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Mr. Kofi Annan, the erstwhile Secretary-General of the UN remarked in 2015………..  

 
• “The world is reaching the tipping point beyond which climate change may become irreversible. If this 

happens, we risk denying present and future generations the right to a healthy and sustainable planet 
- the whole of humanity stands to lose”.  

 

The Paris Agreement 2015……… 

 

• framed during the twenty-first Conference of Parties (COP21), called on all nations to collectively limit 
global warming to 2°C below pre-industrial levels (1850-1900) and to pursue efforts to limit the 
increase to 1.5°C. 
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GLOBAL SCENARIO 

As per the report of the UN's Intergovernmental Panel on 

Climate Change (2021) 

 

• The emissions of greenhouse gases (GHGs) from human activities 
are responsible for ~1.1°C of warming since pre-industrial times.  

 

• Further, limiting global warming to close to 1.5°C or even 2°C over 
pre-industrial levels will be "beyond reach" without "immediate, 
rapid and large-scale reductions" in greenhouse gas emissions.  
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Evolution of global mean surface temperature (GMST)  

over the period of instrumental observations. 
 

Source : IPCC - AR5 



GLOBAL SCENARIO 

• As per UN World Water Development Report 
2020, Climate change will affect the 
availability, quality and quantity of water for 
basic human needs 

 

• Climate change will make extreme events 
more severe by altering the timing, intensity 
and duration of their occurrences 

 

• Alteration of the water cycle will also pose 
risks for energy production, food security, 
human health, economic development and 
poverty reduction 
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Indian Scenario 

 
Indian Meteorological Department……. 

 

• Monitors the climate parameters and provides annual climate statement to the country, WMO and IPCC.  

 

• The year 2024 is termed by WMO as the warmest year in the 175-year observational record with a global 

mean surface temperature of 1.55±0.13 °C above the 1850-1900 average.  

 

• This marked the warmest year since nationwide records began in 1901, surpassing the previous highest 

temperature observed in 2016. 
 
 
 
 

Source: IMD Annual report  
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Indian Scenario 

“Assessment of Climate Change over the Indian Region” (2020) 
 
Relevant Extracts from a report of the Ministry of Earth 
Sciences, Government of India ……. 

 
Since the middle of the twentieth century, India has witnessed  
             rise in average temperature;  
  a decrease in monsoon precipitation;  
  a rise in extreme temperature, droughts, and sea levels;  
  as well as increase in the frequency and intensity of  

 severe cyclones.  
 

By the end of the twenty-first century, average temperature over 
India is projected to rise by approximately 4.4°C relative to the recent 
past (1976–2005 average), under the RCP 8.5 emission scenario 
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Impacts-Adaptation-Mitigation 

Source : ICOLD 
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Impact of Climate Change on Droughts 

“Assessment of Climate Change over the Indian 
Region” (2020)……..Relevant Extracts 

 

DROUGHTS 

• The frequency and spatial extent of droughts over 
India have increased significantly during 1951–2015. 
An increase in drought severity is observed mainly 
over the central parts of India, including parts of 
Indo-Gangetic Plains (high confidence). These 
changes are consistent with the observed decline in 
the mean summer monsoon rainfall.  
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Impact of Climate Change on Floods 

“Assessment of Climate Change over the Indian 
Region” (2020)……..Relevant Extracts 
 
FLOODS 

 
• Flood frequency and associated risk are projected to increase 

over the major river basins of India, with a higher risk for the 
Indus-Ganges-Brahmaputra river basins in a warming climate.  
 

• The enhanced flood risk is likely due to increasing stream flow 
and run-off associated with the projected increase in frequency 
of extreme rainfall events over the major Indian river basins and 
is compounded by glacier and snowmelt over the Indus-Ganges-
Brahmaputra.  
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Impact of Climate Change in the Himalayas 

 
“Assessment of Climate Change over the Indian 
Region” (2020)……..Extracts 
 
Climate Change in the Himalayas 
 
 
• The annual mean surface-air-temperature in the Hindu Kush 

Himalaya (HKH) increased at a rate of about 0.1 °C per decade 
during 1901–2014, with a faster rate of warming of about 0.2 °C 
per decade during 1951–2014, which is attributable to 
anthropogenic climate change (High confidence).  
 

• Several areas in the HKH have exhibited declining trends in 
snowfall and retreating glaciers during the recent decades.  
 

• Future climate projections suggest warming of the HKH region in 
the range of 2.6–4.6 °C by the end of the twenty-first century.  
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GORNERLI DAM AT THE TOE OF GLACIER 

(Case Study from the Alps, Switzerland) 

Source : Julien ROEDER et al. (2025) 
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Impact of Climate Change on Water Security 

Source: ADB : Asian Water Development Outlook 2020 

Sector-wise Future Demand Scenario (BCM) 

Against utilizable water resources of 1121 BCM 

• Basin-wise water availability has wide variations. 
• Climate change impacts unevenly spread out. 
• Construction of water storages and developing 

regional or national water grid.  
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NATURAL DISASTERS 

• Climatological events (extreme temperature, 
drought, forest fire) 

• Hydrological events (floods, mass movement) 

• Geophysical events (earthquake, tsunami, 
volcanic activity) 

• Meteorological events (tropical storms, extra-
tropical storms, convective storm, local storm) 

- Historic, Monster Winter Storm. 
- Weather Emergency declared. 
- Power Grid Operators working hard 
to avoid rotating blackouts. 
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FOREST FIRES 

Source : Forest Survey of India 
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IMPACT OF FOREST FIRES 

Wildfires can have significant impacts on the occurrence and frequency of landslides in several ways: 
 

• Loss of Vegetation: Without this root system to stabilize the soil and rocks, there is an increased likelihood of rockfalls and 
debris flow. 

 

• Loss of Soil Stability: Heat from wildfires can alter soil properties, making it more prone to erosion and destabilization. 

  

• Changes in Hydrological Patterns: Wildfires alter the infiltration rate of a catchment. This can lead to increased erosion and 
can change the catchment flood hydrology. 

 

• Changes to Rock Mass: Intense heat from wildfires can cause thermal stress and expansion in rocks, leading to fractures and 
weakening of rock. 

 

• Increased Weathering Processes: Wildfires can accelerate weathering processes including chemical weathering from altered 
soil conditions and physical weathering from increased freeze-thaw cycles. 
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Forest Fire and High Debris Flow 
(Case Study of Wenner Lake Dam, USA)  

• Lightning started several forest fires which eventually burned 
around 1000 sq km of forest  in Washington State USA. High 
runoff flows along with debris flows blocked the dam spillway.  
Interesting facts to note are: 

• Rainfall in the watershed was of the order of only a 5-year event.  

• Estimated flows from the fire event were 7 to 8 times larger than 
the predicted flows from a 1000-year local storm event.  

• Approximately  10-fold reduction in surface infiltration.  

• As a result of this flood and the failure, the Washington State 
DSO recommended dam safety protocols for burned watershed 
hydrology calculations. 

Rabel Dam (Wenner Lake No.4) spillway blocked by 
debris flow during the 2014 wildfire and rainfall event 

Timothy MOTE et al. 

(2025) 
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Climate Change - Impacts on WR 

Glacier 

Drought/ flood  

Impact on Water Quality 

Increased drought & flood events – same 
amount of rainfall in shorter duration 

Decline in the glaciers in the Himalayas 

Increased saline intrusion of coastal & 
island aquifers due to rising sea levels 

   

Impact on Dam Safety 
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ADAPTATION 
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SIGNIFICANCE OF DAMS IN  
ADAPTATION AND MITIGATION 

1. Economic development objectives :– irrigation, hydropower, navigation, tourism, 
recreation, navigation. 

2. Climate Risk mitigation :– Building resilience against flood and drought impacts, 
Absorb the hydrological shocks, Key role in energy transition through Hydro/PSH. 

3.   Human health objectives :– drinking water supply, wastewater treatment and  
 sanitation  

4. Ecological protection and enhancement – protecting and/or restoring  wetlands, 
rivers, flood plains and riverine environments, ground water recharge 

5. Inter-Basin transfer of water, Regional or National Water Grid  
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Adaptation to Climate Change 

 
• Climate Change poses challenge to water, dam and 

hydropower professionals introducing uncertainty in future 
hydrological assessments. 

• Future projections cannot provide the decision-makers with 
precise information regarding the rate of future changes. The 
information however is of immense use that could serve initial 
assessment.  

• Informed Adaptive Management is the key. 
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CLIMATE CHANGE ADAPTATION FRAMEWORK 

Source: ICOLD BULLETIN 169 
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CLIMATE CHANGE ADAPTATION 

No regrets approach for adaptive management 

Source: ICOLD BULLETIN 169 
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Functional Adaptation Measures 

SELECT INTERVENTIONS 
• Developing or improving hydrological forecasting tools including the development and application of 

appropriate measures to deal with extreme hydrological events.  
• Developing of improved technologies to evaluate the performance of projects and to identify ways of operating 

them under modified climatic conditions.  
• Bringing changes to operating rules such as revised reservoir level limits in order to provide an increased flood 

storage buffer.  
• Improvements to the communication and decision-making process used by various stakeholders.  
• Carrying out studies directed at identifying the impacts of climate change upon the various users of water within 

a watershed.  
• Creation of regulatory bodies that are mandated to develop and apply improved operating strategies.  
• Promotion of educational efforts that are targeted with informing citizens of the impact of climate change, with 

the hope of finding adaptive measures that would compensate for the impacts and reduce negative impact on 
dams and reservoirs.  

• Improvement of mathematical models to evaluate the impact of climate changes.  
• Restricting the development of land within the zones susceptible to flooding.  
• Modification of engineering design practices so that non-structural adaptation can be considered as an integral 

part of the design process which must be considered in conjunction with proposals for structural change.  
Source: ICOLD BULLETIN 169 
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Structural adaptation measures 

SELECT INTERVENTIONS 
• Increase in the capacity of the spillway works and/or the provision of emergency spillways.  
• Change the number and type of water control gates, both for flood management and water release 

requirements.  
• Add controllable gates to free overflow spillways in order to provide greater regulation of flood 

peaks.  
• Modify the dimension of canals or tunnels that are for water transfer.  
• Create new upstream storage reservoirs and re-consider the multi-purpose potential of new 

reservoir projects.  
• Modify the active storage capacity of reservoirs by increasing the height of the storage dam and/or 

raising the sill level of the overflow works.  
• Increase the amount of freeboard above top water level in order to accommodate predicted 

increases in flood rise and wave surcharge values.  
• Replace or reinforce upstream slope protection such as riprap to provide satisfactory erosion 

protection under increased dynamic loading from waves.  
 

Source: ICOLD BULLETIN 169 
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MITIGATION 
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Snapshot of the floods during 2005-2019  

YEAR REGION/FLOODS 

2005 (JULY) MUMBAI 

2007(AUGUST) BIHAR 

2008(AUGUST) BIHAR 

2012(JUNE) BRAHMAPUTRA 

2013 (JUNE) UTTARAKHAND 

2013(JULY) BRAHMAPUTRA 

2014(SEPTEMBER) KASHMIR 

2015(JUNE & 
AUGUST) 

ASSAM 

2015(JULY) GUJARAT 

YEAR  FLOOD 

2015(NOVEMBER) CHENNAI 

2016(JULY) ASSAM 

2017(JUNE & JULY) NORTH-EAST  

2017 (JULY) BIHAR 

2017(JULY) WEST BENGAL 

2017 (JULY) GUJARAT 

2017(AUGUST) MUMBAI 

2018(AUGUST) KERALA 

2019 (JULY, 
AUGUST, 

SEPTEMBER) 

WIDESPREAD OVER 
THE ENTIRE 
COUNTRY 
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TEHRI DAM, UTTARAKHAND 
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Post & Pre-Tehri Flow Pattern, Ganga at Rishikesh

Pre-Tehri Avg Flows

Post Tehri Flows

Tehri dam commissioned in July 2006, Multipurpose project (3.54 BCM Gross, 2.615 BCM live 

storage, provision of 2.70 lakh ha additional irrigation, stabilization of 6.04 lakh ha command in 

U.P., Drinking water 162 MGD to Delhi, 108 MGD to U.P., 1000 MW power 

Post monsoon flows 
augmented by up to 70 %  
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Flood Mitigation by Tehri dam (2013 Flood) 

  

Tehri dam mitigated flood peak by 7000 cumec and saved 
Rishikesh and Haridwar from flood devastation 
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FLOOD MITIGATION BY BHAKRA DAM  
(AUGUST 2019 FLOOD) 

 
Operation of Govind Sagar reservoir of Bhakra dam during flood event of 17-18 August 
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FLOOD MITIGATION BY PONG DAM   
(AUGUST 2019 FLOOD) 

 Operation of Maharana Pratap Sagar reservoir of Pong Dam during flood event of 17-18 August 2019 
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Conference of Parties to the UNFCCC (COP26) 

At the Conference of Parties to the UNFCCC (COP26) in Glasgow, India has made the following 
announcements to be achieved by the year 2030. 

 

i) India will reach its non-fossil energy capacity to 500 GW. 

 

ii) India will meet 50% of its energy requirements from renewable energy. 

 

iii) India will reduce the total projected carbon emissions by one billion tonnes. 

 

iv) India will reduce the carbon intensity of its economy by less than 45%. 

 

v) India’s commitment to net-zero emission by 2070. 



Climate-Resilient Dams and Hydropower Infrastructure: Integrating Environmental Sustainability in Planning and Development 

Installed Generation Capacity (Fuel-wise) in India 
(as on 30.11.2025) 

Source: CEA 
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Chengdu Declaration on 
Dams and Reservoirs for Energy Transition and  

Adaptation to Climate Change 
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Chengdu Declaration on 
Dams and Reservoirs for Energy Transition and  

Adaptation to Climate Change 
Extracts from select Recommended Actions (5/10): 
1. New storage is needed for energy transition and to maintain the 

traditional benefits of dams under the new challenging conditions 
shaped by climate change. 

2. Policy makers and civil society to focus on sustainable pumped storage, 
storage based hydro-schemes, to balance growth and energy transition 
towards the net zero pathway. 

3. Introduction of energy storage as a new official use of reservoirs in 
water acts and permitting regulations, to facilitate effective energy 
transition and modern water management adapted to current needs.  
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Chengdu Declaration on 
Dams and Reservoirs for Energy Transition and  

Adaptation to Climate Change 

4. Urgent policy reforms are needed to enable energy transition, and 
to ensure equity in energy access, guaranteeing the financial 
feasibility of storage-based hydropower and pumped storage 
projects, as keys for the energy transition commitment. 

5. Strengthening dam safety management through rehabilitation and 
upgrading, including surveillance, real time flow forecast and early 
warning systems to enhance resilience, optimized reservoir 
management operation, smart regulation, and capacity building, in 

face of extreme events exacerbated by climate change. 
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CLIMATE RISKS AND SUSTAINABLE FINANCE 

“Physical risk7” means the economic costs and financial losses resulting from the increasing severity and 
frequency of: 

 

• Acute Physical Risks 

 

Extreme climate change-related weather events such as floods, heatwaves, landslides, storms and 
wildfires. 

 

• Chronic Physical Risks 

 

Longer-term gradual shift of the climate such as changes in precipitation, extreme weather variability, 
ocean acidification, and rising sea levels and average temperatures 

 

• Indirect effects of climate change: 

 

Loss of ecosystem services (e.g. water shortage, degradation of soil quality, or marine ecology). 
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DAMS : KEY TO CLIMATE CHANGE ADAPTION AND 
MITIGATION AND SECURING THE HYDRO GIGAWATTS 

• Apart from the conventional benefits, dams play a significant role in 
providing resilience against the impacts of climate change, adapt and 
mitigate the extreme  events of floods, droughts and other hydrological 
shocks. 

 

• Dams are vital for water, food, energy and health security of the country. 

 

• In order to add the targeted GW of hydro and pumped storage capacity by 
the year 2030 and 2050 to fulfill the announced energy transition goals, 
storage, run-of-river and pumped storage dams would have a significant 
part to play.  
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THANK YOU 

Thank You 


