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Specific aim: Identify, modify WRF configuration
for optimal simulation of Alaska weather

Challenge of the task
WRF’s various physical packages
WRF developed/tested/evaluated for Lower 48s

Most physical packages developed based on mid-latitude
data

Alaska is extreme (>80K difference between winter, summer
at some locations)




Concept to determine optimal
model setup for Alaska

Reduce # of possible combinations to those
suitable for Arctic conditions
with great performance in previous polar studies of MM5

Choose model domain, period to capture as many observational sites
with data as possible

Perform simulations for reduced # of combinations

Check against persistence, climatology, if worse reject

Evaluate with all available data
Examine average behavior of parameterizations
Calculate forecast skill scores (FSS)
Sort with respect to performance for each FSS
Determine overall ranking




Case study for March 13-18, 2008

Temperatures around
freezing In the South

-30°C or less In the
North

Complex change In

wind field direction o' 2 Canada
Clouds, precip In
sSome areas




Large temperature gradient over domain

urface [emperature (F)
Sea Level Pressure (hPa)
Wind (kis)

142°W 140°W 138°W
Sea Level Pressure Contours: 800 to 1100 by 4

Surface Temperature (F)




Shortwave radiation peak, phase best captured

with Thompson et al., Eta MP, respectively




Shortwave radiation peak, phase best
captured with Pleim-Xiu, YSU,respectively

Simulation time (h)

1 .




Shortwave radiation peak, phase best
captured with Pleim-Xiu, NOAH, respectively

observations

Simulation time (h)

0 P t ;lif'l' M

*NOAH uses fixed snow albedo, right for wrong reason (see Mdlders et al. 2008)
*Force-restore method ok for winter, not for active layer in summer




RUC has more realistic snow and
hence surface albedo

S1 RUC
S2 NOAH

Modified after Molders and Kramm (2009)



Peak, phase of temperature best captured
with WSM, Eta MP, respectively

observations




Peak, phase of temperature better captured with
RRTM+Goddard SWS, CAM, respectively

observations




Peak, phase of temperature best
captured with Janjl

observations




Peak, phase of temperature best captured with
NOAH, RUC, respectively

observations




Temporal evolution of wind speed best captured
with CAM, but all setups overestimate

observations




Temporal evolution of wind speed best captured
with YSU

observations




Temporal evolution of wind speed best captured with
NOAH

observations

In AK, NOAH has lower (higher) roughness length at lower (higher) altitude than RUC




No WRF setup best for all quantities for bias

/downward shortwave radiation (10Wm2)
precipitation (10mm)
Owind (m/s)
+ dew-point temperature (K)
[ temperature (K)
Same setup except for cumulus
parameterization

On average WREF slightly overestimates wind-speed, but underestimates
temperature, relative humidity

Radiation scheme plays key role
Choice of cumulus scheme hardly any impact at this time a year




Sensitivity to random errors depends stronger on guantities than
model setup

/downward shortwave radiation (10Wm2)
precipitation (10mm)
Owind (m/s)
+ dew-point temperature (K)
[ temperature (K)
Same setup except for cumulus
parameterization

Different sensitivity of physical packages and their combinations to lateral
boundary/initial conditions

Radiation most sensitive




Variation in overall error due to parameterizations, but lateral
boundary conditions, initialization contribute the largest

/downward shortwave radiation (10Wm2)
precipitation (10mm)
Owind (m/s)
+ dew-point temperature (K)
[ temperature (K)
Same setup except for cumulus
parameterization

RMSE varies more than 15Wm-2 among setups
WRF has difficulties to predict the low wind speed no matter what setup




Correlations with observations similar to other models
for most setups

/Adownward shortwave radiation (10Wm-2)
precipitation (10mm)
Owind (m/s)
+ dew-point temperature (K)
[ temperature (K)
Same setup except for cumulus
parameterization

Correlation of WRF results with observations best for temperature, followed
by dew-point temperature, radiation

No WRF setup best for all forecast skill scores, quantities




Top five with respect to 45 sites all
use Morrison scheme

Overall ranking with respect to the 45 sites

1. Morrison 2-moment MP; CAM3 radiation; Janji  for
ABL, SL; Noah LSM; Betts-Miller-Janji cupara

2. Morrison 2-moment MP; CAM3 radiation; Janji  for
ABL, SL; Noah LSM; Grell ensemble cupara

3.  Morrison 2-moment MP; RRTM LW, Goddard SW;
YSU for ABL, SL;: RUC LSM: Grell ensemble
cupara




Differences between simulations & observations
of similar order than among simulations

Maximum differences for T, RH, v, P, R, T,
between

simulated & observed : 6.8K, 33%,
2.45m/s, 3.3mm/h, 274Wm-=2, 6K

simulations: 9.1K, 37%, 1.32m/s, 4mm/h,
177Wm=2, 7.6K




Conclusions

Differences between simulations & observations of
similar order than among simulations

No WRF setup best for all forecast skill scores,
guantities

All simulations have better forecast skill than climatology
or persistence

Top five with respect to 45 sites all use Morrison scheme




