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Abstract Global climate models do not have sufficient spatial resolution to represent
the atmospheric and land surface processes that determine the unique regional
climate of the State of Washington. Regional climate models explicitly simulate
the interactions between the large-scale weather patterns simulated by a global
model and the local terrain. We have performed two 100-year regional climate
simulations using the Weather Research and Forecasting (WRF) model developed
at the National Center for Atmospheric Research (NCAR). One simulation is forced
by the NCAR Community Climate System Model version 3 (CCSM3) and the
second is forced by a simulation of the Max Plank Institute, Hamburg, global model
(ECHAMS). The mesoscale simulations produce regional changes in snow cover,
cloudiness, and circulation patterns associated with interactions between the large-
scale climate change and the regional topography and land-water contrasts. These
changes substantially alter the temperature and precipitation trends over the region
relative to the global model result or statistical downscaling. To illustrate this effect,
we analyze the changes from the current climate (1970-1999) to the mid twenty-
first century (2030-2059). Changes in seasonal-mean temperature, precipitation, and
snowpack are presented. Several climatological indices of extreme daily weather
are also presented: precipitation intensity, fraction of precipitation occurring in
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differences in the precipitation simulations, both simulations project a similar ge-
ographic extent of snow loss and a substantial net loss of snowpack for the state.
The reduced snowpack and earlier snowmelt will alter the timing and amount of
river runoff in the summer, although changes in annual runoff will depend on annual
precipitation changes, which can differ noticeably from one scenario to another.

Changes in extreme events arc also similar in the two simulations. Despite modest
annual-mean precipitation changes in the CCSM3 and ECHAMS global climate
models, local terrain effects amplify the changes in the regional simulations, with
locally opposite signs of changes in some seasons between ECHAMS-WRF and
CCSM3-WREF. Yet, both simulations yield an increase in the measures of extreme
precipitation even though the CCSM3-WRF simulation produced mostly reductions
in total precipitation during winter and spring. Our results show that extreme
precipitation increases over the north Cascades and over eastern Washington in both
simulations. The geographical distribution of this increase clearly follows the terrain
indicating the important role of topography in producing increased precipitation
under favorable synoptic conditions with increase moisture availability in a warmer
climate.

Our results show that, with increased spatial resolution relative to global models,
regional climate models produce local changes in temperature, precipitation, and
snowpack in the State of Washington that vary in important ways from the changes
inferred from the global models and statistical downscaling. This divergence from
the global models is produced by the local forcing of the complex terrain and
interactions among changes in temperature, precipitation, and snowpack. Qualitative
aspects of these changes are consistent between the two regional simulations, despite
differences in seasonal precipitation and temperature changes in the global and
regional model results. These results give good guidance to interpreting the results
of statistical downscaling, for example, by showing whether orographic precipitation
effects are suitably represented in the statistical downscaling. It is clear that changes
in the seasonal climate and the frequency of extreme events may be locally much
more intense than can be inferred from statistical methods. Consequently, multi-
model ensembles of global climate projections and statistical methods may under
represent the local severity of climate change. Nevertheless, there is substantial
uncertainty in projections of extreme events in regional models, both from simu-
lations with a single model and from multiple models. Quantitative estimates of this
uncertainty are required to assess the risk of future extreme events. Future work in
regional climate modeling will therefore focus on large ensemble simulations with
multiple models to better represent the probability of projected changes.
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