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Climate variability and climate change will have important impacts on the hydrologic cycle at 
different temporal and spatial scales. The temporal scales could vary from a very short time 
interval of 5 minutes (for urban water cycle) to a yearly time scale (for annual water balance 
computation). The spatial resolutions could be from a few square kilometers (for urban and rural 
watersheds) to several thousand square kilometers (for large river basins). General Circulation 
Models (GCMs) have been recognized to be able to represent reasonably well the main features 
of the global distribution of some basic climate parameters, but these models so far could not 
reproduce well details of regional climate conditions at temporal and spatial scales of relevance 
to hydrological investigations. In other words, outputs from GCMs are usually at resolution that 
is too coarse (generally greater than 2.0o for both latitude and longitude, and greater than 200km 
for middle latitudes) for many climate-related impact studies. Hence, there is a great need to 
develop tools for downscaling GCM predictions of climate change to regional and local or 
station scales. In recent years, different downscaling methods have been proposed in a number of 
studies around the world. Of particular importance for the management of water resources 
systems are those procedures dealing with the linkage of the large-scale climate variability to the 
observed characteristics of the surface parameters of interest (e.g., precipitation and 
temperature). If this linkage could be established, then the projected change of climate conditions 
given by a GCM could be used to predict the resulting change of the selected surface parameters 
for hydrological impact studies. The required linkage could be developed using a wide range of 
downscaling methods. 

In general, two broad categories of downscaling procedures currently exist: dynamical 
downscaling (DD) and statistical downscaling (SD). DD procedures are mainly based on 
regional climate models (RCMs) that describe the climate processes using fundamental 
conservation laws for mass, energy and momentum. DD methods contain thus more complete 
physics than SD techniques. However, the more complete physics significantly increases 
computational cost, which limits the simulation of a climate by RCMs to typically a single 
realization. On the other hand, SD procedures, which relied mainly on the empirical relationships 
between large-scale atmospheric variables and surface environment parameters, are relatively 
fast and much less expensive. These advantages of the SD allow the users to develop a large 
number of different climate realizations and thus to be able to quantify the confidence interval of 
simulated climate variables. In addition, SD methods can directly account for the observed 
weather data available at the study site. The results are hence more consistent with the local 
climate conditions. 

The main focus of this lecture is therefore to provide a review, from both theoretical and 
practical viewpoints, of some recent progress in the development of downscaling methods that 
could be used for assessing accurately the potential impacts of climate variability and change on 
hydrological regimes. Of particular interest is the ability of downscaling techniques to simulate 
accurately the characteristics of precipitation and temperature extremes at a local site since these 
two parameters are the main components of the hydrologic cycle.  


