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ANTARCTICA. Table 2. Surface energy budger at Pionerskaya
(70° south latitude, 95° east longitude, 2,700 meters)*

June December
Downward shortwave (solar) radiation 0 372
Upward shortwave radiation 0 —312
Downward longwave (infrared) radiation 106 173
Upward longwave radiation —134 —209
Net radiation —28 +24
Sensible heat | 23 -16
Latent heat 1 =2
Sum —4 +6

*Energy fluxes are in watts per square meter; a positive number means that
the flux is in the downward direction (from the atmosphere to the surface).

Data from
Rusin, 1961.

(Sensible heat flux can be much larger 1n the sea-ice zone.)
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Tractor train from Dome C to Dumont d’Urville (photo by Yann Arthus-Bertrand







Snow albedo depends on (in the Antarctic):
Grain size (age)
Variation of grain size with depth
Solar zenith angle
In addition, non-Antarctic snow albedo depends on
Snow depth (& vegetation)
Impurities: dust, black carbon (soot)
In addition, Bidirectional reflectance depends on:

Fig. 73. SASTRUGI.
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Spectral bidirectional retlectance of Antarctic snow:
Measurements and parameterization JGR 2006

—

Stephen R. Hudson,l Stephen G. \Narrcn,l Richard E. Br::md‘[,l Thomas C. Grenfell.
gg 2nd Delphine Six” N



Spectral emissivity
of snow 1n thermal
infrared
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“Diamond dust” forms 1n near-surface temperature inversion
under clear sky.

(Photo from Walden, Warren, Tuttle, JAM 2003)




Ground-Based Infrared Remote Sensing of Cloud Properties over the Antarctic
Plateau. Part II: Cloud Optical Depths and Particle Sizes

ASHWIN MAHESH,” VON P WALDEN. T AND STEPHEN G. WARREN
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Spectral and Broadband Longwave Downwelling Radiative Fluxes, Cloud Radiative
Forcing, and Fractional Cloud Cover over the South Pole

MICHAEL S. TOWN J. Climate, 2005, 2007

Precipitable water
Summer 1.6 mm
Winter 0.4 mm

Clear-sky longwave fluxes (2/3 from water vapor, 1/3 from CO,)
Summer 110-125 W m™
Winter 60-80 W m

Cloud cover Summer 45-50 %
Winter 55-60%

Longwave cloud radiative forcing (W m~)
downward  net
South Pole 18 10
Global 46 46 (Kiehl & Trenberth, 1997)
Global 29 (Stackhouse, yesterday)

Snow surface is warmer under clouds by 0.5-1 K (summer)
3-4 K (winter)




-10

20 . SOUTH POLE
0 =30 =4 N+ PanN
 —40|—2 i e I / N
g e . ‘.:.o \'o.:.‘. .® . .. / \
E _solAL N SEE S
P O e S E e A S LT N B
= ~, ., o REKEE ANACE . ':o. A TR

. S, - o ® P . . .
=70 : s Fr—-w""""—.:.’ £
-80 S

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

ANTARCTICA. Figure 2. Surface air temperatures at South Pole Station. Solid line: 20-year
mean for each day. Dots: daily mean temperatures for the year October 1985-September 1986.
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FiG. 3. Temperature profile measured at South Pole Station on
25 Sep 2001. Data above 660 hPa are from a routine radiosound-
ing with an RS80; those below 660 hPa are from a tethered sound-
ing with an RS80. (a) The full tropospheric sounding is shown, and
(b) the lowest 500 m are enlarged. The surface pressure was 674
hPa.
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FiG. 13. Median temperature difference relative to 2 m. Data
are from South Pole during the 2001 polar night. Separate profiles
are shown for the overall median (All Sky. solid line) and the
clear-sky median (dashed line).
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Temperature (°C)
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Diurnal cycle of temperatures in summer

at Dome C, 75°S (Hudson & Brandt, 2005)
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FIG. 1. Spectral albedos of snow-free ice and open water. Measurements from the 1996
voyage begin at 320 nm: those from the 1988 voyage begin at 420 nm. Broadband solar albedo
a 1s also given. Ice thickness Z; 1s given, except for two ice types that were observed only from






1 0 ] ] 1 ] 1 | L | 1 | 1 ] ) | 1
-------------------------------- D o =0.83
| e T 510mm [
09— """~~~ - ___ S — I ﬁontinuous snow |~
o = o =0.81 -
0.8 ?:’-—I—'_';'“- _
0.7 - f ) 0-10 mm patchy snow -
. a =0.64 R
o 0.6- =
8 - R
O 0.5 - -
< i R
0.4 -
0.3 - —
0.2 - —
- Fastice, 1.4 m thick, no show R
01 _ a =049 |
0.0 ' | ' J ' | ' | ' | ' | ' | '
300 400 500 600 700 800 900 1000 1100

Wavelength (nm)

FiG. 2. Effect of a thin snow cover on the albedo of thick cold fast ice near Davis Station,
30 Oct 1996. The air temperature was —5°C. The lower curve 1s the same as the upper curve
in Fig. 1. for bare ice that is 1.4 m thick. Nearby, the ice was covered with patchy snow or

continmions snow: their albhedos are also shown The tonmost cnirve for deen snow on the



3608

JOURNAL OF CLIMATE

VoOLUME 18

TABLE 1. Representative all-wave solar albedos of surface types in the East Antarctic sea ice zone in spring and summer. Values in
bold are derived from measurements; all others were interpolated or extrapolated using Fig. 5. The seasons are indicated by SON and

DJF.
Thin snow (<3 cm) Thick snow (>3 cm)
Iee thickness No snow Clear Cloudy Clear Cloudy

Ice type (cm) Clear Cloudy SON DJF SON DJF SON DJF SON DJF
Open water 0 0.07 0.07 — — — — — — — —
Grease <1 0.09 0.09 — — — — — — — —
Nilas <10 0.14 0.16 0.42 0.39 0.45 0.42 — — — —
Young grey ice 10-15 0.25 0.27 0.55 0.51 0.59 0.56 0.72 0.67 0.76 0.72
Young grey-white ice 15-30 0.32 0.34 0.64 0.59 0.68 0.64 0.76 0.70 0.81 0.76
First-year ice <0.7 m 30-70 0.41 0.45 0.74 0.69 0.79 0.74 0.81 0.75 0.87 0.82
First-year ice >0.7 m >70 0.49 0.54 0.81 0.75 0.87 0.82 0.81 0.75 0.87 0.82

Surface Albedo of the Antarctic Sea Ice Zone
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F1G. 9. Average ice concentration as a function of latitude, from satellite passive microwave
observations by the SSM/I instrument, using the bootstrap algorithm, for the years 1988-2000.
Plots are shown for two seasons for each of the five sectors.
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F1G. 10. Average broadband solar albedo as a function of latitude, including both ice and
water, combining ASPeCt ice-only albedos from Fig. 7 together with SSM/I ice concentrations

Area-average albedos (ice and water)




——

Clouds over Antarctic sea ice (Melanie FitzpatriclgSss

Over sea ice - — -

AR

o

(=]
1

I
N
(=]
o

1

T

Over open ocean -

Net SW Cloud Radiative Forcing (W/ m?)

| | | |
o) 1%, N W
o o (=] o
o (=] o o
! 1 1

30 40 50 60 70 80 90
solar zenith angle (degrees)

N
o

Fi1G. 11. Net shortwave cloud radiative forcing (CRF,) at the
surface obtained by multiplying the downward shortwave cloud
radiative forcing by (1 — «), where « 1s the surface albedo. Each
average (for a solar-zenith-angle bin) 1s the difference in net
shortwave irradiance between all conditions and clear conditions.
Data are from the 1996 spring voyage. CRF,, is smaller over sea
ice due to both the higher surface albedo and the less frequent
occurrence of clouds.
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FiG. 14. Cloud optical depth for different latitude intervals for all voyages of the Aurora
Australis between 1991 and 2002 with concurrent observations of ocean, sea ice, and cloud
conditions. The observations include all seasons and as such are biased toward spring
and summer when a greater number of voyages occurred. The number of observations for
each season and each latitude interval are shown in Table 2. Exponential fits are also given,
where f(7) = 7.7 exp(—17/7.). The values shown in the figure are percentages for bins of width

AT = 5.

Clouds over
Southern Ocean
in spring and
summer
(Fitzpatrick and
Warren, 2005).

Similar values
were found 1n
Arctic summer
by Lubin and
Simpson (1997)




The Relative Importance of Clouds and Sea Ice for the Solar Energy Budget of the
Southern Ocean
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Relative Importance of Sea Ice and Cloud
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The Arctic 1s different.
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Northeast Greenland 1n August 2006
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Northeast Greenland: Debris-covered ice, meltwater stream







31 March 2007. West coast of Svalbard, 79 degrees N
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Black carbon in Arctic snow
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Clarke & Noone, Atmos. Environ., 1985

( samples for 1983 and 1984.
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Arctic-Antarctic differenges

Ice sheets

How the ice sheets lose their mass:

Antarctic: 99% 1cebergs, 1% melting

Greenland: 50% icebergs, 50% melting

So most of Greenland 1s covered with melting snow in summer.

Sea ice |

Arctic Ocean has thicker ice, thinner snow than the Antarctic Ocean
Arctic sea ice melts from theitop down, forming puddles

Antarctic sea ice melts from the bottom up, remaining snow-covered

Snow
Antarctic snow 1s clean; Arctic snow 1s contaminated.




