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Advances in Generating Locally 
Relevant Climate Change Information 
 
 
Climate change is affecting the amount and timing of water reaching our 
rivers and streams. To continue to manage systems effectively and minimize 
risks, water managers and planners conduct climate impact assessments, 
which use computer models to project future changes, their associated risks, 
and opportunities for adaptation. This requires careful consideration on how 
to make global-scale climate change information (with spatial resolutions of 
hundreds of kilometers) appropriate for local-scale impact assessments. 

THE CHALLENGE 
While climate change is occurring globally, changes are felt locally.  
However, global climate models do not produce information at locally 
relevant scales.  Therefore, water managers and planners use “downscaling” 
methods to convert global climate data to decision-relevant spatial scales.  

One of the more reliable ways to perform this downscaling is through the use 
of high-resolution regional climate models; however, such models are too 
computationally expensive to be run for long time periods.  As a result, water 
managers often rely on simpler, statistical methods to downscale climate 
data. Such statistical methods however do not include atmospheric dynamics, 
and, therefore, may not represent local climate changes as well. 

FACING THIS CHALLENGE 
Scientists and engineers in RAL's Hydrometeorological Applications 
Program at the National Center for Atmospheric Research are collaborating 
with the U.S. Army Corps of Engineers, the Bureau of Reclamation, and the 
University of Bergen to develop a more computationally efficient form of 
regional climate modeling, the Intermediate Complexity Atmospheric 
Research model (ICAR).  ICAR combines large-scale atmospheric 
circulation from climate models with Linear Mountain Wave theory, a 
mathematical solution for determining the effect of mountains on 
atmospheric winds, to generate wind fields and calculate the motion of air 
parcels within the atmosphere. Then ICAR performs detailed full-physics 
calculations relating three-dimensional water vapor and temperature to the 
formation of clouds, rain, and snow.  The resulting precipitation predictions 
are similar to those predicted by a full-complexity regional climate model 
(WRF), and to the PRISM observed dataset (illustrated in the figure). The 
source code for ICAR, along with a growing library of documentation, is 
freely available at https://www.github.com/NCAR/icar. 

Precipitation totals [mm] simulated 
by (a) WRF, (b) ICAR, and estimated 
by (c) PRISM for the winter of 2000-

2001. 
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SCIENTIFIC ADVANCES 
ICAR provides a new way of generating local climate information that captures local atmospheric dynamics and 
is computationally efficient, freeing water managers and planners from needing to choose between statistical and 
dynamical downscaling methods. 

§   Physical processes. ICAR provides a method of downscaling that is derived from physical principles, and 
incorporates some of the most advanced cloud and precipitation calculations in the scientific literature. 

§   Computational efficiency. ICAR simulations can be performed 100 to 1000 times faster than a comparable 
simulation with a traditional regional climate model. 

§   Skill in current climate. ICAR’s representation of the precipitation that forms mountain snowpack, which is 
of great importance to those managing water resources in the western U.S., is excellent. ICAR explains 
85-95% of the variability represented in a much more complex regional climate model, and is highly 
correlated with observed precipitation. 

§    Flexibility. ICAR has been designed to use a variety of model inputs and can easily be used to evaluate the 
influence of different physical assumptions on the downscaling process. 

MOVING FORWARD 
§   Current work is focused on improving the skill and physical process representation of ICAR, particularly 

for convective precipitation and land surface feedbacks. 

§   ICAR is being used to generate downscaled climate datasets for the United States, including Alaska and 
Hawaii. 

§   ICAR is being evaluated in a variety of environments, including tests in the Alps, Norway, the Himalayas, 
and Chile. 
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