» i — - g

ArCtiC and ANtarctic
tests of Polar WRF

Keith M. Hines?!, David H. Bromwich!Z
Francis Otieno?, and Aaron Wilsont<~

B s P

S LA N P AR o
~ 5 RS kit
L

- . 2 - u e .-
. " o U2 N
) /.d?s"_'. J..‘,"

4
» -
A 1 T T

v

e S
N T 2A1mos.pﬁer|c SQLencasProg#aTn
T Department of Geography

The Ohio State Ungvdsﬁy

Columbus OH’%?SA ...m6 u. ,

-‘.},
3




Polar Meteorology Group, Byrd Polar Research Center, The Ohio State University, Columbus, Ohio

Testing of Polar Weather Research and
Forecasting Model (WRF) by BPRC

1. Permanent ice sheets
Greenland (Hines and Bromwich 2008, MWR)
Antarctic climate simulations (Francis Otieno at OSU)
Antarctic AMPS forecasts (NCAR MMM Division)

2. Polar packice

Use 1997/1998 Surface Heat Budget of the Arctic (SHEBA)
observations on drifting sea ice

Selected months: January, June, and August
Bromwich et al. (2009, JGR)
3. Arcticland
Northern Alaska (Hines et al. 2010, J. Climate)
Arctic System Reanalysis Grid (Wilson 2010, M.S. Thesis)
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Western Arctic Domain

~ Comparison with ARM-NSA, Arctic LTERs in
. Kuparuk Basin and at Bonanza Creek

Observing Sites

A sHEBA 141 x 111 pts
; ARM/NSA —> 25 km spacing

i | LTER
- -
h - 28 levels

97 x 139 24 km AL
LTER

spacing 28 levels @) = ~

LTI

I LTI _
200 400 600 ')s' oon 200 1400 1600 1800 2000 2200 2400 2600 280 3000 m

AMPS Grids

121 x 1'21 “ASR dpmain
60 km spacmg ¥ - P
R | emaines 30 km, 60[km

L
10 20 30 40 50 60 ?0 BQ 90 100 110 120

11t WRF User’s Workshop Boulder, CO




I
——Polar Meteorology Group, Byrd Polar Research Center, The Ohio State University, Columbus, Ohio

Polar WRF for WRF Version 3.1.1

e Tar file supplement to WRF Version 3.1.1 (Oct. 5, 2009)

o Specified variable sea ice thickness (ASR-inspired)

o Specified variable snow depth on sea ice (ASR-inspired)
o 2 sfc temperature calculation options for permanent ice
e Sea ice albedo seasonal specifications

e Sea Ice fraction initialization (AMSR-E or bootstrap sea ice)

e Sea ice fraction is standard WRF option for Noah or RUC
e Standard WRF 3.1.1 updates to Noah snow pack =
heat transfer :

snow albedo — improved, Livneh et al. (2010) | |

e Distributed to 45 members of the scientific commumw
NCAR, NCEP, NSIDC, UCAR, NASA and PNNL
16 U.S. Universities
18 International users
1 Business user

e Coming to WRF 3.2 in July 2010 — with additional testing
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. Polar WREF 3.0.1.1
AntarCth results MO;staofr:che stations are located

in low lying coastal regions

Domain showing terrain, sea ice extent and station sites

1v-’/ ) Only two Upper Air stations on

// ’ AN the plateau
. ¢ \
. % ‘:_:J.. " .

Most AWS stations are on the
Ross Ice Shelf and the Peninsula

At 60 km some Island stations
around the Peninsula are not
identifiable in the model
leading to large errors

Sharp gradients in the terrain
pose serious challenges for
verification using coastal
stations

BSRN-Baseline radiation Network

IGRA-Integrated Global Radiosonde Archive (NCEP)
AWS- Automatic Weather Stations (AMRC)

NCDC —National Climatic Data Center (NOAA)
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Polar WRF represents the
variability of downward
shortwave accurately for most
of the year

Polar WRF does have excess
shortwave reaching the
surface in the summer;
Differences a re more
pronounced at the South Pole

The variability at the South
Pole is substantially smaller in
the model than in the
observations.

The variability of the LWD,
responsible for surface
heating during the long
Antarctic winters ,is also
accurately represented
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— Neumayer
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More SWD (~40 W/m?2) at the surface evident across the continent

Occurs mostly in the 12 hours following local noon
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Polar WRF 3.0.1.1 vs 9 IGRA Upper Air Stations for 2007
Temperature Geopotential wind Speed U-Wind V-wind

BIAS RMSD CORR BIAS RMSD CORR BIAS RMSD CORR BIAS RMSD CORR BIAS RMSD CORR
850 1.04 257 0.94 -6.26 23.67 096 1.42 544 069 024 539 069 045 534 0.65
700 0.87 246 092 0.63 26.17 0.89 1.27 478 068 09 490 069 -1.76 6.58 0.57
500 0.03 1.77 0.96 -1.27 2956 0.97 0.51 495 0.77 0.83 6.0/ 0.67 -014 6.43 0.69
400 0.07 1.70 0.88 2.2 33.13 098 0.38 593 0.77 0.43 711 067 024 7.74 0.70

300 090 2.01 065 538 36.26 098 -024 650 080 0.21 767 067 044 839 0.70

250 0.76 2.28 0.86 2247 413 098 004 548 083 0.08 6.73 068 039 7.47 0.70

200 0.04 196 0.93 36.98 48.74 099 0.45 419 086 0.12 529 070 045 6.04 0.70

Biases in Polar WRF simulations are small between 850 and 300 hPa
Geopotential errors become larger above 300 hPa (small percentage differences)

Preliminary surface verification show comparable skill but data are more problematic

Overall Polar WRF shows skill levels in the SH that are comparable to those
in the NH
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Polar WRF Test — Phase III: Arctic Land

e Polar WRF with WRF version 3.0.1.1
e Western Arctic Grid 141 x 111 points, 25 km spacing, 28 levels

e Atmospheric Initial and Boundary Conditions: GFS FNL
e Sea Ice Fraction: NSIDC/WIST AMSR-E (25 km) S

e Soil Initial and Boundary Conditions

Fixed Temperature at 8 m depth from Drew Slater g

g

Initial Soil Temperature and Soil Moisture from Mike Barlage

10-year Noah Arctic run for spin-up driven by JRA-25
start set for 0000 UTC 15 November 2006
e Run for November 2006 to July 2007
48-hour Simulations with GFS Atmospheric I.C.

Cycle Soil Temperature, Soil Moisture, Skin Temperature
48-hr output Day X run - I.C. for Day X+2 run
Runs on OSC Glenn Cluster
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Diurnal Temperature Cycle July 2007
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ALASKA
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— ALASKA
- Daily Average Cloud Fraction at Barrow
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Sensitivity Tests: change PBL, change microphysics,
add soil moisture

Incident Longwave a0 Incident Shortwave
Observations Atqasuk Observations
H Control 320 M Control
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1-31 July 2007 Simulations 1-31 July 2007 Simulations

Results: The PBL and microphysics impact the Arctic
stratus over the Arctic Ocean, but little impact over
land at Atqasuk.

Added soil moisture doesn’t increase cloud cover.
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ALASKA

- Temperature at Barrow July 2007
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Albedo results at Barrow and

Sagwon Hill are improved.
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= Polar WRF has been tested for Greenland, the =
Arctic Ocean, northern Alaska and Antarctica

= The tar file supplement for Polar WRF (3.1.1) is

the current public version

= Polar WRF 3.2 coming in July 2010

= Continuing tests over Arctic land show
-A deficit in summer cloud cover that could be related to
vertical mixing. ¢

—

e #Iamproved solLtemperature and ground heat qux W|th e
s orgamc (low heat conductivity) soil.

"~ ‘Improved snow albedo in WRF Noah 3.1.1 (leneh et al.
s 2010 snow aIbedo) : y

-




