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Research conducted under the NERC QUEST-GSI project1 seeks to provide a systematic understanding of the 
effects of policy measures to reduce greenhouse gas emissions. This knowledge is of critical importance to current 
dialogue and debate (e.g. Copenhagen Climate Summit) regarding measures to mitigate and adapt to climate 
change. As part of this research, the impacts of scaled increases in global mean air temperature (1.0ºC to 6.0ºC in 
1.0ºC increments) on freshwater resources and water resources stresses are, for the first time, being quantified at the 
basin scale - the scale at which strategies to adapt to climate change and accelerated development are developed. The 
impacts of defined climate and socio-economic scenarios (IPCC SRES A1b, A2, B1, B2) on freshwater 
availability are also being assessed. The research, led by UCL Geography, features collaborations with institutions 
from China, South Africa, Brazil and Canada, and is being conducted in basins covering a broad range of 
climate, environmental and developmental conditions in Africa, Asia, and the Americas.  

 
KEY MESSAGES 

 
1) Uncertainty in projections of hydrological change 
We find substantial uncertainty in current projections of the impacts of climate change on water 
resources. The magnitude of this uncertainty is such that, in most basins, it prevents a clear 
indication of projected changes in the quantity and seasonality of water resources as a result of 
climate change. The single, greatest source of uncertainty in hydrological projections derives from 
the range of climate projections generated by a subset of 7 GCMs (HadCM3, HadGEM1, IPSL, 
CCCMA, CSIRO, NCAR, MPI) selected from the IPCC 4th Assessment Report deliberately to 
cover the full breadth of possible projections of future climate. We recognise that reducing 
uncertainty associated with the choice of an applied GCM at the global scale is problematic as the 
output from each GCM is currently considered to be of equal probability. At the basin scale, we 
recognise further that prioritising or weighting GCMs on the basis of their ability to represent the 
mean climate and historic climate variability of a particular region is undermined by two 
important scientific realities: (1) adequate representation of regional climate and its variability by 
an individual GCM may, unless rigorously demonstrated, be fortuitous; and (2) the ability of an 
individual GCM to simulate adequately past climate does not necessarily reflect its ability to 
represent the impacts of radiative forcing on future climates. Despite the magnitude of estimated 
uncertainty, current hydrological projections have utility in the sense that they alert water policy 
makers and managers to possible hydrological futures that may or may not exceed the capacity of 
a particular basin in a particulate sector to adapt (see point 3 below). 

 
→ way forward 
We recognise that for policy makers and managers to use projections of hydrological change in 
the development and implementation of adaptive strategies to climate change the current 
magnitude of uncertainty needs to be reduced. At the basin scale, prioritising or weighting GCMs 
may be considered on the basis of detailed analyses of the ability of an individual GCM to 
represent (1) a specific characteristic of regional climate of interest (e.g., multi-annual or decadal 
variability) and (2) the impact of radiative forcing. Such an approach could also inform 
probabilistic approaches constrained by their ability to represent regional climate change (i.e., 
constrained ensemble) rather than an unconstrained ensemble of opportunity2. 
 
 

                                                 
1 “Global-scale impacts of climate change: an integrated multi-sectoral assessment” funded by the UK Natural Environment Research 
Council (NERC) under the QUEST (Quantifying the Earth System) program, http://www.met.reading.ac.uk/research/quest-gsi 
2 Allen, M.R. and Ingram, W.J. (2002) Nature 419, 224-232. 



2) Uncertainty in baseline hydrological conditions  
At the basin scale, we note that the application of gridded, global-scale datasets of observed 
climate (e.g., CRU, UDEL, VASCLIMO) can lead to substantial errors in the representation of 
baseline (e.g., 1961-1990) hydrological conditions. Discrepancies are most likely to occur in basins 
where historical meteorological observations are sparse. 
 
→ way forward 
In light of the extreme importance of water resources to livelihoods of communities, we call for 
renewed investment in hydrometeorological monitoring networks and, where feasible, an 
expansion of standard hydrological observations to include basin stores of freshwater (i.e., soil 
water, groundwater). Particular care should be exercised in the use of gridded observational 
datasets to define baseline hydrological conditions over a minimum period (e.g., 30 years).  
 
3) Specificity of vulnerabilities to hydrological change  
We note that vulnerabilities to projected impacts of climate change on water resources are sector 
dependent (e.g., ecology, agriculture, HEP generation, flood management) and often related to 
specific characteristics of projected hydrological change (e.g., rainfall intensity, seasonality, inter-
annual variability, multi-annual to decadal variability). As a result, current metrics of water 
scarcity (i.e., water stress index, relative water demand) based on mean annual freshwater 
availability (river discharge) and demand, mask the impact of hydrological variability and fail to 
inform adaptation.   
 
→ way forward 
At the basin scale, assessments of vulnerability to projected impacts of climate change on water 
resources need to be conducted by sector and focus on specific characteristics of projected 
hydrological change (e.g., low flows, flood events, multi-annual variability) to which communities 
are vulnerable. 
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