations 
from the model in the central and southern parts are 
highly correlated to the observation (correlation values 
are between 0.3 and 0.5).  

Figure 3 shows the monthly temperature, rainfall, vector 
density, and EIR projections for the whole of Uttarakhand 
during the 2030s. Results indicate an average increase in 
temperature, rainfall, vector density, and EIR during the 
SW monsoon (June–September) as projected for 2030s 
with reference to the baseline period (1975 to 2005). 
The intensity of monsoon rainfall is projected to increase 
by 15% with a change of 1 °C in surface temperature in 
Uttarakhand as a whole during the peak monsoon season, 
especially during the August month, the rainfall increase 
is showing nearly 25% when compared with the baseline 
period. Further, a maximum increase of EIR is seen during 
the months of September and October indicating a higher 
malaria transmission during this period.

Figure 1.Study Area of Uttarakhand State in India 
focussing on all 13 Districts
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Figure 2.CCSM4 Model Evaluation with respect to the Aphrodite 
Observation during the Baseline Period of 1975-2005.

Figure 3.Monthly Mean Values of Simulated Parameters in the whole Uttarakhand State corresponding to the 
Two-time Slices (Historical and 2006-2035, referred to as 2030s)
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Figure 4 shows the future projections of temperature, 
rainfall, vector density, and EIR in Uttarakhand for 2030s 
with respect to the baseline period. Our analysis indicates 
that a few of the northern districts of Uttarakhand may 
experience a maximum change in surface temperature 
of 0.8 to 1 °C by 2030s and with a maximum increase in 
rainfall of 20 to 25% in the north-eastern districts. Further, 
changes in vector density in the state show a maximum 
increase over the central and southern districts. Also, 
changes in EIR show an increase in most parts of the state 
except in a few southern districts. Again, no changes are 
seen in a few northern districts of the state. This can be 
linked with the mountainous region with less population. 
The maximum increase in mosquito density and EIR are 
seen in central parts of the state during the study period 
and most of these districts are plain areas. It can also be 
linked with the increase in rainfall of 10 to 18% in these 
areas which creates favourable conditions for the breeding 
of mosquitoes with higher malaria transmission.

Conclusion
In this study, we have used VECTRI dynamical model 
to assess the future malaria transmission dynamics in 
Uttarakhand state with the changing climate. Results from 
the global climate model CCSM4 indicate that most parts 
of Uttarakhand state may experience a maximum rise in 
surface temperature of 1°C by 2030s with a maximum 
increase in rainfall of 15% during this period with respect 
to the historical period (1975-2005). Our results indicate 
that future warming and an increase in the rainfall intensity 
during the summer monsoon season (June-September) in 
Uttarakhand state could potentially increase the spatial 
and temporal distribution of malaria transmission over 
the region, and especially during the September month, 
mosquito density and EIR may increase in future (2030s) 
under RCP8.5 scenarios. Further central regions of 

Uttarakhand are seen to be maximum prone to malaria 
transmission when compared to the other regions. In this 
study, we have used the historical period of 1975 to 2005 
which is very commonly used by the recent climate change 
research community and this period is considered the 
present climatology of Uttarakhand state. Although this 
study presents a preliminary result from one model output 
and for the near future period (2030s), our next study will 
focus on the malaria transmission study in Uttarakhand for 
the far future period i.e. by the end of the century (2080s), 
using outputs from multi-models and with recent CMIP6 
SSPs scenarios.
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