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ABSTRACT

The heat budget of the earth - atmosphere system is composed of net income at
low latitudes and net outgo at high latitudes, and heat transport by the atmos-
phere and the ocean exists to maintain the total net balance. The Southern
Ocean is one of places where a large amount of heat is released to the atmos-
phere from the ocean. Sea ice, which exhibits a large amplitude for seasonal
change in this region, may affect the surface heat exchange considerably.

However, the effects are not known well, since it is impossible to have in
situ observation routinely, and low temperature and high albedo of sea ice make
remote sensing difficult over the Southern Ocean. There have been few data
taken in the Southern Ocean. But efforts to estimate surface heat flux using
climatology have been made. Many cases of the numerical experiment shows the
relationship between sea ice variation and surface heat flux; however, only a
few of cases was considered with temporal and spacial extension as seasonal
change.

Meanwhile the atmospheric heat budget in the Southern Ocean considerably
related to the heat supply to the atmosphere over the Antarcitc continent, which
affects growth of the ice sheet. Variation of heat release from the ocean to
the atmosphere may affect climate change through the ocean circulation. To
study the seasonal change of the atmospheric heat budget in the Southern Ocean
is important to explain inter-annual changes and long-term variation.

The quality of the atmospheric objective analysis data which were supplied
from the weather forecast center such as ECM¥F ( European Centre for Medium -
Range Weather Forecasts ) has been improved so far, and these data can produce

more reliable interpolated value than these did in the past. ERBE ( Earth



Radiation Budget Experiment ) had been operated to obtain global shortwave and
longwave radiative flux at the top of the atmosphere with high accuracy. Then
the present study aimed to show the seasonal change of the atmospheric heat
budget, especially the surface heat exchange, in seasonal sea ice area in the
Southern Ocean and to relate the surface heat exchange with the seasonal change
of the sea ice.

The atmospheric belt around the Antarctic continent, which has boundaries as
60° S, 70° S, the top of the atmosphere, and the surface, was chosen as the
region of analysis in the present study. Satellite observed data show that sea
ice occupies over 60 % of the region at the maximum. The data were analysed from
January 1985 to December 1989. The tendency of the atmospheric heat storage and
the convergence of the meridional atmospheric heat transport from ECHM¥F atmos-
pheric objective analysis data, and net radiative flux at the top of the atmos-
phere from ERBE radiation data were calculated as zonal and monthly averages.
The surface heat exchange was obtained from the heat budget equation as the
residual of these terms.

As a result, the surface heat exchange was about -100 ¥/m® ( the ocean was
most heated ) as the minimum value in December and about 100 W/m® ( the ocean
was most cooled ) as the maximum in May, and the curve shows rapid increase
toward winter and slow decrease toward summer. The surface heat exchange
decrease 30¥/m® from Yay to July, when the average sea ice concentration in the
same area increases from 33 % to 60 % It offers remarkable contrast with the
same calculation for the belt from 50° S to 60° S, where there is few sea ice.
The surface heat exchange at this area shows flat maximum from May to July.

Sea ice plays a roll as a suppressor for sensible heat, latent heat, and



longwave radiative flux from the ocean to the atmosphere, and increases short-
wave radiative flux due to high albedo. Therefore two effects were separated by
estimating shortwave radiative flux which is more reliable than the others. The
surface heat exchange except the shortwave radiative flux still shows maximum in
May. Seasonal change of longwave radiative flux at the surface cannot be
expected to have large amplitude, hence the maximum of the seasonal change of
the surface heat flux may consist of the seasonal change of the turbulent heat
exchange. Meanwhile the average sea ice concentration shows maximum increasing
rate in May. Those two maxima in May is derived from balance between suppres-
sion of effective surface for turbulent heat exchange by the sea ice extent and
intensification of the exchange by the increase of the air - sea temperature
gradient.

The comparison of the surface heat exchange in the two particular regions in
the belt was presented as a case study. [n one region, sea ice reaches almost
100 % of the average sea ice concentration in June, and in the other region, sea
ice continues to extend till September and does not reach to 50 ¥. The surface
heat exchange except shortwave radiative flux in the former region shows maximum
in April, and that in the latter shows maximum in June and July. This
difference implies that, in the zonal mean, the surface heat exchange reaches
maximum when sea ice area extends rapidly.

The convergence of atmospheric meridional heat transport is characterized by
the maximum in August and the minimum in May. The maximum belongs to the
seasonal change of the energy income from lower latitudes, and the minimum
consists of both of small dip of the energy income in May and small peak of the

energy outgo to higher latitutdes. These properties of the heat transport are



dominant on eddy components at the troposphere, especially at the lower layer.
The deviation around May induces the property of variation of the surface heat
exchange, and shows the possibility that the ocean releases the maximum heat to
the atmosphere actually.

A simple estimation of the surface heat exchange was made from only latent
heat for freezing and melting sea ice with the assumption that thickness of the
sea ice is constant. The surface heat exchange from the atmospheric heat budget
can sufficiently explain seasonal change of the sea ice of 2 m thickness and
both of the variations are in phase.

The heat budget of the atmospheric belt around the Antarctic continent was
estimated from the atmospheric objective analysis data and the radiation data
from the satellite. The seasonal change of the surface heat exchange was

suggested to be explained mainly by the change of sea ice extent.
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B+o#iTE% Lz, Nakamura and Oort (1988). # 2V X, Masuda (1990) D X 5 2R
KEXHS7 OEOKRERTHRYVEL L > RBEIZTOANIIHHEOEELED THEY
IHERHMDOBENEVDT, -, ERT7TOOEORERZTZ2ZIINIETLV0OT, X
(G-1) PERIZHAYTIHMSZEEHAL., 4 0BFRAZHDLZTNEWTRVWEZIC
AN 2VNED BRR VDA B AR,

EL. BME G2 E2R2IOEELEROBIIL 23 AF—OE X RITEHE L
Too FAUXEREIC (3-3) D Fwall & B LR TRV, HREE~DFEILL b OBIR
DO L Fwall DR EZ RT-DIZMETHD EE X T,

3—2—4. FHLOEE

ERIIHEREHOFR TREND, ERBEDTF—F v hOBEIXMEAOT—Fix 25 F
X 2.5 EEERORTEYONABERKT 55, ECMWF/WMO F#MITT — 4 0if
BIX25 EX 2.5 EEEZEROBORBRIIBITBZT—F2RLTWS, ZnTRPLTNAT
WBDT, FM6 OFENLOFM 7 OEOHIRFEDETH L &0, FHMIT 77— 7 i1Xm# 6
2. GF, 65, BLU, 67. SEOELZHO—DEHEZT-HEHMEE OELLU
7T 0FEDEEZRAVWTND,

3—3. FHERTT—F7 T HRM

3—3—1. FHEGTOBRE

EERNT — 7 O L R BMIMERIRTTRET IBEONTO HNHHM, Z0HE
IZOWNTHEL, —EFHEICb N P4V 57, 2, ELffal S ocoililF
—Z FER AN BLVOEBY —CRVWO TRATROLDEFT NVCHEEGH T 5 0L
Mird, T T, TNOLDTF—FITETFNVHNOERERIZED LOITEEN 2z, 20
@RI EENEVNBRETIHANLGNTWS,

B 199) 1Lk E, FRIEBTALIZHAHEEM (O E28IOTFHERY A 744 T2L
b= FHRIEEZED) 2E< OBBSOBRE: ZOSTOMERBEDETIEEL, BF

- 11 -



B ECHBRITEEZRDHFIETH D, TOEEIZHET 2 BEAHHEICHBEOESMEM
tkEind, BFADELIIF— R RTNITHEESR T O = =FETEIC2 D,
BEAFREOL S RTFRIEZAVIEBR TR, EREOCHVBAT -7 0FRNTHRET
NWNOPTRIZE> TR TICHENTWL,, Eh b, ERIFANMERZ T CRIMEZRET S5
EBELDL, BAITF—FZ2EBREIERTES,
3—3-—2. MER
- FRETFNVOER

EizBBA L L S ic, BITETTFREZ TICRD BNAD T, FTRET LV OHEBEIC
Lo TRAEMREEFOWEIERH D, £, FRETLVONFRILEIISELTHESN
DOTEOEICRY HBEESTDHRENEGH D, FIRIEL, Trenberth (1992) @ Fig. 12 1L 19
B0 M D 1986 GEE TOMERIZHIT I FEmMEHED BELFEN 1984 4F5 A &£ 1985 4 5
BIZENIIE Do Z ¢ R EERLE, RABICTFRET VOEREENITHONATVWSD, =
DT EREBRET T — 7 ZRVWTOREFNE, &Y DITERFELEHOMEZEHEIZE
Do WIZAMIATIZ, TVOEIRZKODEEZHAVWDIOTHEELRIT HAMREMENKE LV,
IOMBEER., EMMOT—F 2 O TEFOTHRET /L THITLET ECMWF B L
U'NMC TREINTWHEBEANHEIZ L Y W@l sn s, ARG TRERNL0%
HMAEth T — 7 A E 5 %5220,

- F— ¥ ORFEN

AMETIRERMRT T — 7 DRFATHDHEMBEADRNE ZATHLT—FRRBRENT
WD EWI RERKRIRIZHIAT S, LU, BRI K D 2 il &3 w24 7 v il
izBWTIE, ZTOFRELTAZZ LOIIREOBRA TR, FREFLOPIZHHH
Tidlevh, EWHBENSH S, HEBNH AN GELCNDET—F & LTiTmiug
WROBABAL ORI ENDBE - il - KEKROREDHAH S, ZH1E TOVS
( TIROS Operational Vertical Sounder ) % % \ME SATEM & MEE41 5 72 T NESDIS ( Natioan

al Environmental Satellite Data and Information Service ) L& WD FH & ¥ —IZB(E N



T3, IN6DTF—FEFRIA7MMIBRVALILICLY, E¥RTIITFRERENR

{pofeM, ¥R TIHRRBLEOENZ L FREENTA BV O THRNZNEWV I
EAMEZN TS (Anderson et al, 1991 ) , Lo T, EFEKRICEWTIETOVS @
BEEIAEPENTEY, BIZFRETLOPEZFRTIDLIEIRRD EBXOND,
3—3—-3. YOFEBRITT—FEEI»

EWARTT — & 13312 ECMWF & NMC (National Meteorological Center) 7> 6 1T 41T
W3, [RBEFOEBRFTT — 23520, TOTF—FEHHLETFRI AT A, THRE
BEIZBWTIE 1 9 8 8 FLUANIZ ECMWF DENITLE~ D LEEIZE» -7 (R OE
3. 1, 1993) , Trenberth and Olson (1988) X NMC & ECMWF O £ EKAITE O L %
BELTWD, ZOBHI1 98 6FEOKRDNETTHD, BEADT A yEyRay b
Eiz BT B @BEEl & T b OARHTEAS 200 hPa BEIZ DWW T X iz, NMC DfF
i & BB BIE DD RMS (Root Mean Square) @ 8 EHfEIZ1 98 3E 151986
FITHITTEIT300m A ETH -7, —F. ECMWF OAFHTE & i g Rl iE D70 RMS
IZFEA /DS Z2TD2HD, 1986 FITIESOmBEL~, LrL, ZVA4SF
DRERETHS 20m ITEERB EEARERMTH D, INLDI LM bH, KPEITIE
ECMWF OZEBART 7 —F #AVWBd Z Ll Lz,

3—3—4. FHEMFTIIBEYT SMHKOHB

ECMWF @ Hennessy, JT. 6D FMIZLiE, 1 9 9 24 8 ALIATOMAHTIZIX, Alexa
nder and Mobley @ A FHD 1 FEHEF 8. 2 & @ SST 8 £ UHEK DR EML & NMC 7> 5 D i
B @ SST D% ( Reynolds, 1988 ) ZBETHWT WM&V ) Z & TH D, Alexander and
Mobley DT DFRLILR 2D 572 A% Alexander and Mobley (1976) 1Zi1EF DR EfHDLL
TOLHIRZBARHAB, HKIL1 95 7 FED the Hydrographic Office charts 1223\ T, 18
RKEFHDLEEN 0. S5LLEDHZE Mk2ihHs) CHBILTVWS, £/, 0. 5LTFT
b, BKOARICHD LDOREATWD, 2FEY, MKEEE WV IBLEIRRL T, MK

X1EBFOEMAT—/AT (B /2L) THEALATWS, LT, #REHDZ &



[z > TWAEBATICIZSST & LT-1.7° CEANT,
Ei=, FREFAVICBWTIE, SSTH-1.7" CUTOBRFEEKTHD LBETILD
[z o TW3, BAKEEEKETIAT AN FEHEERRRY, 7AXFHR055 (BXK) |

0.08 (BAKiE) . E-MERAN 000Im X)) | BliRoBE=IZ L 5EE (FAm) 22
2TW3,

3—4 ZFOMOT—FIIx{ DR
3—3—1 ERBE

Barkstrom et al (1990 ) iIZ LT, EERBHHO—ERIIEZE 40kn O THD, =
DF—FIRRMIOLOD AR THA Lz 25 BEEX 25 ETHEEFES N A Fi5iE
T, A RLAULTNASA D LIREEENTVWD, 2, HEIX 25 EX 25 EofEEo
AEHETIEE6Wm2 LW I ALV BH D,

3—3—2 #K

94 ix ASOSIC D& FHAOEE ATFY - HFRFEYH LAEHRICLD2E5 4 DEOFEHEIL
& SSMII ( Special Sensor Microwave / Imager ) D& @[ # (25km X 25km )IZBIJ 2B E
F—FEAFY - BREHLAEERICES1 98 8FEOFEHE(LTHS, MEDL 988
ExRERDH L, ASOSIC A SSMA LV, FEEHECORKEICEALT1 0% EZWMEZR
LA,

ASOSIC DHEDFEVTFDOR/EKMA, 1985F, 1986 FICIIBANLIAILH
ZolzEL, 1987~1989FIF7AILHY., FLTEEKEOTCEIIMD L
EHRMOTELERETNDZETHD, SSMADEKT—FBIBELDAN1 9B THEY
BTHAZ LIXBETAEM AN, 2E0L, 198 4FELATIZ L AR DFEHZ(L
AT ABENDHT-OT, F—F RN ED-T- L ENFERTH D L IFERITIEEVUING
VY,

AFFRIZBWTIE, BETITEKEFMOBRFEE(LITMROIH Y | K LILES

HEK B D EM T OB DML LW THADO THE R EIZMEIZ Lzvy, Ll
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T. 198 85 m SSMA & ZIFFA UFEZEE % LTV 5 ASOSIC D 5 F¥HET+5
EEZEZ2D, TLEL, 4%, BELOBRBEIIRVADKIEIZEM ML EDTRHNTILE
BHYEIL,

¥, IHTY LEEKBEERITOBKEEELIZEATHWIERRERZIZOT, K
BB, T Tik TFHOMKEBHEE] LS LIZITD,

- ¥5



BAFE FATFER

4—1. KR LEMHmOBHII

- S M

B 5 OFEHEIZI—FRAMOEZEDOEENXEN TH S, FOLL LR Y MR LE
hs, K604 FEROEEIBNTHRHFHEBMORBICE~STEFELEDILIZ LA L0,
AFEFHEIEL 2 AICERO 255 Wm ', 6 AIZIZE/®O 5 Wm *OEERLTHS,
INPHARTMOEDOERLY BIR@AKE S BURZEZZ/B LTS,

- FP A

¥ 5 @ 4 4EEHEIE 1 HITiRB/AD 210 Wim *, 7 BIZid ko -173 Wim *OfE %R
LTW5, FEHEBI—ERNOEZREAEFEREBIZIEREZITEE THD, 7TAIZAD
STERHIEKRKL, £ELT, TA»L 9 A FTIEHERSHIC. ENLURIZIELLBLIT S,
RIBIXEEHSHT T/ &V, K6 0 4FMOEBICBV TR, BREEDHNENT
W5, 198 6FRBKEICLDANMDELRRZ->TVD, £/, 19854, 19
B7THIZS ADEY ENYVBMOFELRRD, AFEZBE L THEMEICEWTHEAD OMF L3
HBEIICHRZDN, ThiEE I —DBEICLSLOTHS ( Yamanouchi and
Charlock, 1996 ) .

4 — 2. FMiLH MmO RN F—i%k

4—2—1. TRAF—ifk

711 985FMnb198 9 FEDSENEEHLIETHD, M6 0FEMICHERS
&, MO XL 8 AICRREIZZRY, 1 AICB/MEIZ2>TWS, 3
R E T <. 4 AT TR, 5 AIZhT THEBMY-< D L&, ED
HREVRES8AZTHMLTWVWS, HARICIE1I 0ANB1 1 BIZRWETHEHA LTWA,
—X4, M7 OFEMIZ7 AIZRAEIZRY, 1 AICER/MEIZR>TWD, BMEFIZIZS B
FCHBHRL, AL T AIHITTHERLMIMI TS, BOFIZIE, 9 ALMRICHT
R R B LTS,

- 16 -



B 8 IXRFRIRESM TH S, —FEBEL T, 4 0EMITRHRERSEKIC/LD, FMRS
OBE~FafE 6 O EECITHERBRADICHE I MM EMmEORLN 4 L1 0AICR6ND,
4—2—2. ERE%

X9 R#ERomitEXREEA Y, FEE6 0EMIX7 AICERIC, 1 AIZE/MIZ>TW
5, £fc. 4AIZEK, SRILEANTHD, IRIBIX10%10"° WRETHD, MMR7 0K
%9 AlzlkR, 1 AL/ oTWS, HMHiIE—Ricw-< VX, BPHiE1 0
A6 11 RIZh ) TRIZE->TW5, Yamazaki (1995) ¢ NMC(1986-1991) {Z & % AK#
KX L LT 5 LRI 6 O EETIXE 2 Mo AMNIEBEL TS, LAL, M7 Ol
THRHERZZEHETHY, NMC OF—# Ti25 ARBABRONDDIZXI L, K9 Tk
8 Al KAMH D, /. Yamazaki (1995) TIEfE#HE6 OENDA-THEMT7 OFEZIBY
BITHBETIEZT v 7 A2 1/ 3REIC25H, B9 THMREM EoREXEN7A~1
ORFETIRIZEALWER LV, FEiE6 OFETD 200 gm/s D7 T v 7 AL ERIC
BETEHriE1.0%10"° WIZZR VK9 OEAEE EVWznEg 5,

4—2—3. BEREOH:E

KM EDR DB H> 4% 57z 200 hPa, 500 hPa, 850 hPa ¢ = & B o) B E % %t ELAK 2>
BRI T, e, TREW) I@mE OoWMEEASVI L, hEwn) 3t
& OEFERBEZN EOFERTHWS,

» BELALSY 200 hPa (K11 0)

MfE7 OBETIX 1 O BICERAMH D, M6 OFETIXS AL 1 1 AITBREH D, LK
HIZFB L TWD,

» JEELRE S 500 hPa (1 1)

M7 OMETIXS A, SAICHKA, 1ARBR/IADHD, M6 OETIXTA, H50
i, BAICHEKRMEHY, 1AICHRHD, BANIZWPWHK LTS,

- JEELRK 5y 850 hPa (B 1 2)

FAAE7 OBETIZS AICRRM. 1 AR S 5, flH 500 hPa,200 hPa IZHE~T, 5

- 17 -



EULEHD, M6 OETIX8 AITKRM, 1 AL/ H 5, (A 500 hPa,200 hPa (2
RT2EBEHD, ZORBETIIRELTWS,

« SEHTHRAR Sy 200 hPa (1 3)

M7 OFETIE L ORITERA, 1AKRBRIEHS, M6 OETITRAMN6 A, &
N3 RICH D, MR T7 0 ENTIIEEEOth, Bike 0N TIikm & othizi -
TEL, BBLTVS,

- SEHiERLSY SO0 hPa (1 4)

FEMR7 OEETIXO BITEKRM, 1 1AIZB/IRH5, HEi#E6 O TIHEKRN1AIZ, &
IR T BIZH D, BT OEMTIIRERmE Ofth, 6 oM cidkm X ofthiziz-
THY, BELTWD,

- FHifipk sy 850 hPa (1 5)

FEART7 OFETIX 1 BIChAMN, 6 Alck/ 25, M6 0B TIRHRAKRMNTAIZ, i/l
N1AILHD, MAET 0EMTIHILAZ O, M6 0EMTIEIAEME OfIZe>T
BO, WHLTWD, TORGOFRMET 0 FEMILE THEMKE, MOFBHFHMS LD
—HiRE,

4—3. =FNF—YX

7285, Ftoa @7 —F X 1985 fFA 5 1988 X TLMARWVO T, 1989 FIXTE D 4 FERMD
EHECRALE, ZOHTHATS Fwall 3 LU dS/dt [ZEE~TRELETHA+-55/h S0
LB LIz &tk D, ZOREERL 6 ¢R1IZTT,
4—3—1. KR LK TOBRFILZ (Froa)

1 6 Ftoa XMl 6 BlZ, XfiinAll 2RIzhb, £OZEWHDIZEA L EENK
HEHEFET B4, 5 A~ T H OB G 02 ThA A Ze v M R & 5 O 28 ThAS 5 ik
LTwW3,

A4—3—2. EiEHAAOZFILF—DILHE (Fwall)

EMEHTHLIHEL 6O Fwall I8 H, EKiEE LD, £/, SAKE/NMME. 2A~4

- 18 -



BIZH-2&D LIXLEVWSBER, 1 18551l Atk L3,
SEMOEBERTEL 70 Fwall ZEFOMEIZBWTH, S ADTOEDOR O, £
DADER, BEIV, EOBPIIHIATICRS, £z, FFIIBVWT2A~4A0EI R
IIERER bR BN, FORNABUIEIZL > TRAL SO T 5 EFHETIRERATHR
2o TWD, BlxiE, 1986FL1989FXI-&Y ELIEEBRAEVEDKEIT2A
ICHBMN, 1985FEIFAAICHD, £z, 198 74, 198 8FIMRNIT-ZTVE
T, 2BENZHITTENTVAS, LOBKLEOKRESRELELTHD, 198 9F0D7
A~10HDEY EXD LFEATHD, SEMORINERD EAFICL>TELDE
BREVEWVWRED,

4—3—3. RIRINAX—OEMEIN (3 S/

B16MaS/ItBRTSFEFHAEICBVWTIZZA~BAIZADIHE, 9A~F 1A
EDEZ E D, SEFHEICBVTIE, HBHRELLLRFHEBZFLTHEHE, K1
TOHECEHENNERTHBLLEADEDIEL D&M, FHELITHATHREW, 2
A~4 AOEBIXIL-EANHEIIKREW, 19884, 198 9F|ICIX2A L4 A8/
MENOM, 19864, 198 7THEIMNIB1IELTITHS, £z, 19894 10A4
DRENPHFHEITH D,

4—3—4. KR FiadEAif i (Fsfc)

[€1 6 @ Fsfc &7 5 FEFHHEICBWTI, 5 AlchkKE. 1 2AZE/MiEx &S,
B KAz 2 > THLE B < M L. B/MEIC b TR Iic Bl LT %,
FOEMHDIZFEAE X Floa BEML TS, FLT, Fwal [CX W ERFB»H-TV D,
E170H8FEOEMHICENTH, 5 ADMKEIZH A TRUPML, 1 2 A OF/MIZ
M~ TERPHIZHO T A AR EEICR LD, 7L, 19 8 84F|E6 AITMmKMA
9D,

4—4. FHEPKEEE
(U1 8IZMkEHEOHMAE OEDORMT7 OIEDHKRTFHME TR, 4dA~6AILR
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<HEXRL, BEREIZTA~9AIZIZ-Z W LEWETHRATWS, Z0OI L4 Kk
DIERY DOFERBIBIZHS (HlxiE, Gloersenetal 1992) Z & & FAL LEMLZ-TWB,
-, 1 2B BEICEETVWS,

G B0 =



EoHE ZR

5—1. MikFmOTILX—EBEDILE (Fwall)

5—1—1. AiOREATmTORMA

B 16DIHEIEEL LTDFwall DI KENR8ATHE Z ik, H6 D= RIF—likik
IZEBWTHIAR G 0 A LOMANS AMb 8 A THRICHINBEM THD DI LT,
FARET7 O EMIOWIZS AH 9 A ET, BB LRZWI LDBERTHD, £, F
wall DREAMENR S AlZH D Z &1, B 6 0 EMO 5 B DA R L A& O R OEZZFHEHMN
FHOBFRRE TR L EIZ5 ADMEMN/NENWZ L, BEU, BT 0EMD 5 A DR
BREFRMBROBBETREZL ZIZAIEOAIVZNI L, OFRTHS,

5—1—2. RHADEESA

7 O 7 0 ETOTRALF—iEEREE 1 005 1 5 F TOHAEE ORI it
D, M7TOo3 VX —@ER TS AILiiid s, £, FRAICEBWVWTHRA
WZHEELRLSY 0 200, 500, % LT, 850hPa D =@ EICHKRENRRNA TV D, EDOMERIC
xt LTSI TROBRMA R E VY, FHMRESIEE OEBEIERIL TV, 850 hPa
DFHFEFITE THBREL, 2 msBEORARFITKRNTWDZ LIZ2D, F#ET 0K
DARERIZKEARIZD D 2HABKHELHDHOT, TOWH DN Z ABRSHHE< EE
X, KOOHBS, 2V, m ARV = v T NMBORS TIRHESLES BB LTWD
AREMEA H D, BEEOHAGERORIZSWTIIHE2ZEETICEEDND3 6 0ELT
OF—FEANTNBEDT, ZOZ LA FBERHFL TS AREENSH D, /. 8
50 hPa MOBELR A DEOKE T HLHF@MAE WV Z LIZ XL D\ENRKZ VA LENR,
Masuda (1990) CiE, FE#E7 0% D T R AF —lHkO D CEERKSITE/ TS T
3 LBAEN A TEEKDOEHMIBR LRV EVSIFHERICR>TWD, ZO/KRIZE
WT b =R AF—E A ORI ESRR S OLBHREHTI2VOT, EREEE0O%K
WharicidbEVEHRLTWARNEBbRS,

—77. P& 6 O FEMIZ2WTIE, =R AF—HEio 8 A DRIz LT, #EELKS

o 3 i



? 500 33 L T8 850 hPa MOEBHDBEML TV D (W6) . T, = RAF—EERD 4
A &1 08 OMEIZITEELR S @ 500 hPa BOEBSAEB L TWVWE, Zhid\hbws
FERBHIZ L L EIEDERIEBRENATVWDILOLELOND, —F., HEELHS D 200 hPa
i1l 1 HitRonsBRIIEROBAIZHESI boLBbns, L. ZOEBDOKX
X XZFOLOIIMS LicmE iz LTIREER 5 AR, o, ZHUIFEMET7 0B T
- & D LIRRAZRW,

5—1—3. ZEHEBHOARIR

Fwall ® 5 H OB/MESER ENS5—1—1 TR~k ki s F—@EROEL
L6 Lie—o0REIX, EEI»SOMARBZX6ND, RERGE, HEME SN
THANFX—BEOEBIN L TRATKE TRMETOEHA L EATWDINRG, £z,
MR 7 O M CORMOMKITIREFENRKE 2o L 2RMEL, MMHE6 0ENTD
BADBAITIREGERNEL BofmZ L ERBELTWENETHS, Fwall @8 A Dl
KAIEFE#E 6 O EMTHRADIRKIZZR S Z EDOHEHBMAKE VA, ZHITEITMHE D - THEK
MYEK T B 7= I F T DIREFEN K E VFFTDEFR 6 0 ERISES DT, EDBPAIT
OFFLIREBENRKECRLITLEDLEVI AT LH N FD,

5—2. KA THOAZIMR

5—2—1. KK TimOALZRED T

Z Z Ti¥ Fwall, Ftoa, 8 LU0 S/ 9 t DIADHEEL LTH LN KA THOIMITHA
(Fsfc) O HIZHSOWVWTEZS,

Fafik 6 O fE~FI4E 7 O BEDFEIK T Fsfe 23 W L7 L EHRIC, MRS OME~FHE6 O
HEDFUIE THEY L KA TMOMZMAZE 1 9I12md, F£/-, H2 01X ook
MmO FEMELERLTVWD, BIFES 0~k 6 O LD TORK T in DI biL,
SANE7TA~OELIZERTA L, SWn BREfIMLTWA, 7=, FHHDKEHEE
ITOAICRKRTL 2%, ZLT, 205 H~T7AOBEMIZIT1 %~ 7 %BRE LEKIZIZE
AERD IS, ZORKTHROME IR L HAORMRIE, M6 OBE~FM#E7 0D
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BRIZ BV TIE, KB REED 3 3 %55 6 0%~ LTV 5 & [ Fsfc A3 30
Wim ‘BEBD LTWEDLIIRZY | KA TROAZMRE & TG HEE DR IR
FRITR X2V, TNTNOFEARLZS 15, HEAZ2ENTHLTEELESN, 0
T L i Fsfc DRALAFHHREEEOEL L BERH B Z L EREL TS,

MK B RTBHR ORI EZ DPRIT, WBEDILRR~ORFRE TR LB
CIBROTBEYBEIND, RADORELZE L2 TEIWITRWVAS, —BICiX, #iF
REERH~ODRTH Y, BETRAN, BABLUCREMH~ODRTH 5,

B ~DHFNIT VX FOENBIEE TH S, Hibler and Flato (1989) (2 iXBH K i .
WKEOTV_FRENRENO. 1~0. 2, 0. 3~0. 7LEIATWVS, Tk, &
M (1982) IZIZK20. 03~0. 10 (KEA/) . 0. 10~1. 00 (RKEAK) .
KB 0. 30~0. 45, T, BE~HEN0. 40~0. 95LZhTW5, i
BHRHEIENBHOKRE SOFHEENRT AR FOEWICHET 2FEHEIZHTIES N
IZREVDT, LT LLMRAOEEER L TWAEDIT TRV,

TR0 LT, MWK REIEEM OBERIE L LTML, iz, ZoREREILHE
KEDHLDET TS, EOLOWELED2ThIERGRW(FXIE. Maykut, 1986 ).
IRB. WKL RI~OBEGEZ S TORKENEKEE L VEWESZBE LS
BTH D, BHEECH L THIEKIXZDEVWRBIREO D ICERERAMAKR L v 274
WZ ENRFRTH B,

B L L TOMKIZOWTE Iz BEkMIciEibi 4%, Worby and Alison(1991) M3%
RBAERDE L DON TS table2 DPALLEIRA -10° C, KED 04 m DEFDOE
MEZZWA, 2FEV, FELEROGH 2HEHT & HOKMAELEA 100 %, 65 %, Bk
U 30 % DRMIZH LT, ZOREREITENRZEN 38Wm*, 112Wm* , BLT 133
Wim *Th b, 723, Wadhams et al. (1987) |ZHAR O EH 0 THEAFE D FHA 2 KIEIL 03
-06m &RMb-TVD, T T HWKEAEL L ZZEMMI/ NSRRIy — ORI %E
ZEXTVHOT, AMEDODP TR FHMKEEELIZRLY . FHTIRIOM~ O

- 33



KEEEIZHET 5,

Eiz, EHOETICHEVEKBRBIZES 251D, ZL T, #KEIEENTES:
DI, MWAKE@E L TORTRENRD2{2D, LWOIEELH D, Allison (1981) 1T AKfE
IRFETOFHEDRWEK T TOMWEDN K ~DOBRIREROFEHE(LE R LIz, FORIZ L
HE. K (6A) 64 (8A) ITHhi) THAFEIX 20 - 50 Wm "BEM->TW5,

WK EORTERBITEENR Y, T OBRBEED 200 Wm A ETHD LD
BELHD (Andreasetal, 1984), 775 L., ZOERIZ1 0 BIZEE#M#ES 6 EfHETTbh
oo THIZRARIITH Y, FOKM L IIR—ICH/ D T LITHRRVA, D &b FEHEL
D—iEEH-LTWD,

—F . MREFHLIZET 2B AL BERORERXRIT SV ETIRRO L SRS

% ( Budyko, 1974),

FH=ﬂ*Cp*CH$Va*(T1-TI) (5"1)

Fre=p*L*Ce*V. *(qs-qs) (5-2)

ZIZTp ,co LV Tu,q . iZENEh, EROELE, EROEELI, HROBEBH, R
i, /iR, WETHD, TIIMEBEIEE, q. JEHICEWCEORETHY, Ts TO
MBETHDIEBEEIND, CuBBLVCelIFARAL BRI 2L RETH D,

AWFIED X RFFIITA T FRURAMEC, Bz ERURAEBWE WO HEAH D, il
MRS L22WBR Y | RIRICHATEIRA N E WO T, BUENS—E & THiE, FHG
EEFu, BE@MERF celxf L TR O EMZEFIIRIRATHD, LIER-T, TOH
722 TIEELTR AR BT A I R E <, BT/ E W,

fo & Z¥E, Ushio and Wakatsuchi (1990) IZ LiviE, BRERIZBWT, FlziE6 mis @
B, %Ki -10° CZRoTHEAEGHLETS &, KT 2 kWim “FRE DRI
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MEni, 2L, BBHWERENEICHET DO T, H LoRIKSEHERIE S L
TH) < = OB ZhEMIZ T2\, 723, Esbensen and Kushnir (1981) (4 EK
81 LEEL TRtk ¥ %) DALV ZTIC Lz, M6 28, LU, FHi6 6 Dk

RO A FEEEAE 10 = 2 m/s OREICAS, £/, MOES - BIIC L, b

AKED O OB EIL 1 kW/m *Bitt THS (4FRfh. 1987, Vowinckel and Orvig, 1971) ,
ENHLDEDKE SIXFsfc EBHOER L LTEHETH S,

LedoT, ZICMBBREETHIBRKOBEEIRLIVRRICL > TEL LTRE
HEITERTHLIHEABAOILKBMMED —HDNF U AINEHRE LTOFHE(LE
RTWAZEITRD, LIEL, BERMMICRKERRAF—AL 2B XD L &L, #KOTFEL
KR TRR2VWOT, ZHEOHEERANREEND Z &2, BEITIRY, .

BH Ao L C Ok oR SR, AR MK R MR BAR & D £ 2 L 28
BATHD, LL, HRM@MICHITHEROERBIE, £ L5 eRmREICS LTI
BELERBRORZPLOREKN LELOT, REBEOENERORERMHICH LTH
BERNDIDIT TR, o, RKEPLOREKRIIIEODRLEEND. EXbHD L
ERORBEBHIIIERICHEST D &£ 0I1ICiE< 2588, ERICITHLEHAZBRTHLZ L
MEVDTHAKIZ L DRBEHIHNHT DRI BICAZIL KD THS 5, Bl
Eltanin |2 X DAHFECER TIIL B L UEIC, ERABNBEREOX S T6 ~8 DREEIENE
., B5%BLTI0%LZ->TVS (table 5.7. of Schwerdtfeger, 1984 ) ,

I TCEROEANMBTMOREMMRFKICE X5 Z £ IT20THE X TEMiTRIEW
ey, FICZOMEBOERT, LITMHAE > TW DD ABBELET SO EER Z
ENB. RMOMEBL A, BO0DRAL Y., BMFROENDEANET b TW
%, ISCCP (International Satellite Cloud Climate Project) i RiNE #7235 & U IR IZ X
AR X ORREE O oY — T RAMEGREN GERZRELLTALT Y A A
#BA% L7= (Rossow and Garder, 1993 72 &) , 7=, EK8I TIIEEME L TERBHRS

nTwna,
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M2 1i2ZnbDF—FICL2ERERKEL10E LT, FNRICHTHHEBETRT,
Fsfc B LTWD 5 A~7 AICERT5 L BMEHMOBRAGERI+EROXS TERS
KRTLLFEFHYTEAHIC6T, TAIL62, £, EFHOBRKE, B/MEIZEFREFh, 58,
76 TdhD, ISCCPEK8l OFFRLEBIHRATHL 1 BEDETHS, ZhbOT—F»
5. 5 ANE T7TH~OREHRERIRBD 52,

ERVPEBT S I LD L D HRE TORBERIILSIOEN L Yamanouchi and Charlock
(1995) BBRTWVWD, FORFERICLD &, BMEMTHEOKET1 0AICER1 0 DL
R RFFOMEBRmOREHHREOZEIL 2 Wn *Tho, BIcZnETORMLY - BAKE
DEBIBOBKRMTH S 210 DERMS AL 7 HIZHFTHEMLEZE LTS, FHAS
NEREHHBEOHEAIL, H10Wm*THD. Limdi>T, Fsfc ODMAE 30 Wm *iZ
L THRESOE L LTOERELRFAZIEME LTHARWZ ERDMrS,

LZAT, MADOLRE2RAAE5AHE 7B ORICHEXHEIZ LTHA 10 Wm *Bd LT
W5, ERICRHEAZEMOEMBRD ARV OTINIIER TR, KOIEKIZ
R 2 EdES LURROREDETOADEZ X 6%, Yamanouchi and Charlock
(1996) Xk A B A (MEKBEHEED 100 %) L2R2VWEE (MEKEBHEEN0%) ®OL
R DELCDOWTHATWDS, A, 4B, THOBMG6 S5EE2EL 2. 5 EOWREY
TiX, FREN 169 W/m *, 18.0 Wm *O#EWVNREN TS, b O IXthOFEH X
D RERfEEZLTVD,

5—2—2. WKAMHORMY

I CEHMAREREEDOPT LI OWTRY, Tk, fKEHEEIEMR r—rohsn
Mozt L CEAT 2METH D0, AMRTRE OMKEEIEOmMENE Lz, £0
FRELTOHLMOPEA, FHROPICHEITHKEBRENHLIE>TVWE00, 5
Wik, HAEAETICH DEOUPKEREEIBEL TWEM, ICE-TEOFEKRNRARS
ThsHH, ERIZIZ. TTICHRLIZRLE LI H Ay L WA ICiZo& L&
ahid, o, H2 213HPKMEOFEH L THDM, M1 8 LIIRFTOLEFEEX T,
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BREHPICENENOKBEEOBEBENLEDLEEE2KRL TS, 5APBTARR
% LEHO 8ENG 8% 5 HRENMKEREN 0/10 5> 1010 DEBETH B, 2V, #
KEHOZEMAr—NATRTY, WKIEFEETS/LRVOETREND, ZOWKE
BEO IR FMORFOERIZ SSMI TREI S 1 BEO X 5 [Rip) 2 Mk & #E
Lk, KEFMOEROREICET MM ZEMBEO S TRRZ >TWS,

LZAT, AU O KEEIERERRE 2 31277, ZTNIZAEOEHEKEEED
ZEWMST2bDTHY, Adi EOMKBEERLEEAXS, LWV I DR, FEIMIXT DR
HAB L UTIRA TOKEANTORBICHEBSN DD, BHDOT, REOREELIE
Ripol-flrbihizvy, L, P oEA~DOHKMREIIHEFREE TR TLH LR
DT, FOEHICHETHRY KEAMBEVRE TR TWD LIELE, ZoRICETS
BRY . #KmBHEREILS AICRKEEZRY . £hUERES LTS, 29D, 5AIC
R AR VREED KD B DIRB~DE I bIEEIZTOA TV D,

5—2— 3. KRR TR FAT T HFE AR O B EZh IR

TIZTR, KT ORI S SR ORI LELEBRORE AIEL Y .
Fsfc & DLEBET 5,

O IZHFEFOREN AL X DB BE T 5 L fADHERAETLSLED
B{TmAE Y /= ) MR A F9H e 11,

e=C*p*D*AS/IT (5-3)

TREND, 12720, CidiAKOMFERAMIIME DB (336 ki/kg) . pitdARDILI ()
Bz 1.0 £35) DITKE (m) |, A SIZ@EROZ{R (m®) | TIIEN (—»
H=259%10°s) &+5, BlaiE, KEN 1m T2m (1m?*) A LEBAE.
e= 150W/m &5, CIHENRE - KRIZX-TEDLS (BlxiE. /B, 1968) 23,
BEMIIT1IF» 2ERELOT, ZOBEORML 0 ITIIXMAR22V, TIZT, KED
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CHEHOEEASENRFA—FIZILTHRLAERENE24THD, ASHEHE23D
FERE BV, BKEMOZFEITIELT, 5 ARFOBEMLENREXIZ, 12 Aix#
ROBRBINAFEKIZRZD, KEEZ—FEIZT DI Lk, HEITITERIZAD > THEKH
IHRBWTHEMT 3 L3I0, KEIZBWTHEMT 22 EMoEERR L LN A0, 28T
RELOBRRVWDOTHFBLR2NET S,

Fsfc 121X, LERO®EEME - BIUZHE 5> B, £ LT, £nLbtofm (ki) DM
C ENCE D BN EEND, E2 4 DWEKORERBARIH D WL Fsfe X Ib~D &,
KED=2mOHFETHP 2L L H Fsfe iXFEHEE L CEOBERELHUAT HIc+m72E
THd I LHbhd,

Gordon (1981) %, EEOMAFM (1 1 2561 A FEH T 64 Wim *) 23 KEHEFERAASH it
(B, 34 Wim *) TR Y 2V O THEFE, L OMBMIZHELZHE TS, ABF%E
Tit, KRETTHOEBELBI VW) —RRL2DFERIZE-72, 727 L. Gordon (1981)
ORWEEKT—#1Z9A, 10A. 118, 124, 1A0#KEHEESELEN,
0.8,0.7,06,04,03 &Y KEDTHD, RBAMIETIL, &4 DHRKEN 0.64, 0.60,
047,023,007 Thd, THEAFETHWETF—FICEEBRZINIE. Gordon (1981) @
MAlAOPTH1 1 A6 1 BOFESEE L TORKBFRZRED 34 Wim “iZH - &
K& RMIZADOT, @MRMICKH LTREMIZ/INSWDEZEWEINRZY, —F, ABIED
FRAZEADAEITKE 2 2 m IZ{RE L TH Gordon (1981) Dfif Gk 1.25m) L h/h&Ewv, Z
NIZ ST —F OBV RRELBHNTNES,
EROLIICEFNRFAOREL Y OBATHHPKIR T — 72 K-> T, KRERAFEMOEAZE
it & KA IC LB AR OREN R D RN, ELICHKOEETFT—FHRRMT
D ERMEAT—FERCEZREIGL Y ZEEC X TS, Steffen (1991) 1ZKnds 5
DA 7 2 AKEREIC LV BERB I UCIMERMER RS Z L 2FIA L, oMo
WEK 2 KERK S L, # LT, Maykut (1986) D#FKE = L SLKAZREOBEFEOET L
EBRERESIML, WKETOFY LELMAZB_EEZ R L TWVWD, LR EL R
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FTHZERBDETHDH, ZO-A 7 A0 EL BV FERBFERICENTH
WKDIRNEZ XV ERMICIRET 27D FAE L Bbnd,

HAERFILS — 3 — 1 TH WL DT, ZRICITRFEOT-OOBIRR L FOKIBIZED
FCTOHERRYF >N EER CTHISLE L ENADOT, ZORML VO LS ITHE
(CHEEBRAZR D BRI il o (i, KERBEROBZEEE D2 TRISRTUER 62
WA D
5—3 H®EEBEHESORE

KATHROBZMED—FEX B LI-FHEREEZX L. BHLBEELRORIKEREOE
fLic L 2EEHROETHTH 5, ThIZH~ANET VX FOERICHES BB/ Ev, L
7o T, Fsfe OFMAECITREEEOENEENICAETHY . iREmORENE
HERENTWD DI Tl BT, REMST, BEx, R EOFHELLS
EhsM. KEBEDCEIZ L DBEHRES OFHEIHATEBES SV, £Z
T, BEBHRS ZRETHZLICX Y, HERmREOE GBKOFLE) 23 Fsfo x4
LTEDEITHNTH B2, LVBHLMIRS, £, V., KBESEIKFETDE
BRI RS VA, Rikig, R, HoWiE, FRBRCE~NETHE»G LEVH S,
B, TITEBELATAERZLRVOIR, SEBEHEAZRIEL 28R T, 74X F%
HAT DK OT—F B Fsfe CMYVRAENRDBZ ETH D,

HIREIIZHIT 2 AHEO LS VIXZ < OEGRXNH S (B 21X, i, 1981) A, 7
NS EOFHCEWEANCEATE I DR E Y RV, TNRELHGOMOZ ERHH
EFEINTVWRWNWILOREHTHD, Z I T, ERERISHT I —KTHKBRAOFEET
NWOREEEZR=D =i 7% ® Shine and Crane (1984) D RETH D iE=FIA L=,

Fsw = cld * Fcloudy + (1 - cld)* Fclear (5-4)

Fcloudy =
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[(53.5+1274.5 1 )* u® **(1-099 « )]

*[1+40139* (1-09435a)* ¢ ]! (5-5)

Fclear =[1368.0 p** (1-a )] *[12 ¢ +(1.0+ z )*e* 10 "*+0.0455] ™"  (5-6)

L, u: KBEREAORE, a: TARF, 1 EORFENES e M EHEDOKE
&JE (mb), Fcloudy iTBXT ToOMEROEREMAINZEZ R LD ThHS,
Fclear i1 K T OMETEE BN ZZREL 72D THD, ZDORIT Zillman (1972)
PHEELDIZFEHDEENRMA A TVWS, ZZTIRBKOT AR 07, MAED
FALRIZ01lc L7, £/, tid Shine and Crane (1984) {2 B W TEHMRALEOEIC X
LTEZ6n5 75, E&RIT Esbensen (1981) D6 6 (98, 1 0AiXfkHE6 2 %)
R,

FLT, kO LS5z, EHEHH Fsw # Fsfe » 53 LEIW=FR Y % Fsfe2 £ 13,

Fsfc2 = Fsfc - Fsw (5-7)

ZEOfmRE LTR 2 51T Fsfe2 & Fsw 278 Y, tBIUTARFICLY, Fsfe2 (35125
W OB KE WFEFHICEVWAS, —F, Fsf2 OBKRMN S AICHDZ LiFA7 A
— 2 DFECDPLITREERIT 2\, Fsfe2 OFMITR LTk, < & b okt
B/ EWYIRIZEB W TIE Fwall BB B ICMEN TV 5,

2 621X, Fsfe2 & EK81 Z—#§IZii¥Th 5, EK8I IIHHFEENZTIZILTHDD
T, PAROME LTEXDZ LTS, ZOF—#IZBALTIRfFHFAZARL Y IZAW
bil=FiEL b2 FE L, Fsf2 BRKRIZRZDIISATHY, Fiz, MIZIZEN
TWa, —F. EK81 X5 AL, 7HICKRKIGET S, @1 8 DEHHEKE
HEREDS R X 72T Fsfc2 & EK81 DEIIBETH S, M2 6 12\ T EHEKEHED
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5 A LAREDIIN T Fsfc2 @ 5 ALIEOBAEHAT 52 Z LITFERL2VE SRR S,

ET, Fsfe2 IZENHHE ORI LEKREBOENRKEVWHEENRH D, £Z T, KD
DN RIZDERA (FEFRA OFE~HEE2 O, FIFE6 OFE~FE/7 0) LB (A
EBOBE~TuRR1 4 O, FAMR6 OF~FEM7 O) IO\ TH Fsfe2 & AERICME ~ |
KEHEEZEE L CEHERA ZMRE Lz, MKIZB UTHEIKA L EEBOEWME, K27
AT LS, FUIKAILRHES OE~BR7 0 EOPTHKOBENRELRHSOULD
THH ., HEBIIKBREELL2VBIOUEDTHS, B2 8iLFsfe2 &L FIRDIBERT
HELUERA LEEBICBITAAZREOFEHELTH D, HEAZREREN4ATS
BOWHLT, HEBIE6, TACELR-TWVWA, FEEBIXE S B EWVXIERAEIC
EWEEZETH Y, AL Fsfe2 ORRKEAMKEADENL Y BRI Z L2 SIHIC
WL LIC, AAREXKE DD, £, WHKKEDOENKREVEAN»L11ADS
H9OAETHERBOLINKERMEERLTNSD, ZhbDI &b Fsfe2 DFEHELAIA,
REST DWMKOEELTRZITTWEI L EFREL TS,

5—4. #HASNEERKEOKIIZ L =R NAF—ILZDOEE

[X] 2 9 i% Yamanouchi and Charlock (1995) @ Fig.18 25 L= D TH 2., ZORHNH
KOFRENRFOND, ZORIBMEMOE XK ECoM ERRAICLHBE 77 v 27 R
& ERBE D7 — ¥ ZflAabE T, KROBHRXZ/[LHERTHD, ZORICLD L,
EKMK%@KWWI(HH@@)M&EO\it‘EHKﬁ%ﬁﬂﬁ%(JNWMﬁ
ZHLTWD, 5 AKX D D EEOBEIEFRIO Fig17 ICHirhTns L)1
BRI L2 REMBMNIZE A LR RBZWMAESHY . ZTOMICREHFICESRED
HHERB Y EITTNDBZ & THD, £ T,

8S/8t=F%" +Fsfc"""* + Fwall (5-8)

2%, F**® =Ftoa + Fsfc **°



#EXD, 1IEL, Fsfe "I REHHRABBEOBSICET 285, £/, Fsfo " S
REAZBRBEOEMBBEICET MY THS, £/, FUPRBHREIIE+T3LTO
oy (B2 9 TWRIETOT OROERXAIZLEZLD) THD, MEOED, 35/ tix
0&93E, FPPIZEBDHEARITFsfc " L Fwall BAREDZ L2 TEALR2WEIZR
De

2 9 DFEDHET - FOMBEN NS 0 E~FEIMH T 0 EOEHORRIZH D HED2 61,
AFROFEREL L TO Fwall, Fsfe2  (Fsfc """ D Z{b % Fsfe2 b BErha® L TW
5E73B) LMAGOETKRDIENEZREDI THDH, FHMEDHOMMAr—VTRS &,
HITHATEDOENRF Pk 5 BEMAE W, FLT, Fwall BEUFsfc """ 12 x» 04
EMAEBR S A EE T Em AL, BEIVELAD0FRREEMRTIREIKREY, ZDZ
EREIEERHICE Y REVBEEMBR IR T2 L3382 ME L hFkmo 5
OMATH > TWDEMRTE S, ELT, BLMOBITIZEDS . EAEFNOHSOEL
HRTOBFEERIZTS L,

Hhb% ZPbHE

dF* 1 at - +
o Fsfe """ /ot + —
d Fwall/ @ t + —
ERPTED,

LZAT, 5 ALk E L TRKIENHED F**° D2 & Fwall 3 L U Fsfc " - D ZE
BhORFRIZI EREOHE L LXDEOHSORFRLIIRL>TWBEDT, ZOZ &I 20V THER

T5, SHAAEDOIhE X,



4A»55H 5HM”PBL6H

gL g% - +
d Fsfc "% 1 3 t + _
d Fwall/ d t -— +

T D, Fsfc" "*OEBNIF """ OEBMICKILFITH DA, Fwall iX#I F °*° & il
FROEEBHE LTWVWD, 4 OBEBOMERRIXF """ X Fwall & Fsfe "SI EHIC
AWBMETHY, ELT, Fwal L F*PRES TRVWEDSIZARZ S,

SH~T7TRADOIEMITIZIE I Fwall/ d t=- 9 Fsfc2 / ¢ t OFURIZIR > TWAHDT, 9 F
wall/ 8 t & 3 Fsfc2/ 0 t OAHEITTIXd F*° /0 t #HMAT BIZIIR Y 2V, —2D
WL, ARG OE~FMR 7 0 EOFR TIHEKAMEObONETHHE, F%E
BRIk ETHbNI W BNESH S, £, EBOLORENR+ZTRVOLLA
FLIZVN,
ZFRAOOFAAESICHLEDLL T, —FEFSOFHET L 5 AoEKICET 5 LY EHR O
ZEB/YTIX, Fwall, Fsfc2, F ***OE{LICHE) = x A F—0ZITELOBENRE2LZ LT
& T % HIRERV,
5—5. KRBT HHEROBRY

AiTENTid Fsfc & Fwall ORRIZ>WTHEh =, LU, ZTOBEMRIERLIEAMIZTS
TEIETERY, RROKEZRD D —EORZIAFIZBOTHE, BN KBHRAIC X 5m
MpKRUCEHES 2 oD, HHWVE, tEMOMMEZID L TRRICEALBNAS, LA
> T, KRWRDAR T D Fwall 3 Fsfc X° Ftoa DEBZZITDINERTH D Z LI,
—R, B0WEOicBbihd, LdL, ZOBEMTFsfc |ICEBE2 52 DMRBTEDLOR
MR G SRR TR, KEKENLOREZOBHKLEELZHERZL TS L
., KABROFBRTHIRIA., RE, EXHAKRI LS, KATHROBHIZEELE X
B Z Lt Fwall REBUZIGERIEIT TRVWIEERLTWS,



Fio, #LEIZITRABKNTE Y, BAFRHEET THABFET 5D T2z, Enomoto
and Ohmura (1991) H#EKIEE., (K&E®) POREOALE, KAROS M, BLO, f5k
BB ORFRIBENEE 2R L, #KIEKRIZRERIC X 2Kt obm & BB, #KiE
/NI IR X Ak o & BB, BWEM L HICEE THL I EERLTVA,
fe & 21 E, BARIEKBIZOWTEXTAHANIE, Z0Z &K ARICITH L2 VERTIC
M) LT B2 E2B%T S, ZORITHEAIMEE OIMUIZHER OB R S L7
WTHEK DS H AT 503, RIFICHEKIOARIZ AL Z & 2 EKT 5. @kKikosMilo
RERMITEEEARZRASE S E20IORERZO T, HEALZBREIIRRKTERV. —F.
RIBAMEWVEEKEAIIC A Z LI ETHRXZHMEPRIET D, LEN-T, TOHX
OBBTIEESE S L TRRMBERMORZBREZFREILTIHIEEALND,

EROEIICEFNFROBERIZOWTHLMZLARWIRD | UK OKHMH OR EBIF
PP IEHE#ETHS, LL, FROOBROBEOERL LTOEETORIR D
KEFMAZ LiIZ, AESNBBREZMAT-OORVENYIZR2B L5 BT ED
HBZLELEEZLRD,

5—6. S&ORA

W THMA Lz L ICHEmOFAAZIREIZ L Tk Gordon (1981 ) DR % AV iz i
b VBIFEET S, o, 20OBAMEEH 3 0D X HICE LDD L, EETHAZVD
FOEMEBMZFTRLTVWS, KOO RIZET HFERIE. £hb bidEH
Ml KERERDH I DITTIR L, LB, TEhbLEGoTWBRIEEELYEZAIZLT
WBHDT, EMiS 2 ERTHILIXTERY, o, RL LD REOFEH L% GCM H>
LR/ ELEHLBELLSTEHETTH S,

AWFFEORFIZBNT, HILETHAERPLGCM OFERIZEEN L2V HDIE, BEDK
FEH HMEMARFIC T HINRA B O L THDH, MmikhmoRg ki (27)
BLOHEIELESIC L 2B (K11, ®1 2) ofificho72Ldz, Fsfc D5 A
DOEKAEILFFR 7 0 EO TR - PREOEEEOERIZHANZHIE L TS, Fwall 2K



T HDEEIL R OB ED E/-5EW S THSLH —FEABOFHEICES AEDIEL -
ETHD, HRT OEDT—F|\ZFsfc DEERFHENBEL TS Z LI, TOR/EN
EiTHeBAIZ < OXBBAFTEHLZ LR L) EMRERMAT T —F 2tig 58 mh & 2
HAREMED H D, HHES OFERL6 0 EOFEIKIIZ OREBAFTLRHY FTVFY U FHE
BoTWielebid, Ff6 O ETOMMER D Fsfe ICBIR L b - LB EEE R
/5O TIHVD,

FLOWEBBET T — 7 2BV TREROMEL T 5B 61X, FERATOAMETRHWEZT
—FILEDLNZb DLV LWEHETHD Z &b, BAFRBL2WEFFO X[ OBHRMER
BL2oTWAHAREMENH D, £, FMETHW T —FOHMEERLROIZEE~, 4%
RERL VMV DOT, REMESTIBRORENI R RZZENTFRENRS, ELT. &
BT AL L2V I L ik, BRFEEDRSEZH~<2 ECHERLATHD, L,
ERBE CARRIZSE RS - REBRZOLOEBEENR L CWAHES2VOT, Froa
B L CITRBEMC AR - FRAMHON BT O B IR AT S8 EE > b 370 L 7R EE 04 DfEx v 7z
HHUZWit 2w, €O LIRRFFMENRET 25 LTR2A GRERRWA, BFEED
ERRBICIIEERZLERELTREENRS S,

Ef. BRKOEMILDRFE~DEEEZET NVERTHAD251E, MKOREIZEE
NULETHD, WBARKOIR - FDMBRLED-FHY A IANRFELTWVWSL LT, £0F
i A 7 AL EEZX D& TH%, Buddetal (1991 ) GCM EETII-tA ORE
T—HHICHEKEEELZHH LT, HHEEZEICBERT 7 v 2 ABRKEL Eb ol
FRTHRIBRBLODOT 4 — KRy 73200 T, ELEGEZ 5 ik T
Worby and Allison (1991) D BEFTHIZER TO R EAREMIZRETHD L EX D, LA
KO E— 2 [T AERDRD RO G, FEMERDOPTHERER~DT7 4 —F v 2 %
& 8T GCM P TRHI 3 5 DASRBRTEL Y,
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6, TeH
S5EMORAEBRFNTT— 7 L AEROWmEBBA SN KR LROBHT—2 2BV T,
WK DR « K/ S TR 2 FIAE 6 O BOAR & FIAR 7 O BERRUC IR E i IO K R D R
— X DFHEB R,
1. KROBZOFHEL, KDL dIZhot, KEIZ L ZEOBHA 8 A ITHKAMM,
SRICH/IMER & D, KRR ESOBIRD 1 2 AlCEKR{#E, 58 I10Mi%E &0, £DIRIE
BboEbREV, ETRAF—OELEITIENS 2FITHANFIFELEALEDLT, 2
A~B8RICADE, IA~B1RCEDEE L BRELPRERELTVWS, ThbOR
ZELTHRLONAERITHROMBLMREIZS AICEKRE, 1 28 IKk/MEZ LS,
2. EEHBROIZEAERNE A~T7 AICKK T OMAMRIT 30 Wm *Hd Lis, F
BF I MK R IR 30 % ML TWD, DT L, BB TH S iKinfi ol
INASHFEN S KA~DBBHEME LI Z L 2RRLTND,
3. BEEBHRS ZEFRV KR TR L KB HEE OE(LFEHN LIz 6 ATk
Kicid, TOZ X ZORICHEERIR & BEiEALOENENRE <, BKicfibhn
HATOREBIZZ> TWEHHAOEENE S 2o LR TE 5, ZRLIANIEE KR L ¥
iRE OEMNLLBEA/E <, TRUREITHIKICBON T L E o S LERAS 2D,
EbWnx B,
4. FAKET OBERITo 850 hPa ffil, 500 hPa [ IZ 351} B IBEELAL I &L 5 MaTh) & BAFHILE D
FEMHEOC—I N5 AICRLNDZ LT, 3ORBICHEI MRS OMMENKE L A
Sk B2/ LTNES,
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{8k A Esbensen and Kushnir |Z X A ¥ EEEHMET — & 25T

Esbensen and Kushnir (1981) OFHHAFIZ L D &, jtL 2 -7 F —F [EFEIZ NCC ( the
National Climatic Center ) | & ¥ {EsX S 7= ¥EmiIREE. MEAKBEE. B XOoREHOE &
k3 X U Berliand and Strokina IZ X W {ER EN-ERFT—# Th B, FNoZHNWT, #
W AHEICLVERAZREFZREHLTWS, 2B, FOF— 7 |3MHE A FE XRES K

DEEFRICBTH2HEADENREL ATV,

FEREORELVIE
1. S

Budyko (1974) IZ X % Berliand’s formula

Fs=Qo *[1-(a+b*n)*n] (A-1)

ZHWE, Qo,n baiifhEh, REOCMEBTHSAFEHOEEL LUREEKAN
i, AFEHER, T REIEFTIRETHS,

2. Fho

Feomg®g®  *(p-g¥e'® )¥(l-¥n" )+4¥% g ¥g*T X *(T.-T:)

(A-2)

%,ﬁijl«’\tq Ta ,T s, en &, 0 :i%ﬂ%’n\ ﬁi‘ﬂ@ﬁ EF:-E']Iﬁ\ ?ﬁﬁ?ﬁ’gmn EF'@{IE» ﬁ EF'



ok 5 E (hPa )., Eik, KOWEHE (=097), Stefan-Bolzmann ETH 5D, pgq
IXEHK ( Berliand IZ XA HIZENTN 039, 005)THD, ciIRLZDIBMEDED N
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