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1. Introduction

Numerical Experiments
oo

Motivations
Orography exerts amajor influence on precipitation and land surface
processes including snowpack and runoff

The impacts of large scale variability such as that associated with ENSO on
the surface climate are modulated by the complex terrain to create important
regional differences

Improved representation of orographic effects in climate models can lead to
improved seasonal climate and hydrologic forecasting skill

Previous efforts in simulating orographic precipitation using mesoscale
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scheme using the AMIP-SST-as-lower boundary conditions.

model and subgrid parameterizations have identified strengths and -
weaknesses in both approaches .
This study compares these approaches with the goalto identity methods to 1
improve the simulation of orographic effects on precipitation and surface
hydrology in mountainous regions
Regional climate is determined by the interaction of forcings and circulations o8 -
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9 REM simulation (15km resolution)
g The Weather Research and Forecasti ing (WRF) model has been
& applied at 15 km spaua\ resolution to the western U.S. The
2 simulation was driven by the NCEP/DOE Reanalysis and AMIP SST
for 1994-1999.
(3) RCM simulation (30km and 5km resolution)
Another set of WRF simulations h: med usin,
way nesting from 30km to 5km horizontal resolution for 1988-1993.
I WRF used the WSMG cloud microphysics scheme,
5 Noah LSM, and CAM shortwave and longwave radiation
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2. Comparison of Mean Climatology

Mean DJF Precipitation (mm/day)

Obssrvation Precs 085 Surface Air Temp
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m T WRF at 30 km and 5
km spanal resolution with Observations

©)

Be

(1) The WRF simulation has a
general warm bias of up to 4C in

Southwes

(2) The WRF simulated

precipitation s comparable to
rved precipitation along
the coastal range.
separation of the twi
precipitation bands Blong the
coastal range
Cascades/Sierrais well
captured. However, a wet bias is
found along the Cascades and
Sierra Nevada, as well as in the
intermountain west and Rockies.

(3) The CAM simulated
Frec\pnanon is generally much
wer than the observed along
¢ coasial mountains. Further
g et 2 awet pias
ooy b and Rockics

4) At higher spatial resolution

WRI m, 15 km, and 5 km
) there is significant

improvement in simulati

the codstal

range. However, | & wet bias in

Note: Observations are based on a 1/8 degree gridded data developed by the

Surface Hydrology Group at University of Washington

the Cascades and Sierra Nevada
is amplified at higher spatial
resolution.

Surface Elevation (m) and DJF Precipitation (mm/day) Across
Two East-West Transects

3. Analysis on East-West Transects, Elevation-Precipitation Relationships, and Snowpack

River Basins and Subregions Used i the Analysis
Vodel domoin & sutre

(1) Thereis aq bet and
surface elevation in me Northern Rockies, wmcﬁ are not directly

Observed and simulated DJF mean snowpack

Observtion W CH-Subgid RS | under the influence of the maritime air mas:
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Sl d \ i - e o 9)4 very high elevation, there s a tendency for the WRF and
. - = ) simulations to show a wet and dry bias respectivel
K — - : com Sred 15 observations. I e subgnd parameterization,
B X y precipitation amount depends on moisture availability ant
o L orographic uplift. The increase in precipitation with altitude is
reduced or even reversed at very high elevation.
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sl o ] 2 F i i itati i (4) The amplification of precipitation at very high e\evauon in WRF
E o [NWIZE ENT 2 / } H Relationships between precipitation and elevation in could be a resuit of misrepresentation of nmgrapmc uplift
Pkl 1 UZs 5l of s J* 5 4 subregions associated with gravity waves. The wet biases at high elevation are
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(1) The WRF simulation realistically captured the strong ]
precipitation peak associated with me coasla\ range, &
predicted precipitation in the AN, The shift of 5
the precipitation peaks towards the upwmd slnpe side is well 2
reproduced in all mountain ridges.
1) Orography plays.a dominant rle n snow processes in the () Te WRF simulation shows a larger negalive
Sreon Bnd () vation Band (km) western mean SWE reaches as high as 800 mm inthe  bias as a result of a warm bias, partcularly in
(2) The GAM subgrid simulation has a general dry biss associated northern Cascades, Sierra Nevada, and Northern Rockies. the intermountain west and Rockie:
Cascade
Along both transects. the separation between the two precipitation ascades Siera §
bandh associated wih he cossial fange and Cascades/Sierra 3 5 (2) Snotel and remotely sensed SWEs are generally consistent, (5) Increasing spatial resolution has a large
less clear. 3 3 with'slightly higher values in the snotel dataset. impact on snovipack, as the high ferrain cannot
g H e realistically represented at 30 km or even
(3) The CAM simulation has a tendency for precpitation (o £ £ @8 the elevation m resolution
maximize at the mghles( e\'evauan rsmer i e uhpwmﬂ slopes 2 caplwlng the deeper snowpack along the Cascades and Sierra
This reflects the neglect of rainshadow effects in the subgri 3 £ O
orographic precipitation treatment (i.e., areas belonging to the £ = £ =
same subgrid elevation class receive the same amoun e < = z| -
recipitation). Rainshadow is resolved at the explicit 3 H H =~
resoluton (11,25 degree) and it effects are capiured east of the =
Cascades and Sierra !
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4. Interannual Variations and

Monthly mean precipitation (mm/day) (left) and precipitation
bias (right) for 1994 — 1999
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(1) Driven by realistic large scale circulation, the WRF simulation
Saptures the nterannual variations of precipitarion very vl
observations. The hown on the right
Uggest an overprediction of oISture Somvergence into the s ver
badins during the cold season that remains nearly constan from
year to year. This results in a wet bias of 20-30% in the cold
£eason basin mean precipitation.

2) Driven only by AMIP SST, the CAM simulated large scale

Circulation does not reflect the interannual variations that were
bserved during 1994 — 1999. The dry bias in the Sacramento-San

Joaquin basin suggests a bias in the location of the jet stream.

(1) The seasonal cycle of precipitation in the
western US is dictated largel e large
scale circulation. However, topography also
plays an important role in defining some
regional differences.

2)In the western US, precipitation usually
peaks in the winter time, as ab

PaiSture 1 brought in tiom the Pacihc
Ocean. Further inland and in the Southwest,
however, precipitation peaks in the summer
as related to different moisture sources
(9., monsoon).

(3) In Colorado, there is a large diversity in
as airflow interacts with the
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complex terrain differently in the winter and

(4) The figures on the left show the
seasonality of precipitation in 20 different
focations in Colorado State. The WRF
simulation captures the diverse timing
(single peak vs multiple peaks, summer vs.
winter peaks) of seasonal peak(s).

(5) In the CAM simulation, there is less
diversity of semnnamy precipitation. While
some areas are dominated by a singie peak
T the Summe others show very hle
seasonal variations.

5. Summary and Future Work

1) Two approaches to model cold season orographic precipitation have

been compared: high resolution modeling using WRF ar

parameterization in'a GGM. Results have heen compared with gbserved
in the western US.

@) The WRE simulation realistically captured features including the two
separated precipitation bands along the coastal range a

Cascades/Sierra and a shift in the precipitation peak owards the upwind
siopes. However, similar to the findings from previous studies (e.g.

Letng and Gian 2003), precipitation s much higher than the observed on
the windward slopes of the Cascades and Sierra Nevada. This effect is
amplified as spatial resolution increases. Increasing spatial resolution,
however, greatly improves the simulation along the coastal range.

@) riven by realistic large scale circulation, and with detailed

the WRI displayes realistic
variations at the seascna\ and m(erannual time scales. This suggests is
able to capture the interactions between large scale circulation and the
topographic variations.

@ The cam gen result
large scale biases. Ramshadow effects are well captured at the larger
scale by the explicit resolution, but not resolved at the smaller scale by
the subgrid parameterization.

(5) Future work will investigate the wet biases along the Cascades and
Sierra Nevada in the WRF. simulation mmugn more detailed analysis of

e 3D and nder different large
using 2D

scale and

(6) We will perform WRF simulation driven by the CAM large scale
circulation for more direct comparison of the orographic effects in the
WRF and subgrid simulations.
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