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Freeze-Thaw Cycles on Rock Surfaces in a Montane Zone:

Field Measurements in Kobugahara, Northern Ashio Mountains, Central Japan

Masayuki SETO

Abstract

This paper presents data on rock surface temperature observed on a tor (Point
1) and a big boulder (Point 2) in Kobugahara, an upland plateau composed of
granodiorite and located below the forest limit in central Japan. The tor at Point 1 is
situated at the upper end of a block deposition feature. The observation surface at
the Point 1 dips 86 “toword N50°E. The big boulder at Point 2 seems to have
been detached from another tor. The observation surface at Point 2 dips 88 °toword
N 24 °E. The vegetation density at Point 2 is lower than that around Point 1. Rock
surface temperatures were recorded every 30 minutes thoughout the period between
November 30, 2002 and November 22, 2003 with thermister probes connected to
miniture data loggers. The number of daily freeze-thaw cycles (FTC) and the
number of effective freeze-thaw cycles (EFTC) were 33 and 6 at Point 1, and 30
and 2 at Point 2, respectively. Moreover, a seasonal freeze-thaw cycle was found at
each point. Since water is supplied by snow, rain and fog to the two observation
points, the occurrence of the freeze-thaw cycles suggest that both microgelivation
and macrogelivation are operative on the rock surface. Diurnal range of rock surface
temperature at Point 2 is larger than that at Point 1, probably reflecting on
difference in the block size, vegetation density and location of observed blocks.

Key words: blocky deposits, rock surface temperature, freeze-thaw cycles, Ashio

Mountains.
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AR R & THRET LRI A LN S (BIR, 1969; /6, 1970).
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L, SO—EIZELLER T O ADPMEL L-BLORKTHELEZ LN TS (Blx
X, AR, 1962, 1964, 1966 ; i57K, 1983 ; HHIZ2, 1988 ; BFAF, 1991 ; =, 2003 a,
2003 b, 2004).

INSHOMETEREOFEKAMEASHEE S ND—FT, 8 - fgY A 7 VOFERZ
DHEREE 7 EBAE DK ER 2 #3555 2 720 OB 2 BRI R LT 5. HIRRFLL
TOFMIE, METHFNEONSLZ LR, PR LR ENL, FREFUREOR
MEZBEEDOREEENRLRLEEZONL. ZOL) RHHEHOEETHERFEAL, &
M BRBOBEERAFIIBIILIAROVETELHOL2IIT S 2 813, aHfhmR MR
WRORK % £524 57213 Tldk {, BAEOIHFE T < WENE(LEROEECE X
DR BRE*HET S L TEELEBEER L2 5.

INFE THIMOBEIZIZE K DBIDH Y, o - BfET A 7 V28 L LB E /e
iR SN T &7 (B2, Thorn, 1979; Fahey and Lefebure, 1988 ; Coutard and Francou,
1989 ; Lewkowicz, 2001). HARIZBIT AEROEFIIZ1E, Matsuoka (1990, 1991, 1994),
T (1992, 1996) 7 &E4%8 5 b DD, FMRRFLLTIZMETS 5 (L ORI CHAEHE G2
BTV BEEE - BFEER IS OWTRERP D v, £ 2 TRIFETIE, ERIL#IbE
e r BEREOFKIIBOLNEGH T, ROaime BESNL, FaOREIIHAENT

BEHKE - BT A IV VOEEBLUARIBIABEERAORBERTELZHSMIZL
7z.

2. REMBOBE

wlE s HEEE, RRILMOIHEICAEL, #RIL (1373.4m) *&EEEL LT, &
(A 1200 ~ 1300 m AR O/ NEKE 25 % % (Fig. 1). BE4AMER 1200m & ) KFT T
BT ASHEE A, FHA ORERT AN M Y238 LS 20 ° g OfME S HB T 5.

g BE R, (HTEESHEARE 2 O B =R ATICE A L2 BREREmNG
BIUANAREEREma»O Y, OB, e, Ba, AlKE, Fr— b
RABHRIMEN Y 2 TROBRBTHEE G > T Ly 7 A0S 5 VHEEA, 1991).

mlg r FEEOFE I, ERREEN O L2800 % oML, —HTRESLTh
BRI 2 KT 5. IUTESOEFHE & T OHA ZZINERE & 259553 5 BEHRTIIC
B ET7AERLNSE, IO EDEBRIZOWT/NE (1977) PERMEBEREOGFAEY IS
L CLIsE, HiK-E (1978, 1982), L1l (1981), #7 (2003 a, 2003b, 2004) HiZ L -
T, ZOBBREHARIE 70 ARG ST &7,

ERMEME AL ORKMEAIL, I XF T (Quercus mongolica), 7% K75
Y (Enkianthus campanulatus), ') 3 7 7 (Clethra barbinervis), X I (Malus sieboldii),
B3 (Ables firma) R ENSH %S KK TH L. fMETIBERME L L FMOFm L&
THELREAN L, ZREEPL GHERMIEOSH 2 HONITH I LIIRETH
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Fig. 1. Topography of the study area.
Ha: Mt. Haruna; Ak: Mt. Akagi; Na: Mt. Nantai; As: Ashio; Ma: Maebashi; Ut:
Utsunomiya.
Contour interval is 50 m. The area enclosed with a dashed line in the contour
map shows the area with frequent distribution of blocky deposits.

b, TDH, BEEIZL > TEOGHEHERF AR L7z (Fig. 1).

E%&Emﬁ@ﬁhﬂm%ﬁﬁ&ﬁt,E%#ﬁ%ﬁkﬁ@@t%%R%mK%%ﬁ
HERRBFT (7 A5 A) OBRFHRICE 2L, AFHRESRD THLEMT 1A L
ZHT, TOFFEMEEIENEN—4.1TC L —4.2C TH5. $72, HBRKEDOTFHEIL
12A2°36mm, 1H#4°42.2mm, 2 H%66.9mm TH LD LT, 31X 104.4mm &
AFOHMTIEIRIBEKELG L V. BHLKRBUHR TOREIRIEI2 A, 3APRLIEL,
TN 36cem, 37ecm THLH. FEHIZ, Mk r FHEE, HFEUFHOES 1250 m fHEo
RE7Z2F ) TRV FHEAEFT20034E2 H 4 D128 60cm OREERELER L.

3. BAbSA EBRIAE

3.1 AR OBE & BRI
FHIROBIMIZRO 2 1,51 TH7 - 72,
Point 1 DIE 1L, BEIALEIR O SHER I Lo b 7125k L 72 (Figs. 1, 2a,
3A). FTOKREEH, ®mEF500cm, 18K 80 cm, HITEH300em THE. 20 FTiF
AR E O & IERNE 2§ 2B 282 58 80m &HA Tl (FE w5 1280 m) OHLI L
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Fig. 2. Location of Points 1 and 2.
Contour interval is 10 m. (a) The altitude of Point 1 is 1280 m. (b) The altitude
of Point 2 is 1340 m.

BT A (Fg 2a). FTOBEBIZ—=kBEL%L-TBY, PTEIICETAFEIZFIC
BoTWwa, M7EEOTHRMAZIE, EEH200cm (KA 242cm), HEHS0cm (kK
78cm) BEOHIKE L2BRAT 0 EL L L) CHBEL, Tho0ERFTERERE
D g AR L T\wb (Fig. 3C). HIEEOMXIEI NS0 E CHEFHI 86" TH L. HllE
BHOEZRYES RAKMAIL, Vay T, X3, IXF 5T, 20034 10 B 7 HOEETIE,
BRIEMN b 7AFET A HEF 2> T/ (Fig. 3D).

Point 2 DHEIE S, HEILILFEOGIIZHKE L7z (Figs. 1, 2b, 4A). EROELE, P
1%, G, FRENY 150 cm THEISEV. ZOEBIZBE EOTFHE D 5% 40 m #HE
TFH (BEEf1340m) OHSIET 2 (Fig. 2b). FEFICHEMN#LKEK L7  Point 1 &
HARTEHRELTWA, HIEs2RE LEHOERIE, EEH300cm (A 530cm), &
B 70cm (HAK78cm) BEOKIRE LAERASAT 5 (Fig. 4C). BlEEOMm & 13
N24°E T, H$HE88°TH 5. HlwemD L22%E ) MiAIZy T< Y (Larix leptolepis) T,
2003 4F 10 B 7 HOBIETIZ, Point 1 & RHEHE { H72o T 7z (Fig. 4D).

LSRR A7 — 7 OBHIEMIE, 2002F 11 A30H2 52003411 H22H T 5.
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Fig. 3. Outline of the Point 1.
A: The tor at the Point 1 on its NE surface. B: Close-up view of the observation

hole. C: Blocky deposits under the tor. D: Deciduous trees covering Point 1 (Oct
7, 2003)

BUAIH A E W20, BUIEIE E PE L DOEZZEETHLEVH L. 22T, BHEKAS
BT (7 AFR) OF =5 %M T, 1961 405 2003 4EF TOEF 4L » AR (12 H~
3H) ORFHKROEALEH TR ETSH, —6C 25 —2C OBTHREL T,
2002 412 HO B &imid — 2.2°C, 200341 13 —4.8C, 200342 A1£—4.2CT
Ho7-DT, 2002 F~ 2003 1%, 1961 476 DF 40 1 & T, BEIZFEGH D W
FIRELREZTHAL EITEZ LN V.

RS - BAERY 1 VIV OERBIE &

Matsuoka (1990, 1994), Shiraiwa (1992, 1993) X&#4 (1992, 1996) &, #HEIXFIC
S 1.5~40em DILEHIT, ZOHIZH - I Ay EHE L Thaimk 1 ~ 3 B MR CEl
ML, k- AEY A 2 VORBEEHIS LT A,

Zfiﬁf%’ﬁ’f‘li, HWERPHF 1I0em DFE S ICHHMEROENEIZERELN S5 mm, FEEH
20mmOfLEeHIT T, afridE)arxwEEL (2 1E, Matsuoka, 1990 ;

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

70 woe "2 oz

Shiraiwa, 1992), T OHIZH — IR ¥ 2 EE L THiRZ B L 7> (Figs. 3A, 3B, 4A,
4B). BHEIOMBIZ30 5, Lz, =325 2B L-ENB1E, KIS E HIE1
mm HUFT, REM30em THA. FNHOFISHKE CHREEINLTWS,

BENZiE, ) T&D#EOBAY LD Jr RTR-52 % ffiffl L7z. RTR-52 i&, 16,000 1
DTF—=FZFL#HTEHIH—T, 30 5HBETH6 v+ MO #EGBRE TR TH L. BEL
PH - E2 mm OV — I X5 —T, WEHHILZ—-60C ~+155C THYH, —20C ~
+ 80 C DHEPATIIFHTE0.3C DHEEFF-> T 5,

Dok onsz7— %55, FTC (freeze-thaw cycle) & EFTC (effective
freeze-thaw cycle) %785 L 727, FTC IEHMEAT0C L ) EBWIREDLS 0 C L FIZ T2y,
BUCOCUEIZEREH A 2 VTHAL. T2, EFTCIE+ 2T UEL2S—2T LTS
AT - EATH5F A 70 THY, BEHBHI R ONENIIRILEEZLNTVS
(Matsuoka, 1990).

Fig. 4. Outline of the Point 2.
A: The boulder at the Point 2 on its NE surface. B: Close-up view of the
observation hole. C: Blocky deposits around Point 2. D: Larch trees covering
Point 2 (Oct 7, 2003).
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4. 8 A £ R

ELREIE T, BEEICEE Lo — I AV OMNBICTR A SIEFEO ST REID &
Mot T, BHERICE IR LTy 3EOLNT, F-sub -t —-3IA%d
EEICEBEL-EZZO0NA. RAGROBINOK R % Figs. 5~ 7 3 £ U Table 11378
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Fig. 5. Rock surface temperature at Point 1 (Nov 30, 2002-Nov 22, 2003).
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Fig. 6. Rock surface temperature at Point 2 (Nov 30, 2002-Nov 22, 2003).
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Fig. 7. The number of diurnal FTC and diurnal EFTC in the observation period.

Point 1 CEUM SN REHEOFIMEIZX7.3C T, &EMEIZ20C (8 A24 H), ®IK
iZ—7.4C (1 A30H) Thotz. HFYTOREMARDRHMHIZ19.0C (8 H24H),
RIEEIZ—6.4C (1 H30H) THot:. KEFROHEZEL, ®KAKT8.4C (5H2H)
Thot-. F7-, HEBORE - @g+ 420 (FTC) 3, 1216 B%#H, 3A30H%
WHELT3I3MEBEDON, D)L EFTCIZ6ETH- 7.

Point 2 CTEI SN /-FHEEOFHMEIZ7.1°C T, &&EMHEIZ23.9C (8 23, 24 H),
REMEIZ— 11.3C (1 H30H) THo7o. HFHTORAFROKSEMEIZ21.5C (8]
24 H), ®BIEMHEIZ—9.5C (1 A30H) THo7/. KEEROHEZEIE, ATI3.6T
(4H22H,5H1H) Thotz. T/, FTCI, 12H2B%##H, 4 A1 BAR#EHEL
T3OMmEDOLNS, ZDH)HLEFTCIZ2[ETH - 7.

Point 1 CIZ12H 16 H25 3 A 24 H, Point 2 TIX 12 H2H25 3 A 24 BIzH»F T,
R ERFEHRE LT0 T LRI k72 (Figs. 5 and 6). Z DM FHiY R
BRI H 720, BENICHEEIEIT L2005, 72720, ZOHMBIZBVTY
HIoXk o TRREMBEDOC 2RiIET LI MRS/ 0 CLUTOHEYEKE RO
S, +7bbakEe UL Point 1 T 274.1TC - days, Point 2 T438.7C - days Tdh -
72 (Table 1).

Fig. 7I2FTC BLX U EFTC O AREE* F 72, % B, Fig. 7TTIX FTC SO SN
oA %E%E L7, FTC &, Pointl, Point 2 & $ 123 HIZ4EH L TRRH 57z, Point
1Tlx, £33m»5 5 200, Point 2 TZ430E®H 5 15 [AT3 BIc8l S 7. [k
WEFTC d 3 HIZHEHRLTHY, Point 1 TIX6RIAETH3 HIZEIR &7, Point 2 Tl
EFTCIZ3 A& 4 HiZZEn£1 1 [ S .

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

RRILHACE Sy REHOFS 8 A - g1 7 73

Table 1. Summary of the rock surface temperature observed from November 30,
2002 to November 22, 2003.

Point 1 Point 2

Mean temp. during the observation period 7.3C 7.1C
Maximum of mean diurnal temp. 19.0 C(Aug 24, 2003) 21.5C (Aug 24, 2003)
(date of occurrence)
Minimum of mean diurnal temp. —~6.4 C (Jan 30, 2003) —9.5C (Jan 30, 2003)
(date of occurrence)
Extreme maximum temp. 20 C (Aug 24, 2003) 23.9 C (Aug 23, 2003 and Aug
(date of occurrence) 24, 2003)
Extreme minimum temp. —7.4C (Jan 30, 2003) —11.3 C (Jan 30, 2003)
(date of occurrence)
Absolute range during the observation period  27.4 C 35.2°C
Extreme diurnal range 8.4 C (May 2, 2003) 13.6 °C (Apr 22, 2003 and May
(date of occurrence) 1, 2003)
Seasonal frozen period Dec 16, 2002 — Mar 24, 2003 Dec 2, 2002 — Mar 24, 2003
(first date-last date)
The number of the freeze thaw cycles 33 30
The number of the effective freeze thaw cycles 6 2
Freezing Index 274.1C - days 438.7 °C - days

5. & =

REGIROBIET— 4 2 b &2, KM EFREIE < R - RRERICOWTES
5. BEFECTE, ERPRCHBMORSE - BES A 2 VBT 5. 3, FEH
P A 7 WIZONTIE, HHETRE % 8T 5 & Point 1 & Point 2 Tl 164.6 C - days D7D’
H), REFRDOETEIL Point 2DHPKEV. MOEH (GAHDHLERL EFKESE)
ME L ThIUE, LFEORRKEFHREISHER TORMGIEROF RIS (FEH,
1975). L 74> T Point 2 DHHE FTHFL-LEE2Z LN L. KIZ2HETOHREM
PA 7 IVIZOWTHETT S &, Point 2D HFDPHBENKE L, FKRIMETIE, Point 1 D8.4TC
2% LT Point 213 13.6°C £#5C DEFH 5.

2HE OB THERRICEIELARRIERO LI IZEZ OGNS, 3, Mlwm L2E%
BOAKNE, Point 1A5) a7, X3, 3IXF+IT, Point 2375V Thhb
(Figs. 3D, 4D). 2 #iSOARKAZ KT 2 &, HOBEZ T E2E 2T, Point 1 &1t
X Point 2 DHFMWHFEZITRTVWEVZ S, SSIZINTES ORI & ILEFE & 2557
HELHSSOMEMIL, Point 1 55480 m, Point 2 23%%J40m T3 4. Point 1 & Point 2 i,
HZIR EFHAICME LTV A0 T, EEFMIICL > THPLOHHFEONL EEZ S
5. Point 1 DA BEM S OEFBEN S Y FE T HICMEST S0, TR H 5
BELIRIEREVEEZZONSL. L7255, Point 1 &tX Point 2 DHAHEIZ L 5
FEEHERO FROREAIKENZ EDHETE S, —J/T, Point 213 Point 1 & HRTE
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BIEW0, BEZITR T RAEFRIS TR TV, 0k, HlERe L&
HOWEANLE LR FEORED S BT, Point 2 (3 EEDOAEENKEL 2D T VERE
WZH b,

%7z, Point 1 & Point 2 Ti, WEMRE LM TLEAROKEZZIZEmOEND S,
— AT IR CPWETCHOHNTEEICHA L TRKEL%SHDT, Point 1 & Point 2 Tid
BRBICENEDL, BEARERLEL TR EEZ NS, BAKWIZIE Point 2 D78
Point 1 & ) b HEHI/NSWDOT, HWEDOBZEALIZHT L Point 1 & ) & REGIRABIKRIIE
ft§5ELE2 515, Coutard and Francou (1989) i, AXEHHES 48cm T TOIR
FEGAT O B A ORKERES — I aREMPHLES20~30cmEFTRAZ LB LA
\ZL7:. HEBOFEEMBESEREESI10cm THAHZ %2 5L Point 1 & Point 2
DEEOEIHEAP L) SEFPORBEERLICEE L B EEZLND.

Point 1 & X Point 2 DF7%, AFIIBIIAREEROETENAE {, HEENKE
WIZH D5 F, Point 1 & Point 2 TEEH b N7z @A - BUEY 1 7 VOBEE DX, FTC
T3, EFTC T4z EF Y, KREZBEVIIZDLNE V. Zhid, Point 2 TIZEH
WM 28 L CREGRSMES, HESOXRHAGEL0TC UTTHEHHPFL N/ -OTH
5.

Fig. 7% %54 & Point 1, Point 2 & 312 FTC, EFTC i&, &2 5 HF~OBITHHIZH /25 3
HIZERLTHIAL TS, —FT, k2 o&~OBITHIZH7-5 12 Hi2id, 3 A &L
LCFTC OHEMEL, SHIZEFTC IO N -7z, $72, 11 A3 FTC 23%4
Ladolz, TNEMDNLEL, Z00EANFHPE ) ELLLE, KAGIRENLD L7
FNEFNELL0LELNL. FEOZ EPFBERE TOLORENIDONTIE, Bl
HE AR DB TIZHS 2Tl v, RO 7 — %13 2002 £400 5 2003 £4F T
D—ERDLDTHY, FTICREFTC S E LIS BETAELH L EEDNRAE. FTCR
EFTC P42 L FICEP L THEBLAZERIZOWTIE, 4BOF—- 7 0EEHF - Tk
L7zva,

FTC OHEE %, B S O IZ A X 7258\ D 72\ Matsuoka (1990, 1991) D54 & 1t
B2 72% (Table 2). Table 2 1Z/RL729 B, IK1, IK2 3B X OARIZE BRI AL ZRARFR
DTFoFECOBHKRETH L. BRI LETA2-0IC3AECHEROR X2 &%
ZETHLEDND LD, FHRRF LB HFEOS 2 FTC, EFTC & b ITHEN S, 4
M OEMAE R & L CFTC T21 ~ 930, EFTC T30 ~ 86 b DN H 5.

ZDOXHIZFTC, EFTC DHEIZRE RESEL A DIE, HFMERL B2 5HHETikH
L RAED L VDICREERO HEENSKEVWI EPFRAKDERTSHS ).

FEERM COFFERRAZRETH7-0101E, REGROT—ZIZMATEHIZE5HDMH
B, KOfRIBE, G5 ORHE, BREOENLZEDTFT - PLETHE HlziT,
FARE, 1984, 1986 ; Matsuoka, 2001). 4-[E D& T Point 1 3 X ¥ Point 2 TI3 FTC &
EFTC 280 6, EXW, B LIZL ) o kalitr e s 2L n»s, BERHETO
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Table 2. Comparison of freeze-thaw frequencies in an alpine zone and a montane

zone.
Observation area Rockwall Zone Altitude (m)Aspect Observation period I:)Ifm;,l;? ()I;Iuén;’;é Reference
Akaishi Mountains A Alpine 2980 NE Jul 1982-Sep 1988 54 36 Matsuoka, 1990
C Alpine 2870 SE Jul 1982-Sep 1988 123 88  Matsuoka, 1990
D Alpine 2850 w Jul 1982-Sep 1988 87 50  Matsuoka, 1990
IK1 Montane 1100-1200 W Dec 1981-Dec 1983 - 7  Matsuoka, 1991
IK2 Montane 1100-1200 E Dec 1981-Dec 1983 - 25  Matsuoka, 1991
Ashio Mountains Point 1 Montane 1280 NE Nov 30 2002-Nov 22 2003 33 6  This study
Point 2 Montane 1340 NE Nov 30 2002-Nov 22 2003 30 2 This study

Matsuoka (1990) and Matsuoka (1991) show the mean values for the whole observation periods.

P 22 SRS E E TR IR T2 h b L E X HNE.

W (2004) 1, AMIBICBIT B GHERMTE OB & RAOKBIARM L £ R, €0
AR EAAED T AL =T A v 2 b T OFARIFEE Lz LTwab, Lal, BIUE
bBRORMTHEY, FRBO®RE - BT A 7 VA MBie 52 Lhs, Al E
BT A AMICHES - BRER I L 2 GO TEPBELET L TV A TRMEEH L. A
MO R - BRARIE I LSRZI L 2B b ) TV B SR O TUR 7 1 & 2 & #in
B7olE, BRI A =V CORMMIEN &2 L, S5187 (2003a, b)
A Lo AR O 7 1 £ A2 RHTAL 7 SOBIL 7 T A L OREERE T 5
ZENLETHA.

6. TEHDESHRORE

i OFMERLL T I BT 25E CHEAOKRM AR B L2, ZOMR, BUllH
HTIEHES LR OSE - BUEY A 2 VAT A 2, Bl S oEriE, §
T L2 % B ML EARIEROBTESCABEICEEL CWb I LpsiEE shrt.

LA OBHITIX, FERPMER*EHEFETCXLZ 7Ty 3o hh oz, AL

bFEEHOEMIFRET L2 0B D, BHMTIIIKRErHL I Lnh, THEET
DWW 7 FHEREDHE E TV A IREMIE T3 12d b L EZ LN,

I72, BFHAEBLREOONL Z L0, FHMBRHIEA BT 52 a6 E2 58T 589
R EAI R TR L B 5> TV A ITREMEA S 5. EBRIIHIE @Il A SN 5 a1
u,mﬁm%%&%na%%o$mﬁ%m%nt

EHERTERIC L AERN G Ay — L TOEROSHOEEEZW S T 57
b,ﬂtwmkﬁfﬁﬁvﬁw#ﬁﬁﬁﬁmﬁw+,%ﬂf@%% WX B R iR e &
YRETAHVLENH L, T2, HFHBERUTOFE COMPERIZE L S iRET— % 13FH

4
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BT, BEllERRET 2 L RICARIIFHON S PR, MEREDOEFEZER
TIHIZE DI THEZ TV 72\,

& &

SR RFHERBRIE R IR O AR AR 1T A THRE W - 0 . B R AR
REMOEMERIA I, REGROBAFEIOVWTIBRVLEW, 2, VI
RERFREOBHBEK, ERLER, HRAXETRIGRE LT -ORER SB#l%
Flio T2z, REH, HAREB I UKE A4 FHRERE D S ITHEDORFTZ WL
Wiz, JECEHLE L BT

x

1) #OWE s, B, BiL s, EANLFEEILT LWL »TIEA2WEIRT [HlK] v
IEEFHWLE, BRFMEEERE L) BEYRIEAID L. T, 5% DE)
PEESNTWCBRET, ThIT—HLTERRLFENTERBEFIEREFIZL DM S
NBITREMD H B, AL TIE, —M&IC [ERIE] LT 2 E5WPEE L TR S NI
DWT, #F (2003a, 2003b, 2004) FEREICERERIR LA WHREE LT [ B3R L
SEBERAVAET LTS,
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