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Potential Impacts of Climate Change on Health (WHO, 2003)

Climate Change

Temperature 
Precipitation (rainfall)
Sea Level 

Weather related 
mortality

Infectious diseases

Altered food 
productivity & 
associated pest and 
diseases

Air quality respiratory 
illnesses

Heat Strokes
Skin Diseases
Eye Diseases
Floods , Storms leading to deaths, 
Injury ,Psychological distress 
Loss of PH infrastructure

Geographic range and incidence 
of Vector Borne diseases,
Changed incidence of Diarrhoeal 
Diseases

Malnutrition , Hunger , 
Impaired child growth and 
development

Asthma & Respiratory 
diseases 



Major Vector Borne Diseases in India

Diseases *Cases/annum Deaths

Malaria 1.48 million 1173

Filariasis 26,702 1 -

Kala-azar 44001 189

Dengue 5534 69

Chikungunya 59535 ( 23.26% 
confirmed)

-

Japanese 
Encephalitis

4022 189

*Reported cases in 2007                 1 Report of NFCP Units; 50.8 Cr target popln
for MDA 

Source : NVBDCP



10 11 12 13 

Minimum temp. for
parasite development

Maximum temp.
for  mosquito 
survival

Optimum
temp.

14 15 16 17 18 19 25 26 27 40 o +

Relative Humidity 40 60  70 80+

Relationship of Temp. & RH with Malaria Parasite 
and Mosquito Development

Minimum T required for transmission 

P vivax : 14.5-16 C                          P falciparum :16-18 C 



Initial National Communication project  by Ministry 
of Environment & Forests from  2002-2004

(www.natcomindia.org)

• Project funded by UNDP,GEF and UNFCCC
• Studied vulnerability & Assessment  in malaria due to 

climate change at macro level.
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Malaria Vulnerability Assessment 

from Climate (2004)

� Northern states such as
J & K, H.P, Punjab 
Haryana, Uttarakhand, 
U.P., NE states etc are 
more vulnerable to 
climate change

� Southern states such as 
Karnataka, Kerala, T.N 
and A.P are less 
vulnerable to climate 
change
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Projected Shift in  Transmission Windows (TW) of 
Malaria in view of Climate Change

a. Baseline 2004 (190 C, 55%RH) b. TWs by 2080

4 - 6

7 - 9
10 - 12
N.A

4 - 6

7 - 9
10 - 12
N.A

Analysis at macro level ( taking one district in each state)

Increase in  TWs in Northern and NE states by 1-3 months ; reduction in Orissa, AP and TN is expected 



NATCOM II
ASSESSMENT OF THE IMPACTS OF CLIMATE CHANGE ON 

MALARIA AND DENGUE AT NATIONAL SCALE AND 
ADAPTATION STRATEGIES FOR SHORT, MEDIUM TO LONG 

TERM SCALES

� To determine transmission windows of malaria and dengue in 
terms of climate and socioeconomic parameters.
� GIS based outputs indicating the extent of disease spread under 
current and based on climate change, land use and socioeconomic 
conditions.
� Formulation of adaptation framework.

The study is expected to  provide GIS based outputs indicating the 
future scenario of malaria and dengue at the resolution of 50x50 
Km ( roughly a district) and  formulation of adaptation framework by 
December 2009.



Activities & Methodology

• Analysis of  baseline and projected climatic parameters 
and malaria/dengue at national level

• Assam, Delhi, Orissa, Rajasthan and Uttarakhand for 
detailed analysis

• Analysis of land use features ( remote sensing) in 
selected districts.

• Field survey for  health  facilities, intervention measures 
and Socioeconomic survey in 5 selected districts of 
above states for adaptation framework.



Methodology

• Monthly  temperature, RH and rainfall (January 1961 to 
December 1990) extracted from PRECIS (Providing 
Regional Climate for Impact Studies) were used as 
baseline. 

• Projected scenario (A2 scenario)  for 2071,2081,2091 
and 2100) of PRECIS were used. 

• 180C  and 330C T and 55-90% RH  were taken as lower 
and upper limits for malaria parasite development in 
mosquito. 

• For dengue 120 C T was taken as lower limit while 400C 
as upper cut off temperature.



Contd.

• Maps of monthly open Transmission Windows (TW) for malaria 
transmission  based on Temperature, T & Rainfall and T & RH at 
each grid (0.44 X 0.44 deg. Pixel, roughly 50 X50 Km) were 
prepared  for baseline and projected scenario.

• These Boolean images were used to obtain a single image with 
pixels showing number of months where Transmission Window is 
open. 

• Based on the number of months TW is open, pixels were grouped 
into 5 classes i.e.   Class - 1, Closed for 12 months; Class – 2, open 
for 1-3 months; Class – 3 open for 4-6; Class - 4 open for 7-9 and 
Class – 5 open for 10-12 months.



� In 3-9 months TW open 
categories,  appreciable 

increase  in months of TWs is 

expected leading towards stable 
malaria.

� In baseline 128 pixels  show 
NO transmission which may 

reduce to  90 pixels  by 2091

� Baseline TWs in 10-12 months( 

546) are likely to be reduced to  

322 by the year 2091.

Baseline and projected Transmission 
windows of malaria 



Number of pixel in various classes of open TW’s of 
malaria in baseline and future temperature 

scenarios

Class-I
(No Trans)

Class- II Class- III Class-IV Class-V
(9-12 mth)

Baseline 128 8 168 632 546

2071 104 19 71 739 549

2081 107 15 62 423 875

2091 90 66 210 794 322

2100 96 28 244 832 282



Baseline Open Transmission Window based on 
Temperature 
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Future Scenario of Open Malaria Transmission Months  
based on Temperature (Year 2071)
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Future Scenario of Open Malaria Transmission Months  
based on Temperature (Year 2081)
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Baseline and projected TWs of malaria by 2071 and 2081 

Increasing towards stability of transmission



Transmission Windows of malaria in baseline and 
projected temperature and RH scenario (A2)

2100

2071
Baseline

TW open months

Reduction in 9-12 month open category; increase in 3-6 month TW open



Baseline 

Increase towards hilly districts; reduction in plains



Increase in “no transmission” in high desert districts; 3 months to 4 months                 
TWS based on T & Rainfall appear to mismatch with current transmission







Transmission Windows of dengue in baseline and 
projected temperature scenario (A2)

Transmission Open 
Months



Baseline and projected TWs of 
Dengue in Rajasthan (based 
on T)

Projections reveal rise in TWs initially while reduction after 2081 



Uncertainty/Limitations

• Uncertainty in climatic projections is likely to be there due to ongoing 
mitigation measures.

• Projections based on  Met. parameters are likely to be altered as 
transmission dynamics of VBDs is multi-factorial.  

• Intervention measures, developmental activities (urbanization, 
irrigation, water scarcity etc) and socioeconomic conditions also play  
role in transmission dynamics transmission dynamics.

• Mosquito vectors may adapt to increased temperatures.

Study is in progress to include land use features and Socio-economic 
conditions for projections and identifying the additional population at risk



Preliminary conclusions

� Climate change is affecting  health in general and would influence spatial 

and temporal distribution of  mosquito vectors /VBDs.

� Major VBDs are already endemic in most part of India.

� Northern parts are likely to experience introduction and temporal increase in 

TWs while  in Orissa and southern states reduction is expected. 

� Results are yet to be firmed up with further analysis  by incorporating land 
use features and  different combinations of T,RH and Rainfall.

� Know-how and intervention tools are already in practice.

� NATCOM II project  is likely to be completed by March 2010.

Projections based on climatic parameters alone are not conclusive and should be

taken  with element of uncertainty.



Future plan

• Development of projections based on A1B scenario  for 2020,2050 
years

• Overlaying of land use maps on projected scenario maps in the 
selected districts for assessing the impact of vegetation cover on the 
TWs.

• Identification of additional population/burden  due to  projected 
Climate Change.

• Data on assessment of health system, intervention measures and 
current capacity of communities  in  vulnerable areas is being 
analysed for development of  framework for adaptation measures for 
short, medium and long term scales. 



Team

• Manoj Pant
• Laxman Chavan
• Sharmila Pahwa



Development and Malaria

• Sustainable development variables may 
sometimes reduce the adverse impacts 
on the system due to climate change 
alone, while it may sometimes also 
aggravate these impacts if the 
development variables are not managed 
well. 

• Well crafted and well managed 
developmental policies could result in 
enhanced  resilience of communities and 
systems, and lower health impacts due to 
climate change., 

(Garg, A, Dhiman, RC, Bhattacharya 
S(2009). Environ Management 
43:779:789 DOI10.1007/s00267-008-
9242-z52)



Climate Change and Human Health

• Pattern of changing health  due to climate change in J& K, Punjab 
and Coastal area

- Being undertaken by Dr Rais Akhtar, JNU, New Delhi

- Assessment of Impact of heat stress on Human health  and 
adaptation strategies 

- Being undertaken by National Physical Laboratory, Delhi under 



Initiatives taken by MoH & FW Govt of India

� Participated in Initial National Communication project undertaken by 
Ministry of Environment & Forests from  2002-2004.

� Participating in NATCOM II project by MoEF from Feb 2008 with 
emphasis on adaptation measures ( 2008-2009)

� Setting up of High Powered committee on Global Environmental 
Change and Health   in ICMR (2007).

� Participated in Prime Minister’s National Action Plan  On Climate 
Change ( 2008) and contributed status paper on health.

� Setting up of Task force  on National Action Plan On Climate Change 
(NAPCC) in Ministry of Health & Family Welfare ( 2008) to implement the 
actios identified by NAPCC.



Status Paper for Action Plan on 
Health Aspects for Expert Committee on 

Climate Change, GOI
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Impacts of Climate Change on Health with 
Emphasis on Vector – Borne Diseases

A P Dash 	, G P S Dhillon¹ and R C Dhiman 	
	National Institute of Malaria Research (ICMR), Delhi

¹National Vector Borne Disease Control Programme (DGHS), Delhi





National Action Plan on Climate Change

• HEALTH RELATED ACTIVITIES  
� Provision of enhanced public health care service

� Assessment of increased burden of disease due 

to climate change .  

� Providing high-resolution weather and climate 

data to study the regional pattern of disease

� 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 

epidemiological 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 

tertiary health care facilities and implementation 

of public health measures, including vector 

control, sanitation, and clean drinking water  

supply. supply.

www.pmindia.nic.in



Evidence based assessment of biophysical 
determinants of malaria in the northeastern states of 
India and development of framework for adaptation 
measures for malaria control under climate change 
scenarios 
Funded by: ICMR High Power Committee on Global Climate Change & Health, 
funded by ICMR ( April 2009-2013).

It is multi-disciplinary, multi-institutional and multi-locational study to 
generate evidence for impact of climate change on malaria, 
to develop a framework for adaptation measures for addressing 
the adverse impacts of climate change on malaria. 

Field work has been initiated in Bhimtal ( Uttarakhand) and Kolasib 
( Mizoram). Surveillance of  entomological indices and malaria  at 
different altitudes  has been  augmented.



Developing a framework for predicting 
malaria outbreaks in  rural and urban areas 

of Gujarat and Rajasthan in  India
(in collaboration with Michigan University)

• To identify extrinsic and intrinsic drivers of 
malaria and role of immunity,  intervention 
measures, SST, Vegetation index. 

• To develop a predictive model of malaria 
forecasts in selected districts of Gujarat and 
Rajasthan



Initiatives taken by WHO (SEARO)

• Organised  workshops on Climate Change and Health.

• Organised Health Ministers meeting of member 
countries in September 2008 in New Delhi  for pledge to 
work for addressing the issue of climate change and 
health. 

• Developing generic protocols for  assessment through 
retrospective and prospective studies  and assessing 
preparedness plan  at national and local level for cholera 
and Vector Borne Diseases.



Way forward

• Vulnerability assessment at district level by incorporating adaptive capacity, 
socioeconomics and technological development also.

• Disease burden due to Climate Change alone.

• Assessment for Chikungunya and Leptospirosis is also desired.

• Development of tools for early warning.

• Assessment of cost effectiveness of current intervention tools,

Situation analysis of health system for strengthening,

Adaptive capacities of communities in vulnerable areas for

preparedness. 

• Cost of adaptation vis a vis benefits.

• Development of  region specific IEC material in local language.
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