Evaluation of the Accumulation Area Ratio (AAR)
Method Based on Mass Balance Data for Modern

Glaciers
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BRKADERNEF—4 ICRICHEERL (AAR) ZORKE

EARE A GIEReEAREsEst)

WM SESE I EEE TOEELIBEDO—>TH 5. HE L (accumulation area ratio: AAR)
EIZBEOKFOHENERSEDORTEEL LTHENFLEIEHEATOLN, BIFiKEV2 AARE
HRREICE > TAECEL - TV 3, T I THIENSREEOCETICAV 2/ HOEY)Z AAR E%EK
BB, BRKAD AAR [E-ERINK L OBFRERST L. SKAOBERNE E AAR Hizg0 186
2RI EMHONTED, AR 32 KA SWTEBRNZOHEARE L 12840 AAR i (AAR.
B) 2FHT5L59.2+67%EEYD, KADSI A Tt BEIEHOSNLEHh -7, BEREEL— VAT
KT, BRAICER L TWKESHERL TV S, COXSKATRERNTIBGEL CwWiE
EZ O30T, FEOFENE AAREEREV 5 Z & OKTHIEERBROMENSREESETT 52

ENTED.

F—0—F: EERE (AAR) & HUZHER, TERSE, BRI KT

I &I

KO ESBREEETICEX T I SHEENBL
SHTVEY, JENEREEEZHVIKE < Bk
BETRZFOREZHMO—THS (Ono 1984). &
BOSEEERLENERE SFEH, SKFOZ
FicBiF A2 FEEHESE (equilibrium line alti-
tude: ELA) ORHNFETH 2 MENEREE

SIS Lo b EERS NS (NEF 198)),

Lichi =T, KA, SBEDKED ELA %5
WRHIENSREEERET S L, KEMEE
EEE LA BB CD I DICEETH 5.

BAFEHLTERTO ELA 3ERKAIC B B5EL
DERBIGIN0 R85 8ABE L TEERXN
5 (BL-/NF 1981). BROKIACIIBEZHY
A7 LHBVREEAN Y RF LIC L BEMERN
FXOHEMEERICEINT ELA 2B EL TV 3.
—7%, BEOKAOERNI ZERICBEHTELL
7o, MBI N OKEMIE /L EE2 RV T ELA
B 5V EREETLT 28BN H S, ThF
TR S HIM BRAETT 5 HEL LT,
(MEG #::
Manly 1959; Meierding 1982), toe-to-headwall

median elevation of glacier &%

altitude ratio #% (THAR: Meierding 1982 ;
Murray and Locke 1988), accumulation area
ratio & (AAR #:: Meierding 1982; Hawkins
1985) X EDE L DHENEBERINTVS. 0D
H MEG % & THAR #i3KE @ _Eigh S KifE T
D&, TRbLLE—RET— 5 2 HEOHER» S
FHAI L B KA DM ER BT 5 FETH 5.
£/, AAR RIDKEIOBERIRER, d4hbE2
RILT — 4 %GR T 5 HETH 5.

Bl -/NEF (1997) XI5 L-BEOMIEREIREC
EO(HETRHUFOBRENKE L, HENERD
RERESBLBILEEHLAL LT =K
T L LTOXADORSFMOEERL, FITRIL
BCER S /- BB AR Rt & 5 S RER
BiLL DRI NIOKAREE 2BV ISR
OREFEZRBELI.. COFEBIRLDELINSHM
EHSROBERISVLEbN 3D, BRIt
& BUER LU RHABRIC RS REFNEET 5.
7, EAETERRILcAVWSEEEHEREDOAF
CHMABENRE RS SV, LA -T, KR
253169 5% < OXF 2 —EEICE D &\ O HUsREE ]
EHHT AL D RBESKE, BEOHERER N3
BETFEL AR EEDbN S,
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B OHIFER % BV 1 SR OB T F O h
T, BEIZOEHD S3RD - HBKAE O ELA &
RLBATEFERZAAR B ZhTWE (Haw-
kins 1985). CoFETIE, KELEREICHT 3
BREEEROL (AAR) L LT—E0E GBET
i3 AAR B %RiCT %) 252, ColsrEkd
BE% ELA 2845 LTVW3. LHL, B—kEc
B BRPEOERNZHERAIC L 3 & AAR |34

KX ORELEH T2 (Kasser 1973). Z -,

KB B B VIR ORERICT LTT 7 U 4 Y
IZ—ED AAR % 5%, ELA b L < 3w
REEHT 2 HERTAUBREEETHEL.

Ef, ThETORETHV ORI AAR D
MEBICIDAE BN -TWVE (1), AAR
B T3 AAR EOEBS N ESSEORTIC
MBS, EIEROKR X IDIKEREEV K
FEROWKE T, BAUERES -0 DEEL b
REVWEDIRDOTHT AAR HOEHN MBS
REOHEMBERECEIRE. LT, #t
BHERBELBELHET 520101k AAR
BHELTREBEERVBLENS S,

—7, %< ORBUKE CERINE O EillH gk

KiThh, BBHED AAR BLHEIN TV 3,

INFTHHRKAOERRNIOEREER - AAR
18 & DRI ERE LIRS THI T3 (Por-
ter 1975; Torsnes et al. 1993; Kulkarni 1992)

2%, CHSOMRTIREEIRICH T BHEED S 1

TOKANEBHERNREL T VB, 201,
RIEBRHETORMIZK L THE—D AAR fEHRE
OREHEATRENMNIRIFT T AT,
ZTITAPRTE, LRICHHT 2304
1 7OBRBIKANIC B i 3 ERIGTOEREEE AR
T AAR LEBINX L OBELREL, HENS
MEEOHTICEY S AAR A2 kH 3 L%8
g3,

I XFEIDFE~L2OHERINZ & AAR BEEDBE

BER, AAR HY50% L D/hE W E EIIBKES
EOBOBERINE & 15 35 50~809% TEERIEE
5D, 80% 2#A 5L EOHEBINE L7125 L
I T3 (Meier and Post 1962; Hawkins
1985; Nesje 1992). C DIEHOZ UM LEET 3
1B, RFCEKADEEOERINE & AAR
BEOBRERS L (1),
HRAEMORBKAITE VTS T X T HFEHK
AEBOBRIEIT > T3, EE/AXES (IAHS),
EEREHE (UNEP), E#EfE RS
(UNESCO) ©id, #ASuv=27 hELTh
bDTF—5ZEKL, 1960 FEh 5 5ET &I
Fluctuations of glaciers (LI'F FG &324) & L
TRRLTVE, FHETR, 05 b5 1965 £
#dD Vol. I (Kasser 1973), Vol.II (Muller 1977),
Vol.IV (Haeberli 1985), Vol. V (IAHS/UNEP/
UNESCO 1988), Vol.VI (IAHS/UNEP/UNES-

®1 ETHETEVLITV 3 EEET

"Table 1

AARs used in previous studies

AAR(%)

References

75.0%* Charlesworth, 1957 (various regions)

66, 7* Ito, 1982 (Japan); Yanagimachi, 1983 (Japan)

65.0 Meierding, 1982 (Colorado); Yanagimachi, 1987 (Japan)
60. 0* Callender, 1950 (Norway); Ono, 1984 (Japan)

58.0 Meier and Post, 1962 (Cascades)

50. 0* Nogami, 1970 (Andes)

44,0 Kulkarni, 1992 (Indian Himalayas)

*Originally accumulation area/ablation area ratio
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CO 1993) KHBBINTVWBT— 725, OHEED
BRI, QIXHEHHME, @AAR (b LIk
AER, BEREE EERERO S 5 0),
@KFADF A7 (3-digit code), D4 F—FhF
NTHi->TWB 15 HE 135 ka5 -HiH L7, B
PHRIRE2E RELETHE. Z05b, #
BESBERDKE (8 K I3THFEDOBERIEE DK
ERELRLY, BERLEEROTRE S v 2
RO fcisnwicd AAR Bk 2 ELA oBEHIC
BAELTHB. £IC, BOO 12T XALHEIR
g E L

PERDIEHDED, AAR EIZEEOHEICINEE
3 0~100% £ TKRELNSVFERLI. LHL,
AAR L BB DOEICIZIEDOHERE (r2=0, 56)
PEEL, RERFEEOt BREICL-T 0.1% L
RNNVTHELEEIN:. J0oleEds, RED
AAR EABEOCEICEL TOWIEWOREL DE
BIEONRS Y FPERFEREMMEINE. —4,
—RERRD Yy Y1, THbbEBNFEERD
AAR fH13 55.8% &30, RERBMEIh TV BE
(60+59%: Porter 1975; Torsnes et al. 1993) m
WHMNLEE -7, LoL, ERROHBELSREE
KIWT & &, +17.4% L REBSERFEENES

1000 2000 3000 4000

IEREEZBE, D55 8% A EBINKHERERD
—HEIE AAR B E AT 2 EIFTEIRN,

HI FRZHEORE & INFGERD AAR (&

HBDEIHERO AAR Eic>0TXhaELL
BT 2c0ic, BRANCEECERBNEZ
AAR X DBRE—RENFL, BHRIEZHN0 L1135
KO AAR (y U1F) 2REF L. 5k, —80xkE
TiZ AAR=100% % 7-i3 AAR=0% DENEHE
INTW3B, ZDH4E, U AAR R 100% L
{IF 0% T—ETH-» THEBNEOBEIREITL-
TE#HY 5. §74bb, AAR OBETH 5 100%
& 0% DBEAITIE AAR S EEINF ORICHEEN
FELRW. £ I TRITOBRICIE AAR=100% &
AAR=0% DEDT— 5 %4~ THA LTz,

X 2 i REROKANC BT 2 EYRFER %R L 1.
COFEELOEHS NIy WF, $ubbHERN
ZH0 75380 AAR |t Glacier mass balance
bulletin (PJI'F MBB & 3i24)” (Haeberli and
Herren 1991; Haeberli et al. 1994, 1996, 1999)
iZ [AARo] & LTHEIh TV 3METH 5. MBB
TRBEHFED 6 FERLL L DKFAIZ 20T AAR,
BEORHZIT-> T35, MBB @I TOMTIZAL
7o FG OFRIc K- 2EEOHRYITH O, Hx
DIKF DML L I hTW5S, MBB idiREE
%%T- T\ % World Glacier Monitoring Service
(WGMS) @ Web R— 3 (http://www. geo, unizh,
ch/wgms/) TRABEINhTWVE. KFO MBB
No. 5 (Haeberli et al. 1999) =3, 49 Kz
WTEKFHOBRRIBED S 1997 £ TOHAEER
EROTHEEB L AAR EMBBEIN TV, T
N3 FG BB InTwW a7 -7 L0 b RVEHR
BRITHY, BHOT A0 SRTOED,
BHiahic AAR, 3 EEENS V. 22T,
AT HUBEORYTIC MBB No.5 ciB#ilxhT
W5 AARofE%F & LTHV, MBB No.5 izi3id

— 765 —



Annual AAR (%)

100 a) Hintereis F. Glacier (Austria)

" y=2.10x10"2x+63.96
80 +

r? =0.947
60 +
40 +

20 +

0

¥ T 1 i

100 b) Careser Glacier (Italy)

Before modification (broken line)

80+ y=3.98x10"x+46.18 r’=078 @

[ After modification (solid line)

y =5.04 x10 2 x + 49 .52
r?® =0.86

60

O omitted data
[ ]

-2000 -1600 -1200 -800 400 O 400 800 1200

Glacier mass balance (mm/year)

K2 HKRENLKAFCEIZREDERNEE
AAR EEDOBGE
ESOyPIFdt AAR B A RS .
Fig. 2 Relationships between annual AARs
and annual mass balances for selected
glaciers
The intercept with the ordinate gives the AAR value.

BInhTORVW b0 REOERIT— 4 (6 4R
Pl & 3kmEmiz>wvid, MBB No.l (Hae-
berli and Herren 1991) X0 FG hoDF— 4
ZTHOTHRET A L& L. BBV 67K
MIZOVWTREBYET -4 bR 2ITRLT.

FRITXR & L7z 6T KAl k1) 5 AAR, DT
3 57.1£9.19% (HEBEIEHREE lo) 11, X
HOKE (491, 73.1%) PBREMENICEZLL
7z, THEHEMEIZ60+5% (Porter 1975; Torsnes
et al. 1993) QPN & 78 - 72,

C DR, RKEDT—5E2—FLCERL S
EOHEME (55.8+17, 4%, M1BH) & bsbEh
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—Hd 5. Ll 10% BOAKXEEELMES 20,
Bl - /NEF (1997) DMEREY B & S ICBEOHIEHNS
WEEXETT 30 RTARBEERVIREL,
f72, AAREDNS Y FI3EBNZ OB
PEOUEERECEE (KS8). & cHABMN
15 P T OXKE TIN5 Y FERAE L (£9.8%),
INHDTF—FITE > TREDBEENKELHE-T
W5 £IT, BRARL 15 FEE#Z kA (35
KED ZHH LT AAR, BOFHEEkH 5 &
ST, 7£9.0% &73D, POPBEB/NE o7,

I oI, BRMEDY 15 E2MA K>\ T
B4 DKEDT— 5 %I T 5 &, EDHEE S
FLL Qollh) B3FnifEarl, BEr A
KLTWAXENR 2% 3 (K 3: No.68, Grasu-
breen; No.69, Helm). = H 5 O @RS E
HicoWTid MBB iiiB#a h Tz, FG
HLU MBB itiB#is h TV WA OERNE 7
— S EHRIE L. BKAE bERICAWETF—5
ERHORXENETH, OROREEHLEL
(Grasubreen, r2=0.85; Helm, r2=0.76) = &
DHERXNI. Thi2 AAR, OEHI BB
bhicIEERL, ELHTEV AAR, EEH-
IKEO—HENEBRICHEEL TV A I EERLTV A,
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%2 RV IOKA—E
Table 2 A list of glaciers analyzed

. Obs. periods Code”’ Area 2 . Obs. periods Code’  Area 2
No Glacier Country Begin (yrs)AAR" ab c (k) Note’ No Glacier Country Begin (yrs)AAR" a b c (km Note'
1 Storglaciaren Sweden 1946 51 46 5 2 8 59.16 “36 Plattalva Swizerland 1975 14 53 6 5 640‘.85LMBBL *1
2 Storbreen Norway 1949 48 60 5 2 6 5.26 37 Filleck Kees Austria 1963 13 61 7 7 0O 0.15 FG,*1
3 South Cascade US.A. 1953 44 56 5 3 8 2.61 38 Rabots glaciir Sweden 1985 12 S§2 S5 2 8 3.82 *1
4 Hintereisferner Austria 1953 4 66 5 1 8 9.01 39 Baby Canada 1959 12 68 6 5 0 063 FG,*1
5 Kesselwandferner Austria 1953 44 71 6 3 8 4.35 40 Riukojietna Sweden 1986 11 §7 3 0 3 460 *1
6 Kara-Batkak Kirghiztan 1957 40 55 5 3 6 4.56 41 Garabashi Russia 1987 10 60 O 0 8 4.47 *1
7 Ts. Tuyuksuyskiy Kazakhstan 1957 40 53 5 3 6 3.05 42 Kongsvegen Norway 1987 10 52 ND ND ND ND *1
8 Sonnblickkees Austria 1959 38 60 6 0 6 1.75 43 Okstindbreen Norway 1987 10 63 ND ND ND ND *1
9 Urumgihe S. No. 1 China 1959 38 55 6 2 2 1.90 44 Golubin US.S.R. 1980 10 74 5 3 8 621 FG,*1
10 White Canada 1960 37 71 51 5 3855 45 Zavisha Canada 1975 10 51 6 3 6 6.50 FG,*1
11 Silvretta Swizerland 1960 37 53 6 2 6 3.18 46 Hofsjékull North Iceland 1988 9 49 3 0 3 9060 *1
12 Hellstugubreen Norway 1962 35 58 5 1 8 3.19 47 Andrei Canada 1977 9 59 4 2 8 9222 FG,*1
13 Nigardsbreen Norway 1962 35 60 4 3 8 4780 48 Shaune Garang India 1981 9 5 5 2 7 494 FG,*1
14 Maliy Aktru Russia 1962 35 70 S 3 6 3.17 49 Blue US.A. 1974 9 50 5 2 8 4.29 FG, *1
15 Hardangerjgkulen Norway 1963 34 65 6 7 6 1718 50 Jamtalferner Austria 1989 8 73 5 2 6 385 *1
16 Alfotbreen Norway 1963 34 55 4 3 6 4.80 51 Langfjordjgkulen Norway 1989 8 6 4 3 8 4.80 *1
17 Place Canada 1965 32 49 5 3 8 3.82 52 Hofsjokull Southwest  Iceland 1989 8 41 ND ND ND ND *1
18 Vemagtferner Austria 1965 32 67 6 2 6 9.36 53 Hofsjékull East Iceland 1989 8 53 NDNDND ND *1
19 Peyto ) Canada 1966 31 53 5 2 8 1326 54 Alexander Canada 1978 8 60 5 3 8 581 FG,*1
20 Gulkana US.A. 1966 31 62 5 2 9 1930 55 Yuri Canada 1977 8 53 6 3 8 3.58 FG,*1
21 Wolverine US.A. 1966 31 62 5 3 8 1746 56 Marmaglacidren Sweden 1990 7 41 ND ND ND ND *1
22 Caresér Italy 1967 30 48 6 3 8 4.76 57 Hoegtuvbreen Norway 1970 7 60 5 2 8 259 FG,*1
23 Austre Brgggerbreen ~ Norway 1967 30 56 5 2 9 6.10 58 Ochsentalferner Austria 1991 6 64 5 3 8 2.56 *1
24 Midtre Lovénbreen Norway 1968 29 60 5 2 9 4.80 §9 Changmekhangpu India 1980 6 49 5 3 0 450 FG,*1
25 Djankuat Russia 1968 29 60 5 2 8 3.13 60 Bench Canada 1980 6 6 6 3 8 1048 FG,*1
26 Abramov Kirghiztan 1968 29 59 5 2 8 26.06 61 Tiedemann Canada 1980 6 68 S5 2 9 6269 FG,*1
27 Engabreen Norway 1970 27 58 4 3 8 38.02 62 Maladeta Spain 1992 5 38 6 4 8 1750 *1
28 Kozelskiy Russia 1973 24 52 539 1.78 63 'Zongo Bolivia 1992 5 75 ND ND ND 210 *1
29 No. 125 Russia 1977 20 66 3 0 3 0.93 64 Praviy Aktru Russia 1985 4 48 5 3 6 255 MBBI1,*1
30 Leviy Aktru " Russia 1977 20 61 5 3 6 6.24 65 Vodopadniy Russia ND ND 64 ND ND ND ND MBBI, *1
31 Lewis Kenya 1979 18 57 5 3 8 0.26 66 Gries Swizerland 1962 35 59 5 3 4 629 *2
32 Devon Ice Cap Canada 1960 18 71 3 0 3 1695.10 FG 67 Austdalsbreen Norway 1988 9 62 4 2 4 1195 *2
33 Wurtenkees Austria 1983 14 41 6 2 8 2.03 *1 68 Grasubreen Norway 1962 35 30 4 3 8 9.55 *3
34 Sentinel Canada 1970 14 54 5 3 0 1.81 FG,*1 69 Helm Canada 1975 22 37 6 2 6 2.72 *3
35 Limmem Swizerland 1975 14 51 6 2 7 2.52 MBB1, *1

. ( after Haeberli et al., 1999 with some revision )

1) 3-digit code for classification of glaciers (UNESCO/IAHS, 1970)

a: Primary classification ( 0:Miscell 1:Conti lice sheet 2:Ice field 3:Ice cap 4:Outlet glacier 5:Valley glacier 6:Mountain glacier 7:Glacieret 8:Ice shelf )

b: Form ( 0:Miscellancous 1:Compound basins 2:Compound basin 3:Simple basin 4:Cirque 5:Niche 6:Crater 7:Ice apron 8:Groupe )

c: Frontal characteristics ( 0:Miscellaneous 1:Piedmont 2:Expanded foot 3:Lobed 4:Calving 5:Coalescing 6:Irregular clean ice

7:Irregular debris covered 8:Single clean ice 9:Single debris covered )

2) *1: Less than 15 years *2: Calving glacier *3: Omitted data in Fig.4 FG: Data from Fluctuations of glaciers MBBL1: Data from Glacier mass balance bulletin No.1
ND : No data.




BBETR NS ONKEEB OIS &It 5 0.3 km? QLEH/MABIOKE E TEEh, kX
SERNE SNV T EORETRTEL D MR LI EXEUS A THRONB. 22TH
D, BRROEBESBIARCEIh LTS Y KED AARMEEEZ 2 ISR LAEREL US4 T
IR D EHRBEOKAI T2 AAR=0, 4 % FH 2 &0 LOBMRERE L (K5, %3). ke OB%
bHEINTWS (Fujii and Higuchi 1977) T3 10°~10km? & — & — DKE OEHMNE ¢, K
LS, BFED2KADHEERELERTHEET K, IINKEIOEIZDIE - TWBY, BkEoD
BENs. 22T, UTORITIIEERENRS S E#E AAR, EORICH BIAEBIZEY S hmn
EFREINDB 2KAERL 32 KADT — 5% B ®S5). &/, KADY A 7L DOMEBACEALTIZ,
TiT=7e. Z DR AAR O fHEIZ 59,2+ YU TVERDIZND ) 85 4 MYy T ED—
6.7%D&13Y, BEWEIZE SIS L1 DT% % Kruskal-Wallis REZBEA L/ (& 3).
(X 4). ZOFR, BKADOEARLIE primary classifi-
CD AAR, [EDOFEEE I BV -SRI D cation, BEBROFREI & 5 534F form, KiLHD
RVIKENCIE, REER 1, 700 km?2 o IKIEIKIE 5 FEIRIC & % 534 frontal characteristics #1241
& AAR EORITIE, HRUKE 10% T bIREIRSE

100 L T IS 1 1 l T i T T ] 1 T 1] T ] T ] T T ] T T T T i
80 —— _-' 80 E ToT !lllll! T ’lﬂlltl! 1] lilllHl 1 1 l‘ll”{ 10T lilll:
[ . PP . ] SRR EAARRREE SRR PR e =
60 = P4 P 'H MY - =
5 ¢ T 9% T g 9 = ]
A v L4 ° ]
40 |- —
20 - Average 59.2% |
- Std. 1 sigma 6.7% | ]
oL N RN TSI R R f : C [ 5= 0007c 4+ 5875
10 20 30 40 50 60 : . ool
Observaﬁonperiod(years) 40 E il i I|l|l|t Il lllll!{ b b} llllllx 1 NN Lol 1 1ilr
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No. 68 5 L0 No. 69 DF— & £ L1+, Area (lm’)
Fig. 4 Variation of AARg value for glaciers X5 AAR # EXFAITEROBE
observed over 15 years Fig. 5 Relationship between AAR, value and
Data for two glaciers (68 and 69) were omitted. glacier area

®3  IKADY A 7D AARy icBI9 % Kruskal-Wallis BEDEER
Table 3 Results of the Kruskal-Wallis test

Classification of glaciers k  H-value
a: Primary classification 4 3.904
b: Form 5 7.087
¢ : Frontal characteristics [ 7. 431

The H-value is a statistic of the Kruskal-Wallis test such that

_ 12 & Rj?
B=Favey ey 3D

ny k
Rj= i N=Znj
b=

where n; is the sample number of group j, and rijisrank i in groupj.
No classification is significant at the 0.10 level.
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85470 AARERE LV 2FEHTES, &
1 TROREEERD B L TER M-I Li-
2->7T, AARfEEKEOEE, BEANSE &
BEERE REEROMICIEEMEBEEED S h
T, AAR BT RO L EBEEEXFEEL 2B
AAR B3 60% IcEd T 2 bDEEZ Sh 3.

—71, BBOKAOREN SRR BEED 5,

2 DKFAPEH I AOERIEERICH 5 &
DRIGNTWS. FHFET AAR, EOFEHEEH
KAVWARBBRINTOATOBKEIIODVWTH,
ZOBLNERERICH B, TNSDKFEADE LN
ERKATH B I L2 EET B L, KENBEL
THAESERNED LICRETEHREBICET 2 50
LFEEh, AAREZB/NGFE L TV 3 g
5% TOBKRTRARETE SN 60% &
WOEREENLETHY, SHBRIDE L DKAD
RS T— 728V, BRIGHETE AAR 8
L DBERERETE B NENH B9,

IV AARRICE > THTIN I LEHEE

AAR Bt &k » TlBREDKT OHENEREE%
Bord 354, KAHEL SKADELER 21E55d
LUENDH B, BHEHEI & B I ORSEET
DWVWTRAEFR (1963) LIRE OHELHD, B
BUOKAMIZICB L TR A hT W3, ki
OWMBHTRRANEES 3 o AHE L0 ERIZ R
WICEE L OKIOAHEFEHE L, HR0 s
THHAEETREL - VOREBIC X > TKEOFEE
ERET 5. KAGEOBEOEICIFEL— itk
LKEHDOBENEE L1 Z.

EV-UPERIN B 2DICIIKAOFK SRS 2

REOHEE, AUMBICELE > T E5ENRS B,

Bl - /NE (1997) R OB MEKE~E 10 4
BBVIZENLE) ] ELTWED, BgKEhIc
EREhicEL— D& ST, HREOKREIEEH
AEA =T ~TH B3I bhdb ST HBUZICH A

BELETOREOEL - UHBEL TV 3EAITIE,
L DRV, KEAKBS—EORBIE®E LT
rEEZOND. BETH, EROKISAEDLES
PREALETDIT DD STHEDERINENE
BERELSEH L TOBKAREEBEETS. 8
EOKADESTHEEDHEBNZIIAXLEHL
TV b LBV, BEREEL— VaERIh
TLWAEAICRRENTHERNZ 3EELTHY,
T DIDITIKFE RGO B RRES L1sd -1
EBBLTELERZBY. Lkh->T, BEDOKAE
& - TRERE N IMEE RV RO, B
BIGOHESD AAR 2RV 3 BELN S 3.
ARETR, BEBKMET 27— 5H, B
BNXSHHE L TORBA4D AAR EHKAED &
A 7L 59, JUF—EOM #60%) icINET
5 EERLUA ko 2o AAR 4 ER
THIEILY, BEOHBNEEEBEBNICEE
THEIENTES. L ->T, AAR Bk
B oBEOHENEREEZETT 2BERHE
ELTHACRATRETH B EEL SN 5. AR
TRV T -5 D AEROFIRIC L 0 h~EiE
BicfIBd 2/ M~ (1~100 km?) o LER
KB EI-TWBIW, TOFEDOLER, &I
REBKAICN 5 BRIREEEET 2 L Ebh 3.
FOZLOEMEMIFT 5 LItk D BHEBRER
LI LLESHOBEELLA S,

AFREXEDBICHD, XA RETF 2~ Y ET.
MAFHIROAN BERICEIFEDS -G L BRI
REFE VK & E BIOKAEIOBERNZ ICBET 25281
WfEEE LV, EENREROSHE 50T
ZTEESBTIC L EIR IR & L AR B
-t RSB REOKAMTHIS, ZrE
HEEEY L5 ~O/N0O  EEhEESI 1A
7P EEBITHBOKEE LT\ %, BRIAED
FHED Michael Grossman Ko 3EXBESORMEEL
TWfiWe, RRAEMEREHEOKEEE, s
ERPHAMEY I, BLHERESOERICRS (D
HEEE VW, F, BLABEREOHICIIEEIC

— 769 —



B 2 HELBRE VWLV PEOH £ iITh S
HoFEELETT
726, AR 1998 £F B R KR HITT 22 54 BIL IR
AR EHARRRICEVTRE LA-ABICNE - BF
LicbDTH 3.
(#f% 1998£E8 A 10RH)
(R 1999475 10R)

3
1) Fujii and Higuchi (1977) @3 h T3 Fig. 2

B LU Fig. 5 D5 b EBHBEIROER (debris covered
area) R HEREHLEL, CEB-ZBEHBERE

B /RHEEE AAR SIZERISOMEEAE L b,

YRMT v FEN2 166 KA DA 46 KAV EBHE
BEROKETHY, O 13 kim (¥ 28%; C28,
D35, D36, E3, E6, E21, E30, E33, E36, E45, E46,
E49, E52) #8040 I FOMEER L7,

2) MEGEALEA L 11kA A, 4, 5, 10, 14, 17, 18,
22,28, 29, 32) HABYT AHMEBRBRCRIBELT
(AY/¢R%

3) BRicAW: 32 XAlIc>W\T, MBB No. 5 it
WTHOHEBIMEARICS 5 19 KA (1, 2,3,4,6,7,
9, 10, 13, 15, 18, 19, 20, 21, 23, 26, 27, 29, 33) &, &
E~EOHBIGMERICH 5 13 KEIcX5 L, AAR.
BEDOPIGERD B &, FIENST.TET.1%, $HEIL614
+5.6% &1, BOEBIKMERIC S BKALLED
AAR BOFHELEFIETF TV S &R X AL,
Lo L, BEKEIO% Tt BES LU Kruskal-Wallis
BEETHEAL CLAEOMICERELTDBE LT
Wihrhote, CORRBMLTRESIKF-7451EPL TR
HNTBTEVBETHEEEZI TS,

4) IcEmlicsbh, EREERIEOKAICSVTIR
AARELBH TNE B3 EFHANS. AHET
BKBED S £ itk 3 AAR [BoOEEEcHHNE R
ENBWIEERLIZD, 854 TOEABIIIREK
LAV, e, BRORMICL DRMICRES L
F—9ThhD. FEEDORE T%OHIKEDS 4T
£k 3 AAREOABHNLERNESENTVE L bE
Aohd. L0ELOEREEVT, XEADS17, #t
ik 5 AAR EOEBELFMICRIT B Z £45%
DFEBELILBEEZ 5.

X

LHREH 1963, EHERHFEICL S BET LT ZDXK
EHIE (HE). HEBEEIFS 36 734,
BEEA 1982 Jb7 07 R, BE), GRA0KA

. HIFMEsE 91: 20-35,

NEFRE 198l REMSHE BEH g HOES- BB
RE - E-R B /NEERE My
173, —HEIE.

FLEH 1970. SHOEHR L ZFDORERL— Cordillera
Real & LT, SIEiCHHE 9: 7-16,

BB - NEFHR 1981, oMk BTH A - HOES -
HARPE - 3k IE- 8 B - /NFERE Ny
g8y 150-151. —mEE.

BIET 76 1983, A% LIRILER I &) 5 BEKEID KT D
HREBE. PR 92: 12-32,

HIBY 5 1987. KW - FOKFMFEH & & o AAIC S
FBRMKORE. FEPHCHIE 25 295-303,

B K /NFEE 1997, BRI & 2 kE I &
#BFED ELA (PHESE) OBETIS>\WTOHERN
B — HELLROF. M 18: 365-387.

Charlesworth, J. K. 1957. The Quaternary era.
London: Edward Arnold Publishers.

Callender, G. S. 1950. Note on the relation between
the height of the firn line and the dimensions of a
glacier. Journal of Glaciology 1: 459-461.

Fujii, Y. and Higuchi, K. 1977. Statistical analysis
of the forms of the glaciers in the Khumbu Himal.
Seppyo Special Issue 39: 7-14.

Haeberli, W. 1985. Fluctuations of glaciers 1976-1980.
Volume IV. Zurich: World Glacier Monitoring
Service.

Haeberli, W. and Herren, E. 1991. Glacier mass
balance bulletin No. 1. Zurich: World Glacier
Monitoring Service.

Haeberli, W., Hoelzle, M. and Bosch, H. 1994. Glacier
mass balance bulletin No. 3. Zurich: World Glacier
Monitoring Service.

Haeberli, W., Hoelzle, M. and Suter, S. 1996. Glacier
mass balance bulletin No. 4. Zurich: World Glacier
Monitoring Service.

Haeberli, W., Hoelzle, M. and Frauenfelder, R.
1999. Giacier mass balance bulletin No. 5. Zurich:
World Glacier Monitoring Service.

Hawkins, F. 1985. Equilibrium-line altitudes and
palecenvironment in the Merchants Bay area,
Buffin Island. N. W. T., Canada. Journal of
Glaciology 31: 205-213.

IAHS/UNEP/UNESCO 1988. Fluctuations of glaciers
1980-1985. Volume V. Zurich: World Glacier Mon-
itoring Service.

IAHS/UNEP/UNESCO 1993. Fluctuations of glaciers
1985-1990. Volume VI. Zurich: World Glacier

— 770 —



Monitoring Service.

Kasser, P. 1973. Fluctuations of glaciers 1966-1970.
Volume II. Zurich: the Permanent Service on the
Fluctuation of Glaciers of the [UGG-FAGS/ICSU.

Kulkarni, A. V. 1992. Mass balance of Himalayan
glaciers using AAR and ELA methods. Journal
of Glaciology 38: 101-104.

Manly, G. 1959. The late-glacial climate of north-
west England: Liverpool and Manchester. Geo-
logical Journal 2: 188-215.

Meierding, T. C. 1982. Late Pleistocene glacial
equilibrium-line in the Colorado Front Range:
A comparison of methods. Quaternary Research
18: 289-310.

Muller, F. 1977. Fluctuations of glaciers 1971-1975.
Volume III. Zurich: the Permanent Service on the
Fluctuation of Glaciers of the [UGG-FAGS/ICSU.

Murray, D. R. and Locke, W. W. 1988. Dynamics of
the late Pleistocene Big Timber glacier, Crazy
Mountains, Montana, USA. Journal of Glaciology

35: 183-190.

Nesje, A. 1992. Topographical effects on the equi-
librium-line altitude on glaciers. Geojournal 27:
7-16.

Ono, Y. 1984. Last glacial paleoclimate reconstructed
from glacial and periglacial landforms in Japan.
Geographical Review of Japan 57B: 87-100.

Porter, S. C. 1975. Equilibrium-line altitudes of late
Quaternary glaciers in the Southern Alps, New
Zealand. Quaternary Research 5: 27-47.

Torsnes, 1., Rye, N. and Nesje, A. 1993. Modern
and Little Ice Age equilibrium-line altitudes on
outlet valley glaciers from Jostedalsbreen, western
Norway: An evaluation of different approaches to
their calculation. Arctic and Alpine Research 25:
106-116.

UNESCO/IAHS. 1970. Perennial ice and snow mass-
es: A guide for compilation and assemblage of
data for a world inventory. Technical Papers in
Hydrology No. 1. Paris: UNESCO/IAHS.

— 7711 —



Geographical Review of Japan 72A-11 763-772 1999

Evaluation of the Accumulation Area Ratio {AAR) Method Based on

Mass Balance Data for Modern Glaciers

Tatsuto AOKI (Graduate student, University of Tokyo)

The orographic snowline estimated from glacial landforms is an important index for
paleoenvironmental reconstruction. The accumulation area ratio (AAR) method has been applied to
glacial landforms to calculate the altitude of the past orographic snowline. The AAR values used in
previous studies were, however, not identical, suggesting that the AAR method has not yet been
uniformly established. This study seeks to find an AAR value suitable for reconstructing past
orographic snowline altitudes. Analyses of data for modern glaciers show a positive correlation
between annual mass balances and AAR values. When the mass balances for selected glaciers are
zero, the average AAR lies in the range of 59. 2£6. 7 %, regardless of glacier type and size. Distinct
moraines formed in the past indicate a long-term steady state of glaciers. In this case, the average
glacier mass balance is considered to be almost zero. Therefore past orographic snowlines can be

reconstructed by applying the AAR value of 60 % to glacial landforms.

Key words : accumulation area ratio, orographic snowline, equilibrium line altitude, mass balance,

glacial landforms
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