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5.1.1 2003£7H27H MDAMSR 3ch& AL % (89GHz, 18GHz, 10GH2)
Fig. 5.1.1 Composite AMSR image from July 27, 2003 using 89, 18, and 10GHz channels

Severe Environment of “Uncharted” Continent Necessitates Satellite Observation

AMSRMD3ch& FiE & (89GHz, 18GHz. 10GHz) IC& ). FRA
Bl ZQRABDOBKOERFEERNT D EAERET, mBAERA
EEERITAZE3000MEBAZ2EEREEE > T T, KREICIE-80CICK
SMERDEIEE B> TNET, KEIE. BEFER<LIILIETUH -
RICEODNBZERASEFENTRNWEEKOERTY, HREBDK
RO EFE—LATBEIBOVEDTH D F—LAFTIE, BAROEARSN
FFoN, KREGROBBRERARNZFABENERBINTINET A
BERGTBLEBICEANEIL K TEDIFENKOLENTNET,

KPR DBODERI ISHEK SR 28 EICER D H LI KCAANA < 17
FELUTWET, COAFEBITEBKERDEE - BREOEEBICE ST
RERBEENHVET, ZOWKDEIEICKZEBKKRN S DKD
mEE. EBAEOEKEOREMEEZ D L CEELHANRE
B> TWEY, AMSRMB6GHz, 10GHzO Y 1 7 IIREAITIE. &
VIEERE Qg S E > TRNTH )., £XRIETOERNAEAETT,

A composite AMSR image of 89, 18 and 10GHz displays the Antarctic
snow and ice distribution. Antarctica has an inland plateau area with an
elevation over 3,000m a.s.l. and a very cold climate with temperatures as
low as -80°C. In winter, this area is closed to frequent observation due to
darkness, strong winds, and blowing snow. On a peak of an Antarctic
dome, Dome Fuji, Japan maintains an observation site but seeks more
observation techniques to combat the severe conditions described above.

Shelf ice forms the coastal ice margin, and its fluctuations are an
important factor in the changing ice mass outlet from Antarctica. Microwave
observation by AMSR 6 and 10GHz channels will focus on these regions in
all weather conditions since this area appears as a low brightness
temperature (Tb) area.
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BT Y ERZEAANBIRICHIT T RIETEDREEN
BEEICESAR, LIPS ‘coreless winter D/\Y — VAR SN
FI.EBOERILOBFHTH D ZOI\Y — VT EFAEEEH
FRBOTAVINAER > TEUCTVWET  EBEREIITEE
HICIHE U TWETABREMEC B BICONTIREBIZ/NE
<EBD EEFEBENTEEY, MAMEOENIL. 89GHZTIXIZ
ChERBNFEFHTAN.36.5GHzT15H.23.8GHzT24H.
18.7GHzC28H &£ 73> T\ T.6.295GHz & 10.65GHZz CI330H
PLEICR > TWETAMEOENIIEEFORREE Y170
BHEEICL > TREDET XM VOKRICLDEET BRIN
B3O NMHEOENSARL > TEXT,

Comparing the annual (2003) pattern of air temperatures from the
Automatic Weather Station (AWS) and six AMSR-E Tb at Dome Fuji,
the air temperature indicates a very clear “coreless winter” pattern of
no clear winter minimum from April to September. This particular
pattern is due to the combination of the semi-annual and annual
oscillations. All the Tb follow the seasonal trend found in the AWS,
although the amplitudes decrease and delays of the maxima increase
with decreasing frequency. This phase delay is nearly non-existent at
89GHz; approximately 15 days at 36.5GHz; 24 days at 23.8GHz; and
28 days at 18.7GHz. The delays for 6.925GHz and 10.65GHz are
greater than 30 days. The phase delay depends on thermal diffusivity
and the microwave properties of the snow. The phase delay differs
among frequencies due to the differing penetration depths of the
microwave signal.
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Microwave Signals from the Antarctic Snow and Ice
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Fig. 5.2.1 Air temperature and AMSR-E Tb at Dome Fuji
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able 5.2.1 Penetration depth of AMSR channels in Antarctic snow

‘H&ﬁ??/*w
Erequ,gncy Channels (GHz) 6.925 10.65 18.7 23.8 36.5 89
AR p W
SBERE 1 T
,;H- 4 I.(-)n depth Type1 42, 8.0 1.2 0.55 0.15 0.03
:h_ ..................................................................... o e S
ﬁﬁmé’? 1 72
N, Renetratlon depth Type2 34. 11.5 3.3 2.50 0 0.20
- % ‘\F—

#%5.2.1[3. AMSRD6DDF ¥ >V RJILDEERIICDONTRUTWET, MEIEKKRDE
Eﬁo)?fr’7Di}*ﬁiﬁiﬁ;‘%éliﬂi&%&zld&fL&@“b“ THICER. BRAR. BE. BES

FEEZITEY, BRENSE, BERIIINES B DET, 10GHZLL T DERE
'Cli\ BERSIIBREEBBEICEL > TRELEAEINET, 20GHZLA EDAKE TIIHAE
RHEROFENZBRINTIN, BELBEICBHEEERITET, CITII2O0EEE
BELE U, 91 S11d. RESOEETEREOV R\ OE T, &8 (-60°C) TH
WHIF, BFE, BERERETOEDTY, S5 1 L2L0FOLBHEEE THEESE41)
ETAT, SRE (20C). #HLKF. BEFE, SREREEEELTCVWET, TOBE
6GHzZERRV\ TREIBDEY 1 T20@3ERIHNKRELHDET,

Table 5.2.1 presents penetration depth ranges on six AMSR frequency channels, and penetration
depth for two types of snow, assuming observation at a 50 degree incidence angle. Penetration depth
over the ice sheet (dry snow) depends on the frequency, but also on the snow’s temperature, density,
layering, and crystal size and type. As the frequency increases, penetration depth decreases. For
penetration depth below 10GHz, the snow cover temperature and layering are determinant factors.
Above 20GHz, crystal size has the greatest influence, although density and temperature also have an
effect. In the following example, snow type 1 is a cold (-60°C) snow cover with coarse grain, low
density, and low accumulation rate. Snow type 2 is a warmer (-20°C) snow cover with fine grain, low
density, and high accumulation rate. Penetration depths are greater for snow type 2 than for snow
type 1 except at 6.925GHz, where the snow temperature was the determinant factor.
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Climate and the Antarctic Ice Sheet : Detecting Signs of Change

A AEAFES CIIAERELREXEH L TNBEEE0H
DFET, Fio, WKABELTWBHERESNTNET, &
BREOI AT OKRF v RIITENDS QERICED ZENHE
£9, 6. 10GHzIZ, EEKUEZH EKKREHOERN L, T~
ZEENEBEEL > TVNBMKOEZY —ICEMEINET,
X5.3.1DOOHRIFTHKEEER L TVWET, HIKOBKH S DF
BOXA YT LEBETEERALTVNE T EADAD, HIKOER
NRJEETY,

FmABEQEE CILEKEEICLZ Y17 LRBSTOZEED
BonEd, mBAELTIE 1I0mROBESEENEBTHEL
B, FRIFIF-EDEERLETH. AMSRDEGHZzDT —
FIIZDEERBRIHN S DB ERATH D, FITEBFEHR
SBORMHITHIG UIZINY =V ERULTWETD, Z50SE\EE
BCIZEREHTEME R > TWET, MKEFEHTBOER
BICED., AEKROZHOK UERRS CEHAHEET,

300
In some areas of the Antarctic, where recorded temperatures have 280
risen and shelf ice has collapsed, observation data are available from 260
low frequency channels of AMSR. AMSR 6GHz and 10GHz channels
focus on the shelf ice area, where instabilities are of great concern in | 240
the relationship between climate and ice sheet. F =220
There is great change in Tb in the surrounding oceans as the sea ice |
changes, but little change over the ice sheet. This is because the 6GHz
signal indicates the temperature from the deep snow layer where the 1
annual mean air temperature of the site can be determined. It remains - 160
low in the inland areas.
By observing the shelf ice and mean temperature, sensors can 140
monitor the signs of change in ice sheet conditions. 120
100
K]

5.3.1 AMSR 6GHz |C & 3 AFEBDMBKDEIBY
R Tl TEERM Uic/\Y — > &1 3,

Fig. 5.3.1 AMSR 6GHz indicating shelf ice along the coast
Tb reflects the annual mean temperature pattern inland.
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880 (200322105 281)
Before rise of ice sheet temperature (Oct. 28, 2003)

SR (2003£11A71)
After rise of ice sheet temperature (Nov. 7, 2003)

lce Sheet and Atmosphere : Sudden Rise in Ice Sheet Temperature
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Blocking pattern and the area where rise of ice sheet temperature
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B 54.1 FEEAREETORLFEO®RI (AMSR-E 36GHz)
Fig. 5.4.1 Detection of sudden rise in ice sheet temperature (AMSR-E 36GHz)

BB ABENES TIIUIEUVITRBEEN B INET, K54.10LM EFREIFFEL
BI2003F10H288 & FREDIATHDEESHELB UICEDTI A, REEDESR
BOHEEAERDCENEEET, AR TIIOCICERIEELTELRICHL, BEXRE
MERD SN, KIKEKEHNS DN AV OEHRET MBI L) TY, EOFEEZITIITK
REREOREOERARIRELR Y 1 7 RERANERICR D ET,

ADNIIE R E500hPaHEEEZDERMNTY, BEBRKREZECENZTOvF T
CLBPBEZICEL), BENRATIHTIARNWCEET, TRIFAICL > TEEHZIC
B TWeEBRESEEOATTIA., COLIBBRICEIDATOMEAS D, B
[PKELHAKEITEITN, KRBELKKEOHREICHELEY, BBOBELEEE
EADLTRUBEREEZISNET,

AMSROERIEIFFDEWNICK D, BERE~REDREBENEE SN, RHEET
HDEBRRP. RPOKREERMUCEFHLEBREDY VFIVERDHET ZEAHR
£9, IN5ONA Y ORICK2BEKARERICK D, # EERADOERBICHITDREEH
BIAED SNET,

An abrupt rise of air temperature has been recorded in Antarctica. The left and center figures
illustrate the 36GHz Tb patterns on October 28 and November 7, 2003. The inland cold area was
diminished. A sudden temperature rise of 30°C in a few days heated the surface snow layer,
increasing the microwave emission. Microwave sensors can observe the ice-sheet temperature, as it
is not affected by clouds.

The composite map with a 500hPa height chart (right) displays the associated blocking pattern
over Antarctica. The pressure field is usually low because the polar vortex is located over the
Antarctic. However, in the blocking pattern, the circulation brings heat and moisture over the ice
sheet. This phenomenon significantly influences temperature and snow accumulation on the ice
sheet.

Using multiple-frequency observations with AMSR, we see thermal fluctuations between surface
and deep snow layers on the ice sheet, and then a short-term temperature rise and a long-term
temperature trend. Through microwave observation of the ice sheet, we can detect the environment
of this “uncharted” continent.




