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An attempt was made to apply a multi-variable ARIMA model (autoregressive integrated
moving average model) to observed non-stationary variations of crustal strains, ground tilts,
precipitationj and water discharge. The purpose here is to find correlations among these
observed values, to make predictions for their future variations, and to detect some possible
anomalies that might be ralated to the change of tectonic stress field and the earthquake
occurrence.

The model fitting is applied to the records obtained at the Kamitakara Geophysical Obser-
vatory. The applicability of this model is carefully tested by the randomness of noise in-
volved in each of the observations, and also by examining independence of each variable
after removal of dependent components. The preliminary results suggest that the observed
areal strains and ground tilts are somewhat affected by long-period fluctuations of precipita-
tion in a range between 20 and 50 days but not by water discharge in the observation vault,
and that the amount of water discharge is subjected to variations of areal strains in addition
to the effects of rainfall. It is also suggested by the present analysis that the large ampli-
tude variations of strains and tilts observed during some period in 1978 are within the range
of prediction errors and may not be any significant changes due to tectonic origins.
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THIDIL, BLIFBHEENDECKD. Z0kdD190HEE LT, BEDOH BEM
DOBRELZDBAT — 2@ TH2L X b, TORBRINCHET 2HAEYRHEL, ch
HIMELTREOD ZELNDOELFHL, TORETOBRAREEOENR—B LA XIBL IS
R ERFEHERET 2L VI3 HENRADR TV 5. HREHERAT — 2B Lz flzid
Chebysev D%IER% H Tt 5384 [Isan (1976)] =, Wiener DF I 7 4 L % — %\ 5%
Ba A - E® (1978)], IAR =512 #BHT55E KA - &E1E 1981)] 72 b s, ¥
REBCFALENE Lo DTiicwdd, Bx0BE2 FY 7 r 24 TcikEy < Chand-
ler wobble DHRIT — % DEEEEITIC AR = F A2 B 726 [ 21X OoE (1978); KiT (1980);
KIL « t£#E (198D)] 4 5 5.

R fhd 1 EEOBUEN S ThEGOREXMITL, H5vitchrxAun
TFHUELIS>ETHLDOTHS. Lo LHBREHBRAUED X 51, BROKE - BREZL,
T KA &% DERICHELYZIT 2581, ThbDHEMOEELYE R Lic@isd
BELEbRS., Likh-TZ Tk, 1) #IBREBHRO - CEET 2HEBENEHEHOKE
B EORLHETERT200nEYS2, 2) thboBE T THFRAUEEEOEE 2 LD X 51T
LTS %5, 3) BHEIWICEEOEE L MMCHERT 50, lc& ORMBEOMHELEBED
BRIE LT, BRUEROHEEMRS, 74—V~ v 7, /4 XEXEUELERTERRDL L
ET5.

§2. BIrA &

st R AL B A RTESE ORI, 500 ERBRIIEREFAREVWORS. &
ofEME Lo AR =70 (ATERL), MA =74 (BHFHE), ARMA 70
(HTEE « BEEHRESE) 7tEnih 5 [Box and JENKINS (1970)], LA L HR A &R
B0 LS CEEFBBEYAUHATE, thbDEF A2 X0 THAT LhTITfThlk.
feriz DIEEEMEN D ABREHBER L FOHBEICE, TheEBEcAhT AR MA =7 1%
B L7 ARIMA =5, autoregressive integrated moving average model (FEEH H
CHIE » BETHESEE)[Box and JENKINS (1970)] TR EHHER BBEN L\ 2 L1345
BRTWBOT, UFoo®7 v OBMAOTREIC W TRILTRLS.

(1) &5 1BEORIERIN D 5HBE, Az o), Mz y@), /14 X% ult) LTh

i,
ym=gwauma—ﬁw+um (1)

—c0

O THEHLEIND. alr) FEEBEHTHS. 1 kit AR =51 Tk, BRFRORRIIDOME
BREOBEDERMBLHEBED /4 DM L » TEHLINIZND, (1) T y() %
z(t) CBEEL, »OESEARBEOMTEE B,

wt)= 3 atmpalt—m)+u(t) (2)
L#IT . —H MA =71 CRERAOERAREOBED /4 XORKTERE R,

w(t)= 3, bmpu(t—m) (3)
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AR.MA =713 EOWHH OMERBAIHEEE LT BHDT, —RENCIX
2= % atmalt—m)+ 3 bomutt—m) (4)
DY TEbHIND. T THEET S ARIMA =574 Tk, TOKRY y(¢) & Eh sk
EEML EEEC L AEELI - THEL,

x@)=ry(t), Pe=reiy@E)-—rety@E-1) (5)
THFb L a) # ARRMA =712 LCcfd ceicins. (6) ROBEHRIVRE,

YD=S%(t),  Salt)=3 S“ialt—t) (6)

Th % [Box and JENKINS (1970)],

@ ThbLDEFNVISEEOBUELHHHECILERKS. Fig. 1 ks, thb
OBERESHEEIR, HOTHRCLEEYRIFLE-TWBEd7, Whdd7 4 — N2, 2
FEHFOBEILKT AR =FLICHIET S EEL bR DT, BRI Q) K& FEH,

X(t)= ZilA(m)X(t—m)+ Ut (7)

TEPbIh5 [ARAIKE (1971)], = =T X() 12 kB kT oOEFERRT], UlR) 2L2EZ0OFY
B0 E7ch X 57t k RILD white noise T,

X(t)=(x1(t), x2(t)9 tt xk(t)),
U@)=(u\(2), us(t), « - -, us(2))’

ThbH. () BEBTIHERT. A@n) 3 (BxXk) EAFHIT, £0 (,5) BEFEr A,(m)
rELE, () KXk cRKEHEK S [ARKAIKE (1971)],

sit)= 5 2, Almda,(t—m)+ud) (8)

(=1,2,:+, k), TIibb () ZEFBHUNDOER «,0)jxi) ODRELEED 7 1 X ult)
HEATWD., Aym) Lo DBEAT 2,() RT3 a(l) D1 v AREBEREENRT 5.
(1) (6=1,2, «++, k) BHECEHBETHA LR EELTED, o; OLHN o, TELDLR
BT RTOER (i) 2 LB a R B 0,() OFEBEEX 52 L2 KRS [FHih - &
I (1975)],

Q) HZEEOBAEDORKENESAMEOCE» DA THECED X S ICHEYRIFLE -
TWB2 T 570D, RO X 5 7B

¥&iHHET 5. cross correlation (co- T_x’_(:‘)_z' ®
variance) function ¥ EHHES (% 7oixdk —;——xk(t)zg(t)
780 BAF Ryy(r) % F\~T crosss pect- *’ CeTTE T "i‘ oo

ral density p(f) ®kd 5. p(f) 1% —xe(t)—fLinear system k[-pa (0

Fem e e tm e )

BRI 2,() 7% wdt) W52 BHEOR Fig. 1. A schematic representation of a multi-
BEREDOR7—ThbH. Fl-ZhrHu variable AR (autoregressive) model.
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T a,(t) DFT x(f) LA BRI H 55 O A EE D El4 coherency 13,(f) 23k bh
5. ERRFHC o) x4 5 2t ORBEIGEBE af) BNEE S, Fio x(f) O power
speetrum DOHRT/ A X ut) #ET %4 differential relative power contribution
7 () PEBED. EED2OIKICHERD L IICEFLOBEENEE > THDTROLN D
DTHB. ThHLOBREIZKRD L > IcEHLINS [l « I (1975)]

Ry)=3; L [oe+m)—lo,m)~ ]

pislf)= §°° Ry,(t) exp (i—2nft)dt
T%j(f)z l!’i,(f)|2/[1’n(f) pjj(f)] (9)
@)= 5 Aom) exp (—i2zfm)

7)) =a:()bu(f)
q:;(f)=1b () *p()(f)

2T b)) X ] i ~NOA—=TEA B ICBEDRERISEREE, pu)f) 12 ult) O
power spectrum TH 5. ZHbDEENEBEOBHRF — 2 2T LICBACTED L 5 ki
T BPIKREOEGFTRTZ L LTS,

4) 4%z 7% ARIMA =71 (BZE) 3R (1) AcEREh3%%T AR =
FAIRETDH. BERUEEEFO /A X u,(t) 357 v EATHDLZENMDETHLEND, ull)
DEMIC I 5 FHER 0 ThriF g bigy.

Br=jim, N;luml

M

=i L B alt— 5 5 Ao t—m:

THHMD, DRSS XD Aym) % 6820A,m)=0 1B, Zhk Ay m) &
THhUE,

2 2 AwmRull=m)=Ri() (10)

nM%

G, h=1,2,--+,k; 1=1,2, ---, M) [AKAIKE (1971); sx#th « &)I| (1975)], &7ah (Mxk) TT&E
T1kFBREEYEL S, ZhufE T M=1,2,--+,L OFXTOECHK LT Ay m) &k
524 7% [AKAIKE ef al. (1975)]. M & LT EDEREAT 500, cheACTFRETR5
B4 n#% final prediction error FPE [ARAIKE (1970); kit » 471 (1975)] o#:EfE FPE
(M) kb, ZhaBNcied My #l5. TR X - TIDETFLDOEENREINS.

ChLHABEUEEDOTHHENEON 50T, o=FPE(M,) & L1cK, 20 BEX#B2 28
NhBELEZLE, BRABORE#HRHEERIETHL. HH#lk AR EFLERET LD
CEDL 5 HEI0BRTF — 2252 0f ke AIC Akaike’s information criterion
NAVBRD Z Ep% . FPE & AIC ORICILEPENCIZKR OBRABALT 2 [FRih (1976)].

AIC=Nlog, FPE(k)+C (11)
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2T NixF—z20FEK C xEHTH 5.

§3. HREHHBAT~4

TER KBS KB FERT « B S AR 2 BRI C i3 Fhii it 5 I 76 0 R v TR b 5 L 5T oD M AR A
EHERA © BEEME A BT B oo, 1966 F£LLR, BB (0=36°16'49"N, i=
137°19'37"E, h=T60 m) THIREB OEFGHI AT - T\ 5 [LEiE2 (1976); KaTo (1981)].
ZITRIOBATT - 2% BRI FEIC X - TR T 5. @B ico, HiEdcE
MahrcmzE E1 (NE-SW), E2 (NW-SE), E3 (N-S), K&EAF CHI I hciBE
& T1(S45°W), T2 (N45°W), B8 W1, BkE W2 07HAT, F— 2@
VA =2 X BE8H [ LR A B BT o WET M (1978)] 2BE X T LD
1977 28 7 28 H~1980 49 A1 H O EMOKR 1 B 1 (24 B5RFHME) 057 —»
# 1,100 HX 7 Thd. chbOBMF—x% Fig. 2 1WRLk

BRI - CEDRE O RMHEOZENCE BT 200 BB L /e 55, 2Tk 10~100
HREEORAME AL 2~10 HRECHAPK M I# T2 L L35, COBEHXERM
ROEBINEE N —#ic € 7L CREBEFHER LB LLRD20HLTHD.

1) ERDES: ERAOBNT -2 iconwTl BEOEEYRY, BHEIO N Y 7 P EH®

T T T T T T (A A O A A A O R B R
E-1

FS0MM

L W2 (DISGHARGE)

g \10\11‘12\1 blalalslslhl8ls holxmz!l}lz 3lals s 1718 lg hohmzll blalglslglylgl

Fig. 2. Data obtained at the Kamitakara Geophysical Observatory, DPRI, Kyoto
University, during the period from August 28, 1977 to September 1, 1980.
E1, E2, E3; crustal strains measured along the NE-SW, NW-SE and N-S
directions,
T1, T2; ground tilts measured along the S45°W and N 45°W directions,
W 1; the amount of precipitation
W 2; the amount of water discharge in the observation tunnel at Kamitakara.
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Fig. 4. Long-period (10-100 days) variations Fig. 5. Short-period (2-10 days) variations of
of 7 different observations. 7 different observations.
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%7 Fig. 4 W H2BEOFHEAHLREDLRLY, ChiXHE hAELILLDT, Xbio
30~60 HOEEXISD L\ 5 & 5 IeKBIOBRIFERML/sh T 5 BED N=220 DR
DEHELROBITHERIFRELED I 51D T, LHIZEL LT N=110 05 & DEFRIC oL
T35,

) BRI : EEABET -2 o0 Tl AEO2HEOEEYT Y, BEAMRS ¥hE
T5. ZOBERERE W1, BKE W2 0X5107 7 AlETOBRAT — 24 2 DOEEXRS
clicky, RAKCHES. 6) Rk vBohsfEaF—s2&L, vv7 ) v /7HEEY 1
HELTRAVaZ Liwt s, Z0#EFIR H(f)=[2expir(f—1/2)-sinzf]* ©F%o high pass
Ty 2 —w@EA LI LICHENL, BRI 2~10 BEEOHREWMERMOEEIE S
ha. CoERPEEY Fig. 5 R L. EROOEBOMIGESE B /a3, 1978 4
5~6 H, 1979 £ 5~6 ARV Aich 2 BEH B LENR DN S, KBREF— 45 1
H 24 B OFHETHY, Lrb 2 AREUEOEHAMEL LTW50T, MEREKC X
LE HEMAOEMIER LTS, AR =51k, RERAEMCIREL L.
DE ) ZOHEOMEILER & LT, 2 2oBEnFLi. 0L 5T — & O R BRI AT
DXL LTI LIRD, RNV RK«RELHEBEbLh A HMICESh 50T, FICERERS
BT 2 MR OMITIC /s h DEEAYRIT L Tw 20 sy,

§4. BAITF—9BEAEOHEEIEM

FICGRRE- B E BT — 21258 ARIMA =F A %5 CEHBICkT-T, £32h
LOBRENHEC Y OREFEL*RIELE- TV A EHEDILENDH D, ElcDETL
YEATACL, ) cOYATANRETHH L, 2) BONCERIVEETHDZ &,
Tlebhb AR DFHERVREL—HTH Y, /AADBTvFLATHHIEL, 3) FEHIE
BED /4 APHECEHETH S Lic BRI LT E L bisy.

1) B LT MImEnciEb T L HEED\ 0T, REMETAE U CIERERS 0F 50t
EDBEH DR RITEBMCRHE I AT RE L. ERERS ERBMR > 2B LI
HHOlDIZo Dk ThS. Tl ORI X508, NS0 B, O, 1 X8
SYRATRVWIEICIBBOEFERF LI B2, 2) kBELTE, 6 RcL-TH#
BB DOEEFHTAVEREI NI E 5 1 RMER CTREBIC X VBT %52, X RAERE
T power spectrum p,(f) HHET 5. B URMEFEEFEELE LWHEICE, SDICHEY
HERBOTEXYRA - L1 ELbND. 3) B LTILKE §5 D EEE,LLHKT5Z &
[l

REEZBRUEMOHEOHELRANLID, 9) RTEREIND R,@), ri(f) 2RDTHR
£5.

(1) Cross covariance function R;;(f)

THYPBEREDNDS S, H Tl RO EZEE 3 RO%—EHBATS. SHCEX2HESY
nZE E1, E2 »OXFEREE FA=E1+E2 %#1Eb, zh&fEf T2 Ky, HHRE W1,
EAE W2 oOHEEMHEBEEEETE L0 Fig. 6 ThH5. F—2DE XL N=110 ®
5% 501 (500 H) THB. ZhhbEBEWZSZ LS E bit A, cross spectral density
%> coherency DI EOEBC/BLDTHS.
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T2-EA
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Fig. 6. Cross correlation functions between 4 long-period components, EA, T2, W1

and W 2.
1.0,
E3-E3
COHERENCY
0
1.0 [
W M f
o
1.0
\ El-El E1-E2 r/\/V\;l\m/\/
0 — | )

L J
o 40 20 oo 40 20 oo 40 20 days

Fig. 7. Multiple coherencies (normalized cross spectral densities) between 3 long-
period components, E1, E2 and E3.

(2) Coherency 73,(f)
Z Tl% cross spectral density p,,(f) % ## b L7z coherency y%(f) DH¥%x/RT.
j @& FRERYBCEDAPORY —HEBLTVBENERL, ixj D& %oi%ﬂt%ﬁﬁ?ﬂ
DREMEOHEBEOREYRT. Fig. 7 RE3IRS E1, E2, E3 o4, Fig. 8 i
EA, T2, W1, W2 Mo (REBERICH2EE) Ths. MhoBesd iHERERR
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Fig. 8. Multiple coherencies (normalized cross spectral densities) between 4 long-
period components, EA, T2, W1 and W 2.

¢, iz 30, 50, 100 A4 EHOEHOMENE 2 LA %. T LIxRHEE TR,
7-ERES (Fig. 2) OERAOEOMIENA RV & &—&T 5. ERPRMBE LT Rk
I A7 - 7ohS, coherency (3HFE DE e\, ZDZ XY, TOEFACKLERAM
BEOBPNES Tlhow L RBT 5.

= D3>, cross spectral density p;;(f) & T 2 ZEM OO BAEEICEBE b.,(f) %
LEE LI, L LT TEHbhick o, EA, T2, W1, W2 »HECEELAG-TW5
L0BE, TORRFTREREVCERLFLKROT, BREER L. fhc LT RAER
EBN DT F e —FIC X » TR DL 22 TH Y, KCHHEEE,DSEEROMRK
BCOWTHEMERADZ L ET .

§5. SZE ARIMA EFILODOHTREY

§2. IR~k 5ic, FEBELSHEE, Lad THMCLEELYRIF LA > TV 55 0%
213, 558 ARIMA =FA0HTULHNARETHH. ZO&EE LTEBURERERD /1
X uft) 7% white noise ThoT, MOZhbHEEREBTHEI N EVALETHD,
chaBE L CEN TR by, SOkt M 2o AR.MA £ 7 AR RE LI,
WELLCTELERED )4 A%RD, chbD /A4 XD cross covariance {771% L L7
B O T FIOMES B, & DREIAL» T B0 E 5 a5, BTz 7510
#WaES 1. ERBENL0THH ENEE L.
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CORITCERLTESER L LTCOKFEREE EA, @FKkE W2, @fs T2, RUOK
KE W1 04 ZEXRAZCHEA L. ZOBEOEED /1 A0MEBER 1, O~ORT
0.09, @~@mT —0.01, @~@KT 0.19, ®~@HT 0.12 L/h IV DIcl~, D~@KT
041 3 TH 5. BEDHEILEA T2 BF—0FERC - TEHLT52 L, ThbblE
CHRBCEEL TV LREHOMEE, FIZEHIOINHSOE L DXBOBERNEEST
LI EERFETD, ZOBENSEA L T2 OfAamuTEE LTk DixeF 1 08A
TR TA0T, A —FxBAT5. ¥ W1 & W2 o/ 4 X0EBELHBED
D, BERBELEKEOHALMILICHR S DLETHE,NHA 5. Li L hbhiEECERz
A BT TaELLRLEDT, 2Tt ) EA, W2, W1 RUD2) W2, T2,
W1 D28y D3IEEDHEHEEEZDZ L LT A,

rizzhbogaic §2. (9 A THEEh % differential relative power contribution 7,
(f) REELE. COBIZEEED power spectrum DHT, fMOTENEEOLEE (/1
R) BEE LTV HE S AERBCRELLLOTHS. 0fERY Fig. 9 wid. #o
FINEEFNES, HOXENEELEL TCWIEETHD. ZORIKRDZ Ex2RE LT
5. 1) BEKE W2 12KkFE EA oRBHOLENC X 5 FELEIZT 5. 2) KFEE
EA GHHEOEF /1 X2 X 28E8hkE . 3) EA BEKE W2 OF8hc X 5 11k
WA, REFRE W1 OFENC X - Thi b BEIh TV, 4) @i T2 LR W22z
FEIhTuRWY, W1 oEERAROEEICEETHS. 5) T2 0xhBHD /4R
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" /\/\
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. _\/_/\
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Fig. 9. Differential relative power contributions between 2 pairs of 3 components;
(EA, W2 and W1), (W2, T2 and W1).
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CEL2EBIRAMCTEL. 6) BRRE W1 O0XE»EKE W2 cRETHEITHEIR
HEBREQR. 2 BYVOEEOBEALRTHE VALV LB DEREYE
FF5. DEOHERERF—209v 7)) v 7@K N=110 o4& L N=220 OBATIEZIE—
HLT\W 5,

§6. F—YMBEORELTFRRVEFOKRH
Ll Nog ) OBREOE ALK LTEHERE AR.MA €710 & 5Tk, HRE Ay
(m) HRDdDONIDE, TOF—2BENRESN, Lih-> TFRENVEEERS. bt
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Fig. 10. Results of model fitting to long-period components, EA (STRAIN), W2
(WATER), and W1 (RAIN).
0; observed data
1; prediction error=prediction—observation
2; prediction corrected for the effects of rainfall W 1. (the above explanations
apply also to Figs. 11 and 12).
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o b FRE L BREDZE T b b FHENRD b 5. FPE 2R/NcT 5 M OfE,
ERMZESCR LT, N=110 & ¥ M=2, N=220 0t & M=5 &% LLMiE5h,
ZTOMRITAE—H LT\ 5.

wickEmE W1 2 EIEBE%, KFE EA, @i T2, ROBKE W2 25 HlEEs &%
ZICHED 3@ OFERERT. ROMFT, Thth [0 35—z (RBHNT—x1c 74
N x—ROEEBRELMZ S DT Fig. 4 7% Fig. 5 057 — 2@ U), [1] T2
=BNE—THE 2] XEHNME»DEREOBEL T 2ET W ERECIIEHIET 28 TH
%. Fig. 10 R Fig. 11 %k Fh, RAIN (W1), WATER (W 2), STRAIN (EA) &

TILT—lW y o

WATER |1 L\[\/\W\/\ﬁ\/\/\\v

77 '78 79 '80

Fig. 11. Results of model fitting to 3 long-period components, W2 (WATER), T2 (TILT),
and W1 (RAIN).
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Fig. 12. Resu!ts of model fitting to 3 short period components, EA (STRAIN), W2
(WATER), and W1 (RAIN).

¢ RAIN (W1), TILT (T 2), WATER (W 2) 0EEIZE (10~100 HEE) %R LTw
5. 4 [l w&EBL, o=FFE (My) D2{5%i82 % X 5 B8N » 2 BE O HEMkIT T 5
L, TOBABCIIEENE IR LBRT L ENFREEbh 5.

Fig. 10 » STRAIN & Fig. 11 o TILT oEF—x [0] i 1978 FEFiFierix v iR
BOXEWEHNALIS. LALZhbOBOTFREEE [1] 2fAhd 20 B2 Tt 0
T, WD B VTEBROEKEOE LTI BRNMT EOBELLELZ bR, BEREAIOR
WAL &R X iy, Fig. 12 13 Fig. 10 wrtind 28 AL S (2~10 BEE) OFH
BRTHD. Zhicit 20 %8Bz M 2, 3 Bobhd0, BRENEED T - 2 EEDOR
EORBEEINOELZT, ThEEDCERETLHAKT SO THSS.
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Fig. 13. Results of simulation for 3 long-period components, EA (STRAIN), W2
(WATER), and W1 (RAIN) in the case when there are autoregressive rainfalls.

LRI ST — 2 BEPPREIND &, SERDHIMICS v X AER D 1235
A DOKFEE, HE, BAREOLHFEEMITTFREES - Liciss. Fig. 13 11z o
LT, HOERCERLD - & /E LS iifsXh s STRAIN (EA) & WATER
(W2) ORBUZEEOY $ 2 v—v g vETRSIERTHS. Zhr b boOFH LG
HELZEHELVS, EREWEE, BRKEOEEDO A - vRNED XS Cinbh xRk
THDEHABRERLOTHA .

§7. MBERLELY

HWRE « ERE L L OB EBBABCENE, BAREREDERHRN»LELA 2N
Exnz, ThbOHENCKELER L bAEERA ARIMA =5 2@+ szLic
LoTZhbDBUEREOEEXMEITL, FHEEELLOBRHECH LTI oDRRETL -
Fo. COMIMCIIEARBENEENRDEDT, ThbETARF LCTEL 2 LB ETHY,
INEEBED LEROHM L LT hidis b,

CDEFANBERABE L DL, FBRECEED /A ANV ALTHD, thbD/
A ANEEEMCHBED R W ENEEETH B, L CTR—DHEZCEET S EEbRS
BEE M OBNE L LTHIMCING 3 2 S 3BTRT SR b, & 2 COFHMCEN
DR, KTEHEEELENEED ) 4 A0 ) OMERRORI. Lichis T ZTIE,
CKFPHEEE BWE, BAE) RO (#F, BWNE BKE) O2@E)OEEGLBICHBEL
Foo RN LT AEBHORMKEL LD L CEmANL L ook EVHETH S, & TR
10~100 HEENCEREE & 2~10 HEECHEFRINEENCHBE L TRIT Lich, ZoEM
DI Y H A DERYEB L TELCRAIRETHAH. BHPHOES, FENF - 20
Fv ) v IHRBLBNOBEYERTS. 40546, BRINCIIHEORBIIRSCOWT
REELLBIAELh DKL, #EOERMRMCKH LTk FPE o#nE<L, Bbh
TRROBEMHIDE DEL L.
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BB T 2@ O/KR,S, KPHEEEEMRAIR L ERED 20~50 ARED
EECHLBEELZT T 50, BAEOEEBCIHE vHEIh Tk, ¥-EAE
BRERERCD, KPEREORAMEHCLEELZT CW5Z 2Bl Tk F1F
PEORERNL, 1978 FRFIC RO 2B LEMADRIBOKX X WEENITRELELE 27t
WEI DL DT, T B OMBRIEIS OB I EDBEHORRIC X B4 0TI\ &
PR

WRAEESHBEUEOMINCE L C, LB UACHIZEREE L TELLREDIE, KF
ik, BEERETHSD. ERBEAFTOMBHGELER L THRSES SV IRMER IS
BB EHDENBENIL. TR DANLKRERIMCIT, MERE X 2 EHNES
OFAL [Hz1E, YAMASHINA (1979)] 1%, WER4L =X L F—2EREMYZEED L,
HARBLLTIMAZAZELAREERELRD. ZoTHENLADIZ1 DOBAFTTHELRIEN
3EROBAIT - 2TH-T, BREEHOTF — 2EEL2 RO 2 MNP ENEE L EEbR
5. SBIIELR REIHEICIE LTI 2T C EARETH L. FLBEUMBOBE YR
BREGCELZLOTH DD, R 2 OMBEEBBEFT T D X 5 e HENRA
bh, TOEENLEHELZ ENET L.

#t F>3

O CTHRHT L7 DI ER KBS KB FERT » ERMB A BB cHB L ICBR T — % D—if
THh5H. FABRATCTAFOMBLEBHELBARCHEIN, SEOEHAT — 2 OEH « @i}
JIR BT MBEIE B, TEXDFE, MHRBHEOHKICREHT 5. TmEPEE, M
BIEH, FEMEAO=EL b ERCHERYIE .
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