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Due to the unique conditions prevailing in the Arde.g. extreme low temperature and water
vapor mixing ratios, highly reflective sea-ice/sneurfaces, low-level inversions and the absence of
solar radiation for extended periods) the macrcspay and microphysical processes controlling cloud
formation and cloud-radiation interactions are ctaxpThe difficulty of simulating these processes
was recently highlighted during the Arctic Region@limate Model Intercomparison Project
(ARCMIP). The objective of this study is to evakdhe new Canadian Regional Climate Model (the
limited area version of the Global Environmental Ifidgale model (GEM-LAM)) for the period
September 1997 to October 1998 over the WesterticABeean. This period was coincident with the
Surface Heat Budget of the Arctic Ocean (SHEBAIdfiexperiment. Surface downwelling shortwave
(SWD) and longwave (LWD) radiation, surface albg&#C albedo), vertically integrated water
vapor, liquid water path (LWP) and cloud cover dimed by GEM-LAM are evaluated against the
SHEBA observation data. GEM-LAM is also comparedthe eight other ARCMIP participating
models.

The simulation domain is approximately the samehasone used during ARCMIP and covers
Alaska, the Beaufort and Chukchi Seas and the Westectic. The simulation covers the period of
September *11997 to August 311998 with a one-year spin-up. Initial and bougdzonditions are
provided by the ERA40 re-analysis and the Atmosphdiodel Intercomparison Project 2 (AMIP2)
for sea ice cover and sea-surface temperature.

Figure 1 shows that, in general, all models repriesmasonably well the annual cycle of LWD with
a maximum during summer and minimum during windost models tend to underestimate LWD
throughout the year. However, GEM reproduces quitell this variable with the largest
underestimation during January 98 with a relativereof 10% (~-14Wm?) and an overestimation in
April 98 with a relative error of 7% (~+@mn?).

The inter-model spread is much larger for SWD. Tritensity and time of maximum insolation
substantially vary between models. GEM reprodubes3WD peak in June 1998, which is not the
case for some other models with a simulated SWIk pealier in May. GEM is also very close to
observations with the largest error occurring inyM&8 with a small relative error of 9% (~2#m?)
with respect to observations.

The observed vertically integrated water vaporuffeglc) reflects the annual cycle of temperature:
low in winter and high in summer. Most models rearce the observed annual cycle of this variable
quite well. GEM-LAM tends to underestimate the igaily integrated water vapor during winter and
overestimate during summer. This is likely to batesl to a warm atmospheric bias in summer and a
cold atmospheric bias during summer.

Observed surface albedo is around 0.70 during wame decreases significantly during summer
down to 0.35 in August 1998. GEM - LAM overestingatbe surface albedo for all seasons in this
experiment. It has the largest overestimation meJLO98 with relative error of 33%. The presence of
melt pounds and leads, which are not considerddeirsimulation, is probably a factor explaining the
large albedo differences between models and oliz@mga



Observations show that cloud cover is approxima®®¥6 during winter and 95% during summer
with a steep increase (decrease) during springiajt Most of the participating models are unable t
capture both the annual cycle and absolute valfiekod cover. GEM systematically overestimates
cloud cover during winter (September 97 — April.98)e model underestimation of winter clouds can
be related to the difficulties of observing optigahin clouds in the Arctic during winter (Wysena
Jones, 2005). When these thin clouds are filtenstd the simulated cloud cover is much closer to
satellite observations as shown on Figure 1e.

LW_DOWN SW_DOWN

350

300

250

LWD [Wm?]

SWD [Wm’]
n
3
8

@
3

3

3
3
3

m
. s
’
s
%

0 -
Aug-97 Sep-97 Nov-97 Jan-98 Feb-98 Apr-98 Jun-98 Juleg Sep-98 Aug-97 Sep-97 Nov-97 Jan-98 Feb-98 Apr98 Jun-98 Jul9g Sep-98

a) [—GEM —ARCSYM — COAMPS —CRCM — HRHAM — RegCM — PMM5 —RCA — REMO — OBSERVATION | b) [——GEM — ARCSYM — COAMPS — CRCM — HIRHAM — RegCM — PMM5 — RCA — REMO — OBSERVATIIN

PRECIPITABLE WATER SFC Albedo

SFC Albedo
o
o

PRECIPITABLE WA TER [Kgni’]

0 0
Aug-97 Sep-97 Nov-97 Jan-98 Feb-98 Apr-98 Jun-98 Jul-98 Sep-98 Aug-97 Sep-97 Nov-97 Jan-98 Feb-98 Apr-98 Jun-98 Jul-98 Sep-98

C) [—GEM —ARCSYM — COAMPS —CRCM —HRHAM —PMME —RCA REMO —OBSERVATION | d) [—GEM ——ARCSYM — COAMPS — CRCM — HIRHAM — WET_DAY_NO — PMM5 — RCA —— REMO —— OBSERVATION

CLOUD_COVER

Figure 1: Monthly mean of surface

downwelling longwave (a) and shortwave (b)
radiation, precipitable water (c), surface albedo
(d) and cloud cover (e). Model GEM-LAM is

presented with red line, other participating
models in ARCMIP are presented with lines of
different colors and SHEBA observation with

black line.
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