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Climate change and human health: Indian context
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ABSTRACT

The article reviews the issue of climate change and health in the Indian context. The importance of climate
change leading to estimated loss of above 2.5 million DALYs in southeast Asia, mortality due to heat waves, and
the importance of air quality related respiratory diseases, disasters due to excessive floods, malnutrition due to
reduction in rice, maize and sorghum crops etc. Latest work undertaken in India, vis-a-vis current scenario and
need for further work has been discussed. There is felt need of further studies on assessing the impact on dengue
and chikungunya as the transmission dynamics of these diseases involve water availability, storage and life
style, etc. Uncertainties and knowledge gaps identified in the studies undertaken so far have also been highlighted.
As regards to vector borne diseases, there is a need to concentrate in the areas which are presently free from
malaria and with use of best available tools of interventions in already disease endemic areas like northeastern
states, the risk of climate change impacts can be minimized.
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Climate affects water, food, air quality, diseases,
physical comforts and human health. Any change in cli-
matic conditions is likely to affect human health. Rela-
tionship between climate and health is an old one as evi-
denced by increase in the visit of patients to clinics after
severe heat, rain and cold.  Role of meteorology was also
well-understood way back in 1921 when Gill1, developed
a method for early warning of malaria in Punjab. Changes
in climatic conditions are usually termed as climate vari-
ability which varies from month/year-to-year. But the vari-
ability of temperature over a period of 100 years in India
has been reported as 0.5°C2 . Since 1990, there has been
sharp increase in global temperatures3 which explains the
greater awareness about the potential impact of climate
change on different sectors including human health. The
importance of the global phenomenon was realized by the
international community as far back as 1988 resulting in
the establishment of the Intergovernmental Panel on Cli-
mate Change (IPCC) by the United Nations Environmen-
tal Programme and the World Meteorological Organiza-
tion in Geneva which collects, analyzes and documents
scientific evidences with the involvement of myriad of sci-
entists from various disciplines looking at the impact of
climate change on different sectors.

Rise in temperature, changes in rainfall and sea level
rise are the major aspects that have been projected  by the
year 2100.  The IPCC in its report of 20074 has projected

rise of about 4°C in temperature, increase and decrease in
rainfall patterns, and a rise in sea level up to 0.59 metre
by the year 2100.  Extremes of weather resulting in exces-
sive heat and cold events, and disasters are also projected.
Melting of glaciers are likely to result in floods, cyclones
and disasters. Thus, climate change is basically climate
variability which has become faster in the last two de-
cades. After the publication of IPCC4 , a Nongovernmen-
tal International Panel on Climate Change (NIPCC) has
also been set up in USA and has produced a publication
entitled ‘Climate Change Reconsidered’5 which has basi-
cally collected and compiled reports against the projected
impact of climate change which raises doubts in the pub-
lic health arena whether to prepare themselves for the po-
tential threat of climate change or not.

In view of the latest developments and governments’
policies, economics and political will, it is pertinent to re-
view the latest scenario of climate change and human health
in the Indian context.

 Projected climate change in India
Recently,  under the aegis of Indian Network of Cli-

mate Change Assessment ( INCCA)6 the report  projected
climate change scenario for India by the year 2030 would
be in the four most vulnerable sectors, i.e. Himalayan re-
gion, northeastern, western ghats and coastal regions us-
ing A1B scenario of PRECIS model basically derived from
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HadRM3. As per INCCA6 projected rise in temperature
by the year 2030 is 1.7 to 2°C. Overall rainfall shows
little rise but the numbers of rainy days are likely to re-
duce in the western ghats, coastal areas and northeastern
states. Frequency of cyclones is likely to reduce but the
intensity may be severe. Rise in sea level has been pro-
jected at the rate of 1.3 + 0.7 mm/year. There is consensus
that climate change has set in, but it is not only a rise in
temperature; rather decrease in temperature has also been
projected.

The article reviews the potential impact of climate
change on health with a view to identify the scope of for-
mulating steps to address the negative impact in the In-
dian context.

Impact on human health
Possible impact of climate change on health is well-

documented by the World Health Organization7 and other
international organizations like IPCC4. The direct impact
of weather on human health is mortality due to increased
temperature, disasters resulting in flood, loss of life and
infrastructure due to cyclones etc, impact on water and
vector-borne diseases, malnutrition and respiratory dis-
eases7.

The WHO estimates a global loss of 5.5 million
DALYs due to climate change in 2000 (compared to
baseline climate of 1961–90). The Southeast Asia Regional
countries with an estimated loss of about 2.5 million
DALYs would contribute nearly half (46.6%) of the total
loss7.

Impact of heat
In India, loss of life due to excessive heat occur every

year. Recently, Akhtar8 has reviewed the mortality due to
heat wave in India and found that heat waves occur in the
month of March to June. Maximum deaths (1658) occurred
in the year 1998. Andhra Pradesh, Odisha, Punjab, Uttar
Pradesh, Rajasthan, Bihar and Madhya Pradesh were the
most affected states. With projected rise in temperatures,
mortality is expected to rise due to heat waves. The Na-
tional Physical Laboratory, New Delhi is working on as-
sessment of heat stress on human health in view of climate
change and using PRECIS model for A1B scenario and
showed high occurrence of maximum temperature for three
consecutive days in the range of 45–50°C in April to June
months in the years of 2030, 2050, and 2080 in some dis-
tricts of Andhra Pradesh, Bihar, Gujarat, Odisha,
Rajasthan, Uttar Pradesh, and West Bengal9.

Increased temperatures are also likely to cause increase
in eye diseases like cataract, dry eyes, pterygium, and ver-
nal keratoconjunctivitis and skin diseases. The impact of

global warming and ultra-violet radiation on eye diseases
is being studied in the National Capital Region of Delhi
and Guwahati (R. Tandon, AIIMS, New Delhi, India per-
sonal communication).

Heat wave mortality and morbidity in 2003 and 2006
in Europe and USA respectively10,11 at a maximum tem-
perature of 35°C in seven French cities was found excep-
tional leading to mortality, while in India even at higher
temperatures people survive in the eastern part of the coun-
try. This indicates that the local adaptive capacity of people
plays a key role. Thus, there is large scope of studying the
vulnerable region, month, cut offs of temperature, age
group and malnutrition status of victims of heat wave so
as to provide health advice to the people. The only ex-
pected positive impact of rise in temperature on health is
reduction in mortality due to cold wave in some parts of
northern India.

Air quality-respiratory diseases
 Warmer air temperatures can influence the concen-

tration of regional air pollutants and aeroallergens. Aller-
genic pollens grow more profusely in a warmer climate
leading to respiratory disorders such as asthma, emphy-
sema and chronic bronchitis, and allergy problems12,13.
Vehicular pollution, particularly in metropolitan cities
experience heavy smog and haze resulting in asthmatic
attacks. When combined with smog and other atmospheric
pollutants, illness from allergic respiratory diseases, par-
ticularly asthma, could increase. Changes in the climate
also affect diseases like chronic obstructive pulmonary
disease, pneumothorax, and respiratory infections in chil-
dren14. There are also indications of relationship between
air pollution and tuberculosis. Further, there is some evi-
dence that dust storm in deserts as well as high altitude
areas can lead to respiratory problems15. There is ample
scope of establishing a relationship between climate change
and exacerbation in respiratory diseases in India.

The quality of air is likely to decrease as surface ozone
concentrations begin to rise with increasing temperatures.
This will lead to an increasing incidence of asthma and
other cardiovascular and respiratory diseases16. This is-
sue is being addressed by the Govt. of India by introduc-
ing compressed natural gas (CNG) for transport and re-
placement of wood fire for cooking by the liquid petroleum
gas (LPG) in villages17. It is an excellent example of co-
benefits of other sectors to human health.

Disasters
Excessive floods, cyclones, storms and earthquakes

usually cause loss of life, infrastructure and human re-
sources. As per projections of extreme events due to cli-
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mate change, loss of life and mental stress are expected in
vulnerable people. Coastal areas of India, particularly the
east coast and Andaman & Nicobar Islands are vulner-
able to cyclones and tsunamis. Lessons learnt from the
past would serve as guiding principle for formulating pre-
ventive measures and combating tools. National Institute
of Disaster Management, set up by the Government of
India is making headway in imparting training to different
sectors and mapping the disaster prone areas in India which
should serve as a baseline for development of prepared-
ness plans to meet adverse impacts (http://nidm.gov.in/
default.asp). Documentation of lessons learnt in combat-
ing disasters should be encouraged so that preventive/ad-
aptation measures can be advocated.

Diarrhoeal diseases
Excessive floods contaminate drinking water creating

conditions for transmission of diarrheal diseases like chol-
era. In India, the figures for estimated disability adjusted
life years (DALY) lost due to diarrhoeal diseases were
23,801,447 in 2006 and by 2016, 21,486,636 DALYs are
projected18. The Energy and Resources Institute, New
Delhi (http://www.teriin.org/) and National Institute of
Cholera and Enteric Diseases (NICED), Kolkata under-
took a research project to examine the potential relation-
ship between climate change and diarrhoeal diseases, as-
sess the vulnerability and adaptability and evaluate the
economic impact19. Recently, distribution of cholera has
been reported in 21 states of India (out of 35) and con-
cluded that reporting is incomplete. Therefore, there is a
need to establish reliable surveillance systems and gener-
ate evidence showing the link between diarrhoeal diseases
and climate change20.

Water scarcity and malnutrition
Water is fundamental for life. Scarcity of water or

excess water due to floods, cyclones are likely to affect
human health. Scarcity of availability of water for crops
and high temperatures will affect agriculture resulting in
less production. As per World Bank, India ranks at num-
ber 2 after Bangladesh where about 47% of children ex-
hibit a degree of malnutrition21. Diseases like diarrhoea,
malaria, typhoid and pneumonia further add misery to the
problem. Recent work on the impact of climate change on
agriculture in India has been assessed for four sectors under
the aegis of the INCCA6. The projections indicate reduc-
tion in rice, maize, sorghum from 4 to 50% in different
sectors. The apple production is also projected to be re-
duced. Coconut yield may increase by 30% in coastal ar-
eas while there is projection of reduction in Tamil Nadu,
Maharashtra and parts of Karnataka. Livestock produce

like milk may also reduce22. The reduction in agricultural
produce is bound to have a negative impact on human
health leading to malnutrition, if not addressed in time.

 Vector-borne diseases
 Spatial and temporal distribution of vector-borne dis-

eases like malaria, dengue and chikungunya are likely to
be affected the most as the mosquitoes which transmit the
diseases are cold blooded . Their life cycle and develop-
ment of pathogen in their body are likely to be affected at
varying temperature and relative humidity. Studies under-
taken in India with A2 scenario on malaria reveal that the
transmission window in Punjab, Haryana, Jammu & Kash-
mir and northeastern 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.
The link between re-emergence of kala-azar in northern
parts of India and reappearance of chikungunya mainly in
southern states of India appears to be due to changing
climatic conditions which needs to be elucidated. The is-
sue of VBD and climate change in India has been dealt23.

Dengue
 Major issue of concern is urbanization in the context

of VBD, particularly dengue and chikungunya. Impact of
climate change on dengue also reveals increase in trans-
mission with 2°C rise in temperature in northern India as
reviewed in 201023. The thresholds of temperature and
relative humidity for indigenous transmission of dengue
need to be redefined. Risk factors in terms of water avail-
ability, storage practices and life style also need to deter-
mined. As adaptation measures, early warning system for
preventing outbreaks is need of the hour. In a preliminary
study using A1B scenario of PRECIS model, transmis-
sion windows for dengue transmission (20–32°C tempera-
ture and >55% RH) were projected by the year 2030 which
show increase in transmission months open for dengue
transmission in northern areas and reduction in western
part of southern India9. However, it seems inconclusive in
view of water storage practices, intra-domestic breeding
of Aedes vector and socioeconomic conditions of inhabit-
ants.

Japanese encephalitis
Incidence of JE in India has increased in eastern Uttar

Pradesh in the last five years and the epidemiology has
also posed problems as cases of Acute Encephalitis Syn-
drome also occur in JE endemic areas24 and personal com-
munication with M.M. Gore, NIV Unit, Gorakhpur, In-
dia. The knowledge about lower and upper thresholds of
temperature, rainfall and RH required for JE endemicity



 J Vector Borne Dis 49, June 201258

is still lacking. Inroad of JE into Delhi is also a matter of
investigation to define the ecological/climatic and socio-
logical changes which led to introduction of JE in Delhi.
Modern approach using Remote Sensing and Geographi-
cal Information System is required to map the ecological
and environmental risk.

Recently, a publication5 quotes Gage et al25 that cli-
mate change could increase outbreaks and the spread of
some vector-borne diseases while having quite the oppo-
site effect on other vector-borne diseases. This issue is
debatable and need for holistic view of ecology and epide-
miology of vector-borne disease like malaria has been em-
phasized26. Even Hay et al27 concluded that the reason of
increased incidence of malaria in African highlands was
due to biological factors ( drug resistance in malaria para-
site). When the matter of malaria in African highlands
was revisited it provided evidence that increased malaria
was due to increased temperature28. Again, a publication
reported that in malaria in spite of threat of climate change
there has been global recession29. In 2011, again it was
emphasized that “climate should not be dismissed as po-
tential driver of observed increase in malaria30 . It is true
that the climate change impacts are not projected uniformly
and spatially and for all VBDs and necessitates insight of
disease epidemiology, ongoing interventions and socioeco-
nomic change for determining exclusive burden due to cli-
mate change.

Impact of sea level rise
 Inundation of sea coasts as per projections is likely

to affect poor population in terms of mortality, stress and
loss of infrastructure. Vector-borne diseases are not likely
to be affected as Anopheles sundaicus (Diptera: Culicidae),
a brackish water breeder mosquito vector of malaria is
confined to Andaman & Nicobar Islands only and there is
no chance of entering into the mainland.

Current evidence
 Reporting of malaria and dengue in Nepal and Bhutan,

chikungunya in India since 2005, and occurrence of kala-
azar in Himachal Pradesh and reappearance in Asom are
some of the examples which can be linked to climate change
but need verification.

It is true that intervention measures have remarkable
impact on disease incidence than other factors like insecti-
cide resistance in mosquito vectors and drug resistance in
parasites. The projected impacts of climate change are
likely to introduce a particular VBD in an area where tem-
perature is a limiting factor, while there is increased in-
tensity of transmission in areas already experiencing trans-
mission at moderate level. Reduction is also projected in

areas already experiencing very high temperatures. As re-
gards dengue, almost the whole of India is suitable from
the climatic conditions point of view but central and north-
eastern states are not endemic. Life style and water sup-
ply system are the major determinants of indigenous trans-
mission of dengue. The example of USA not having dengue
problem can be cited basically due to better life style which
does not support breeding and man vector contact.

 As regards visceral leishmaniasis (VL), elimination
is targeted by the year 2015, therefore, the best available
tools are in practice to achieve the goal. However, it seems
difficult due to covert infection and unsatisfactory impact
of indoor residual spraying.

The vectors of filariasis are widely distributed and
may be less affected by climate change as compared to
Culex vishnui (Diptera: Culicidae) group of vectors of
Japanese encephalitis. However, there is scanty informa-
tion about these diseases.

With regard to the future scenario of VBD in India
from the viewpoint of climate change impacts, there is a
strong National Vector Borne Disease Control Programme
(NVBDCP). In the field of malaria, under Global fund
grant, hard core malarious states like Odisha and north-
eastern states are covered with Artemisinin-based combi-
nation therapy for the treatment of drug resistant malaria
patients and long-lasting nets for personal protection, and
the results are encouraging. No major outbreaks since 2006
have been witnessed except in a localized area at con-
struction sites in Mumbai during 2010-1131. The recent
projections made for the year 2030 on transmission inten-
sity of malaria show the possibility of a few new foci in
Himalayan region32, increase in intensity of transmission
in northeastern states while reduction in a few east coastal
areas has also been projected.

Uncertainties and knowledge and research gaps in impact
assessment on malaria and dengue

Uncertainties: Analyses of impact assessments have been
done using mean temperature only, therefore, studies are
warranted using diurnal temperature. Mitigation measures
can change the scenarios and the projections made for
transmission window may be affected drastically by in-
tervention measures, ecological changes and socioecono-
mics of the communities.

Knowledge gaps: In some geographic areas, transmission
of malaria occurs at very high temperatures beyond 40°C
which suggests the presence of micro-niche, that needs to
be studied in detail, particularly in areas like Gujarat and
Rajasthan. Based on the outputs of open months for ma-
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laria transmission, validation is needed at the district level
to determine cut-off limits of transmission for tempera-
ture, RH and rainfall. The study should be expanded to
other vector-borne diseases other than malaria and den-
gue in India. The outcome of projections is based on only
climatic parameters alone, which if integrated with inter-
vention measures, socio-economics and immunity of the
population would provide a holistic projection. There is
need for strengthening measures like early warning of out-
breaks using erstwhile rainfall and newly analysed satel-
lite derived vegetation index33,34

Vulnerability assessment
The vulnerability-resilience indicator prototype

(VRIP) model has been applied to the 26 Indian states on
the basis of following indicators such as: economic ca-
pacity, human and civic resources, environment capacity,
settlement/infrastructure sensitivity, food security, ecosys-
tem sensitivity, human health sensitivity and water resource
sensitivity and found that only 3 states are most vulner-
able, 23 states less vulnerable, and 9 states showing resil-
ience2. With improved surveillance and introduction of best
available tools for malaria control (providing diagnostic
kits in difficult areas, Artemisinin-based combination
therapy for Plasmodium falciparum in the whole country
and long lasting nets for personal protection and economic
development), the vulnerability assessments may not hold
true for a longer time.

CONCLUSION

Climate change has set in and will alter spatial and
temporal distribution of vector-borne diseases, exacerba-
tion in heat related mortality, air pollution related respira-
tory diseases and water borne diseases, if current scenario
continues. In tropical countries like India, most of the iden-
tified adverse health effects due to climate change are al-
ready experienced. The need of the hour is to undertake
situation analysis for reasons of persistent disease burden
and for identifying the operational gaps. In order to de-
velop preparedness plans for hitherto free and already dis-
ease endemic areas, impact assessment at district level
keeping in view the ecology, life style and disease epide-
miology, additional population at risk due to climate change
alone, strengths and weaknesses of health system , health
education to vulnerable groups and institution of best avail-
able tools of intervention are needed. Local practices be-
ing practiced by the communities to face challenges like
floods, heat strokes, and protection from mosquito bites
should be documented and encouraged as adaptation mea-
sures. Owing to multi-factorial nature of transmission

dynamics of vector-borne diseases, intervention measures
can result in a dramatic change in reduction of disease
burden and thus nullify the potential threat due to climate
change. The major threat is to the countries which are
presently non-endemic for vector-borne diseases or other
problems like heat wave mortality or disasters etc, as they
do not have experience of tackling the threat as compared
to those who are already having infrastructure to control
the diseases. Economics would play a major role in com-
bating the potential threat. Countries with good GDP would
be able to introduce the best available tools of interven-
tion and can fill up the lacunae in health system.

Health issues identified by the Prime Minister’s National
Action Plan on Climate Change in India (source: http://
www.pmindia.nic.in):
 Provision of enhanced public health care services
 Assessment of increased burden of disease due to cli-

mate change
 Providing high-resolution weather and climate data

to study the regional pattern of diseases
 Development of a high-resolution health impact model

at the state level
 GIS mapping of access routes to health facilities in

areas prone to climatic extremes
 Prioritization of geographic areas based on epidemio-

logical data and the extent of vulnerability to adverse
impacts of climate change

 Ecological study of air pollutants and pollen (as the
triggers of asthma and respiratory diseases) and how
they are affected by climate change

 Studies on the response of disease vectors to climate
change

 Enhanced provision of primary, secondary and ter-
tiary health care facilities and implementation of pub-
lic health measures, including vector control, sanita-
tion, and clean drinking water supply.

 REFERENCES

1. Gill CA. The role of meteorology in malaria. Indian J Med Res
1921; 8: 633–93.

2. India’s initial national communication to the United Nations
framework convention on climate change. New Delhi: Ministry
of Environment and Forests, Govt. of India 2004; p.1–265.

3. Dash SK, Hunt JCR. Variability of climate change in India.
Curr Sci 2007; 93: 782–8.

4. Summary for policymakers. In: Climate change 2007: Impacts,
adaptation and vulnerability. Contribution of working group II
to the IV assessment report of the Intergovernmental Panel on
Climate. Intergovernmental Panel on Climate Change (IPCC).
Cambridge: Cambridge University Press 2007.

5. Isdo CD, Carter RM, Singer SF. Climate change reconsidered:



 J Vector Borne Dis 49, June 201260

Correspondence to: Dr R.C. Dhiman, Scientist `F’, National Institute of Malaria Research, Sector 8, Dwarka, New Delhi-110 077

Received: 15 May 2012 Accepted in revised form: 15 June 2012

Interim Report. Nongovernmental International Panel on Cli-
mate Change (NIPCC). Chicago, USA: The Heartland Institute,
2011. Available from: http://nipccreport.org/reports/2011/pdf/
2011NIPCCinterimreport.pdf.

6. Climate change and India: A 4x4 assessment. A sectoral and
regional analysis for 2030s. New Delhi: Ministry of Environ-
ment & Forests, INCCA report 2010. Available from: http://
moef.nic.in/downloads/others.

7. Climate change and human health- risk and responses. Sum-
mary. Geneva: World Health Organization. (ISBN 9241590815).
2003; pp. 1–37.

8. Akhtar R. Climate change and health and heat wave mortality
in India. Global Environ Res 2007; 11(1): 51–7.

9. India second national communication to the United Nations
framework convention on climate change. New Delhi: Ministry
of Environment and Forests 2012; p. 135–9.

10. Vandentorren S, Suzan F, Medina S, Pascal M, Maulpoix A,
Cohen JC, et al. Mortality in 13 French cities during the August
2003 heat wave. Am J Public Health 2004; 94: 1518–20.

11. Knowlton K, Ellman M, King G, Margolis GH, et al. The 2006
California heat wave: Impacts on hospitalizations and emergency
department visits. Environ Health Perspectives 2009; 117(1):
61–67.

12. D’Amato G. Airborne paucimicronic allergen-carrying particles
and seasonal respiratory allergy (Editorial). Allergy 2001; 56:
1109–11.

13. D’Amato G, Liccardi G, D’Amato M, Cazzola M. Outdoor air
pollution, climatic changes and allergic bronchial asthma. In:
D’Amato G, Holgate S, editors. The impact of air pollution on
respiratory health. Eur Respir Monogr 2002; 21: 30–51.

14. D’Amato G, Rottem M, Dahl R, Blaiss MS, Ridolo E, Cecchi
L, et al. Climate change, migration, and allergic respiratory dis-
eases: An update for the Allergist. World Allergy Organ J  2011;
4(7): 121–5. doi: 10.1097/WOX.0b013e3182260a57.

15. Griffin DW. Atmospheric movement of microorganisms in
clouds of desert dust and implications for human health.
Clin Microbiol Rev 2007; 20(3): 459–77. doi: 10.1128/
CMR.00039-06.

16. Liggins F.  Impacts of climate change in India. Met Office Re-
port 2008.

17. India country report from ideas to action: clean energy solutions
for Asia to address climate change. USAID/ASIA: Bangkok
(Thailand) 2007; p. 1–143.

18. Estimation of the burden of diarrhoeal diseases in India In:
NCMH- Background paper. Kolkata: National Institute of Chol-
era and Enteric Diseases 2005; p.182–7.

19. Sarkar A. Climate change and diarrhoeal diseases - Global re-
view and methodological issues. Presented at National work-
shop on climate change and its impact on health at Loonavala,
India, 26–27 November 2007.

20. Kanungo S, Sah BK, Lopez AL, Sung JS, Paisley AM, Sur D, et
al.  Cholera in India: an analysis of reports, 1997–2006. Bull
World Health Organ 2010; 88(3): 185.

21. World Bank Report on Malnutrition in India 2009. Available
from: http://web.worldbank.org/WBSITE/EXTERNAL/COUN-
TRIES/SOUTHASIAEXT/0,,content MDK:20916955~page
PK:146736~piPK:146830~theSitePK:223547,00.html

22. Kumar SN, Aggarwal PK, Rani S, Jain S, Saxena R, Chauhan
N. Impact of climate change on crop productivity in western
ghats, coastal and northeastern regions of India. Curr Sci 2011;
101( 3): 332–41.

23. Dhiman RC, Pahwa S, Dhillon GPS, Dash AP. Climate change
and threat of vector borne diseases in India: are we prepared?
Parasitol Res 2010; 106: 763–73. doi: 10.1007/s00436-010-
1767-4).

24. Saxena SK, Mishra N, Saxena R, Singh M, Mathur A. Trend of
Japanese encephalitis in North India: evidence from thirty-eight
acute encephalitis cases and appraisal of nineties. J Infect Dev
Countries 2009; 3(7): 517–30.

25. Gage KL, Burkot TR, Eisen RJ, Hayes EB. Climate and vector
borne diseases. Am J Preventive Med 2008; 35: 436–50.

26. Reiter P. Global warming and malaria: Knowing the horse be-
fore hitching the cart. Malar J 2008; 7 (Supp1): 53.

27. Hay SI, Cox J, Rogers DJ, Randolph SE, Stern DL, Shanks GD,
et al. Hot topic or hot air? Climate change and malaria resur-
gence in East African highlands. Nature 2002; 415: 905–9.

28. Pascual M, Ahumada JA, Chaves LF, Rodo X, Bouma M. Ma-
laria resurgence in the East African highlands: Temperature
trends revisited. Proc Natl Acad Sci USA 2006; 103(15): 5829–
34.

29. Gething PW, Smith DL, Patil AP, Tatem AJ, Snow RW, Hay
SI. Climate change and the global malaria recession. Nature
2010; 465: 342–5. doi:10.1038/nature09098.

30. Omumbo JA, Lyon B, Waweru SM, Connor SJ, Thomson MC.
Raised temperatures over the kericho tea estates: revisiting the
climate in the east african highlands malaria debate. Malar J
2011; 10:12. doi:10.1186/1475-2875-10-12.

31. Annual Report 2010-11. New Delhi: National Institute of Ma-
laria Research 2011; pp. 1–92. Available from : http://
www.mrcindia.org).

32. Dhiman RC, Chavan L, Pant M, Pahwa S. National and regional
impacts of climate change on malaria by 2030. Curr Sci  2011;
101(3): 372–83.

33. Laneri K, Bhadra A, Ionides EL, Bouma MJ, Dhiman RC, Yadav
RS, Pascual P. Forcing versus feedback: Epidemic malaria and
monsoon rains in NW India. PLoS Comput Biol 2010; 6(9):  doi:
10.1371/journal.pcbi.1000898.

34. Baeza A, Bouma MJ, Dobson A, Dhiman RC, Srivastava HC,
Pascual M. Climate forcing and desert malaria: the effect of
irrigation. Malar J  2011; 10: 190.


