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ABSTRACT

The snow/sea-ice albedo was measured over coastal lapd&ise in Prydz Bay, East Antarctica (off Zhongshan Station
during the austral spring and summer of 2010 and 2011. Thatiar of the observed albedo was a combination of a gradual
seasonal transition from spring to summer and abrupt clsarggilting from synoptic events, including snowfall, biogy
snow, and overcast skies. The measured albedo ranged fBzhoer thick fresh snow to 0.36 over melting sea ice. It
was found that snow thickness was the most important faofareincing the albedo variation, while synoptic events and
overcast skies could increase the albedo by about 0.18 @6d @spectively. Thén-situ measured albedo and related
physical parameters (e.g., snow thickness, ice thickisestce temperature, and air temperature) were then ussdiicate
four different snow/ice albedo parameterizations used varéty of climate models. The parameterized albedos stiowe
substantial discrepancies compared to the observed alpadicularly during the summer melt period, even thoughreno
complex parameterizations yielded more realistic varatithan simple ones. A modified parameterization was degd|o
which further considered synoptic events, cloud cover, thedocal landfast sea-ice surface characteristics. Tédtheg
parameterized albedo showed very good agreement with senadd albedo.
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1. Introduction (e.g., Allison et al., 1993; Brandt et al., 2005; Vihma et al.
. . . . 009; Weiss et al., 2012). Moreover, all the existing obaerv
Satellite passive-microwave observations show that the

. LT . .tional records over Antarctic sea ice are too short and do not
total area of Antarctic sea ice in winter has been increasin

by 17 100 2300 kni? yr-L since the late 1970s (e.g., Liu ancfgver the seasonal evolution and interannual variabdity]

Curry, 2010; Parkinson and Cavalieri, 2012). To understaﬁi{f‘s_éc?niﬂgd::(gg‘s ?Vrvoeunr:j(?eAr\r;tta ;(I:tu;%gg‘;er significatm

and model the variability of Antarctic sea ice cover, actaira o .
o The albedo of snow and sea ice is a complex function
knowledge and parameterization of the albedo are needed. . . L "
of surface layer characteristics and illumination coradisi,

To date, mostn-situ studies of solar radiation in polar Seas . h depend on the atmospheric cloudiness and humidit
have been carried out in the Arctic (e.g., Perovich et aD220 P P y

. . . . and the solar zenith angle. Snow and sea ice have high re-
PGTOV'Ch and.P(_)Iashenskl, 2.01.2)’ while very limited .Obsef[éctance in the visible band but they are moderately absorp-
vations of radiative characteristics and optical progsr(es-

X : tive in the near infrared (Curry et al., 2001). The snow atbed
pecially albedo) have been performed over Antarctic sea ige L .
epends on the grain size and shape, snow thickness and op-

tical properties of its underlying surface (Grenfell and-Pe
* Corresponding author: Qinghua YANG ovich, 1984; Lepparanta et al., 2013). The sea-ice albgdo i
Email: ygh@nmefc.gov.cn also affected by ice types (e.g., new ice, first-year ice,-mul
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tiyear ice, ridged ice, brash ice), ice thickness, brinekpts: sea ice are a feasible way to examine the temporal evolution
and gas bubbles in the ice, surface roughness, and melt paofd&ntarctic sea ice (e.g., Smith et al., 2001; Lei et al.,201
(Perovich et al., 2002). Due to surface-layer evolutioe, thHeil et al., 2011; Hoppmann et al., 2015). The coastal land-
show/ice albedo shows obvious seasonal variation, i.e., fast sea ice in Prydz Bay, East Antarctica, is normally first-
albedo is highest in the dry snow period and significantly rgear sea ice, crushed and melted completely in January or
duced in the melting period (Perovich et al., 2002; Perovi¢tebruary and refrozen by the end of February or early March;
and Polashenski, 2012). Weather events, such as snowdall 8o, the ice-free period is generally less than 1 month in du-
blowing snow, can affect the albedo by changing the surfagion (Lei et al., 2010). To improve our understanding of
properties (Brandt et al., 2005). Cloud cover can change thibedo variation over Antarctic sea ice, we carried outaadi
directional distribution of incident solar radiation arfgbte- tion measurements on the landfast sea ice at a fixed site near
fore increase the snow/ice surface albedo (Curry et al1200Zhongshan Station in Prydz Bay. This site has been oper-
The albedo may also change with solar zenith angle (Piraztional every year in austral spring and early summer since
ini, 2004). 2010.

Currently, global climate models use a number of snow/ In this paperin-situ measurements of surface albedo near
sea-ice albedo parameterizations with different compési Zhongshan Station in 2010 and 2011 are analyzed. We de-
(e.g., Barry, 1996; Curry et al., 2001; Liu et al., 2007). Howscribe the variations in albedo over Antarctic coastal dand
ever, sea-ice albedo parameterizations have been largelyfdst sea ice during austral spring and early summer. We then
termined and validated with observations that have been colvestigate the primary factors influencing the variatioms
lected in the Arctic (e.g., Curry etal., 2001; Liu et al., ZD0 observed albedo, particularly the effects of synoptic &en
and little is known about how well these parameterizatiomscluding snowfall, blowing snow and overcast skies. Fi-
perform for Antarctic sea ice (Weiss et al., 2012), espBciahally, we evaluate the commonly used albedo parameteriza-
the complex parameterizations that consider snow thickné®ns with different levels of complexity to determine to ath
and ice thickness. Thus, continuous time series of the Antaextent they can produce the observed albedo.
tic sea ice albedo are required to quantify the influencefof di
ferent factors on variations in albedo, and provide a datase
for evaluating and developing Antarctic sea-ice albedo p2: Observation site and measurement descrip-
rameterizations. tion

Antarctic landfast sea ice is an important connection be-
tween the ice sheet and pack ice/ocean (Fraser et al., 2012)The site of the sea-ice radiation measurements is lo-
and has gained much attention in recent years. Because oféted in the coastal area off Zhongshan Station°g8%,
immobility, repeated measurements of near-coastal lahdfa6°22E); Fig. 1]. Meanwhile, the meteorological data were
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Fig. 1. Location of landfast sea ice surface measurements neargghan Station in 2010 and 2011.
The solid triangle denotes the observation site, the saialecmarks Zhongshan Station, and the solid
squares refer the locations of Zhongshan, Mawson, Davi®angress Il stations.
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collected at a manned weather station, which is 1 km iber and November in the two years ranged from 48% to 85%,
land from the sea ice observation site at 15 m above the &edthere were more clear-sky days and fewer cloudy days in
level. Solid precipitation is measured every 12 hours at tR@11 than in 2010 (Fig. 2d). The mean wind speed (Fig. 2e)
Russian Progress Il station (located km from the sea ice ranged from 4.8 ms' to 8.3 m s, and the surface wind di-
observation site). The meteorological conditions durimg t rection was primarily northeast (approximately 77.1% & th
period of sea-ice observations in 2010 and 2011 are showbservation time).

in Fig. 2. In 2010, the surface air temperature was below Four broadband components of radiation, including
0°C before 9 December; whereas, in 2011, most of the dadpwnward and upward shortwave (§8woy) and long-
maximum air temperatures exceeded after 11 Novem- wave (Lwy,/Lwgyy) fluxes, were measured over the landfast
ber (Fig. 2a). As a result, surface melting in 2011 startesta ice from 27 July to 15 December 2010 and from 1 August
around 20 days earlier than that in 2010. The relative humim-30 November 2011.

ity was generally low (mostly below 60%; Fig. 2b), which The shortwave and longwave radiation were measured
is typical for the coast of the Antarctic continent. The meanith a net radiometer mounted at 1.5 m above the surface
snowfall amount was lower in 2011 than in 2010, i.e., then a 3-m high tripod (Fig. 1, left panel). The net radiome-
total solid precipitation in August, September, Octobed arter includes a pyranometer and a pyrgeometer. The pyra-
November of 2010/2011 was 46.9/14.7, 15.9/17.2, 7.7/5rfymeter measures incoming and outgoing shortwave radia-
and 12.5/0.4 mm SWE (snow water equivalent), respectivelgn, and the pyrgeometer measures downward and upward
(Fig. 2c). The mean cloudiness for August, September, Octongwave radiation. The spectral bands of the pyranometer
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Fig. 2. Time series of (a) hourly surface air temperature, (b) hyosulrface relative humidity,
(c) daily solid precipitation (in water equivalent dept{g) daily observed mean cloudiness and
(e) hourly surface wind speed. The red coloring denotes 20Klgust to 15 December) and
the blue coloring denotes 2011 (1 August to 30 November).
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are 310-2800 nm, and the spectral bands of the pyrgeoméeistics similar to the surface below the radiometers.i€ea
are 4500-42 000 nm. thickness was measured with an ice auger (5 cm in diameter)
The fluxes were recorded every minute. The domes efery 7 days by averaging the data obtained from three close
the radiation sensors were checked between 1230 and 18€&s. The measurement accuracy of ice thicknessias
LST (local time) every day, and ice, snow and/or frost flowem.
cover was seldom observed during the campaign. BecauseAs the snow thickness and other surface properties are
surface melt might cause some tilting of the instrument, tleeasured manually at noon time, the albedo at 1200 LST
horizontal levelling of the radiometers was also checkedtl awas used in this study, and the zenith angle at local noon
adjusted if necessary. The uncertainty associated witrethewas lower than 80from 25 August onward in both 2010 and
diation measurements #85%. We calculated snow/bare-ice2011.
surface temperature from the downward/upward longwave
fluxes with a fixed emissivity following the method of Pirazz-
ini et al. (2006). Because albedo measurements are not rgli-
able under large solar zenith angles (Vihma et al., 2008), th’
albedo was calculated from the ratio i§¥6woyt for zenith
angles lower than 80 which is consistent with Pirazzini
(2004) and Jarvinen and Lepparanta (2013). Time series of the incoming and outgoing shortwave ra-
Snow thickness was measured almost every day usindiation, albedo, surface temperature, snow thicknessicand
ruler with an accuracy of=0.2 cm. A rough estimation of thickness from 25 August to 15 December 2010 and from
the snow grain size at the surface was made visually using@August to 30 November 2011 are shown in Fig. 3. In re-
scaled magnifier. To avoid disturbances to the albedo megonse to the spring—summer transition, both shortwave and
surements, the snow observations were made near the viemgwave radiation components increased steadily (figotre n
of the downward-facing pyranometer but with snow charashown).

(a)Ol:llllllllallilluuJllll”'””””””]”_
0.6 —'-.' h“ I hl';lhllul't" l $h [

0.4 .,..-,-.,,,l Wt W

N Y I T T T S A Ty | Loy

Evolution of the observed albedo, atmo-
spheric condition and surface properties

oe]

albedo

T T T T T 17T T 71 r T 17 r T 1717171717 17 1T 17T 17 17T 1T 1T 17 1T T 177

) L ——

€
e .
o] 1]
I T ll lIIl 1 1 I ST B f—— 1 I N —

09-01 09-16 10-01 10-16 10— 31 11 lo 11 30

Fig. 3. Time series of (a) albedo for solar zenith angles less than(8p surface temperature,
(c) daily snow thickness, and (d) daily ice thickness fromA2fgust to 15 December, 2010, and
from 25 August to 30 November, 2011. The red and blue linessjdepresent the results from
2010 and 2011, respectively.
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3.1. Observed albedo in 2010 were just under the melting temperature, there was a 0—1 cm

The daily averaged surface temperature varied fropyrface wet snow layer. The albedo under clear and overcast
_26.0°C to —0.2°C, and the daily maximum was S"ghﬂyskies during 6-13 December was 0.50-0.51 and 0.54-0.63,

above OC after 3 December (Fig. 3b). The ice surface wdéspectively, although a slight increase to_O..7 was noted on
covered (or partially covered) with snow during the entioe o 9 December due to _weak snowfall. The minimum albedo of_
servation period. The mean snow thickness during the ob<&A#6 was observed in the afternoon of 12 December when it
vation period was 4.0 cm, but it was below 2.0 cm durinfy@s under clear sky.
most of the observation period. Snow thickness was lar :
than 10 cm during 15-27 September and 3 November, w%‘fhﬁ' Observed albedo in 2011
the largest value of 29 cm on 15 September (Fig. 3c). Domi- Both snow thickness and surface albedo were much
nated by sea ice thermodynamics, the ice thickness inaeasaller than in 2010, which can be partly attributed to less
from 133+ 2 cm on 28 August to 176 2 cm 10 November— snowfall and more clear skies in 2011 than in 2010 (Fig. 2).
rapidly between mid-September and the end of October. Tie2011, the surface was bare ice during most of the observa-
ice thickness in November is close to the thermodynantion period, and the mean snow thickness was 0.8 cm, with
equilibrium between heat loss to the atmosphere and ha#st of the observation period without snow cover, which led
gain from ocean water, latent heat of freezing, solar heat flto a mean albedo of 0.49. Over the 99-day observation pe-
and air-sea interaction. Finally, the ice thickness wast1Z3 riod, there were 55 days with an albedo below 0.45. And the
cm on 8 December (Fig. 3d). minimum albedo was as low as 0.36 in mid-November, when
The mean albedo was 0.70 during the 2010 campaidhe surface layer was melting. Our observations showed an
The surface was under metamorphism with the air tempegdbedo of 0.41 for bare ice under a clear sky, which is 0.08
ture increasing, and the monthly mean albedo decreased flomier than Brandt et al. (2005). Possible reasons coninigut
0.80 in September to 0.62 in December. The highest alde-the difference include the fact that our observationsewer
dos were at times the snow layer was thick, during snowféifised on the 1200 LST value when the solar zenith angle was
and blowing-snow events. There were 26 days with a nooear its daily minimum (the albedo was also near its daily
albedo higher than 0.8. Taking the period 13 September to@&imum), while the observation time of Brandt et al. (2005)
September as an example, an intermittent snowfall assaciavas random. A 0.15 inter-diurnal variation was shown in our
with snowstorms occurred. When the surface was cover@servations, and Vihma et al. (2009) also observed a simila
with a thin layer of fresh dry snow (snow thickness~a8.0 variation (0.14); the difference of 0.08 is among the ranige o
cm), the albedo was 0.83 on 13 September, and from 14-nr-diurnal variation. Our values were based on direcme
September, with the new snowfall, it was higher than 0.9. Tlserements on the ice surface, while Brandt et al. (2005) used
albedo peaked at 0.94 on 15 September, when the new, freip-born sensors. There was also a difference in the spectr
snow accumulation was 29 cm thick and with a grain sizgands. The measurements of Brandt et al. (2005) covered the
smaller than 1 mm. Because of the low surface air tempaavelength regions of 320-1060 nm (Voyage 1988 and 1996)
ature and strong winds (Fig. 2a), a hard frozen layer formedd 320-1800 nm (with a gap of 1000-1115 nm in Voyage
at the surface on 18 September. As a result, the albedo 8@00), while our measurement range was 310—2800 nm. Fur-
creased to 0.81 and remained at this level until 24 Septemibermore, they summarized the albedo from numerous types
when a new 1-cm fresh snow layer increased the albedoofcsea-ice surface types in the Southern Ocean (Brandt et al.
0.86. The surface was covered with a hard frozen layer aga®05), while our observation site was fixed in a local coastal
on 25-28 September, and the albedo was within 0.76-0.881dfast sea-ice zone near Zhongshan Station.
A strong wind on 28-29 September blew away most of the During the measurement period of 2011, the ice thick-
snow cover, and the albedo decreased to 0.68. ness increased from 1672 cm on 24 August to the maxi-
There were 24 days with a noon albedo lower than 0.8um of 186+ 2 cm on 30 October, and remained at this level
most of these measurements were associated with a thin, haatil 20 November when melt slowly started. The daily aver-
snow layer or melting snow surface (0—1 cm snow thiclkege surface temperature increased fre8.9°C to —0.7°C,
ness). Specifically, there was no snowfall during 1-8 Octethile the instantaneous surface temperature in the akerno
ber, and the surface was covered with 0—1 cm of hard snoeached the melting point on 14 November, 20 days earlier
The albedo under clear and overcast skies was 0.58—0.60 #aih that in 2010 (Fig. 3).
0.62-0.65, respectively. During 12-23 November, the sarfa There were six snowfall or blowing-snow (blizzard)
was covered by a 0—1 cm thin wet snow layer with grains thewvents, which led to a snow accumulation of more than 2
were wet and soft and 1-3 mm in size, and then the albe¢in, resulting in a relatively high albedo-0.6). The high-
under clear and overcast skies was 0.51-0.54 and 0.56—-0e&8albedo (0.94) was observed during a snowfall event on 15
respectively. On 6-13 December, the surface air temperat(ctober. One month earlier, after a snowfall event thatestiar
was usually above°® and the albedo varied between 0.49n 16 September, the maximum dry snow thickness (5.3 cm)
and 0.59 (except for 9 December, when it was 0.69), whiciecurred on 18 September, corresponding to a high albedo
signified a surface of approximately 70% melting snow (1.03f 0.83. The snow thickness was greater than 4 cm between
1.2 cm) and 30% bare ice. Because the surface snow andliBeand 24 September, and the albedo was within 0.77-0.83.
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The fresh snow brought by the other five falling/blowingal., 1996; HIRHAM) considers the dependence of albedo on
show events (6—7 September, 14-15 October, 24 Octobesusface temperature. The Arctic Regional Climate System
November and 9 November) was blown away shortly aftéfodel (Lynch et al., 1995; ARCSYM) includes the impacts
its accumulation, and each of the five relatively high albedd snow thickness and ice thickness on the albedo. Besides

periods lasted only 1-2 days. weighting snow and sea ice albedos with snow thickness, the
_ albedo scheme used in CCSM3 further distinguishes the vis-
3.3. Effects of synoptic eventsand clouds ible and near-infrared albedos (Briegleb et al., 2004). &or

Clearly, snowfall, blowing snow and other synoptidetailed description of these parameterizations, seeiriRPark
events have a significant influence on the albedo by changsun and Washington (1979), Lynch et al. (1995), Dethloff et
surface properties (Grenfell and Perovich, 1984), i.eomsn al. (1996), Briegleb et al. (2004) and Liu et al. (2007).
fall can increase the albedo by increasing snow thickneds an Figure 4 shows the observed and simulated albedos dur-
bringing new surface snow particles. ing the measurement period. The observed surface conglition

We compared the albedo under snowfall with the albed@m Zhongshan Station (surface temperature, air tempera-
under a clear sky (or less cloudiness) on adjacent daysgluriare, snow thickness, and ice thickness) were used to calcu-
the 2010 observation period, and there were 14 pairs in tofate the albedos. The PW79 parameterization overestimated
This albedo increased from 0.13 to 0.29, and with an averabe observed mean albedo, both in 203£0.05) and in 2011
of 0.18 among all the 14 pairwise comparisons. From Ai+0.09), and failed to capture the observed albedo variations
gust to December 2010, the total number of snowfall daysiat2010.

Zhongshan Station reached 67, which accounted for 44.7% of The HIRHAM parameterization underestimated the ob-
the total days and showed that frequent snowfall events haesved mean albedo in 2016¢.06) but overestimated the

a major effect on the albedo. In contrast, our field observaltbedo in 2011 -¢0.14). HIRHAM did not match the ob-
tions suggest that, on the one hand, blowing snow (gales) ns&yved albedo when the surface temperature was below the
increase the surface snow thickness and reduce the surfaed#ting point. In fact, it reached a minimum when the ob-
grain size, but on the other hand, the wind may blow awagrvations reached their maximum on 15 September 2010
all the accumulated snow at the surface. Consequently, (big. 4a). However, HIRHAM could reproduce the observed
pography and wind direction are also factors affecting@tbegradual variation in albedo, when the surface temperature
during blowing-snow events, and it is very difficult to adépproached the melting point (Figs. 4a and b). Because
these effects into parameterization schemes. the surface temperature is the only dependent parameter, th

Clouds can absorb infrared solar radiation, and snow/ieBRHAM scheme could not reproduce the observed increase
has strong absorption in the infrared band. Because of mul-albedo during snowfall events. Additionally, as surface
tiple reflections, the albedo under cloudy skies is highanthtemperature is near the melting point during the summer pe-
that under clear skies (Warren, 1982). Grenfell and Pehovigod, the parameterized albedo tended to oscillate by appro
(1984) showed that the albedo under a cloudy sky is 5%-108tately 0.30 (Figs. 4a and b). This underestimates albedo,
higher than that under a clear sky. We compared the albeskpecially when the surface is covered by a snow layer (e.g.,
of the same ice and snow surfaces on adjacent days of cliea2010).

(or less cloudy) days with 100% cloudy days. The albedo By considering the surface temperature, snow thickness
under a cloudy sky was higher than that under a clear skyd ice thickness, the ARCSYM parameterization captured
and the difference ranged from 0.03 to 0.09 with an averatie observed seasonal transitions in albedo during boitingspr
of 0.06. Brandt et al. (2005) suggested that for the Antarctind summer melting periods (Figs. 4a and b). The ARC-
sea ice, the dry snow and wet snow albedos were 0.07 &XIM scheme produced a good result in summer 2010 but
0.06 higher under a cloudy sky than under a clear sky, mgreatly overestimated the albedo during the 2011 melting pe
spectively. Our observations are consistent with thesétees riod, e.g., the ARCSYM albedo in 2011 was always higher
The fraction of days during which there was full cloud covehan 0.5, whereas the observed albedo minimum was lower
reached 53.1% and 43.6% in the observation periods of 2Gh@n 0.4. In addition, it could not reproduce the observed
and 2011, respectively; thus, the effects of clouds shdatd arapid drop-off associated with sea ice melt.
be considered in parameterization schemes. For the most complex case, the CCSM3 scheme showed
the best result among the four parameterizations. The mean
bias was-0.03 in 2010 and 0.08 in 2011. However, CCSM3
4. Evaluation of albedo par ameterizations in did not produce an albedo higher than 0.80 and highly overes-
climate modds timated the bare ice albedo in 2011. Also, it did not repreduc
the observed rapid drop-off during the melting period.

Following Liu et al. (2007), four existing snow/ice albedo  The correlations between the observed albedo and the sur-
parameterizations ranging from simple to complex were-evédce parameters (surface temperature, snow thicknesg or ic
uated in this study. The parameterization of Parkinsahickness) measured near Zhongshan Station were caldulate
and Washington (1979) only considers broadband albedo foidetermine the mostimportant factors affecting albedw T
snow and bare ice (PW79). The Alfred Wegener Institutmrrelation coefficients between albedo and snow thickimess
Regional Climate Model for the Arctic Region (Dethloff e2010 and 2011 were 0.55 and 0.89, while the correlation co-
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Fig. 4. Daily average observed surface albedo and parameterizéteswalbedos (a) from 25
August to 15 December, 2010 and (b) from 25 August to 30 Noen011 (the averaged
albedo for the four parameterizations over the entire pggshown in parentheses).

efficients between albedo and ice thickness we@e43 and tic landfast sea ice, we made three modifications to the
—0.16, respectively. This suggests that albedo and ice thicBRESM3 parameterization (Table 1). In CCSM3, the bare-
ness are not correlated significantly when the ice is thickiee albedos in the visible and near-infrared bands were 0.73
than the optical thickness of ice. The result is consistetit wand 0.33 (Table 1), respectively, while Brandt et al. (20@5)
former studies (Barry, 1996; Curry et al., 2001; Liu et alported characteristic values of 0.67 and 0.29 (7 and>0.7
2007). The correlations between albedo and surface temm), respectively. As discussed in section 3.2, our obser-
perature in 2010 and 2011 wered.27 and—0.30, respec- vations show a characteristic value of 0.41 for bare ice un-
tively. However, this negative correlation between albedter clear sky in 2011, which is 0.08 lower than the value of
and surface temperature was very weak before 1 NoveBrandt et al. (2005). Assuming that the difference in ouadat
ber, when surface temperature was far below the meltilggindependent of spectral band, subtracting 0.08 fromethes
point; the correlations in 2010 and in 2011 were 0.42 amnalues suggests visual and near-infrared albedo value5®f0
—0.10, respectively. There was a strong negative correlatiand 0.21 (Table 1, row 1). This modification is helpful for
between albedo and surface temperature after 1 Novemisenulations of low albedo over bare ice or melting ice.
when surface temperature approached the melting point grad In addition, snowfall events can influence albedo remark-
ually; their correlation coefficients in 2010 and 2011 werably. As discussed previously, snowfall and 100% cloud
—0.49 and—0.61, respectively. The albedo dependence amover may result in an increase in albedo by 0.18 and 0.06,
surface temperature is related to the fact surface pr@sertiespectively. The CCSM3 parameterization can only reflect
change as surface temperature approach@gldston et al., the effects of changes in snow-cover thickness. In addition
1999; Pirazzini, 2004). After removing the effects of snownow thickness, we assume that other effects can contdbute
thickness, the partial correlations of the albedo and sarfab0% increase (0.09), and a simple formula that describes the
temperature were-0.28 and—0.25 in 2010 and 2011, re- albedo increase caused by snowfall and cloud cover is pro-
spectively. In contrast, the partial correlations of theedlo posed (Table 1, row 2). This adjustment is important for the
and snow thickness were still high (0.56 and 0.89). This fusimulation of a high albedo, especially during or just after
ther indicates that snow thickness plays the more importamowfall event. As the snowfall amount can be obtained from
role in determining albedo. an atmospheric model, this simple scheme can also be used
To develop a parameterization that is suitable for Antaro: other parameterizations.
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Table 1. Differences between the modified snow/ice albedo paraimatEem and CCSM3

Dependence CCsSM3 Modified parameterization
r Qi_yis =0.73 ai_vis = 0.59
Bare-ice albedo { Gi_ni — 0.33 Gi_ny = 0.21

Osc = 0.09(with snowfall)
Albedo increase due to snowfall and clouds Not considere& asc = 0.06(when cloud cover is 100% and there is no snovyfall
A{ asc = O(for other cases }
Fraction of surface snow cover Hs/(Hs+0.02) Hs/(Hs+0.01)

Notes:a, albedo;Hs snow thickness; vis, visible bane Q.7 um); nir, near-infrared band>0.7 um); i, ice; sc, snow cover.

In CCSM3, the fraction of s_urface snow cover iS_eXTabIeZ. Mean and standard deviation (STD) biases of parameter-
pressed alls/(Hs+0.02), whereHs is snow thickness in units jzed surface albedos relative to the observations.

of m, and the value of 0.02 was selected to reach good agree - :
ment with SHEBA data (Briegleb et al., 2004). To better re- Mean bias STD bias

flect the influence of snow thickness, expressions should b@edo scheme 2010 2011 2010 2011
modified to fit for the local horizontal surface of the Antarct
landfast sea ice. According to the local feature that thevsno

PW79 0.05 0.08 0.11 0.08

thickness during the campaign was thinner than SHEBA, HIRHAM —0.05 0.14 0.11 0.15
and the fact that the 0.01-m thick snow cover can have aARCSYM —0.05 0.14 0.07 0.11
large impact on the albedo, we modified the expression to CCSM3 -0.03 0.09 0.06 0.07
Hg/(Hs+0.01) (Table 1, row 3). MOD —000 0.01 0.03 0.05

As shown in Fig. 4, the modified parameterization shows

much better agreemenctj Wi(;hdob_se_rve(ija_albedo? 't? 2010 Emgoming radiation produced a more reasonable albedo than
201_1‘ The meart standar eV|at|o(;1 lases o t € paramp simple ones, particularly during the summer melting pe-
eterized albedo were 0.001+0.03 and 001+ 0.05 in 2010 riod. This is consistent with a previous study over Arctia se

and 2011 (Table 2), respectively, relative to the obseomati ice (Liu et al., 2007). Both correlation and partial correla

Furthermore, th_e parameterized albgd_o can effectively C?ﬁns showed that snow thickness is the most important fac-
ture both the high and low albedo limits and the observ? r in determining the albedo and should be added in albedo

rapid drop-off in the melting period. schemes. Considering two spectral bands, the CCSM3 pa-

rameterization showed the best result among all the parame-

terizations. However, it could not reflect an observed atbed

higher than 0.80, nor capture the observed rapid drop-off du
To understand the variations of Antarctic sea ice albedtey the melting period, and highly overestimated the bage ic

and factors influencing its variations, and to evaluate #re pand melting albedo in 2011.

formance of current albedo parameterizations over Antarc- Based on the observational analysis in this study, a mod-

tic sea ice, we continuously measured the in-situ albedo oviéied parameterization was developed based on the CCSM3

Antarctic coastal landfast sea ice in Prydz Bay, near Zhorgarameterization. By further considering the effects af-sy

shan Station. The observation periods covered austraigsproptic events and cloud cover, as well as the local landfast

and early summer of 2010 and 2011, which can be considesed-ice surface characteristics, the modified paramatieniz

as representative of albedo evolution over Antarctic @aseffectively captured the observed variations in the albedo

landfast sea ice during the seasonal transition. The mean Ab the snowfall information can be obtained from weather

served albedosin 2010 and 2011 were 0.70 and 0.49, resggcelimate models, this parameterization can be easily ap-

tively. The large difference of 0.21 was attributed to lesas plied. However, it should be noted that further evaluations

accumulation in 2011. Synoptic events and cloud cover hawéth more field observations over Antarctic sea ice are still

a significant influence on albedo, leading to an average Btrongly recommended.

crease of 0.18 and 0.06 associated with snowfall and overcas
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