Difficulties in Determining
Ocean Surface Fluxes
in the Polar Regions

William B. Rossow
CREST at City College of New York

17-19 March 2010



STAGE SETTING



POLAR CHARACTERISTICS
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ANNUAL MEAN SURFACE ENERGY BALANCE
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HEAT TRANSPORT IMPLIED BY RADIATIVE IMBALANCE
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POLAR ENERGY BUDGET




SEA ICE SURFACE FEATURES
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SEA ICE SURFACE FEATURES
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STORM-SURFACE INTERACTIONS
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CALIPSO VIEW OF WINTER ANTARCTIC CLOUDS

532 nim Total Attenuated Backscatter, ‘' km fsr Begin UTC
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CALIPSO VIEW OF AUTUMN ARCTIC CLOUDS

532 nm Total Attenuated Backscatter, /km /sr  Begin UTC: 2009-10-29 02:57:08.4952 End UTC: 2009-10-29 03:10:37.2142
Version: 3.01 Nominal Image Date: 12/24/2009
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Polar Characteristics

Emphasis has been on disparate spatial scales

BUT

Main problem is disparate time scales of coupling

To understand processes, we need to evaluate
time derivatives — fluxes are exchange rates



SATELLITE REMOTE SENSING

Remote sensing necessary because of
multiple space-time scales of variation and
interaction

Difficult because

Surface--cloud contrasts small, water vapor and
precipitation rates small and

eeeSurface Variations are nearly as rapid as
Atmospheric Variations making separation
much more difficult
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SHEBA CASE STUDY

Winter Surface Energy Exchanges

Just One Story



SHEBA FLUX MEASUREMENTS

i\t
il




ace Neca 9

Subeurt

anc

2

ere. Surac

erz s of Armceph

Te

WINTER TEMPERATURE RECORDS

SHE BA Wiinter Surdace and Atmosphare Modia Tampoeratunes

. 1 X | 14 1 | | 1
Ocomn Sudace Tamp
Py | B Surace A Tamp _
—— Inversson Peak Toamp
Snow/llee Intaedace Ton
2rop -
t"“
M0 ' -
. l
).
\ |
\ f
200 ' '\.A.;-'v'\' ! -
\
v
\/ M. A
L
|
240p | -
Z230F - -
1 1 1 1 1 1 1 1 1
330 340 300 30 370 30 390 400 410 4% 430

Jubin Dary (Dect = 3305, Janl = 366, Febl = 39/)



Sea Ice Regulation of Heat Loss
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WHAT CAN WE DO?

Better Temperatures: merged infrared —
microwave from multiple platforms for better
time resolution, better treatment of temperature
inversions in cloudy & clear conditions

Multi-instrument Cloud-Water Vapor-Precipitation
Analysis

More Attention to Polar Atmospheric & Oceanic
Dynamics






SOME STATISTICS

Parameter Radiatively Clear Sky Avz. | Omagquely Cloudy Sky Avg.
Made Occurrence §7% of wimer abs 22% of winter abs

Tasm 271 .5K 271.5K
Toow-ta 251 5K 253.2K
Toon 238 3K 249.5K
Tase 236 5K 250.4K
§ gun pack 250 9K 257.3K
NetlW 2O W/ m? OW/m?
SH W/ I/
2 OHC W/ IW/m?
=SER A8 W/m* 2W/m?
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Layer Cantral Altitude (km)

SHEBA Summer: Average Sanding Siruchure
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Fragusey (%)

Fragueey (%)
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Likelihood of snowfall and rainfall at the surface

as function of freezing level from AMSR-E
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Cumulative likelihood of snowfall at the surface as function of freezing level
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Paroartaga of Tobd Hourly Observatons Par Nemees (%)
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16 " __ Arctic Cyclone Climatology
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Extent (millions of square kilometers)

Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)
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Extent (million square kilometers)
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Insolation (W/m2)

Annual and Solstice Insolation
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Cloud and Precipitation
SHEBA ICE CAMP - MMCR Radar
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LIST OF ISSUES

Surface Properties: albedo, emissivity, temperature, “wetness”, “roughness”

Near-surface atmosphere: temperature & humidity inversions, windspeed,
cloud properties, precipitation

Diurnal and Weather-scale Variations of these properties and their correlations

Difficulties of remote sensing: lack of contrast, reversed contrast,
rapid time variations of surface

Surface temperature and fluxes much more sensitive to changes in cloudiness
But water phase changes mediate time variations of the surface temperature



