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Outline of surface mass balance at Dome Fuji, East Antarctica,
by the stake method from 1995 to 2006
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Abstract: This paper describes observational results of surface mass balance (SMB)
at Dome Fuji (77°19°01”S, 39°42"11”E; 3810m a.s.l.), East Antarctica from 1995 to
2006. The SMB was estimated using 36 bamboo stakes (grid of 6 X6, placed at 20 m
intervals). The heights of the stake tops from the snow surface were measured at 0.5
cm resolution twice monthly in 1995, 1996, 1997, and 2003, and once a year for the rest
of the study period. The annual SMB from 1995 to 2006 at Dome Fuji was 27.3+1.5
kgm *a !. This result agrees well with the annual SMB from AD 1260 to 1993 (26.4
kgm *a '), estimated from volcanic signals in the Dome Fuji ice core. From 1995 to
2006, there were 37 incidences of negative or zero annual SMB, which was 8.6%.
Compared with similar studies at Vostok, South Pole and Dome C, we found that a site
with SMB over 190kgm 2a ' is expected to have annual snow accumulation at the 95
% confidence level. Sites from 1500 to 2500 m above sea level fit the criteria on the
Antarctic ice sheet. According to stake and snow pit observations at Vostok, we
estimated that the probability of an annual layer missing (hiatus) at Dome Fuji under
present-day and glacial conditions are 9.4% and 11.4%, respectively. Variations of
SMB measured by 36-stakes for 12 years were also analyzed.
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Fig. 1. Position and array of the 36-stake farm at Dome Fuji.
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Fig. 2.  Measurements of the 36-stake farm (October 30, 2003, taken by Dr. I. Obinata)
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Fig. 3. Time series of the surface mass balance at Dome Fuji. The standard deviation for the 36

stakes and standard errors (standard deviation of the mean) are indicated by large and

small error bars, respectively.
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Fig. 4. The annual surface mass balance (SMB) using multi-year averages from January 1995, with
standard deviation (SD, large error bars) and standard error (SE, small error bars). The
first data point is the surface mass balance with SD and SE error bars for January 1995 to
January 1996 (i.e. over I year). The second data point shows the results from January 1995
to January 1997 (i.e. over 2 years) and so on. (b) The SD and (c) the SE plotted against
the total number of observation years.
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Fig. 5. Relation between annual surface mass balance (SMB) and frequency of negative or zero
SMB at Dome Fuji (DF), Dome C (DC), South Pole (SP) and Vostok (VK). Dotted lines
indicate the 95% confidence interval for each dataset.

%, I THAOFMBHRERIG* LS. Thld, BHEPKE RELEOHREICHN,
JEUT & B HIFIP S T OAFEEFE H L 7GR Th 5. mBKIRNBED MO 3 HiE (R 2
=7, MR, F—4C) EHERLUIGEREZN 5 IORT (57— 7 BT OXk» 551 H. K
2 b — 7 : Ekaykin et al., 1998, Fifis: Mosley-Thompson et al., 1995, K — 4 C: Petit et al.,
1982; Palaiset al., 1982). Z I Tld, 4 A TOERNER PRI 20T, 2hThoME T
EDORTEMDESAE DT /N2 TERZEIC LD, BEFAIME L (F—4510:432 774,
RZN—=2:2678 F— %, Ftih:216 ¥ — 4%, F—£4 C:253 F—%). MfRT95% DIEHEX
fERd. CofER, FHIRMERPCLOMEMNE & &ICE DERERME RIS DEIE D3
g B T Embir o e, TORBRKAENTT 2 &, EPHREERINGED 190kgm 2a ' DLE
DS T IZ A DOFRIRIE R D 95% OEFUKETIEC 59, IEOFEERIE RIS
BB TX B Enbr -7z, 5, Hilsick v E 255 FilZIE Giovinetto and Zwally
(2000) £ 3 &, 190kgm 2a ' OHiIfS 3B H & ZHEE 1500-2500m (T4 3.

—7, Ekaykin et al. (1998) 13, A X b =27 TOREFE v & 7 0 2 BHIEICL - T
Bz 2 b — 27 TOFERKIENEZE (probability of hiatus) 75 12.7% TH 0, TNIIFERTHES
B2 lem KL B 2R EFFHFLVWTEERLE. 2%, BHEED lem KiffoBAI

FEBIZ O TORIERINEEWMEZE LTVWEY, CITREHEOLHO [EOFERERE RN
LIRS CHIFHIC1FEBROFEREINEL VD, b LLRELCH>TVWAIEARTHEITT, 37
PEy FTOFEEKIE (hiatus) EUTVWERELIMETH S, D0, [AOFMEMERIN
DG, 1THERICERPEL B -7 LT, AEHEANT TREIHIR] 28b - 58, Tofkic
RS L7 VNS 10| 28 ATV B AR S 5.

NI -El ectronic Library Service



Nati onal Institute of Polar Research

FEMR K — £ .3 CORMERINGL (1995-2006) 157

13, BEOEFRED/LDIZE y b7 TREBSHIITE BRI TEARLTVS
CORMER F— L3 UICHEAT 5 &, 1995 F0 5 2006 0D K — 435 U TOFEBRIEHER I
104% ThH 5 EDbh - T,

—7, KD F — 43 U CTREFEEMERNED 18kgm 2a 'FEE (BEOK 70%) &
HEE SN TV D (Watanabe et al., 2003). 5 0EPEEM (Ex1F, —0.052%/kgm 2a ') %
ffio &, KD F— L35 U T 94% OIERTHOEMREERIE A 5 2 EBHEET
3. INEEUEASTERBRIEGIEMNT 2 EKET S E, KD F— 43U TOFEBRIE
MR 11.4% LHEETE 5.

4, £ & ¥
1995E 1 A2 520071 HETO F— 23 LICEBE L 36 RKFROF— 4 & KAES
DEET =56, BE 12 FHOFEERIERIN E 273 1.5kgm a ' CRES - 1<
COfEE, =245 UEED 70 OEES NP 1260 80 5 1993 % TOFEHE (26.4
kgm %a !, Watanabe et al., 1997) LIEWETH -7z, £/, F—L5LD 1 RKDERE 1
MBI L 72720 T, ISR R I HE D 73% OBRAGFHZ 2%, 10 FERER T 2 &8
ZHIPHDS 10 LI NICie 5 2 &b o, /i, F— 245 0 TRADFERERIDE RN H
8.6% DMERTHI > TWBT Ebh-tz, COMEREXRZ =7, S, F—A4CTOD
[ERR 7S BIAAESR & M 2 2 Ltk 0, FERKIR O PR C 13 B D ERIRIE RIS E
HRAERN T OMME & 1D L, 190kgm 2a ' UL EOHIE T3 A OFEMEREERINGE
73 95% DIEF/KETIEEC 57, [EOEPHREERERICIPHRFTE 5 2 &b - o, Hiuls
ICE DRI 25 190kgm 2a ' OIS I3 BB & FHEE 1500-2500m IS4 5. F/, R
FP—7TOEy MEARERESE LT, HEKOKED F— 450 a3 7 TOERBRIBHER
BENTN94%, 11.4% & HFES - 7.
754, Kameda et al. (2008) TIIA[EIFAS L7 1995 Fh 5 2006 £ & T O RIME BRI D
— Y VT, FPEEREERIC ORI M, HHERIERING & 2 OREERA L O
Btk H EEEE & SRS RINE BN OEEERZE & OBk, Hifi L 7o 2 R0 B OFRZE
MEREPGGHE S 228 3 MG T LT 0E, BEbEER L. Efob 3 H3SHELT
F LW,

E i
AWFEIL, F— L35 UFEE RO 1 8 — 43 UFEEER T 0 SKEABRNEE
%(iiﬁ?ﬁ%ﬁﬂ&):fﬁ%én Fhix e, HF—H - &35 UG o mHFA
xKE, FEEETEE L OoERNBHIFTATR) RO b — 45 CBIAGHE O R RES
%#ﬁﬁ@i(ﬁﬁ@ﬁﬁh%ﬁ)C%(@%bi?.ik,ﬁ%?®%ﬁﬂﬁﬂ%bot

NI | -El ectronic Library Service



Nati onal Institute of Polar Research

158 B - ALFHY - BRES - S

ROEE- EH 8 GE36 B, dIGEEE (5 36 (REX, 5540 IRBX), BHERFT (38 371k
BO, (A - SRR (58 39 IREX), PG — (55 41 IRBX), Akl (55 43 IR, 7k
Ffksh - FZHEIE (55 44 KRB, BAFET (545 RBO, Bt GF 46 IRBO, 2ikfE CG8
47 IXBX), tEH=EKER - Chung Ji Woong (55 48 (KBX) DRIRICERS BH L £ 9. EH DA
TR OFREISE GEIRHER) 1tk 2 a4 v F3WETH D, AFEEEZRVICKRT S
ENTE. FELTEHLE T

X B

Azuma, N., Kameda, T., Nakayama, Y., Tanaka, Y., Yoshimi, H., Furukawa, T. and Ageta, Y. (1997):
Glaciological data collected by the 36th Japanese Antarctic Research Expedition during 1995-1996.
JARE Data Rep., 223 (Glaciology 26), 83 p.

Bamber, J.L. and Payne, A.J. (2004): The Mass Balance of the Cryosphere: Observations and Modeling of
Contemporary and Future Changes. Cambridge, Cambridge University Press, 644 p.

Ekaykin, A.A., Lipenkov, V.Ya. and Barokov, N.I. (1998): Temporal-spatial structure of snow accumulation
field at the vicinity of Vostok Station, central Antarctica. Vestnik St. Petersb. Univ., Ser. 7, Geologiia,
Geographiia, 1998 (4), 38-50 (In Russian with English summary).

Giovinetto, M.B. and Zwally, H.J. (2000): Spatial distribution of net surface accumulation on the Antarctic
ice sheet. Ann. Glaciol., 31, 171-178.

Kameda, T., Azuma, N., Furukawa, T., Ageta, Y. and Takahashi, S. (1997): Surface mass balance,
sublimation and snow temperatures at Dome Fuji Station, Antarctica, in 1995. Proc. NIPR Symp. Polar
Meteorol. Glaciol., 11, 24-34.

Kameda, T., Fujita, K., Sugita, O. and Hashida, G. (2007): Glaciological data collected by the 44th Japanese
Antarctic Research Expedition during 2003-2004. JARE Data Rep., 298 (Glaciology 32), 92 p.

Kameda, T., Motoyama, H., Fujita, S. and Takahashi, S. (2008): Temporal and spatial variability of surface
mass balance at Dome Fuji, East Antarctica, by the stake method from 1995 to 2006. J. Glaciol., 54, 107
-116.

Mosley-Thompson, E., Thompson, L.G., Paskievitch, J.F., Pourchet, M., Gow, A.J., Davis, M.E. and
Kleinman, J. (1995): Recent increase in South Pole snow accumulation. Ann. Glaciol., 21, 131-138.

Palais, J.M., Whillans, I.M. and Bull, C. (1982): Snow stratigraphic studies at Dome C, East Antarctica: an
investigation of depositional and diagenetic processes. Ann. Glaciol., 3, 239-242.

Petit, J.R., Jouzel, J., Pourchet, M. and Merlivat, L. (1982): A detailed study of snow accumulation and
stable isotope content in Dome C (Antarctica). J. Geophys. Res., 87 (C6), 4301-4308.

Takahashi, S. and Kameda, T. (2007): Snow density for measuring surface mass balance using the stake
method. J. Glaciol., 53, 677-680.

Takahahshi, S. and Watanabe, O. (2001): Snow accumulation (surface mass balance). Antarctica: East Queen
Maud Land, Enderby Land, Glaciological Folio, Tokyo, Natl Inst. Polar Res., 3-1.

Taylor, J.R. (2000): FHllICH o 2EEMHT AT (b 2CHE B mE0. 85, WU FEREA, 328p.

Watanabe, O., Fujii, Y., Motoyama, H., Furukawa, T., Shoji, H., Enomoto, H., Kameda, T., Narita, H.,
Naruse, R., Hondoh, T., Fujita, S., Mae, S., Azuma, N., Kobayashi, S., Nakawo, M. and Ageta, Y.
(1997): A preliminary study of ice core chronology at Dome Fuji Station, Antarctica. Proc. NIPR Symp.
Polar Meteorol. Glaciol., 11, 9-13.

Watanabe, O., Shoji, H., Satow, K., Motoyama, H., Fujii, Y., Narita, H. and Aoki, S. (2003): Dating of the
Dome Fuji, Antarctic deep ice core. Mem. Natl Inst. Polar Res., Spec. Issue, 57, 25-37.

NI | -El ectronic Library Service



