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Abstract

On prediction of natural disaster, it is very important to predict rapid and discontinuous changes of non-linear

phenomena (multiple regimes). As examples of multiple regimes related to natural disaster, there are various phenomena;

appearance and disappearance of atmospheric blocking, transition among patterns of deep water circulation, transition

between large meander and non-meander of Kuroshio path, and quasi-periodic collapse of snow avalanche. Recently,

some new trial approaches to predict their behavior are conducted. In this paper, among their approaches, we introduce

mainly a thermodynamic approach and its application to deep water circulation. It is a trial to understand the essence of

phenomena by detecting macroscopic characteristics not depending on the details of system and is valid to predict various

phenomena related to natural disaster involved in complex factors.
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1. IUBHIT

DN TIE, BRRKEOFHNIZE > TRIZHEERN
»n, TOMEERRT 20121, Eokodkh7y7o—
FIMNEMITDONTERT .

ek, SUEABREDREITED S HARBEROTHIL,
FROMS HRXEEEEFTHILTHRETHD &
EALNTEL., Lal, EHEBRTIE, HHHEDO/NS
IARENEHIMTRESHERLI B, LIXFUIETHE
RuJREE 72D, ZDOZEWRNY T IR EBIFINS.
INY TIAHREND DI, TIVINOMEEDIXIE - EN
THFYVAWEEBEZRILDD2 LN RN ZTNVEHTE
Hanbd (Lorenz, 1993). Ziud, MO~ SHREDE
BLCTRKDZEDHDHEBMPRKEREZEELZTHEND T
LEBEHKRLTWS, EE, RATHOEERER ST
BITEETH 20, EHRECKEET IV ERED A/
CEMELTD, FEEHTWMERDZETFHRMETH S, Z

DT EF, WROFRICEREAND DI EERLTNDS,
ZOXISRM T T, BHNARKEETZNICES
KEOTHGEEEDENDDIZZ>TLED., Z0LD
T IERRIBIEIC L 2 FRIARTTREMEIY, RKOBHZKIR ST,
HRREIIEDDIEIEABRIIESASNEHDT
HB. > T, ARKFOTHOEHEEEED 2 LOITIE,
WROFHEOEEZ GO DIEHDIEN, HEBROE
B ADETNEMATIOOH L WHIEEHRDINE
NhHdEEZLND.

2. ZELT—LOTRNOHEEE

FTOEAKEOFRNKEIITNS DI, EHFEHE
DA TAERN A FELD—L) MBS 2ENnL
WZENHLENTNS (FA1E, Stommel, 1961, Charney
and DeVore, 1979). £HE | ¥ — AILEM EFTFRFEZN,
HEmCRMERTIILEM, BRTEIZLEL P—L LT

tOMSETBIEN B SRBRARARTERT RGP KRR
FIRBRY AR
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Fig. 1 Atmospheric blocking observed for 00 UTC on 11 June
2003. Geopotential height (m) and horizontal wind vectors
at 200hPa, obtained from the NCEP/NCAR reanalysis data.
The contour interval is 120 m. The wind velocity scale is
indicated by arrows at the bottom right corner. Blockings

appear around Mongolia and Europe.

EN2ZENELNEDTHD. BEAEDLEL PV—LA
EFHEINABRICBNTIE, H2RE (LI—L0) 21%E4K
HEL, LIXs < ZoRENFWZE, BUEERZOR
B TL, HIOREICERT S, TOREMOER (L
P—ALTTh) OFiET, SRITITBEEREHEOEIN
BNZENELL, TOERBIL, BRIINTET 2 IEREMHE
IR DBMTAREGREENRER EE L S5N 5.

HAKREIIEDSLLEHL D—L0HELTIE, KAD
Ty F T ORE - R, WEORBIEIROINY — >
DiER, BBHOLT - EIBTOERE - T OUEF
HHRBEIFZIEZRHDONHD. RIZINS5DHITD
WTTHBICHAT 5.
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DT, MERELWEEDRERIRDRRIZ/S. Lrl,
ZTOTUYF T DOFRE - RHOTHNIBEDOE ZAT
Z TR,

BE D WBTE O RBIGERI R VEE TR U K TR bk
TBHENWINY =T >TWw3 (X 2(a), Marotzke and
Willebrand, 1991). Z D)% — U 3BEICBWTIZHE S
FRAE->TWEEBEZLNTVWS (K2M)-). ZD)\
H— 3R ERHN ARG REREE 5 X 5. Lip
L, TONY =2 DBBEOTRIEZHED LI ATETY
7,

B 10 FFREE O A TRIEITRES & IS I TR % 1%
DiIRY (K3). MNOHNEBOMEIL, HAMLOK
BEIE® XD, HOMERCRFEEEOREBREICK

He
=
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REDRBIER O R B R 4 T OLEMOE (Held,
1993 1Z & % Marotzke and Willebrand, 1991 OfEZiMN 5).
F—EREE T THREDERDO NS — 2 (a) DIEMNT
Pix<EH3DD (be,d) NFY—2NEFEHELDD. £+
NZENDONY —VIE U TREDREBIIKRESED S,
Fig.2 An example of multiple steady states of deep water
circulation under the same set of boundary conditions (from
a review by Held, 1993 for Marotzke and Willebrand, 1991).
Three patterns of circulation (b, ¢, d) exist under the same

set of boundary conditions besides the present pattern (a).

The state of climate is largely affected by each pattern.
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Representative path of Kuroshio. Kuroshio path shows
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Fig. 3
bimodal features; the transition between large meander path
and non-meander path takes place with intervals of around

10 years. The intermediate path can be also observed.
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Fig. 4 Avalanche occurred at lide Yamagata on 29 Feb. 1996 (left).
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It killed two peoples. Many small avalanches had occurred
(right) around there. (Both pictures were taken by Dr. Kaoru

[zumi).

ERFEEHEZDL. LML, TOKET - EEfTOBR
DOTFHNZBED & ZATE TN,

W EOMREKROINEHZ —EDES LEHEED
DIRIEZMRED LT HHEMDDHD. TOREEZBAZE
XL, ZRONIRBREREDPBORERSHEZERZT
ZEIZEXDITDOREBIZEAS ET 2 (K4, LirL, =
DOREZESDFMOFHENIFED L ZATETNARN,

UEofInsbnhd X512, HARREOTHIOEHEE
EEDLHICE, IN6D0EELD—LADTFHINERE
Elas. L, TN D0EINHEHADZED
AR EREMEEZRET 2B RIEZL<DMh> TN,

3. FHINOHLWY Tu—F
PUETHRARIELSIBRREITED SIERBER,
WWEEL —LADFHIZDNT, W DROH L nids
MisINn>oDdH 5 (Hl 21F, Hergarten, 2002, Kleidon and
Lorenz,2004). Z Z TR ETEE S NIBHEOEBIEERD
ING — > DBEEITDWTE O M2 DD 72 I T -
ML RICBIT BT O —4mREKOKF (MEP:
Maximum Entropy Production) 12D W CHHBICFHHT 5.
MEP iJ, T E R TIEFEEDENRITBN T,
RIFL> hOE—EREOEWVRETRELT D E0D
K& TH5 (Sawada, 1981, Paltridge, 1975). #ilZiE, =T
CHDREENDDHEZEZEAS (K5, REE (RE
DIEFH) /NN EET, BIIREBIC K > TREIIN S,
UL, BEENKELSRLRDE, BZ2L0RICER
DI (RFHEE) 23362 T 2. Bt sb &b
ERELODRILSERZDIZRELZDOTH D251
ZTOERFOEIEITEZ S S IR K < ERHMNITTEE
LTOLTHADEEZDDRIEHENTHD b5,
ZLTC, Brl0RLESREEVWDS OIIREDOIE

Pz KO RE<MBHETIRETHD, ZHUITT > b
O —AERBNEIDRKEVREE 2D, ZNAMEP OX
KWRTAF7 TH5. DED, MEPIZIEEMER LU
FREREDENROFEEDHMITDONWTOHANZE 5 A
HuREMNH B, UL, BIKEEL P—LDX D RF—
BREETTHREWVWS DNDOMNHD, TNH5DOHT
HRERIZZEDIDRMMBINZNDHEERDGEIT
BERDTHAS. ZDHEITIE, MEPIZXUL, 75,
I hObE—ERROFBWRNEIND Z &2k 5.

ZDZEEMHNDDT0IT, TBAZ, BEOERBIERD
NG =2 OBBOBEERICBVWTIY o —&RR
DAL % P8 X 7= (Shimokawa and Ozawa, 2001, 2002, 2004,
TIN&E/NE,2004). REBROFIEILLTOBRD THS. £
THERBRET N 2MH>o TRA—EALG TOLERHZ
KD D, ki, HHOBILZILEREREICSADZ L
kD, TOLEREOBEEZSIERKIY. 2L T, <
DEBOHEOLY O —ARRZ2HETS. M6l
ZTOBEEBROERZELDEZDHDOTHD. AL, &
LfBMHEAY—RTEE, BILOFBICEDLST, X
DI hOE—4ERRBROKELYOMS4ICEBT D (E
Birld,r15). —7F, SAMBAY— KT B L, BILOKE
KDL, I aE—EREO/NE/2 S3ITIETRE
579, S4ICEED (18,r19). MO EA7S1 &S20D
MTHEI>TWDS (104,105,108,109). T7xbb, Ih
50DEBSIE, T2 hobB—4RROBEMNT 5 HMIZDN
THAHTHD, MEP 2XFiL TWB I &M ND GE
fzonTiE, FEmXsR).

Lnl, ZOWHEOEERERONY —2DEBBEND
HRIPBNWTEIAD, BBEZEILDZEILOREIR
EDE RIS MEP OFFM 2B HLH IOV TIEE
SHONPOTVRENEZIABLN, TOEKTIDHEFD
MERZEZRICES TN TH 5.

Linl, 7z, TOXSRERNLE»2HIRHAE
WiTL T, TOEERNBRISHAESZZ TN IR, 20D
THORRBIZESTHEEREKRZEDODTHAS. T
TRIZINS DWHFHOEREREBEL T, ZNETOF
ETIHHLWEAREOTHOEEEZM LESE220
DFEZDODNTERLZWL, FITRAIZE> THIRRK
KFBMOFHEIIDNWTEZATHLD. BE, KLTOH
ETITRODNTVWAEETHRTIE, 7oH TN ERE
WO FEENMEDN TS, iR RELDIZ, RADX
STIRIERIE R TIE, HIHEORENEHMICKE B
L2%2DT, FEELETHATEERS. £DD, IO
FETIE, YHEZDLTOLAT, EROKEERZ
T, TOVEHZEFHMRELTWS, LiL, BN
HEEZDTTIERNVWDT, ZHIZEIC TR K
23 NDE DA WEE NTHIC (B2 0WIEFER
HI)ES TWBIZTERNE WD AIREMNEDID B, L A,
HRIIZNOSDMOI BNWTNMVDEDEREINT S (b
D0, BRIZBWTIERZNS OITITRIMEBRITEZN
HD) XTTHD. KITBR/ZLDIZ, MEPITIZZ D
RAD (B DBWIE, EEEROREH) 252 5 AHelEs



B SR BRI 72

Heat Conduction

— = LSy

& & s & Largn temparaturs
diffprance
Hagh
Heat comvastion
Loree

X5

Small temperalun
thffererica

OO00O0D0

High

FETHRDFEED BRG] (BYRE & B .

Fig. 5 An example of development of non-equilibrium system (heat

s ()

il ri® 0l 09

+a Ir_-]r.-'-. 7 -

conduction and heat convection).

(=10 "Wk ™"}

QL

X6

Fig. 6

=10 o 1 il

HVE DWREIRR D) § 5 — > BRI DWW T O Rl K B
i R DML MW@HiI/FDt ER#E (WK,
R () IR ORKE (DXD, EROMS,
SV=10'm's) 2ET. FEMIZH D AIAFEILA OFEER %
OO (S BT TRY), HHICH D RITILTHAD
fEERZ B D (N OEFTRY), KENLEB OT5A,
KA & HFLHIIKBRES LEB OO NUTT
—ELTHALBILORESLFETZRT (Bl :r04
EN).

Summary of the results of the numerical experiments for
transitions among patterns of deep water circulation. The
vertical axis (é) indicates the rate of entropy production
(W K-l), and the horizontal axis (V) shows the maximum
value of the zonally integrated meridional stream function
for the main circulation (i.e., the strength of the circulation,
SV(=106 m’ s'l)). The dots on left side correspond to the
steady states with southern sinking circulation (indicated by
the capital letter "S"). The dots on right side correspond to
the steady states with northern sinking circulation (indicated
by the capital letter "N"). The arrows show the direction of
the transitions. The symbols besides the arrows show the
experiment number and the perturbation used as a trigger for
the transition (e.g., r04 and —A).
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BB, T TIVERZ, HERLHMEHOT I ZhIVis
FHETRERL, FHTZIAFL8K, HD0WIE, TH
EVNSBHDICKHT2EEERTHDOTHS. LieNoT
ZOWEIIRENCHORERE®RZDDEEZEZHN S,
HARKEICHD 2 RS2 MMET 272D DRI
1%, MEP O XS IRBITFHFIELNMCHSIEITERDOD
MBVHIBTHAD. iz, BHREZHMTL/-0D0DX
FIFERTIE FIAK, 75750 HCHBWERIR
RBRERZTOAENRBRBEHTHAD. EE, Thsola
IS HIER D B2 72 BMICZ < OEBIMREEINTW S
(B 21X, Hergarten, 2002). Z 51, o 72 < Blx OHf
BlOD, TNEHLO RNREED RS A Z R
TWBETRON, FO%ZIIHRFSTIE, #EHAS RN,
INBICHMAT 25 213, FOMEBITKEFELIRWS D
ORMEZROHTENS EZAITHD. HBHEKRTIZ
HEmNaERTh s HEHIEI 7 ORI B
MERASNNETH SN, ENLEBEHIT, kLTI
7 O RO LR TR L, FNEARNERE R
ERBDS55HDOTHD (HIK,2000). #FlZIX, FEHH%
RN EEZEBRDOT 25D E—~RITIIEFBZASNTNDN
EEITIIRE HFZRNFO—E2HHT SIS, &
S5V D DRFEARF R (T)V T — B2
E) TWEDWTWS, FANVBICT S/ ORBL{LDOT
HENWSEKRTIE, METHEXDBRNEOHF NI D0
WIEMET, WAERNGEVWDOTH S, EEE HAg¥EEIs
OHmE UICTER LD MY L mEReboTH
D, TOHRmAERIT, ETHFEREOHENAYBEEDREN
LT, RICOEDEFHEZES NN D EE— D578
TH®H5 (Lieb and Yngvason, 1999). DL EDEKRT, Fx
DHEIZRI S L7, %LT ﬁﬁ“* %béij
M E R EHRET 520 JCam s 5 i
I TIEL, ﬁ%&?é%@%%@@ﬁ%%ﬁ?éiﬁ
B 7Ol biEmNspnEEBbN 5.

4. FLHEREY

UEZBNWT, BRAREOTHOEEEZSDL2D
Wi, ERERKOLEL P —LAOTFHNEETHLZ
L, FLT ZOFHOEZHOH L WY T O—FHhE
ThsBHIEEIBNZ ZOKDIRWTEIE 0 B R 72 i
KTHD, Shis WE KRRNS5EK, KX, L,
ERHIER ET) EfRaFE R, B, ENERBRLK
BER) NoBREMICTY TO—F LI ENEETH .
7z, ZOSHRIHENBHAIBETHHDDOT, 4
OIRE - WKNEEII/R D, ZOEKT, Hx05EE
MENTIUIHIERT D200 TR, &L T, D50,
FUMEE#E D> HRERTNEEL THREED
’CKD< ENEETHS.

ITHT L5745 if;ﬂf;éfﬁ%t%ﬁxbh“(%
7U3<D7b\0ﬂﬁ§m*, KB THAEINNL, ThE,
%@ﬁ#@Q%%%K%bé#ﬁ%ﬁ%tﬁﬁf%éﬂ
REDBHTLS2THAS. BEEMICIE, KEITED A
JIZ oy hT—27 OB K E T D 5 g O
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