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Abstract 

The human actions have caused a significant change to the climate system, with effects that will 
persist for decades. Climate change has several impacts, one of the major impacts is its health 
impacts. There are multiple connections between health and climate change, there are direct, 
impact mediated and socially mediated impacts as classified by WHO. This study aims at 
providing a roadmap for building the climate-resilient health system with the case example of 
Manipur, India. Manipur is located in North-eastern India with a central valley portion. The 
analysis of the temperature and precipitation trends along with the study of diseases prevalent in 
the region is done. From the analysis, a relationship between the change in climatic condition and 
the occurrence of diseases is established. The hazards from climate change along with pre-
existing vulnerabilities can have worse health outcomes. The health impacts can only be 
moderated by building climate-resilient health systems which will have the capacity to manage 
and mediate the climate-sensitive health risks. The health systems consist' of policies, strategies, 
technological advancement along with public participation and service delivery. There is a need 
for a more systematic approach, to make use of opportunities, and to make progress in 
protecting health from climate change. 
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1. Introduction

The Anthropogenic activities have damaged the environment to such an extent that today climate 

change is the most alarming issue. The greenhouse gases have naturally occurred in the 

environment for centuries but after years of industrialisation, instances of deforestation and 

increased pollution due to burning fossil fuels, the concentration of these gases have risen in the 

atmosphere. Thus, causing global warming and climate change. The cumulative level of greenhouse 

gases is increasing with the growing population, economies and standards of living. 

The primary impacts of climate change are changes in global mean temperature, rising sea levels, 

coastal flooding, extreme precipitation, extreme heat events, urban heat island effect, Increased 

droughts and water scarcity. These, in turn, result into heat-related mortality, increased demand of 

drinkable water, deteriorating quality of surface as well as groundwater, flooding, disruption in 

mobility, land inundation, salt-water intrusion in groundwater, damage to infrastructure and spread 

of invasive species and diseases 

This research is based on secondary study of Manipur as case example, which is situated in the north 

eastern region of India. Climate change and its health impacts are studied. This is done by analysis of 
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temperature and precipitation trends in the area and the prevalent diseases as found in the State 

Action Plan, Manipur and various other sources. The existing healthcare facilities in Manipur are a 

combination of public and private facilities provided by Directorate of health services, Manipur. But 

it lacks, the inclusion and consideration of climate change related health impacts in the healthcare 

system. After spread of COVID 19 in 2020 it is a big lesson to learn that the health systems in our 

region should be prepared for upcoming challenges especially like the former discussed health 

impacts of climate change. Therefore, the research provides a roadmap for building resilient health 

infrastructure. 

2. Literature Review

According to the Intergovernmental Panel of Climate change (IPCC), the climate change is defined as 

"A change of climate which is attributed directly or indirectly to human activity that alters the 

composition of the global atmosphere and which is in addition to natural climate variability observed 

over comparable time periods." The most prominent parameters which define climate change are 

global temperature and precipitation patterns. 

2.1 Global Temperature 

The global increase in temperature or Global Warming is caused by the greenhouse gases such as 

Carbon Dioxide (CO2), Methane (CH4), Nitrous oxide (N2O), Hydrofluorocarbons (HFCs), 

Perfluorocarbons (PHCs), Sulfur Hexafluoride (SF6) and Nitrogen Trifluoride (NF3).   The greenhouse 

gases have always been in the atmosphere but when industrialization began the amount of these 

gases increased at a rapid rate. 

Figure 1: Human-induced warming reached approximately 1°C above 

Source: IPCC report on Global Warming of 1.5°C (2018) 

The graph in Figure 1 shows the Human-induced warming from 1950 and projected till 2100. When 

industrialisation began the temperature started increasing at an unprecedented rate. In 2017 it 
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reached 1°C above pre-industrial levels. The global temperature would increase by 1.5°C around 

2040 if it continues to increase at the present rate. (IPCC, 2018)  

2.2 Global Precipitation Patterns 

Global warming has a direct impact on precipitation patterns. The increase in temperature increases 

the evaporation rates hence increasing the intensity of rainfall at some places and droughts in other 

(Trenberth, 2011). Precipitation patterns also affect major sectors such as agriculture, food security 

water and sanitation etc. 

Figure 2:  Maps of CMIP5 multi-model mean results for the scenarios RCP2.6 and RCP8.5 in 2081–2100 of 
average percent change in annual mean precipitation 

 Source: IPCC report-Summary for policymakers 

The IPCC uses the multimodal mean method to project the future change in precipitation patterns. 

The Figure 2 shows change in precipitation from 1986-2005 to 2081-2100. Globally it is estimated 

that the mid latitude regions will have more intense and more frequent rainfall. The IPCC report also 

stated that though the monsoon winds are likely to weaken the precipitation will intensify due to 

humidity level in the atmosphere.  (IPCC, 2018) 

2.3. Health Impacts of Climate Change 

The human actions on the environment have resulted in what we observed in the previous sections 

that are the rise in global temperature and the changes in precipitation patterns. These two things 

cause impact on several other things ultimately affecting the health of the human being.  

From the COVID-19 spread in 2020, we have witnessed that just like climate change, the spread of 

the disease is not localized it can affect millions of people. Climate change and human health are 

directly or indirectly related in many ways. 

The Intergovernmental Panel on Climate Change has given a detailed assessment in the IPCC third 

assessment report which includes sectoral and regional analysis of impacts of climate change. The 

overall conclusion of the WGII report was that global climate change has diverse impacts on human 

health. Given below are the various types of impacts of climate change on Health.  (WHO, 2003) 

2.3.1 Direct effects on Human Health 
The direct effects of Climate change on Human Health are from extreme weather conditions. 

Heatwaves one of the examples of extreme weather. Increased frequency and intensity of 

heatwaves can cause a risk of death and serious illness for the vulnerable section of society. People 
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in primary sector activities, informal sector and people with pre-existing health problems are the 

most vulnerable.  

2.3.2 Indirect effects on Human Health 
Indirect effects include disruption in food production and supply, water-borne diseases, vector-

borne diseases. Climate change variability affects the agriculture and other food sectors, it is 

estimated that the produced food yield will decrease in developing countries. The high temperature, 

precipitation changes can change the range and seasonality of some of the vector-borne diseases 

such as dengue, malaria, leishmaniasis lume disease and tick-borne. For other diseases, it may be so, 

that the transmission and range decrease with increase in temperature. Heavy rainfall can transfer 

various terrestrial microbial agents to drinking water which can result in an outbreak of diseases 

(Sari Kovats, 2008). Natural disasters such as floods contaminate the drinking water with bacterial 

and pathogens. Also, droughts can increase the concentration of pathogens in the limited water 

supply. 

2.3.3 Socially mediated effects on Human Health 
Climate change may cause migration of population, the decline in the local economy and social 

disruption. Also, rising sea level which causes land inundation, natural disasters cause migration of 

people which can lead to physical as well as mental health problems. Heat stress is also an 

occupational hazard. As a direct impact heat can hinder the pace of work and thus higher the 

number of hot days it is more likely to slow down the work.  (Sari Kovats, 2008) 

3. Need for Study

The health systems in our cities and states are working in such a way that they manage to comply 

with current needs of people. However, it is important to successfully prevent and be precautious of 

the upcoming challenges. As mentioned earlier climate change has posed us with the challenge of 

increased temperature and changes in precipitation patterns which has various health impacts. 

These impacts along with the pre-existing vulnerabilities can have worse health outcomes. 

Therefore, resilient health systems are needed. 

4. Objective

The objective of this study is to assess the relationship between climate change and its health 

implications. And, come up with ways to build resilient health systems to cope with the existing and 

future challenges.  

5.Methodology

This research is based on the secondary data collected from various sources. The understanding of 

global as well as local context of climate change and health is done to come up with 

recommendations and strategies for resilient health systems. 
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Table 1: Data used in research and its source 

DATA USED SOURCE 

Temperature and precipitation NASA POWER Larc 

Projection and other secondary data Manipur State Action Plan on Climate Change 

Administrative Boundary Town and Country Planning Manipur 

Figure 3: Methodology Flowchart 
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6. Case Study: Manipur, India

6.1 Location 

The state of Manipur lies in the north eastern region of India. It shares its boundary with Nagaland at 

north, Mizoram and Myanmar at south and Assam in west. It is spread over an area of 22327 sq. km 

and has population of almost 3 million. Manipur is further divided into 7 administrative districts 

namely Senapati, Ukhrul, Tamenglong, Churachandpur, Chandel, Imphal east, Bishnupur, Thoubal 

and Imphal west. Manipur is characterized as a hilly region; it is 790 m above sea level. The capital 

city of Manipur is Imphal which is the urban center and is located in the valley region.  

Figure 4: Location of Manipur 

 (Map source: Author) 

6.2 Climate Profile 

The spatial variability of climate in Manipur is influenced by its orographic features such as terrain 

diversity, altitudnal variation and river regime. Climate is warmer in Barak Basin and lower foothills 

of manipur Western hills than central and surrounding hills. Western part of the state falls under the 

windward slope of the hills hence it experiences humid climate (Anon., 2013). 

The graph in Figure 5 shows the average maximum temperature at 2m from 1981 till 2019. It is 

observed that the temperature has varied from lowest in 2011 to highest in 1999.  
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Figure 5: Average maximum temperature at 2m in Manipur from 1981 till 2019 

Data source: NASA POWER  

The precipitation in Manipur from 1981 till 2017 is shown in Figure 6. The amount of precipitation 

has increased in the last 4 decades but as seen in Figure 7 the regional distribution shows that the 

area covered under heavy rainfall has decresed over the years. 

7. Analysis

7.1 Climate Change in Manipur 

The spatial analysis technique using inverse distance weightage (IDW) in GIS has been used to map 

the spatial distribution of precipitation (in mm) in Manipur, as shown in Figure 7. The data used has 

been taken from the NASA POWER Larc which is the annual precipitation in mm for the Manipur 

region. 

Figure 6: Precipitation from 1981-2017 

 Data source: NASA POWER  
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Figure 7: Regional distribution of rainfall over Manipur from 1982- 2017 (Map source: Author) 

In the last four decades the area covered under heavy rainfall has decreased and the south-west 

region of Imphal. The maximum temperature varies from 29.9 °C to 24.8°C in Manipur. The 

southeastern region is hotter as compared to the northern region as shown in map in Figure 8. 

Figure 8: Spatial Pattern of temperature (Map Source - Author) 
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7.2 Future Projections of temperature and precipitation 

The future projection of temperature and precipitation has been taken from the Manipur State 

Action Plan for Climate Change. The technique of downscaling the global climate change has been 

done using the General Circulation Model HadCM3 from the Hadley Centre, UK (Anon., 2013). 

The district wise projected temperature in Figure 9 shows an increase of 1.72 °C to 1.84°C in the 

whole state. The southern districts are projected to be hotter as compared to the northern districts. 

Figure 9: District wise projected increase in temperature of Manipur (in °C) for 2021-2050 

Source: Manipur State Action Plan 

An increase in rainfall is projected in the entire state. The rainfall is projected to increase from 15% 

to 23% in various districts. The northern part is projected to expirience more increase in rainfall than 

the southern districts. 
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Figure 10: District wise percentage increase in rainfall 

The areas where the increase in temperature is projected to be lesser than other districts are likely 

to experience more rainfall. 

7.3 Impact of climate change on health sector of Manipur 

We know that change in temperature and precipitation, even seasonal changes bring outbreaks of 

epidemic diseases. There have been instances of outbreak of malaria, dengue and other diseases as 

mentioned in section 2.3. 

Climate change can pose the following risks: 

- Spread of infectious diseases

- Heat related mortality due to heat stress

- Fatal impacts due to extreme weather events

- Spread of vector borne, water borne diseases

The Manipur State Action Plan largely talks about the spread of malaria, dengue and Japanese 

Encephalitis spread in Manipur. The sensitivity of climate with the spread of malaria and its spread 

relative to the temperature, rainfall, humidity and wind velocity is discussed in it (Anon., 2013). The 

projected increase in temperature shows that there is risk of mosquitos and higher frequency of 
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feeding on hosts, the changes in rainfall not only affects the breeding of the mosquitos in stagnant 

water but also the incidences of flash floods, increased runoff and even landslides. The projected 

increase in amount of rainfall in Manipur show the chances of floods which can have worst impacts. 

Manipur has experienced devastating floods in the year 1966, 1974, 1980, 1984, 1985, 1986 and 

1989. 

Currently the department of health at Manipur has an ongoing programme- “The vector borne 

disease control programme” which captures 527 villages i.e. about 2, 60,000 populations of high-risk 

areas. This is one of the most crucial steps by the government. Apart from that there is lack of 

manpower, research and data on the climate change induced diseases in manipur (Anon., 2013). 

There are different techniques such as statistical model of prediction of occurrence of diseases with 

changing temperature and precipitation which can help predict the risk areas even geographically. 

8. Strategies and recommendations

The Manipur State Action Plan on climate change clearly specifies that there are limitations in the 

climate change and health related secondary data and also knowledge and research gaps. Hence 

there is a need for the health systems in Manipur which would include Primary Health Sub-Centres 

(PHSC), Primary Health Centres (PHC), Community Health Centres (CHC), District Hospital and the 

State Level Hospital to ready and be aware of the future risks.  

The resilient health systems are when the health infrastructure, the manpower and the authority 

responsible is prepared in a planned manner to react effectively in times of health emergencies. The 

following are the few things that can be considered for building resilient health systems:  

- The Directorate of health services Imphal should ensure monitoring, evaluation and

accountability mechanisms, Conduct health impact assessments on new mitigation and

adaptation policies.

- Employ strategies to address human resource and institutional capacity gaps, for example by

developing response plans in case of new disease outbreaks, and protecting financial reserves

and investments.

- Establish databases on climate change and health, development of indicators for climate impacts

and vulnerabilities, and periodic monitoring of the health impacts of the main environmental

determinants of health.

- New technologies such as eHealth or satellite imagery used to improve health system

performance.

- Joint multi-sectoral risk management approaches to health risks related to disasters, water,

waste, food, and air pollution.

- Current healthcare and public health infrastructure, including water supply and waste disposal

and sanitation, are appropriately located and adequately robust to be safe and remain

functional under the stress of extreme weather.

- Projects and programs on building health systems’ resilience submitted to and granted by the

main international climate change funds (e.g. the GEF, Adaptation Fund, bilateral donors).

- Improved health sector access to diversified financial resources.
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Conclusion 

Manipur due to its unique characteristics has its own challenges and vulnerabilities. The three pillars 

to resilient health systems that are health infrastructure, manpower or human resources and the 

managing authority are the most important for the implementation process. Climate change impacts 

have made it crucial to explore, adapt and mitigate the challenges that we are facing and that we 

may encounter in future. Thus, this research gives a building block towards the ways in which the 

health systems in our regions can be resilient. 
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