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Abstract

Time-evolving state of the Japan Sea is estimated by approximate RTS smoother that couples an

ocean general circulation model and satellite altimeter measurements. The approximation is established
by seeking the time-asymptotic error covariance and also by reducing the controlled state to the barotropic
and first baroclinic dynamic modes at coarse horizontal grids. The expected error variances of the external
and internal displacements are decreased by about 49 and 68%, respectively from the simulation to the
smoothed estimation.
The smoothed estimate explains more than 50% variance of the observed sea level variation. Basin-scale,
cyclonic propagation of barotropic signal is found at time scale of one to two months. Mesoscale variabilities
associated with the Tsushima Warm Current are largely detected. The smoothed result is validated by
comparing to independent in-situ temperature observations including two peaks in the seasonal variation
at subsurface layers near the Japanese coast. It is explained that the first maximum in September reflects
normal accumulation of surface heating, and the second one in November or December is associated with
separation of the Tsushima Warm Current from the coast.

Key words : Japan Sea, data assimilation, RTS smoother, satellite alttmeter, Tsushima Warm Current,
mesoscale variability, topographic waves
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Hirose!) 72 E10 k0. HABBERET VICHT HMEHS
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W—EDRLUEEEZSZZEI2L0. M BENREBHEE
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DI DREHE IR TENRWM S TH .

AL—=2 27N ALELT, BEEM (fixed-point),
BE Z 7 (fixed-lag), BEE XM (fixed-interval) 72 & DHR
BERSNTVS D, BEAAL—Y L. HHEESH
RN BT 2 IRE, P ENHERE 2T T2
BIEL TS, BET VALY —I3EFLEE NS R
TIANT—ERTNDED, HHEREMROBHT—F D

*1 ANKFBRIERRFRNZE L I alb—a PRt 5 —

DIz, BERMAL—Y—NENTH S, B, HIRH
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X9,
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HEABOEBH #1T5> 0T, BERXMAL—F—DO—&T
% % Rauch-Tung-Striebel (RTS) 2 HMAT 5. £7iE
TIREERD SNBWHETERE (BE) 2RAMKGIETES
EVD RS BN, ZHIIEBEARIMHIZENT 5 &
WOIRKERE—RTHD, KF OFEERKIC, £EH
EORARBH/EBETTIICHL TRKEOBEIT—4% % RTS
AL—H—THECRALTZI LR BEDIEa—%
BEATHEHAATETH S, FHFTIE. Fukumori® 1245
—HOEEFAL . REMICESBHAIT. LWbY3 4K
TR EERTS, BE2ETHETFTTIVOHESRE
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DREIDDHEHRL., BOEETHERRE, FICHE
H7RRBEREZ T TR 2GR ERE LI o HR %P
DN T2, BOETEELD EiEwMm, RUOSHROBEBIC
DWTIRR 5,

2. EFMNET—H
2.1 GFDL MOM

A% Tid. Kim and Yoon® O#ERE L 7= B A# GFDL
MOM 2% ET 2., TTI)IVOBTFHNE (1/6°) LHMERBN
(19/8) /2. BEABRETINOREILZT T Kim and
Yoon L% TH 2, HETORIET -8 - KT7Fv T X
European Centre for Medium-Range Weather Forecasts
(ECMWF) O FHRiE% AL TRWE. #7797 2L
#/K 75 v~ X3 Barnier et al.®) 7 J w7 2 - BERS
AF—LERWZ, FIEE (restoring term) ORI A 7r—
JWZ 30 B, @A T 2HWHEKRIIATHET —4 (Sakaida
et al.%)), ¥EH413 Japan Oceanographic Data Center
(JODC) & Far Eastern Regional Hydrometeorological
Research Institute of Russia (FERHRI) O£ A F
BiEERWEzZ, EEL, BEoBRNARLTWS 2D, #
RS BERICBRELR L EEZRL TR, 7B, K-
B OBEIE—BEOH TV, FEKEZRENE
IR T 2 -0 0O®IEIRThRRV., 3l EEBEL TORA
HE&BHE7~. Kim and Yoon EFEETH 5,

ETINOYHAKIER - WMl AOK/UER FHEE%
52, ECMWF 5—% O E#H F5E CHERIREBICE
THET12FMEZHENL 2. H< 9 F (1992-2000 F)
EREHTEIBE LT, ECMWF OH¥EHEE 525,

2.2 BHBEAT—%

NASA/GSFC (Goddard Space Flight Center) Ocean
Pathfinder program @ £ £ 9% TOPEX/POSEIDON
(T/P) & Europian Remote Sensing (ERS) satellite-1/2
OEEEFT—YEHND., M-GDR IZ—EDHE (L
HIE - KKEMIERE) 2fTbh,. EH5ICEEHFOFEY
E®RL > FRERTHLOTHINTOITNS, T/P 8
B7— %13 1992 £ 10 ALURZIET X TOHMTERE SN
7273, ERS-11d phase C & G TEINEN 1 ~ 2 FEDEH
ML N8BT — & 7z, ERS-2 52513 1995 4 4 A LA
S5 EIZHE S THEGEHICT — PRGN, XHET
B, 20T REHIBOR L2 EEOEESEE
F—4#%. [FRIZE A GFDL MOM IZ[E{tT 5,

B, A-MELIBIZT—%E. ETFNVOEHHEE
(TR 1/6° O¥fE) 2ZEL. # 31km BICTFHEE
WMo TTF—FEZRS L, THUTORY—ILIZEET
NTHRTLZIENTERNEEZ SN, ZOMNEBITK
0, BAFTHANS <D, FREIAXMMZSNS, £
7z, IKEEM 200m LUHEDHH DT —4 b, BI#EIEDOKE

EEXTHEALEZW,

3. RMLFE
3.1 RTS AA—Y-—

B ZE R BB S W R ZEET NV 2RO K D ITE
#7T 5.

xt+1(—) = Axt + GWt (1)

HBREMAT v 7t TIRENY b (state vector) DRI
HETEME (optimal estimate)x, MEZS5NTWSHEL. AN
Gw; b2 H/ED, RAT» 7 t+1 ~ORFERE R
T TIT A IREEBITH (state transition matrix).
G #5175 (forcing matrix) EMER, 5 (—) ITEX
FT—FEE LT W TFHE (predicted estimate) % &
%95, BET -5 ANk,

Xt :Xt(—)+Kt {Zt *Htxt(_)} (2)

koT74NF Y LT ahd, KIZANI P A LFF
5. z \ZEHT 5. HRBEHGFHTH5.

R (1), (2) D& S BNEL AT LITHT S RTS Ab—
+—1d,

xe-1(+) = Xe—1 + Se—1 {xe(+) — xe(—)} (3)
Pioi(4) = P14+ Seor {Pi(+) = Pe(—)} S?_l (4)

DEIHIIELZENTES, PIFRERLSTBITH (error
covariance matrix) TH 5. FH (+) BAL—F—ITL3
FWHHEEM (smoothed estimate) #78 9, RTS AL—H—
R 2 R B AN, EREIGREORENEEINS.
TTICBHOBHRIREMRTS 7 2 V5 — (2) TEDHEEM
(filtered estimate) x ICEENTWNZ DT, AL—HF—3t
BB THDTRET -5 IIAWARVL, S BAL—H—
71 L ATHIT,

Si_1 =P ATP(—) 7! (5)

TH5z25N%, #L W RTS AL—H—O#EHIT Rauch et
al.”), Bryson and Ho® 72 & 2B ahz\,

3.2 EEEL

KF 747 —LREHKIC, FESATLTHA, G HY
ERBEOBE., AL—H—ORELSELT 1 T —F
BIZWET DI ENEWN, DFED, t - 00 DEE,

Pi(=) = P(-) (6)
P, - P (7

Lo T,
S. - PATP(-)"' =S8 (8)

Pi(+) = P(+) (9)
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AT, FFZEMICN 0 ERINA N TEE8 8
T ERN, AT LMTHIREBREL S ROBKMEL
BhEWERRBL, ERBRELSBROT A ATHI% i
boTatHE T2,

IS, WETTIVICRE OEREEIL. EFEELSD
—RBHEHE TSI ETHRILLZ. AHARTRETIV
DG EEHEAEL LRIV > T 4 )V — (extended
Kalman filter) 3 X MEGR RTS A LA—H—Z2HWNn5, &
METDHILHTES,

3.3  #E/IvEEL

RTS smoother 2%t L T% Kalman filter & RIFRIZHE /N
ERZEATEZENTES Y, EFILORERY ML

x: ~ Bx; + X (10)

DL IEMT 2. FHFEICBNT x ZEFINDOLIERE
B GRARBIEL - TRBKERL S - KR - 35 T, TOHBHE
1320 F2BZ2%, LB BRORERELRLDZXELTIIa
L—3 a3 > OBMITHSE %25, Hirose!) LI, x| &
LT, ZER 1/2° OEMEE T, IBERVE—HEEE— R
DHFRETIMNETNVERET 2. ZOHEMIZED, [
fLic ko> THIEI NS HHEZ 1573 ETHH SN, AL
X2 T 4N —KRURTS A L—H —DEENFEHNT]
REICT2 %, TTAI B ICK D, #/NBNITTDETIVBALH S
N3, SEIOHE. SHEHMICIEE - EEET— REHER
L. &5 % Bl PHEIEIC X o TKFE AN #if T 2 & E
=R T,
FERIC, REFDEITHD

P: ~ BP,B” (11)
P;' ~B' TP, 'B" (12)

DEIIEREND, TIT. B* 132 B O—f¥fT4)T,

B'B=1 (13)
BB" #1 (14)

OBIRDS B,
R, R (11), (12) 2R (5) \RAT B &,

Si-1 ~BP;_;BTATB*"P|(-)"'B*  (15)
A'=B*AB &9,

Si-1 ~ BP,_,A""P}(-)"'B" (16)
= BS;_;B” (17)

Lt lbE N5,
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32 HiDEHEMERLATICRD D Z Eick> T, ALk
DHERAHHTE, SoHEHEOEELTRIZ L
NTED, B% - NS NBERDB P(+) 2Kk
37D BB BIRIEE E TF)VEEIR. T T Hirose!)
ERUEEMA LR, AETIR. HEINZBETHIZM®
L, SEIOAL—T > TIEEERIET 5. Figure 1, 2
2. BHERERREICB T 2 BENBOMBEERT, >
Ial—Yar (AlLial) OBRE. FEEEDHESIZON
T. zhEnfBiE ) 2B L TEERERD . KiZ
BEKABITHI O AR 2 FERICRE LTRSS
HiTHb.

—HLT, ALA—T 270X D HIEEENRDE D /RS <L
BoTWBIENONS, FE#HEII I al—ard
Ee# LT, EERARBER TR 5% (15 0.68 — 0.35Sv?),
E—EEE— RONEEM TR 78 (F16.00 — 1.89m?)
LREENEL 22 LIS, BEOER (BHHEE)
ERELTVRIZEhADST, WBE— ROANL DK
EIND0I3. MEOLBMMAr— I OEEEZLND
10), 2 BRI ORI & ik L TRERE— R OZ kR
A= BtRIcEWED, F—F R X B EE/H
THICERL, HEEEN EANSEOTHS S, HiT, B
MIZCDRVIEELBIL, BEELBIEEITIRILOR RN
HETERWI ENbh 5,

IDHLBEEOZMAHERD L. T TAEFRE
Bt TR E<KEIND (Fig. 1). EEHOEN
WEHERZ L VRENCHERTE 2L ikxN5. Ly
L. BRI L 2 AAEERD S PO BRRRTA
=<, 50% A LOBEERONED 5ND. HEBADFHA
H(EE) s 2 B DM BRI (R OR&BRH, MATH) 1
PEo7-, HERBRZL OB WIBELE R SN2 &1
#TED,

BRI — R i % 55 Dt BBBR I3 S A E 23R <, B
AR IR~ R TSN AN OHERE S A L—T >
FWZ&koThieh (6 ~9%b) ME/NT 2 (Fig. 2). BHEERK
BOFHNILE R THEEN BN S ~ 6 BIRERIL TS
0, HEHERRONBLCLBAGET -5 +21C
BRILTEZZ&0bns. UL, BB, S BARRE
DHEMWBETIX, WEE— R OEEH 4 FIRE LA L L7
Wb H 2. AFOBEBENCL > TERBRABIRE
L. B TIHESEIERICE TEL. BEREZHRS
TERVEHNEVEDEEZ SN,
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FFETIE. BEEMIC D RRAINA A THE 28 A
T ERAVN, FURAT LMTIIRERELSMOKMEL
BAENERIRL, BERBRELSBROT 1 ATHI %/
boTEHET 2,

E5IT. BEETIVICHEOIEREIMEIDT. EHHEHIED
—REBEFHEHET LI ETHEBL Lz, FHETRETI
DFHEZHEES LIRS T 4 )V F — (extended
Kalman filter) 3 X LR RTS AL —H—Z2HWN3, &
BMETHIEHTES,

3.3 #EAuEL

RTS smoother IZxf L TH Kalman filter & BHEIZHE /N
R BAT2ZEMNTES Y, EFINORERY ML E

x¢ ~ Bxy + X% (10)

DOEDTAYUT . ERFIZBNT x TEFINOLTEE
B GRARBEEK - IREKTERRS - KR - 365 T, FOHBE
d20 HEHEAS, LEEROAE I LTI
L—3 3 > OEHITSE 225, Hirose!) LRI, x, &
LT, 2=/ 1/2° OEMEE T, BERVCE—EEET— K
DOHHETIHNETNERAET 2. ZOHBIZED, [
fLiz& > THIES N2 HEEIT 1573 TR N, AL
Y27 4N —RURTS A LA—H—OREN IR EH A
BEIZZ2 %, 175 B IC& D, /NSO ETINHEAEHR
N5, SEOBE. HEFHICIEE - BEE—RZ2HARK
L. &2 2EENEERICL > TKRESENCHRET 2 %3
ER=T,
FRRIC, RELSHITHD

P, ~ BP,B” (11)
P;'~BTP,'B" (12)

DEIIEHENS, 2T, B* 13 B O—5#75T,

B'B=1 (13)
BB" #1 (14)

DRIENH 5.
5. R (11), (12) 22 (5) ~“KATD &,

Si-1 ~BP,_,B"TATB""P,(-)"'B"  (15)
A'=B'AB &0,

Si-1 ~ BP,_,A"P}(-)"'B" (16)
= BS;_IB* (17)

LimgbE NG,
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32 HIDEHMERLANIRD D Z &Itk > T, MLk
DHERBZHHNTE, SSITHTBHEORELTETS L
WNTED, BH - BNELINZRERSE P(+) 2RO
%I BB BRIEEE & EFIVERER. TRT Hirosel)
CRICEZFRLE, RETIE. HEINLRETHERE
L, SEDOAL—Y  UHBEERIET 5. Figure 1, 2
12, BRI R REICBT 2 RENBORRFEERT, &
Ial—Yal (FUEzL) OBE. FREEOHEITDOV
T, zhehEiE Y 2RAL TERMEZ KD, Kid
EMEXSBTHIOMARS E2FERICKERELTES NS
WTH5,

—RLUT, AL—I 27X DIFBRENMN2D/HEL
BOTWB I ENbMs, FiREEIE I a2l —ald
HE LT, NEEFESBEIRTH S E (B8 0.68 — 0.35Sv?),
FEET— RONEEMTH 75 (F56.00 — 1.89m?)
LRENBLRDLHFEINS, BEOER (BHSE)
ZERELTWSIZH b 5T, AHE—ROANL DK
EXNDOIX. MEOLHEAr—ILOELEZ NS
10), 15 2 B OB RIRIRG & bl L THRERE— R O L BRI
27 —=NVIntaicEWes., T—¥FHkIck B EIEFRM
TRICEEL . HEBENLENSTZOTHAD, BT,
MELOBEWBEEEET. EELENT E IEREEDOZIEN
HETERWI ENbh5,

FNFLHEEOEMAMERS &, T /AR
B TARELKEIND (Fig. 1). JEEHEOEN
WEHERELOHENCBEHTEL LHFIND, L
L. BRIV A AAEBETE» SHHOMBRAB TR
<, B0%LL LOREROPRD SND, BEREFEADHA
HEE) R E O BT (ROHEBER, EaTH) I
oz, HEBEMHRALOBVIBELE BEHIND &M
BTED,

BRB /2 B A R OMBRRIINREEEN S, 8
AR~ P HEE TIINREMLOREREO AL —T >
T EoThED (6 ~9%b) /N2 (Fig. 2). BHERK
BOFWILEHEH THRESEI 5~ 6FRERILTH
D, BEHEERRONTELDBERASET —INs oK
BRETEZZENbM B, UL, MBHEENS BARE
DEFBHTIE. NEHE— ROBREN4EREEL MM LELR
Wb H 5., XEOBBEHRHICE > TRBIREABIHE
L., BESTIHESEBAERICETEL. BERBEHER
TELRWEBHNEWEDEEZ SN S,
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45° -

LA I - G 1
130° 135° 140°
Fig. 1 Spatial distribution of the expected error variance for external stream function of (a) simulated and (b)
smoothed estimates, respectively. (c) Error variance ratio of the smoothed estimates over the simulation.

Contour intervals are given in the diagrams.

=T Lt Ly . iR =
130° 135° 140° 130° 135° 140°

T LS i
140° 130°

130° 135° 140°
Fig. 2 Same as Fig. 1 except for internal displacement.

Table 1 Spatial averages of the sea surface height and temperature variances measured and explained by the
simulation, prediction, filtered, and smoothed estimates. The altimeter data are assimilated into the
model. In-situ temperature data are independent from the present assimilation.

data variance | simulated predicted filtered smoothed

T/P (cm?) 82.4 17.7 38.3 44.1 47.1
ERS-2 (cm?) 88.6 16.6 31.6 38.7 41.6
100m T (°C?) 18.45 8.55 11.22 11.25 11.46

200m T (°C2) 9.76 0.71 2.16 2.17 2.32
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5. HEHEZR
5.1 EtBA9ER

Table 1 IZHRFZERIE L 723858 (explained variance)
ERY, HHSEIR

(d*) — ((d —m)?) (18)

DEITT—FHH (d®) EBREDOHE (d—m)?) DET
52505 W, BAF-YOEHRETTINICL>TR
HTELRD ETERVWRAICHEETIIE, BE (7%
EETINOEDRR) IBRFITHE TS, BRI &I
BRI THIUT, LRI K - THIE GREHSE) %
ERMICGHETESES S,

RED. 2al—ar—>THE (predicted estimates)
—BIEHEE A (filtered estimates) —FHHEFE(E (smoothed
estimates) ONEIZEHBA S #AM LL TWA I EMbn b,
FHRHEE & U TEERBEIO 50%0 EERE L TWD, 4
EIOFMEITIZANT W WIS CTD BRI X2 KIET—
FEBELTH, SHBESHDIEICH L FERENMET) LT
WaZEns, SEOF—FRLNHSREBYICTHON
2l ENON DS,

5.2 SMEREARBAEL

Figure 3(a) IZ. VRHEEIZ K D5 ERRARBEE D 9 R
St ERT, FEEEEEE L TRIEET>ZDT,
EERMIEIS I al—2a hsiZEAER AL, LR
12 10Sv W RRHIBER & 2Sv SOEBH (o Bk 2
WBTHIENTES,

TR OEE DA (Fig. 3(b)) TIIBAMERRILENZE
BoNT, DLABERETHAEL, BHENS 100 ~ 200 km
RENS L RESBIEMNRH S, & rigid-lid ETIVT
3. BERVWICERMTHREBEROERALHEEZTND
DT, PEESTEHNNI L B> TnS, HE km 8
THRBEROEHFNRUIKRE <22 D13, B (et
OV —i) 0FgLEL N5,

EE, FREROE#HAXRY MO LRI F—hRERY
(B - ERHO/NT—ZAXT MVISES DI/ 5 E1E)
% R5 & (Fig. 3(c)). BRI > TERAMKR NS/
TWBIENEND, [IRBELICH L TR S N
TWabDEEz5ND 1D,

KEHIZIE, HAEIEES TR ERNY,. miEfcLvE
FIEIORAMEB L TWAESICR A S (Fig. 3(c)). AN
7 MV ORR, BREBEH TR TFHORHICEmT2E
BRI NZOT, FRBEROFEHERERIC 20 ~ 100
HON BIXAT 4 W =% THZ. Figure 4 &1,
KEBRIEEENREFREIDIC 1 ~ 25 ERMTREL T
WBIZENDND, RBIIHABREH TRK2~4Sv T
EY L, BICEAHEE - EETIIE ORIV 1Sy
AT

1999 Oct. 200m Temp

Tas

Fig. 6 In-situ temperature distribution for 200 m
depth at early October, 1999 measured by
Japan Sea National Fisheries Research In-
stitute, Fisheries Research Agency.

WERERENS, ZOLOIRABERIEELEHNEELE
WTEHELTWD I ERbh ok, £FOBRNEEHRICE S
T, BEAT=IIOEFRINHEINTHSARENSH
5, R, MAEOHAT f/H FER (Fi3aUAUN
FA=F—, HIIKE ITHEINZEED A E— KO
+REHSREEINTED B ARG THREORS
MEELTWBONME LIV,

AAEED - fElER TIE. W ERRORREE CEEL
WEEE L 7z, BHERD ENBETERVIEER?DERL .
M BRI ORBRBEEES M RS NZbDEEZS
N5, 53, 54 BITHEBREONKBEB =HINT 5.

5.3 200m FKE

HWBEENERE L OHEES & LT, Fig. 512 200m EOKE
FERT, 200m EEAFBOTREROEES ZEAT
BRI EREEEEDbh TS 1, Figure 5(b) &
0., BAEEEONBRRE T 1.0°C 282 2E8E
K< RHTBHIENbNB, HITRVWEHNHE (BE)
WA, BRUEEES LR (RRBGHEITIT). = LU CHALHA
DOHEFIZRDSND, FTHEOHEITIIEBRIEORA DI
Y- v, WEHMEOHKIN SMER N IRNBTRENL
LPTNnEEZ SNS, BHEIIBRTREBREIEINT DX
(HBVEEIHRL). BEMRELDTVWEBEHTH S,

D=8, Fig. 6 12 1999 4 10 A FAIOHE CTD &
HNCE D 200m HFEAFEIRT, BRSSP & HERE B
DEKG, ZORDBEKE & O ENERHEEE (Fig. 5)
EEL—HLTWB I ENbNS, KFIZLBHER/EE
HARTH, EBICED T SIZHEENBRERENTE TN S,
L, BBEET -4 % AFTE 0o L (S
B0 7RI T, AT RofFEENE
AfFEL D BROPAEWEHE TN TS (Fig. 2(b)) @
T. tAEBHOBRFT—F LHURTHI X TOHRMED
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|(c) Median period

R ——— - ——— :

130° 135° 140° 130° 135° 140° 130° 135° 140°

Fig. 3 (a) Average, (b) rms variability, and (c) half-energy period of the smoothed external stream function.
Shaded region indicates a median period equal to or longer than one year. Contour intervals are stated
in the diagrams.

130" 135°

Ot y

130° 135° 140"
1 . il - 1

(a) ’1{40?0r

T

: T T
130° 135° 140° 130° 135° 140° 130° 135" 140" 130° 135° 140°

Fig. 4 Spatial variations of the stream function bandpassed for 20 to 100 days plotting from (a) November 2,
1995 with 10-day interval. Contour interval is 1 Sv, and shaded region indicates negative.
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...........

130° 135° 140° 130°

135° 140° 130°

(c) 1999.10.5
CI=1.WC

45°

40’

35°

135° 140°

Fig. 5 (a) Average, (b) rms variability, and (c) a snap shot of the smoothed temperature estimates at 200 m

depth. Contour intervals are shown on the maps.

AQRYAR SR PP WA RN

BEHTF— Y 2RALT DI EICED, PEERCELO
(IBE3H7 0 EMICEE TEAN, ZOREREEF+5
THd. EFNVOKTEMEENTREREBERT 220
KRR TATHDZEIMA, HESREDE WD, 5
EAEICKE - O ORERLBARE <, KICREEBM
D 200m ETIRETINOKBHNEBREL DB 725 R A
b D, BlxE ATEHES 200m ETHIRICESh
% (Fig. 5) O, BBIE (Fig. 6) LB L THBREWT
HD. FEOHEMHE LT, EBEO 200m EFHKRIZ
1~2°C BEKL, ZEHBELLIDREIVNEEZI SN,

5.4 100m FKig

JEHE - 719 10k o T, BRI HE THEEEKIRAME 2
EOY—7 2% A R FHEMNHRE I N, ERBEH
D PM2 EH (36°25'N, 135°40'E) IZHBWTH. 1995 £ELL
BEEOX D ITHIKOKIRIKTHE, B SUKICHEAER
NEHIINTNWDS (Fig. 7)o GEIOTI I al— 3 RF
BHEMBICBVWTHERKOFEHELNR SN S,

Figure 8 12, AL—H—IZXkoTHEE I Nz, 1995, 1996
FEDOK~HAD 100m HFKIBZRT., KizZhZTh, PM2
ERICBITZKIBOMK - B/NDFRD S N7 KT AEY
T3,

WE, W T T v 7 AIBFE~EITFRE (), %~
K kmE (BA) THD 7). wEMmBAL D28 A~ 9
A, REKBIIFEEBRAMEEZRS. PM2 €5 100m %
ZHBNTH, WHHAKHRIZE > TRE D KRORKEHHF
F9AYAEIIRD NS, TO%, HAMICA - TKIER
PMEF L TWL A, BB~ AR BRI R 28 (Fig. 8
T 10 ~ 15°C FRBOEITI2 0 72 AHE) WERIBAHED
SUIUIEHERE L T 100km LA L& ISEI NS, FOk
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Fig. 7 Observed, simulated, and smoothed 100m-depth temperature at JMA observation point PM2
(36°25'N, 135°40'E).
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Fig. 8 Snap shots of 100m temperature variation from fall to winter. Individual date is shown in the figure.

Contour interval is 1.0°C.
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