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RUC LSM has been implemented in operational Rapicss
Update Cycle (RUC) at NCEP since 1998:
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The COMET Program

RUC Vegetation and Soil Model

Cycling of soil moisture, soil temperature, snow cover, depth,,
temperature in RUC 1h cycle since 1998



Snow model in RUC-LSM "

1.0ne- or two-layer snow model (threshold — 3 cm of snow water equivalent)
2.Changing snow density depending on snow depth, temperature, compaction

parameter
3. Two-iteration snow melting algorithm; snow can be melted from the top and

bottom of snow pack
‘Presciibed

—2.5m

Snow
evaporation

If snow present,

it is treated as one

or two additional

layers depending

on snow depth.
—0em

—0em
e 2.5 cm

. ... 6. Mixed phase precipitation

feee 7. Falling snow can be intercepted by the
| [l vegetation canopy until the holding,

300 em capacity is exceeded

The COMET Prograr




Modified 2-layer snow model — !!

* changed vertical structure of the snow model
» snow albedo ¥eduction for thin snow layer — “patchy” snow

Motivation - correct excessively cold temperatures at night
(with clear skies, low winds) over thin snow layer;
— Improve estimation of the snow melting rate. s




Aspects of RUC LSM that differ from Noah LSMj

4 Fluxes in the s_yrface layer

- Iayer approach%o energy and moisture budget with implicit solution of
/-’ energy and moisture budgets

r vertical resolution, thinner top layers
nostic soil moisture variable (6 —98,)
 differences in numerical approximations

ow model in RUC LSM versus Noah bulk snow layer

- treatment of mixed phase precipitation

- two iterations in melting algorithm, time dependent snow/ice albedo

[ Frozen soil physics algorithm and treatment for sea ice 6



Role of land surface parameterizations on modeling cold-pooling events and low-
level jets Atmos. Res. (2010)

Thara V. Prabha® ® *: = Gerrit Hoogenboom®: © and Tatiana G. Smirnova® © Do0i:10.1016/j.atmosres.2010.09.017
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Role of land surface parameterizations on modeling cold-pooling events and low-

level jets Atmos. Res. (2010)
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1. Seo B., Byon J., Choi Y. : Sensitivity evaluation of wind fields in surface
layer by PBL and LSM parameterizations using WRF over the Korean
Peninsula, American Geophysical Union, Fall Meeting 2010, abstract
#A41F-0164
“LSM comparisons indicate that the RUC model performs best in predicting 10 m
and 80 m wind speed. It is found that MYJ (PBL) _ RUC (LSM) simulations yielded
the best results for wind field in the surface layer.”

EPA “RARE” Project:

Testing CMAQ air quality model
for wintertime Fairbanks episodes

RUC LSM is better overall than Noah for the coldest
periods of this case study

— Cold bias during period of cooling temps and light snow
possibly due to microphysics

— Strong diurnal cycle in Feb. and coldest inversions possibly a
result of better resolved snow radiation flux

Source: Javier Fochesatto



» Based on statements in published results
performed for different applications and in different parlé‘
of the world-(Pérsian Gulf areas, Korea, Equatorial East
Afriea, Mexico, Iberian Peninsula, Italy, France, Russia,
India and different regions of United States) :

REC LSM provides better diurnal cycle, performs well for
: onditions in summer, provides good predictions of

ace wind and better PBL heights, favors heavier rainfall,
etter performance in deserts, provides better predictions
jersions over snow and under radiative cooling conditions

= - Noah LSM performs better in unstable conditions, has
good predictions of near-surface mixing ratio, provides better

performance for higher elevations

- Sensitivity to combination of physics: LSM, PBL,
microphysics and radiation schemes -



Further modifications motivated by
WRF-based '

* RR polar application in
Canada and Alaska including
extended permafrost tundra
zones and snow covered sea
Ice
- new treatment for sea ice in RUC
LSM

- temperature dependence of snow
and ice albedo

13 May 2009

RR USGS land use types 11




Sea Ice Treatment In

(available since WRF revision 3.2.1)

Sea Ice.is initialized ihMRF-based Rapid
Refresh (RR) from-NESDIS snow/ice
data or from GES

L

New sea ice treatment in RUC LSM

fractional sea ice *
13 May 2009

Old sea ice iIn RUC LSM

« Skin temperature is prescribed to be
equal to temperature at the

 Solution of surface energy budget
and heat diffusion equation in
Ice

* Snow accumulation/melting on the
sea ice surface

« Snow/Ice Albedo - function of
snow/ice surface temperature

» Option of fractional sea ice

* No melting, drifting or building new
seaice

1st atmospheric level
* NO show on sea ice

12




Snow and ice albedo In with use of

1.

Albedo specified frc.;ar m NESDIS monthly climatological albedo mterpolated
_.to a cdrrent day
2. Albedo updated for snow and ice using statlc fleld of WRF maX|mum Snow

. 3. “Patchy” Snow plus temperature

23 “Patchy” Snow — dependence of snow/sea ice albedo
albedo reduced when when T snow/ice > -10 C
snow fraction < 1 (min albedowhen T=0C)




Surface Sensible and Ground Heat Fluxes

IPWARD HEAT FLUX AT THE SURFACE (Y¥ m-2) GROUND HEAT FLUX {W m-2)

p= New sea ice treatment §

UPWARD HEAT FLUX AT THE SURFACE (W m-2) GROUND HEAT FLUX (W m-2)
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RR 12-h forecast valid at 00 UTC, 14 May 2009 *




2-m temperature verification
e @ for Alaska, 12h forecast valid at
| 12 UTC 30 March 2009

2-m Temperature Bias (C) INIT-2009033000 FHR:12 2-m Temperature Bias (C) INIT:2009033000 FHR:12




Snow water equivalent cycled in RR verified against NESDIS
Automated Snow Mapping System and Visible Satellite Image

3{‘4‘.

,,'§f =L y ~
Wi, < RS,
Ty e ’&H s
k =

o, i
L] | - 4




8§ Cycled RR surface verification
for Alaska
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Comparison of and 2-m T and Td

surface verification for Alaska
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New modifications - capability to use MODIS land

use categories with In WRF
.F

24 USGS category 20 MODIS categories

Mixed forest

Cropland/
- woodland
mosaic




Roughness length differences between USGS
and MODIS landuse

e

Dominant category approach Mosaic approach




2-m temperature differences (USGS — MODIS)
with mosaic approach
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Comparison of and

2-m temperature verification for CONUS

g
HRRR-Primary 2-m Temp Error (C) Fcst Hr 06 Init: 2011061612 RR-Prim 2-m Temp Error (C) Fest Hr 06 Init: 2011061612
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Future plans

a Continued F‘esting and validation of RR and
HRRR with the use of MODIS landuse categories

2GS of mosaic approach to specification of
déseand soil parameters on surface verification
ferent resolutions (13km RR and 3-km HRRR)

A C ﬁsider modifications to evapotranspiration
algorithm (use of LAI, transpiration function, etc)

d Committing recent RUC LSM modifications to the
WRF Repository; follow up on WRF community
LSM sensitivity studies 23
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