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Occurrence of devastating extreme rainfall / cloud burst events (about 310 mm 

rainfall on 16th June, 2013 in Kedarnath) in Uttarakhand, recently in Jammu & Kashmir 
over 400 mm rain from 4th to 7th September 2014 as well as the crippling flood havoc in 
Assam / Arunachal Pradesh in August 2014 (massive flooding by Subansiri and Jiadhol 
rivers) has brought to fore our pitiably poor preparedness for such disasters, and also the 
great urgency to evolve mitigating strategy for Himalayan river systems on 
interdisciplinary footing so as to save precious human lives besides property.  

It is predicted that changes in the total amount of precipitation, its frequency and 
intensity directly affect the magnitude and timing of run-off and the intensity of floods and 
droughts. Run-off in the Himalayas for example is affected by snow cover, the monsoon 
and cyclones, all of which may be affected by climate change (IPCC, 2001). 

Mountains are major climate determinant and large scale orography has a 
pronounced effect on atmospheric flow patterns. A precise understanding of the spatial 
and temporal behaviour of climate parameters and their projected change in mountain 
areas is hampered by the lack of measured data in complex topographic terrain and the 
difficulties to represent large mountain ranges in General Circulation Model (GCMs) 
(Beniston et al., 1997). Especially predicting changes in precipitation patterns in 
mountains pose additional challenges due to the inadequate representation of the local 
effects of topography on precipitation in most GCMs (Beniston, 2003). 
 In addition to this, there is an intricate set of natural climate determinants that are 
known to influence the Asian monsoon; the El Nino - Southern Oscillation (EN SO) 
condition and the Eurasian snow depth levels.  

Snow pack levels, specifically on the Tibetan Plateau (TP), also plays critical role 
in the variation in inter-annual precipitation. Upper-tropospheric air temperatures above 
TP are among the warmest on the planet because of the heating of the elevated land with 
altitudes of over 3500 m. The tropospheric temperature gradient between the TP and the 
Indian Ocean is shown to be associated with the Indian monsoon rainfall (Fu and Fletcher, 
1985).  

The snow depth on the TP affects the land surface thermodynamics and reduces 
this thermal gradient. Climate change will affect the stream discharge characteristics 
significantly and will lead to more severe and more frequent flooding (Warrick et al., 1996)  

The historical analysis of precipitation and temperature revealed that there is a 
clear increasing trend in temperature at an average rate of 0.60 C /100 year, with the 
largest increases in spring. The widening distribution of summer precipitation indicates a 
potential increase in extreme events (Immerzeel, 2008). 



The small glacier area percentage of a few percent indicates that the glacier-
impact on river run-off in the lower part of the river basins studied will be small. This is in 
contrast to perceptions found in media and parts of the public, that the lowlands around 
the Himalayas will be heavily affected by river run-off changes due to glacier shrinkage. 
Such effects, however, increase towards the headwaters regions with glacier cover where 
depending on the glacier climatic setting, and on the natural and socio-economic 
vulnerability, glacier shrinkage can thus have a significant impact on populations in 
glaciated high mountains (Nayan Sharma and Wolfgang Albert Flugel, 2014). 

The areas underlain by permafrost in the Himalayas are significantly larger than 
the glaciated areas. The impacts of permafrost changes on the river-runoff are still hardly 
understood, but could in cases such as in the Himalayas cause potentially large impacts 
(Nayan Sharma and Wolfgang Albert Flugel, 2014). 
 In the past years there has been a growing appreciation within the scientific and 
engineering communities that Integrated Water Resources Management (IWRM) as 
defined by the GWP (2000) can only be implemented within an interdisciplinary 
framework.  

The high vulnerability populations tend to be in those areas that are rural and prone 
to flooding (wetlands). This is to be expected where populations are exposed to the 
damaging effects of flooding as well poorer populations being marginalised to these areas 
more generally (Nayan Sharma and Wolfgang Albert Flugel, 2014). 

Challenges still arise in the integration of various compartments of an IWRM 
approach, not only between social and natural sciences, but also within the underlying 
sub-dimensions. However, as socio-economic issues are major drivers and subjects of 
climate change, it is inevitable to consider them through the application of a vulnerability 
approach (Nayan Sharma and Wolfgang Albert Flugel, 2014). 

As reiterated by the findings of research briefly reported herein, the ongoing 
phenomenon of climate change has started impacting the natural environment in various 
forms such as recession of glaciers, reduction in snow cover area, radical changes in 
devastating flood and drought events, sedimentation and erosion besides unpredictable 
occurrence of cloud burst flood spells as occurred in Uttarakhand rivers like Mandakini;  
the recent extreme rainfall events in Jammu and Kashmir severely impacting rivers like 
Jhelum, Tawi and Chenab; and the crippling flood havocs in Assam & Arunachal Pradesh 
by the Subansiri and Jiadhol rivers.  

Obviously, such intense rainfall causing extremely devastating floods warrant 
interdisciplinary mitigating strategy by involving natural scientists, engineers, social 
scientists and socio-economists. 
 
Management Intervention Issues   

 
It has now become a task of great urgency to scientifically evolve and implement 

robust, reliable, and cost-effective management interventions for the highly vulnerable 
Himalayan streams so as to scale down impacts of disasters. Prime issues relate to 
stream restoration involving enhanced channel conveyance capacity, comprehensive 
watershed management, technical appraisal on safety of flood control structures along 
with bridges and hydraulic structures, legal and administrative action on flood risk 
zonation.  



 
Stream restoration should ideally address geomorphology, river engineering and 

stream ecology in an integrated approach. Mostly, no streams are in equilibrium because 
the requisite constancy of the driving conditions of water and sediment supply is usually 
uncommon, if not rare.  

Stream restorations have a tendency to fall into one of two spatial scales - either 
channel reach scale or catchment scale. The reach scale is too limited in its consideration 
of channel morphology, making the catchment scale preferred.  

Accounting for changes in land use and human activities, more complex 
evolutionary trajectories could be identified if probable effects of climate change, large 
floods, or remarkable land use changes can be considered.  

Furthermore, it will be essential to develop mathematical models for the hilly 
streams and watersheds for the purpose of real time flood forecasting, channel flood 
conveyance improvement planning etc. These mathematical models along with optical or 
microwave satellite images and Digital Elevation Model will be useful tool for regular 
monitoring of river behaviour to enable interventions as well as better preparedness for 
disaster management to avert human tragedy that occurred in Uttarakhand, Jammu & 
Kashmir, and in Assam.  
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