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Fig. 1. Map of the study area off the Sanriku coast.
Locations where routine hydrographic observa-
tions have been made by Iwate Prefectural Fish-
eries Experimental Station are indicated by dots.
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Average Value for Temperature
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Fig. 2. Cross sections of 39-year(1967-2005) average temperature field along four zonal lines. (Kurosaki,
Todogasaki, Osaki and Tsubakishima lines from the top)
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Standard Deviation for Salinity
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Fig. 6. Time series of temperature (a) in the near-surface layer (10 m) at Sta. 7 in the Kurosaki line and
salinity (b) in the near-surface layer (10 m) at Sta. 7 in the Todogasaki line.
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Fig. 7. Spectra for time series of temperature (solid line) in the near-surface layer (10 m) at Sta. 7 in the
Kurosaki line and salinity (broken line) in the near-surface layer (10 m) at Sta. 7 in the Todogasaki line.

Horizontal bars depict 95% confidence intervals.
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Fig. 10. Time series (1-year and 4-year running means: thin and thick solid lines) of temperature in the
subsurface layer (100 m) at Sta. 7 in the Osaki line (thick broken line) and one for first EOF mode (solid
line) shown in Fig. 9.
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Fig. 11. The same as Fig. 5 except for 1-year running mean time series of salinity.
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EOF(Mode=1) for Salinity
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Fig. 12. Spatial distribution of first EOF mode (contribution ratio=77.1%) for 1-year running mean time

series of salinity. (Kurosaki, Todogasaki, Osaki and Tsubakishima lines from the top)
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Fig. 13. Time series (1-year and 4-year running means: thin and thick solid lines) of salinity in the surface
layer (10 m) at Sta. 7 in the Osaki line (thick broken line) and one for first EOF mode (solid line) shown in

Fig. 12.
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Fig. 14. Time series (4-year running mean) of temperature in the subsurface layer (100 m) at Sta. 7 in the
Osaki line (thick broken line) and salinity in the surface layer (10 m) at Sta. 7 in the Osaki line (solid line).
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Fig. 15. Cross section of difference between 5-year mean temperature fields (1988-92 minus 1973-77).
(Kurosaki, Todogasaki, Osaki and Tsubakishima lines from the top)
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Fig. 16. The same as Fig. 15 except for 5-year mean salinity fields. Ten-times values are depicted in figures.
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Fig. 17. Time series of southern limit latitude of Oyashio Water. Monthly and 4-year running means are
depicted by thin and thick solid lines, respectively.
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Fig. 19. Time series of near-surface (10 m) salinity (broken line) and upward fresh water flux defined by the
evaporation- minus-precipitation (solid line). Near-surface salinity is averaged over the entire region.

BRELTEMEWRKT T v 7 ZAOBITEE D HEEIE
BRNEETHAZLERBELTNS, 2B, ¥EéL
T ZOOBAEIIEAKEDHEANREZICRONE, £
7z, Fig. 19 Ti& 1990 FRHDITHEK T 7 v 7 2D
TRRONDD, REESITIIHET HREHICHE R
BAOETHRRBD BN, ORI S L&k
KZZ7v 7 ADETERE LT, BAKEDOHEK LI
EEBOBIB DT oD, RBESICHIETEE
VDRLONRNT E1E, WEOLEBIR T 5 ZERFEED
FEREDBBEFRT 200020,

WAECOBERIZET 2 E2FREIT O 121, (1)
WCRBITABMSFEEED D LI, BEOEMHEEL %
B LI EENRRERSLETH D, LOLRRE, EIZ
BAKEICERTAEEESDRKT T v IR F—2D
BEREETHD Z Lhb, ZOFMAIIRETH S, &
B, BISRERNMERTE A5E, (1) LV RBHES O
M KT T v 7 ARRABIZ 2B Z & LY, i
DEEE) & DENIIMABENE LD Z L2725 %, Fig. 19
BV THE ORFRFIOMIZITN T UL BEE R IFEZE

WD EETEVEES, THEBRENER TSR
CETFRLTWS EHEXD, Lo T, AIFFETIEYH
BRICBIT ARBESEBOER L LT, BKk7 7 v
U AEEDOEEMIZONTIERETAICED 5,

6. & &

AEFFRIL, BFRKERETE ¥ —N2iEE A EiE
LW 2 ERBIRNC L 5 39 €/ (1967-2005 4) Dk
BT — 2 EAWT, ZEMESICRIT RO
REHZEEGZRMG L LTBIT 21T o7z, FHHE T, &
Bl EmAKR LR D—F, By OFEHEHITIL 50-100 m
DERBIBRANBEFEL, TNLLVRBBIUEET
B &R DBREENEE Ch D, AFHRRIIC
L DIEMERESAL, KIE - EOHICERBIZEREN
BERTH, X1 FERAHOFHEEE WL, ¥
EEELEEBERICKE SRS EEx b D, EE,
AT RVITIIAKIR - o3 1 FAICEEE v —
I BNFEET BN, BEMIICLE—RNRLN, F4
EEBOEBER LT,



36 BE FRR - ARES BUS - A AT

BE~TERAT—VOEBEET I, 1B
FO4 EOBBTEHRRINC L AEERELEH L
L2 A, KIRTIZ100 m AT DERBTREL, FRiZ
HRAERELE TR KER Lz, Z OZREM%IL EOF f#
WL 2HFSE 0% EEX2F—F— NTHESTH
L, KIRDFE 2 BENI RN TR RAEBRE b
DL, AEEREEIC TR SRS I ERFR I
Too TORGEE LT, [EBEICRIT 5RO RERNTE
ECTHOIBMKROMREELES LR L Z AR
VARRAZ R U, [V TR R OB B S
LEAEEMPREMT D2 ERALNICR ST, — i
Sy DEEALEENE, JKIR & FERIZ EOF O —F — N
DO TR L ROEHMRE- L, ZORIBILHT
BMTELS 25N, BRELV HRBIZETDIEED
FRENE NI KR E T RARDEEER LT,

ZHHKIR - BT H LD RMAEEIITLIET
R FRD B, FRIZ 1980 FERIEIC AR KRB &
MBI DFRENTFE LA BN, Tt EROEH
FARRAEE DEB L OGN LN & &0, KRS
HNDEECIR S NTZKREBIER T EE 2N
%o FTo, BEIDACKEEREERERROERRERT
bV, TOEBHERE U CILKFE L0 EREET
DEEMENREZ bNDZ &ML (fEfR, 1991; Hanawa,
1995; Sekine, 1988; BAAR - #noK, 1990), RHMELAREK -
EBICRED L Y—0 V7 N OBEBENRBENLE
(Yasunaka and Hanawa, 2002; 168 « 229, 2003),

b D — DD E R LESA 1990 FRBEHITH
Do, REHOKBICIIEEREAR RN
&, EREOLEBENRBIZEREWFEE L O
EED, BEEBLZEKT T v 7 REEE OREN
FANDNT, SELICBIT AEREEOBRVBEKET —
FRRIMLTNDZ & LY, MEREBIANC L 5K
BT — 7 LELERGBRNCESSEARE (BREBHR Y
TRV T —BILLDYKT T v AEBEEHL,
KEBWESEE & I LR, Ik EDBINCE
K2 EM&%AKT T v 7 AOBEERE TR ERkosE
BESETOBERTH S Z ERRBR ST,

O LIERBESEENIHT DU 2@ LIZ K7
Ty ABBOEERIZE LT, KEAF—LTOE
£ (Lukas, 2001; Overland and Salo, 1999), 1A% -

NER TOERNZBRFN2EN TV MWD, 1989;
£45)11 - B4, 1997), AHIZ ORISR RFTBIC
BESTR, TWIEEEOENRKT F v s A T—
&, BICBKEBRECRENRETHD = & & &K
TR, FERCBWTEEEOBE VNI AHDT —
DFERIZIL, EEAZE RV ODHDNTHET —F
DIERBHFEND,

# OB

AR EED DITHT D, TRIEERTY FHAR FEH
%, (M) WEFERTICRASEHEME KB BT EER
TBhERTEWL, £, BEFRKERftZ—B &
UL BOKERMF R RE O T — # B3RS0 BITIZK
ERIPoT, RELTHEEZRLET,

References

Hanawa, K. and H. Mitsudera (1986): Variation of wa-
ter system distribution in the Sanriku coastal ocean
area. J. Oceanogr. Soc. Japan, 42, 435-446.

Bl A% (1991) : LA EO KRG KAER L BB OEHZE
&, Bull. Hokkaido Natl. Fish. Res. Inst., 55, 125-
139.

Hanawa, K. (1995): Southward penetration of the Oyashio
water system and the wintertime condition of midlati-
tude westerlies over the North Pacific. Bull. Hokkaido
Natl. Fish. Res. Inst., 59, 103-120.

et 23 - Z2oh SR0H> (2003) < BF 100 FEOILERRMERm K
BRICHBE LEZLY—Av 7~ ATIHEE, 35, 80-85.

BN BE - BE & (1997) . BAEOKIRE. ¥EEZE, 738,
11-19.

A HAT « KHE —ER (1988) 1 100 m FRAKIRAAH & A7 3R
LB ORERRUERIED. KT > & — e,
14, 184-186.

Kawai, H. (1972) : Chapter 8, Hydrography of the
Kuroshio extension, p. 235-352. In The Kuroshio,
edited by H. Stommel and K. Yoshida, Univ. Tokyo
Press.

Kondo, J (1975) : Air-sea bulk transfer coefficients in dia-
batic conditions. Boundary-Layer Meteor., 9, 91-112.

BE FF (1990) : ZFEMBR OB - REOEMLE B
M. Mg L 22, 66, 15-25.

WE BK (1992) : ZREMEBRICIS T 2 HHER S — 1 0%
BofrtE. A TIHBEE, 24, 237-240.



= REMEELC R B EEBEROEEEE 37

Lukas, R. (2001) : Freshening of the upper thermocline
in the North Pacific subtropical gyre associated with
decadal change of rainfall. Geophys. Res. Lett., 28,
3,485-3,488.

KE B (1984) ¢ HIBROWEREBIC OV T, Bull.
Tohoku Reg. Fish. Res. Lab., 46, 61-80.

Ff b RARSE (1994) : RALMERK RIS 1T B ¥ O R HiZE)
IZ2W T, Bull. Tohoku Nail. Fish. Res. Inst., 56,
47-56.

K B NEE T 80K F - B R L R &k A
(2000) : =ZRRIRFIFEEA~ORFRKDOEAZSONT. AT
Ve, 32, 800-807.

ZI E (2006) : BULHEHRIC BT 2 EREEROLE L RE
Vo—Av7 b AT, 38, 192-199.

Nitta, T. and S. Yamada (1989) : Recent warming of
tropical sea surface temperature and its relationship
with Northern Hemisphere circulation. J. Meteor. Soc.
Japan, 67, 375-383.

NI FBZ - F3F 61T - &H —BR (1987) : BB —EAD
Eoh & ZDOKREEY~DEE. Bull. Tohoku Reg. Fish.
Res. Lab., 49, 1-15.

NI FZ (1989) : BUME— B ARMRIEEDOZLE). Bull. To-
hoku Reg. Fish. Res. Lab., 51, 1-9.

/NBE T K F - KHE B - B0 BE - Ln R &
1 (2000) : ZERIN MR OFEHELICOWT. ATIE
7, 32, 815-823.

Oguma, S. and Y. Nagata (2002): Skewed water tempera-
ture occurrence frequency in the sea off Sanriku, Japan,
and intrusion of the pure Kuroshio water. J. Oceanogr.
Soc. Japan, 58, 787-796.

Overland, J. E.,S. Salo and J. M. Adams (1999) : Salinity
structure of the Pscific Decadal Oscillation. Geophys.
Res. Lett., 26, 1,337-1,340.

Sekine, Y. (1988): Anomalous southward intrusion of the
Oyashio east of Japan 1. Influence of the seasonal and
interannual variations in the wind stress over the North
Pacific. J. Geophys. Res., 93 (C3), 2,247-2,255.

BB 2| - 80K 2| (1990) : BWIOBER T ORAE L AR
KIEROEE). MWELZE, 67, 11-23.

BB FERL - (L BRRE (1987) @ ZREN RIS 1 B EIRAE i
DOZEEEAL. Bull. Tohoku Reg. Fish. Res. Lab., 49,
111-123.

W EHE - S BAD - TR BEE (1989) : £FEHAGEDEL -
BAHWZ. WLz, 65, 11-17.

Yasunaka, S. and K. Hanawa (2002) : Regime shifts found
in the Northern Hemisphere SST field. J. Meteor. Soc.
Japan, 80, 119-135.

HH & (1996) : BKoMAOREZEMAET . A T,
28, 51-55.



38

S % - IR B - WA AT

Long-term Variability of Upper Oceanic Condition
off the Sanriku Coast

Kunio Kutsuwada *, Masashi Hattori *, and Yohko Yamada *

Abstract

Observational data in the regular sections over 39 years (1967-2005) which
have been performed by the Iwate Fisheries Technology Center are used to
investigate long-term variabilities of temperature and salinity fields in the upper
ocean off the Sanriku Coast. The leading EOF modes calculated from 1-year
running mean time series to remove variations with periods of 1 year which are
dominant in the monthly temperature and salinity fields, have a contribution
ratio exceeding 70% and the same sign over the entire domain. The amplitudes
are highest in the subsurface layer of the off-shore region for the temperature
and in the near-surface layer of the off-shore region for the salinity field. The
time variations are characterized by rapid depressions in the first half of the
1980’s both in the temperature and salinity fields and in the last half of the
1990’s only in the salinity field. The differences between two 5-year mean fields
prior and subsequent to the shifts exhibit that the cooling and freshening in the
former case (1980’s) are dominant in the subsurface layer of the off-shore region
and have a high correlation with the southern limit latitude of Oyashio Water,
suggesting a relationship with a large-scale variation. On the other hand, the
salinity depression in the latter case (1990’s) is dominant in the near-surface
layer of the on-shore region, suggesting that it is caused by a change of fresh
water flux through the sea surface.

Key words: off Sanriku, long-term variation, upper ocean

(Corresponding author’s e-mail address: kkutsu@scc.u-tokai.ac.jp)
(Received 12 February 2007; accepted 11 September 2007)
(Copyright by the Oceanographic Society of Japan, 2008)

* School of Marine Science and Technology, Tokai University, 3-20-1, Orido, Shimizu, Shizuoka 424-8610, Japan



