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 In 2008, the Water and Power 
Development Authority (WADPA) 
announces "Vision 2025"  
 

 Develop 80 billion cubic metres of water 
storage and add 37,770 megawatts of 
hydropower generation capacity by 2025  
 

 Cost of implementation US$ 32.15 billion*  
      
 
 
(*up to $90 billion including privately funded 
projects) 
 

PROPOSED HYDROPOWER DEVELOPMENT 



CLIMATE RISK INDEX 2012 for 10 MOST AFFECTED COUNTRIES 

Source: Global Climate Risk Index – German Watch (2014) 



Physical Factors 
 
 Dependence on a single major river system – The Indus River 

 
 Source of Indus River is mainly glacier melt, susceptible to temperature changes 

 
 Northern Pakistan’s climate is influenced by three major weather systems:  

• Sub-Mediterranean regime of winter, westerly storms;  
• Indian summer monsoon;  
• Tibetan anticyclone  (Huntington, 2006).  

 
 
Geo-Political Factors 
 
 Source of the Indus River is in an neighbouring country 

 
 Ongoing hostilities between India and Pakistan over Kashmir Region  
 
 India developing upstream hydropower projects 

VULNERABILITY of PAKISTAN to CLIMATE CHANGE 









Socio-economic Factors 

 Socioeconomic fragility 

 Poor infrastructure 

 Indus Basin food basket is dependent on irrigation 

 Population growth 

 Rapid urbanisation and industrialisation 

 Environmental degradation 

 Unregulated utilisation of the resources 

 Inefficient water use  

 Poverty 

 Reliance on hydropower for electricity 

VULNERABILITY of PAKISTAN to CLIMATE CHANGE 



VULNERABILITY of HYDROPOWER to CLIMATE CHANGE 

Projected changes in rainfall intensity/variability and temperature can result in: 
 
 Increased run-off variability  

• glacier retreat  
• intensified monsoon precipitation 
• decreased precipitation in the dry season 

 
 Competing uses for water (e.g. agriculture) 

 
 Increased evaporation losses from reservoirs as a result of rising temperatures 

 
 Increased risk of Glacial Lake Outburst Flooding (i.e. failure of a glacial dam) 

 
 Increased sediment loading  

• Reduced turbine longevity 
• Reservoir sedimentation 





PROJECTED IMPACTS OF CLIMATE CHANGE 

 Increased Temperature Variation  
 
Significant increases in winter mean and maximum temperatures, while mean and 
minimum summer temperatures show a consistent decline (Fowler and Archer, 2006). 
 
 Increased Precipitation  
 
In the upper Indus there has been a statistically significant increase in precipitation since 
1961 (Archer and Fowler, 2004).  
 
 Increased Frequency and Intensity of Extreme Events  
 
Floods – Flooding from abnormally high monsoon rainfalls in 2010 and 2014 killed 
approximately 2000 and 360 respectively (Singapore Red Cross, 2010; Pakistan Red Crescent Society, 2014).  

 
Earth Quakes - A correlation exists between temperature increase and earthquakes as 
glacier melt releases pressure on earth below triggering quakes (Usman et.al. 2009). 
 



TOP NATURAL DISASTERS IN PAKISTAN FOR THE PERIOD 1900 TO 2014 

NUMBERS OF TOTAL AFFECTED PEOPLE  

DISASTER  DATE  TOTAL AFFECTED  

Flood 2014 2,530,000 

Flood  2013  1,489,063  

Flood  2012  4,849,841  

Flood  2011  9,275,568  

Flood  2010  20,202,327  

Flood  2005  7,000,450  

Flood  1992  6,655,450  

Flood 1992  6,184,418  

Flood  1976  5,566,000  

Earthquake 2013  185,150 

Earthquake 2005  5,128,000  

Flood  1973  4,800,000  

Flood  1978  2,246,000  

Drought  1999  2,200,000  

Storm  2007  1,650,000  
Source Pakistan Disaster Network (2015) 



Source: Usman et.al 2009. Effects of Global Warming on the Frequency of Earthquakes in the Northern Areas of Pakistan.  
SCIENCE VISION Vol.15 No.1 (January to June 2009) 











INTEGRATION OF CLIMATE RESILIENCE IN TO “VISION 2025” 

 Two strategies for integrating  climate change resilience: mitigation and adaptation 
 

 Hydropower development is an effective mitigation measure as it reduces reliance 
on carbon based fuels 
 

 Adaptation measures will require a system-scale approach, incorporating  measures 
at the program, planning and project levels.   



INTEGRATION OF CLIMATE RESILIENCE IN TO “VISION 2025” 



Programmatic 
• Multipurpose Projects  
• Run-of-River Projects  
• Program Optimisation (e.g. Cascade Arrangements) 
• Siting of projects 

 
 
System-scale 
• Hydrological Forecasting Systems 
• Integrated Water Resource Management Program  
• System wide Management Plans (e.g. Catchment Management Plans; Basin-wide 

Land Use Planning). 
 
 

ADAPTATION OPTIONS 



Operations 
An integrated and coordinated operations strategy throughout the hydropower system 
will provide additional benefits to minimise the impacts of climate change, including: 
 
• Water Storage  
• Cascades 
• Flood Attenuation 
• Irrigation 
• Environmental Flows 

 
 
Project Design 
• Increasing of dam height 
• Controllable spillway gates (flush silted reservoirs, regulate flow, flood attenuation) 
• Multiple turbine sizes (e.g. low flow and high flow turbines) 
• Over design of canals and tunnels to accommodate projected extremes of water flow.  

ADAPTATION OPTIONS 



RECOMMENDATIONS 

Climate change adaptation measures should take the form of: 
 

 PROGRAM OPTIMISATION 
• Siting of hydropower plants 
• Multipurpose / Run-of-river mix 
• Cascades  

 
 BASIN-WIDE MANAGEMENT SYSTEMS 

• Land Use Management Plans 
• Catchment Management Plans 
 

 OPERATIONAL EFFICIENCIES 
• Water storage 
• Flood attenuation 
• Environmental flows 
• Agricultural irrigation flows 

 
 PROJECT DESIGN 

• Overdesign of infrastructure 
 




