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Our goal is to improve the seasonal forecasts in the North American Monsoon region by Egl\jgltssuch as WRF, provide a more realistic Index, such as 1997 (1988), show
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1. WRF should retain or enhance variability of larger-scale features provided by the driving temporal variability of rainfall. region with a slightly smaller spatial
global model (i.e. those on the synoptic scale) 800 extent. The anomalies in the north- .
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component of these forecasts. Recently, NCEP has produced a comprehensive long-term
retrospective hindcast ensemble forecasts for the years 1980-2005, as described in Saha
et al. (2006), for climate research purposes. For each hindcast year, an ensemble of
approximately 10-15 members is produced, generated by different initializations by NCEP
Reanalysis 2 at the beginning of each month.

Figure 2: Notth American Monsoon region and the eight sub-regions delineated

as seen in observations (OBS-blue), modeled by the CFS global model (CFS-red) and WRF-
by the NAME, Region 1 and 2 are of partcular nterest in our study.

Figure 3: 1982-2000 climatology of JIAS accumulated precipitation in each of the eight NAME regions 5
dounscaled CFS (WRF-green). CFS and WRF are averaged over all 9 ensemble members.

Spatial and Temporal Variability of Precipitation

WRF simulations show more rainfall and are much closer to observations than precipitation from
the CFS driving model (See Figure 3). The regional differences throughout NAME are accurately
captured. Notably, rainfall in the core monsoon region and in Arizona is significantly improved in

The CFS model demonstrates:
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Interannual Variability of Precipitation
NAM rainfall is modulated in part by SSTs in the Pacific
recycling. In general, these are poorly Ocean that in turn cause an atmospheric teleconnection

w represented in global atmospheric models - response in the warm season. The Combined Pacific

Lo ead Variability Mode (CPVM) (Castro et al. 2007) is an index that

) . . .
relates well to this large-scale influence on monsoon rainfall.
o WP P i n conclusion, using the WRF regional climate model to dynamically downscale CFS global

projections does improve the seasonal forecast in the NAM region because:

The precipitation regressions show that the CFS and WRF data are accurately capturing the low precipitation
anomaly in the NAM region. WRF anomalies show a more realistic spatial pattern as they extend further north than
the CFS driving model. The positive anomalies in the northern part of the country are not as well captured. It is
important to note that CFS model biases have not yet been corrected.
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Spectral Nudging in WRF Figue 5. Cartoonexplaning the
RCMs loose synoptic scale variability from the driving GCM when forced only at its lateral
boundaries. By using spectral nudging, in which selective nudging at only the largest scales

takes place throughout the whole domain of the model for prognostic fields like geopotential

teleconnection _patterns that _affect
nterannual NAM variabilty taken from
Castro et al. 2001 (Lef). Monsoon
Index that shows the strength of the
teleconnection pattens taken- from
Castro et al. 2008 (Right).

. WREF is better able to capture the physical mechanisms that drive warm-season convective
processes in the region - largely dominated by topographical controls.

height, winds, and temperature. The nudging is confined to the upper-levels of the atmosphere
above the boundary layer. In this way, the variability of the synoptic scale circulation features
may be maintained during the model integration, while allowing the RCM to still add value at the
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smaller scales. For this work, we use the spectral nudging technique in Miguez Macho et al. e
(2005) recently implemented in the WRF model.
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. While CFS underestimates precipitation throughout the region, WRF-downscaled CFS is much
closer to observations both in total amount of rainfall falling during the NAM and the seasonal
evolution of precipitation variability.

. CFS shows some skill at capturing the circulation patterns that modulate summer monsoon
rainfall in the NAM region.

. Driven with a reasonable representation of large-scale circulation, WRF simulations show
realistic interannual variability of monsoon rainfall.




