Polynya studies in the Laptev Sea with a
fully coupled high resolution atmosphere
sea-ice ocean model

D. Schroder!, G. Heinemanni, L. Ebner!, S. Adams?, S. Willmest,
and R. Timmermann?  University of Trier, 2AWI Bremerhaven

SPONSORED BY THE

BMBF Project ‘Frontal Zones & Polynya

Systems in the Laptev Sea’ % Federal Ministry
4 ’ ‘ of Education

and Research

]
A
{"." } Alired-Wegener-institul
il i Polar- und Mesreiforichung

A W Universitit Trier

Leibniz-Institut fir Meereswissensc haften
an der Universitat Kiel




CANET Ll B\
¢ Annual Ice Production:

50N - 1000 km 3

Quantify the role of

the Laptev Sea polynyas

o m— e - L= e L o e T S = 1

Ty g S e TR 5—1 E a o] ',‘ [’
e s e B el of - g e,

h ,?:rz.-%:_'f-:“".i-’”‘:. ¥ i e 5

atmosphere model

sea-lce ocean model

= .\.-_-\h-'-‘.-

fuIIy coupled model

oy . 3 p\ak Concentration
& SO0U kM= Sy 29 April 2008
i’ B4 _- e.g. Vinje et al., 1998 g X (www.seaice.de)




Implemented Sea Ice Module

(Schréder, Heinemann, Willmes, submitted to Polar Research)

Option A: Sea ice without snow cover Option B: Sea i ce with snow cover
_/i(Tsfc'Toi) Q :/s( sfc_Tsi)
Q = s h
h :
Tt cxh rx Tt ro X, Tt cx, r,x
Q Conductive heat flux Qs
i =2.3WmiKt Heat conductivity s=0.7Wmt
K—l
=910 kg m? Density s = 300 kg m®
T,; Temperature below sea ice Tgi Temperature between
(Toi =-1.8 C) snow and ice layer
h, Ice thickness he snow height

Q, Total atmospheric heat flux (sum of surface net radiation balance
and turbulent surface fluxes of sensible and latent heat)

L, Latent heat of freezing (L; = 0.334 10° J kg)

c. Shabne factor (c.=0 5) (MironoVv. Ritter. 2004)



Atmospheric modelling: COSMO
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~ The atmospheric global model GME
» The atmospheric meso-scale mode COSMO
(Consortium for Small-scale Modeling,

Deutscher Wetterdienst): 15 km and 5 km L ) o~
~ Sea ice cover from remote sensing data / ndl S

GME - 40km —_— COSMO-15km

42 layers  dt=20s Sea Ice Module

\

Initial sea ice
cover
9 April 2007
(AMSR - 6.25km)

Tiedke convection scheme level 2.5 vertical diffusion
Daily runs with new AMSR ice cover (70%): 61-30™" hour



Temperature in deg C
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How well can we simulate 2m-Temp.?
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Horizontal distribution of surface temperature
derived from MODIS thermal infrared data (Riggs et  al., 2003)
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i :' for cloud-free areas

5 distributions for second
half of April 2008




COSMO surface temperature — MODIS surface temperatur e

COSMO-snow COSMO-ice
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COSMO surface temperature — MODIS surface temperatur e

COSMO-snow Total Cloud Cover
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Tsfec

COSMO-snow: BIAS: -0.2 K, RMSE: 2.7 K, r=0.84 20
COSMO-ice: BIAS:+2.3 K, RMSE: 4.5 K, r=0.63
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Real Case Studies with FESOM

Finit Elemente Sea Ice Ocean Model
(Timmermann et al., 2009)

Laptev Sea version

5km resolution

prescribed fast ice area

17-layer ocean, but no advection

Atmospheric forcing:
a) NCEP (dally,6-hourly): 1-30 April 2008
by  GME (6-hourly): 1-30 April 2008
c) COSMO (hourly): 14-30 April 2008




Sea ice fraction and ice flow 20 Apr 2008

FESOM (COSMO)
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Sea ice fraction and ice flow 23 Apr 2008
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Sea ice fraction and ice flow 26 Apr 2008
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Sea ice fraction and ice flow 29 Apr 2008
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Excellent simulation of polynya opening
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Coupled Study FESOM / COSMO

FESOM -> COSMO: COSMO -> FESOM:
T sfc 2m T, g
z0 10m u,v
Albedo L down, S _down
Evaporation

every 15 mins Precipitation



COSMO-FESOM after 02h
coupled run COSMO
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COSMO-FESOM after 08h
coupled run COSMO
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COSMO-FESOM after 14h
coupled run COSMO
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COSMO-FESOM after 20h
coupled run COSMO
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COSMO-FESOM after 26h
coupled run COSMO
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COSMO-FESOM after 71h
coupled run COSMO
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Conclusions

COSMO with implemented sea ice module is able
to simulate atmospheric conditions for Laptev Sea
polynyas in April 2008 realistically

FESOM with prescribed fast ice area is able to
simulate opening and closing of Laptev Sea
polynyas realistically

Requirements fulfilled to determine sea ice growth
on short timescales with coupled version

~Irst stable coupled run: basically in agreement,
Improvements of thermodynamic part and turbulence
scheme in FESOM required







AWS measurements April 2008

124°E 126°E 128°E 130°E 132°E
—~ - — —

Wind speed
and direction

13N

Wind speed
and direction
| (ultrasonic)

s $~Tempera-
ture and
humidity

13°30N

Air
pressure

73°N

ASAR WSM Imagery,
Date: 20080421 12215UTC
Projection: Polar Stereo. WGS-84

0 25 S0 100 Kilometers N
[ + + I + + ]




open water 5cm ice layer

2m air
temperature
(shaded)

10m wind
speed

(contours)

(from Ebner,
Schrdéder,
Heinemann,
submitted to
Polar Research)



Wind forcing from GME analyses realistic!



Diurnal cycle of 2m-temperature not represented!



Sea Ice Changes within 24 hours

300 km A ice
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