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Hydro-meteorological Aspect Of Climate 
Change On Natural Hazards With 

Proposed Adaptation And Mitigation 
Strategies In North-western India

Abs tract:-Climate change is generally defined as the long term significant change in the average weather 
condition of a specific region or zone over an appropriately significant period of time. The fourth assessment report 

thof IPCC reported that the average global temperature has increased by 0.6°C over 20 century and projected will be 
1.8-4.0°C by 2100s (IPCC, 2007). The globally averaged surface temperature is projected to increase by 1.4°C to 
5.8°C over the period 1990 to 2100 (IPCC, 2013). Conclusion of various studies shows that the surface temperature 
in India was increased with considerable regional variations i.e. 0.5 to 0.6°C during 1901-2005 and the projected 
will be 2-5°C by 2100s.  Climate change, whether driven by natural or human activities, can lead to changes in the 
likelihood of the occurrence or strength of extreme weather and climate events. The weather pattern have become 
more extreme, with more frequent and more intense in rainfall events, subsequent floods and prolonged droughts i.e. 
the intensity and frequency of hydro-meteorological hazards has increased. Climate change has the potential to 
impact the hydrological cycle and subsequently the hydro-meteorological disasters. The vulnerability and 
associated risks in North-Western parts of India are increasing as over 90% of natural disasters in this region are 
hydro-meteorological in origin. The paper highlights the climate change and its impact on hydro-meteorological 
hazards in NW India. The paper also suggest various mitigation and adaptation strategies to cope with impacts of 
climate change on hydro-meteorological disasters such as capacity building and increasing resiliency among 
vulnerable communities along with adoption of sustainable development approach.

Keyw ords:Adaptation, Climate change, Hydro-meteorological disasters, Mitigation, Sustainable development, 
Vulnerability.

INTRODUCTION
Climate change is generally defined as the long 

term significant change in the average weather condition of a 
specific region or zone over an appropriately significant 
period of time. Climate change in IPCC usage refers to any 
change in climate over time, whether due to natural 
variability or as a result of human activities. This usage 
differs from that of UNFCCC which defines climate change 
as, “a change of climate which is attributed directly or 
indirectly to human activities that alter the composition of 
the global atmosphere and which are in addition to natural 
climate variability observed over comparable time periods”. 
Climate change is now recognised as one of the most 
important environmental challenges faced by humanity. The 
scientists, politicians and media are vociferous that the 
drastic change in climate is imminent, with disastrous 
effects. Changes in the climate occur as a result of both 
internal variability within the climatic system and external 
factors, both natural and anthropogenic. It is difficult to 
clearly delineate the characteristics of climate change 
associated with natural and anthropogenic forcing due to 
complex interaction within the climatic system. 

Presently, climate change is mainly caused by 

anthropogenic emissions of greenhouse gases (GHGs) due to 
unrestricted use of fossil fuels. Since the beginning of 
industrial revolution, human activities have lead to 
unprecedented changes in the chemical composition of 
earth's atmosphere. Global concentration of greenhouse 
gases has increased exponentially since the advent of 
industrial era (Dentener et al., 2001). The increase in 
radiative forcing of the atmosphere due to increase in 
greenhouse gases concentration results in the warming of the 
earth's surface (Meehl et al., 2005). The global atmospheric 
concentration of carbon dioxide and other green house gases 

th
have dramatically increased over the 20 century. During this 
century, there is increase in carbon dioxide concentration 
from 280 ppm to 379 ppm. Though, the presence of these 
gases in atmosphere is essential for maintaining the global 
temperature at 15°C, otherwise it will be -17°C (Houghton et 
al., 2001). But the increase in concentration have enhances 
the average global temperature. 

Historically, the responsibility of emission of 
greenhouse gases lies largely with the industralised world, 
though the developing countries are also responsible as the 
important source of increasing emissions. There is new and 
stronger evidence that most of the warming observed over 
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the past 50 years was attributable to human activities (IPCC, 
2001a). Warming in the NW region of India has been much 
greater than global average. Both increasing and decreasing 
rainfall patters have been detected in the area. Weather 
patterns are becoming more unpredictable and extreme. The 
vulnerability and associated risks arising from change in 
climatic conditions in the region are increasing as over 90% 
of natural disasters are hydro-meteorological in origin. 
These disasters disrupt the basic functioning of the 
community by affecting their socio-economic conditions 
(loss of life supporting system) along with environmental 
loss and affect the human development as a whole. 

North-Western region of India
The North-Western region of India comprised of 

Jammu and Kashmir, Himachal Pradesh, Punjab, Haryana, 
Rajasthan, Uttarakhand, Delhi, union territory of 
Chandigarh and parts of Uttar Pradesh. It lies mainly on 
continental Indian part, north of peninsular India. Towards 
its North are the Himalayas which define the boundary 
between the Indian subcontinent and the Tibetan plateau. Its 
Western side is covered by Thar desert, shared between 
North India and Pakistan and the Aravalli Range. The 
predominant geographical features are the Indo-Gangetic 
plain which spans the states of Punjab, Haryana and Uttar 
Pradesh; the mountains which lie in the states of 
Uttarakhand, Himachal Pradesh, Jammu & Kashmir and the 
desert which lies mainly in the state of Rajasthan.

Figure 1. Location map of North-Western region of 
India.

Trends in climate change
The global and regional trends are observed by 

scientists and researchers through various models. 

According to fourth assessment report of Intergovernmental 
Panel on Climate Change, the global average temperature of 

ththe earth was increased by 0.6°C over 20 century. The 
projected temperature will be 1.8°C to 4.0°C by the end of 
20th century. Over the last 50 years, the rise in temperature 
was 0.1°C per decade and expected will be 0.2°C per decade. 
By the end of the 21st century, the most likely increases are 3 
to 4°C for the A2 emission scenario and around 2°C for B1 
(IPCC, 2007). The globally averaged surface temperature is 
projected to increase by 1.4°C to 5.8°C over the period 1990 
to 2100 (IPCC, 2013).

In India, there is increasing trends in surface 
temperature (Rupakumar et al., 1994; Pant et al., 1995; Singh 
et al., 2003). From the various studies, it was found that the 
surface temperature in the Indian region was increased by 
0.5°C to 0.6°C during 1901 to 2005, with considerable 
regional variations. The projected ambient temperature will 

stbe 2°C to 5°C by the end of 21 century. Studies show that the 
heating of atmosphere will not be uniform across the country. 
The winters of North and Northwest India may be more than 

st
2°C warmer by the mid of 21 century. The monsoon season 
is likely to about 1°C warmer, on an average (Lal, 2001). 
Warming of the Indian sub-continent by 0.4°C over the 
period 1901–1982 was reported by Hingane et al. (1985), 
indicating that this warming since 1900 is broadly consistent 
with observed global warming over the last century. IPCC 
(1990) reported that the warming will be between 1 and 2°C 
by 2030 in the Indian region. Lal and Singh (2001) reported 
that the average annual mean surface temperature is likely to 
increase by about 2.7°C and 3.8°C during the decades of 
2050s and 2080s, respectively. Moreover, it is likely that 
over inland regions, the mean surface temperature may rise 
between 3.5 and 5.5°C by 2080 (Lal, 2001).

Impacts of climate change on hydro-meteorological 
hazards

The hydro-meteorological disasters are not stranger 
to the NW India. The region is periodically visited by various 
weather related disasters. Climate change is now adding 
significant additional threat to the already volatile risk prone 
areas by increasing the intensity and frequency of water 
related natural hazards. The vulnerability and associated 
risks in the region are increasing especially towards climate 
change induced hydro-meteorological disasters in space and 
time. These hazards left adverse impacts on the socio-
economic condition of the people and the damage to the 
physical infrastructure along with deterioration of 
environmental conditions. 

Both, global and regional models have been used 
for producing climate change scenarios for Indian 
subcontinent. The latest version of Hadley Centre Regional 
Climate Model, PRECIS has been used to generate the 
climate for the present (1961-1990) and a future period 
(2071-2100) under two different scenarios of emissions. The 
study results indicate an all-round warming over the Indian 
subcontinent associated with increasing greenhouse gas 
concentrations, and also a slight increase in summer 
monsoon precipitation. It is projected that rainfall will 

stincrease by the end of the 21  century by 15-40%, and the 
mean annual temperature will increase by 3°C to 6°C.The 
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warming is more pronounced over land areas, with the 
maximum increase over northern India. The warming is also 
relatively greater in winter and post-monsoon seasons. 
Spatial patterns of rainfall change projections indicate 
maximum increase over northwest India (Gupta et al., 2009). 
The monsoon rainfall at all India level does not show any 
trend but there are some regional patterns. There is an 
increasing trend in the monsoon rainfall over the North-West 
India. However, the spatial distribution of temperature 
changes indicates a cooling trend in the region (Gupta et al., 
2009).

The well recognised physical consequences of 
climate change are on the hydrological cycle and other 
related processes. The hydrological cycle, a fundamental 
component of climate, is likely to be altered due to change in 
climatic conditions (Arora et al., 2008). Warmer climatic 
conditions will accelerate it by altering rainfall pattern, 
magnitude and timing of run-off; increasing the potential of 
floods due to intense rainfall and retreating of glaciers (Mall 
et al., 2006).

Climate change is likely to affect the temporal and 
spatial variability of extreme events and available water 
resources (Singh, 2009). Immediate impacts already being 
felt includes the increased frequency of climate related 
hazard events such as storms and floods, increased 
occurrence of drought. However, there is rare statistical 
evidence for validating the climatic projections and their 
consequences in terms of disaster events and impacts 
especially at regional and local scales. A large part of the 
seasonal anomalies in the monsoon is accounted by the inter-
annual variability, decadal and longer term changes manifest 
themselves as changing frequencies of extreme anomalies 
(Gupta et al., 2009).

The NW India is vulnerable to extreme weather 
events like drought, floods, heat and cold waves etc. Over the 
decade of 1990s, both the frequency and severity of such 
hazards has increased (Kumar, 2009). These events in the 
region appear relatively much serious than any other part of 
the country because more than 80 % of its population is 
relying on agriculture, directly or indirectly, as the impacts 
are critical for its food security.

Climate change seems to be the key factor 
influencing the glacio-hydrological characteristics of the 
Himalayan glaciers in the recent years (Kulkarni 2001 and 
Hasnain, 2002). The retreat of glaciers might affect the 
runoff of the streams originating from these areas (Kulkarni 
et al., 2002; Bahuguna et al., 2004). This might happen for 
the next 30 to 40 years, but after that the perennial rivers may 
convert into seasonal streams due to shortage of runoff water 
from the melting of snow and glaciers. The snow avalanches 
and glacial lake outburst floods predominate at very high 
elevations, flash floods in middle elevations and floods in the 
plains. In these water induced disasters, hundreds of lives 
and millions of rupees worth of infrastructure and property 
are lost every year (Joshi, 2006).

Climate change conditions changes the nature of 
floods, rainfall pattern, flash floods, flood timing, water 
logging, drought etc and put the question mark on the food 
and livelihood security of the region. The future climate 
would be wetter and warmer than the present climate which 

affects the type, magnitude and the temporal distribution of 
floods as well as frequency of flood peaks (Loukas et al., 
2004).

Adaptation and mitigation strategies
Mitigation refers to anthropogenic interventions to 

reduce the sources or enhance the sinks of greenhouse gases 
and 'adaptation' is concerned with addressing the 
consequences of climate change. Thousands of people, their 
lives, livelihoods and homes, along with expensive 
infrastructure are at great risk from hydro-meteorological 
events in the NW region of India. The threat to communities 
is likely to increase in the face of climate and environmental 
change. So there is an urgent need for new and approved 
mechanisms for strengthening the adaptation and mitigation 
strategies. Adaptation and mitigation activities require good 
qualitative understanding on the role of rainfall variability 
and their likely impacts. To reduce the impact of climate 
change there can be two approaches: one is mitigation efforts 
towards controlling climate change and second is adaptation 
towards the impacts of climate change. 

In order to minimise the adverse impacts of climate 
change and attaining sustainable development, there are 
needs for developing rational adaptation strategies and 
enhancing the capacity to adapt these strategies. The 
adaptation strategies are required to reduce the vulnerability 
of problems arising by climate change and also increasing 
the resiliency of communities. Various adaptation strategies 
suggested for the NW region of India are:

The analysis of factors such as glacier melt, discharge, 
tectonic events, spatial-temporal variability in precipitation, 
geology, geomorphology, land use/land cover, population 
growth, deforestation etc needs to be carried out in order to 
better understand the 'cause and effect' relationship between 
climate change and associated hazards propensity.
To establish the short-term and long-term guidelines for the 
sustainable environmental development of the region as well 
as their proper implementation.
Preparing environmental impact assessment models and 
sustainable livelihood framework which help in better 
understanding of link between climate change and Disaster 
Risk Reduction (DRR) of hydro-meteorological disasters.
Preparing the inventory of glacial lakes and building 
reservoirs to control the excessive runoff from the melting of 
glaciers and incessant rainfall in the hilly region.
Determine the vulnerability of region to climate change and 
identify associated risks and prioritise adaptation responses 
accordingly.
Promoting a holistic approach in integrating risk 
management by combining various hazards, their 
vulnerability and risk assessment, especially at regional and 
local levels.
Increasing the capacity building and resiliency of peoples 
through awareness programmes, active participation of 
community in preparedness and response efforts and other 
decentralised community based approach.
Considerable risks to the fragile mountainous areas can be 
ameliorated by the execution of catchment treatment plans, 
integrated river basin and water management schemes which 
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should be cost effective and environmentally efficient.
Consideration of socio-economic and environmental aspects 
along with Disaster Risk Reduction (DRR) as on priority 
basis before the start of any developmental activity.
Development of improved gauge stations, early warning and 
communication system for providing timely information, 
keeping in mind the present and future scenarios of climate 
change and their predicted impacts on hydro-meteorological 
disasters.
There should be 24X7 weather channels which provide 
timely and accurate information on weather conditions, 
climate change, natural hazards and other environmental 
issues. 
Preparing the inventory of water induced natural hazards and 
the area affected with the help of available state of art 
technologies i.e. remote sensing and GIS.
Establishing co-ordination in gathering, storing, sharing and 
dissemination of hydrological and meteorological data 
among concerned states along with regional and trans-
boundary cooperation to improve early warning systems.
For the better quantitative assessment of climate change 
impacts, it is imperative that more accurate ' damages' and ' 
increasing vulnerability of area' relationship should be 
established and update periodically.
Local people have much knowledge about local-scale 
variability in climate and its impacts. Therefore, the 
traditional/indigenous knowledge and its linkage with 
scientific information will be useful in dealing the 
consequences of climate change on hydro-meteorological 
disasters along with feedback mechanism.
It is necessary to review the developmental policies and land 
use regulations in the region, keeping in mind the climate 
change scenarios and its impacts.
Strengthening policies which enable the storage of surplus 
water during the monsoon, and improving the availability of 
water during dry season (watershed development, 
afforestation, infrastructure for water storage and hydro 
electricity).

Adaptation will have to be supported by mitigating 
measures that address the root causes of climate change: the 
emission of greenhouse gases and other substances that 
cause global warming. No full proof mechanism is there to 
combat the impacts of climate change, but suitable and 
necessary management practices can be adopted as 
mitigation measures. Various mitigation strategies are:

All the countries of world should undertake immediate and 
rapid action to reduce the emission of greenhouse gases, by 
ensuring the long-term sustainability of the developmental 
activities.
Adoption of clean development mechanism (CDM) 
technologies which are benign towards climate and aid to 
control the phenomenon of climate change.
The landmark initiatives should be undertaken for 
sustainable pathways by shifting to environmental benign 
technologies, which can help in controlling climate change. 
Population control measures, investment in enhancing 
quality of road and rail networks, energy conservation and 
efficiency programmes, policies for promoting renewable 

energy, investment in water conservation practices, resource 
recycling, land restoration, climate friendly infrastructure, 
afforestation should be enforced effectively.

The impacts of mitigation will be felt in long run by 
the future generations while the benefits of adaptation 
measures are immediate. We know that climate change is a 
global issue but its consequences are felt at regional level. 
The predicted climatic variability is likely to increase the 
intensity and frequency of hydro-meteorological hazards. 
Available strategies may be effective in reducing negative 
impacts in short term, up to limited extent, but the necessity is 
to take steps for stronger mitigation measures and increasing 
adaptive capacity which requires regional adaptation 
research, capacity building, developmental priorities and 
accordingly change in policies (Aggarwal, 2009). So, there is 
need of hour to work at national and regional levels to combat 
the challenge of climate change and its impacts. 

CONCLUSIONS 
The conclusive results make it clear that the 

problem of climate change is real with varied consequences 
on regional scale. The impact of projected future climate 
change may be felt more severe, especially on the hydro-
meteorological hazards. In spite of the uncertainties about 
the precise magnitude of climate change and its possible 
impacts on the NW region of India, mitigation and adaptation 
measures must be taken to anticipate, prevent or minimise 
the causes and adverse effects. From time to time, it is 
necessary to evaluate the efficacy of various strategies or 
coping mechanism that may reduce vulnerability towards 
climate change. There is a need to prepare the communities, 
institutions and governments of the region to anticipate the 
consequences of climate change and evolve suitable and 
cost-effective adaptation responses. In addition to enhancing 
scientific understanding, it is imperative to generate useful 
information on the basis of which practical interventions can 
be crafted for strengthening links between policy makers, 
planners and practitioners. 
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