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On the Fall of Water Temperature in Warm Seasons
Appearing in the Coastal Sea of Tokai and Kanto
Districts, the Southeast of Japan

Sanae UNOKRT** and Yutaka UNNO***

Abstract

Studies were made on the conspicuous fall of water temperature in warm seasons, the
so-called secondary minimum of water temperature (SMWT), which appears frequently in
the coastal sea of Tokai and Kanto Districts, the southeast of Japan, and affects marine lives
and fisheries considerably. There is not so much difference among the frequencies of occur-
rence in the four sub-regions as Kumano-nada, Enshu-nada, Zunan sea area and Boso sea
area. As for the horizontal extent of appearance three cases are found, i. e.,” the case when
it covers almost the whole area, the case when it is limited within a partial region and the
case when the points of appearance are scarce and scattered. The fall of water temperature
is usually predominant in the layer of 50-100m depth and faint at the sea surface. The
duration of SMWT is various, and there are not a few cases when it can be recognized to
exist by observations taken only once a month or so. Especially in Enshu-nada we find
many cases of long duration with more than & month in comparison with the other regions.

A close relation was not found between SMWT and the distance to the Kuroshio axis
from the coast of each sea area, neither between SMWT and the type of the Kuroshio path.
However the fall of water temperature of wide extent occurs most frequently when the
Kuroshio approaches the coast and scarcely when it is stationary or recedes from the coast.
Moreover in Kumano-nada and Enshu-nada, SMWT appears more frequently in the case of
westerly winds than easterly ones. This suggests that some of SMWT are associated with
the coastal upwelling due to the wind. Then the extensive temperature fall is likely to
occur when the Kuroshio comes nearer to the coast and a westerly wind prevails.
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Fig. 1. Isopleth of water temperature (°C) at a station in Kumano-nada
during 1965-1970. The occurrence of the secondary minimum of water
temperature (SMWT) is designated by the white arrows.
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Fig. 2. Annual variation of water temperature averaged for many years at
four stations a, b, ¢ and d whose localities are shown in Fig. 3. Numerals
attached to the curves of water temperature give the depth in meter.
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Fig. 3. Distribution of the stations at which
the data to be used were obtained. The
coastal sea under consideration is divid-
ed into four regions as K, E, Z and B
which represent Kumano-nada, Enshu-
nada, Zunan sea area and Boso sea area
respectively. At the stations marked
with a, b, ¢ and d in the lower figure
the annual variations of water temper-
ature are shown in Fig. 2.
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The cases of

a and b show that SMWT appeared within a month, the case of c that it extended
over two months and the case of d that it occurred twice in a warm season.
The location and the year, a: 34°35.8’N, 138°31.0’E, 1976, b: 34°51.2'N, 140°3.5’E,
1971, c: 34°15.0’N, 137° 59.5’E, 1971, d: 33°57.5'N, 139°9.5’E, 1972.

TEEZAWS, RBKBETEEL LT, HAKREEND
KEOER L BT BTN TN, T2 TIRKED
FZD P LY FRERLT, EROFRE AV,
Fig.4D a & b BRAKRETHLIDOACHEE > T
LHEATHDH, cROXI3AKBETR2 7 AU EC
biebBAbh5, cOLEKD, ETHHOMOAL
BOADKBEESHEE L, ThrbOREXLEAD
KEETEBERA LK, ¥4 Fig. 4 © d DL S CBE
B 2 oDE TR B BEIZ—o D& ZIXKEE 2
B WS IBFFREY Tl nA—F R Engicics b
B 5, -
DX SR LTRDIKRE 2 BNDOKFRHFOFZ
Fig. 5 ICRT, THIZHERESED THEH» - 2HEOH
T, LEECKBETAR NS, ThbDF—2%E
e L <, KRERSOMERER, FHE(L, HIRARFE
FHEND, ERNCIBEERYZLTN5DT, 5 »
LIRETEELD, TOFEHUSIMCROINDT L DD
34, EERRIEFSN (Fig. 6 © 108 %2MH),
RiCBH & OBfRE RA BRI, B LRETKEE
RITOWHEERERCC, RAORMORE 54— %
SEL, FRAHRT &icEREsbRMREE CO
BEEEEAY RS, ThbOER KRS 2 Bh e DB
HHERD, —HCRIETHRTORKAE» D, K

CHT% 6 2ORBWNRFREFROAMES B | % 7
v, KRS 2 B OBREEET 5,

3. EBR{EBRSFOHBRR

19654E 2 B 19764 ¥ TO12EEMIC T, Fig. 3ITm
FTAEBROWThC W T, BEERAO L Z10OH
HMCRLLTKBETARREHCRE DTN, KL
SHULELL MBI, £THERT LCEERET
PEUEASERZEZ, ChoREMOBRIEZRD S,
Thi, ABEBEADOREROEASELOELERD
i, KBRS O BB 91%, /M8 88%,
TR 91%, BRI 3% L5, &K TIR 9%
Thb, COEBRBEEHOBIR20H5HECH,
FEIEEFZLBDTHD, UEDZ &b, KRR
RREWRE PR VALKCRONDHDOTHY, HEA
DOERZHWRICE » TRVEDLAEVWEEZ %,

L CERRES 1y ATKkbEES (Fig. 4 Da,
b, d) &, 2~3 W AkbbHE& (Fig. 4 D c) DHE
BT 5 &, Tablel 238515, KBETH1°C
P EDHARIZ, WTFhOWRTH L 7 BLUATRDS
BADEENE . ZLEMNECRERACLE 2HE
O HBEPMBICHNTRENERIC D 5, KR & T 2 5
3°C P ko BEELLOKRS L, BMETILHIRYU

— 20 —



i - BEEIREREEIC 805 REH ORISR

1:1974  AUG.

2:1975 JULY

+ AT<1°C
A1sAaT<2
A 2s58T<3
[©]

Flg 5. Two éxamples when SMWT appear-
ed at almost all of the stations in the
whole sea area. 4T means the magni-
tude of the fall of water temperature,
and the thick curves with the arrow
show the path of the Kuroshio.

Table 1. Frequency of the duration of the secon-

' dary minimum of water temperature (SMWT).

AT means the magnitude of the fall of water
temperature.
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Fig. 6. Frequency distribution of SMWT

from May to October. Seaareas K, E,

Z and B are given in Fig. 3 and W
means the whole sea area.
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Fig. 7. Frequency distribution of SMWT
for the whole sea area in warm seasons
from 1965 to 1976. Small white circles
show the month when the frequency
exceeds 50% (see Fig. 11 and Fig. 13).
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tered. The symbols are shown in Fig. 5.
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Table 2. Frequency of the distance from the
prominent cape facing each 'sea area to the
axis of the Kuroshio. Two cases are compared:
one is the case when SMWT appeared and
the other implies all the cases.

Distance to the Cases of
Kuroshio SMWT Whole cases
Kumano-nada
0-25 sea mile 67% 68%
25-50 23 16
50~ 10 16
Enshu-nada
0-50 17 12
50-100 62 61
100- 21 27
Zunan sea area
0-50 32 44
50-100 45 32
100~ 23 24
" Boso sea area
0-50 59 59
50-100 33 33
100- . 8 8
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Fig. 9. Five typical paths of the Kuroshio
after YOSHIDA (1961) and NITANI (1969).

Table 3. Frequency of the type of the Kuroshio
path shown in Fig. 9. The second column
shows the frequency in the whole cases for
twelve years, and the others are the cases
when SMWT appeared in each sea area.

Type
of the Whole Sea area
Kuroshio  cases Kumano Enshu Zunan Boso

path
N 46% 55% 51% 44% 63%
A 10 3 8 5 5
B 10 6 3 5 12
C 26 30 29 36 20
D 8 6 9 10 0
Total 100 100 100 100 100
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Fig. 10. Comparison of the frequencies of
- SMWT in each sea area when the Kuro-
shio takes two different courses N and

C shown in Fig. 9.
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Fig. 11. Solid curves show the paths of the Kuro-
shio in the months when SMWT appeared
at more than 50% of all the stations, and
broken ones the paths in the previous month.
Black arrows indicate that the Kuroshio came
nearer to the coast compared with the previous

month, white arrows that it went away from
the coast and asterisks that it was stationary.
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Fig. 12. Frequency distribution of the ratio
of occurrence of SMWT in a month for
three cases: A is the case when the
Kuroshio approaches the coast, B the
case when it is stationary and C the
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Fig. 13.

Monthly most frequent wind direc-
tion at each coastal weather station when
the ratio of the occurrence of SMWT
exceeds fifty percents in the whole area.
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Fig. 14. Frequency distribution of the monthly
most frequent wind direction for sixty months
belonging to the warm seasons in each sea
area shown in Fig. 3. The length of the sticks
shows the frequency of the wind direction in
per cent and their thickness represents the
rate of the occurrence of SMWT classified
under three groups. The thickest one indi-
cates that SMWT occurred at more than a
half of all the stations in the respective areas,
the next one that it occurred at least at one
station and the thinnest one that it did not
appear anywhere.

NERENDICRES HFADERL &L RN O E5EH
BRETED, BNICHEEBORTRIE Fig. 3 D TFH)
LRHNT, BEBHREKCE 5 TOom, 25m, 50m OB
BT, BH 1 EKREOHESEECHZ DI T
Wo (| REEREMES - W) KRERB X,
1972, 1973), Bz —BMIC KI5 5 ba
BHBEH58, ThEBWTEROATRNT S,

BHD 1 #1% Fig. 151CRT, 19724ED 6 BEITnD
TARETL, 8 Rihonb o A EMETO 2E, FnF
IR L7 AEOEC R - THELKBETAZD B
Nb, KEETREBECBLSTETHE Y, 20X 5 A4
REDMDETHLRELIER DD, $7bb Fig. 16
BAELIC BT 8EMDA V7V y P ERLEZSDT,
BWRHIZ A LA 5 T BREHO EAKRZD DA
B, TOXIZAFEKBEANTH TSI dhb
B9, TOXIIKRE FEHRRELTWS, Lk
> CH 1EOHRATH+ARATE 2 ERILARBEE
TBHLEZX D, ARAREMOKBET ORI, B
BRADHEBATHIHELIN TS (FFEE, 1982),

L% Fig. 156 TR - LEHPHOKBER S D7 b
TRHEINS, ThBHiZA 1HOBRATROBRINGE
AIBBTHHOL, BRELELEIBERACHL2D 15 H

JUNE

Fig. 15. Variation of water temperature at three
depths of 0, 25 and 50m at Iwae in Sagami
Bay from March to November in 1972.
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Fig. 16. Isopleth of monthly mean water
temperature (°C) at Iwae for eight years
from 1958 to 1965. Appearance of
SMWT is indicated by the white arrows.

HOKBET*REIEONDIT LB THL S,

—FHKFERC RN, Fig. 5 ® 8 KRLEZL 51,
KBAETREGEC DO ? b0, BEOERICETSTS
0D, WAL DORERFET B LBY 5k, kFE
LEERORRBEIN TR WD, SE0BREBREEIZRE
IhTn3B,

PLTC, EBERARRBRIEI B r—1v e
KFERy — % b 06008350, A 1EOHEHTELLE
WHDLHBEH, ALETHIR- D LEZB DD
FETHT LR o, BRA T —vORENHDIZ—
RICIEETHD, FKERr—ndRENT &6
b, TRFEBECKEL CRESEDR B EAI
i, RIEOF—2THRLTd, REHMIRL2E
EOHNALLITHIZORDLEBbRS,

RICRERNC RS &, KBS 2 /M3 50~100m 58
KHETHD, KRDETHRRECE DD L3k
<, BbhTy#B<hsd @Fig. 1, 2, 4, 15, 16 5 &
2), ALOBE, 5 UL ARETA #eELi L
&1, 1°C Pl Eo KRETH ZHACRbRZDIZ, £
HHIDK 1/4 KBER, FHREO X 5 ICEEMAHN
BAKR, KEFORESEOB X IZBEBAETELA
&<, RAKATCTHIILAD, REREIRLEER

— 26 —



B - MERARERC ST 2 BEHOMRLAR

SEMAEWDT, AELEEICKT ZKRERX, K
FTPIILAPTRENT &ICE D, FREk, FIZIER
HERBLDOY B~ VY VI ER I ZREDSDE
BT, TOREFRILZL D LRV OHBEZT D,

SOBANREBREZLTNSDT, KEF 2B/
IRATHHR3 HABOD TS £4 775 %0, BME
DKSE REH B 21T - oo TORREIVALD
FORAUKHO FTOBB L IZRE LELDR, ¥V
a0 8 Filh 2 PR E s - Fo, FHIICIEHEAKIRIR
T, ABUCHERCEE-TWbZ L RERETEA5, £
ik, SBEAEOBR LI, KFHFADERD LBR
HRBFICERTILERD D,

) REEHR

Fig. 11 BB RIND X S, 5B 2/B/NSETEH
CHBETIHEAIE, BESBCERELOD D 55 A
AR, FOHOBAELVELLZW, BEBRIESNT
B, BLoMckEnkTBOEAKSHEEFC
RTAHTERDVF I CEDRD, LLEHOBER
NRE—VOBETKESOBET LI THET L, ¥
KAKBREMOBTIC L 2RI, Tnd T eind
FEzBE, KBEETLEWOMBRREZIBEM TR A
, TOHEEBBCONTSBORABLETHD, &
% Fig. 1L kg, GEEOKRETRIEIERE
WORBEOBACEDN TN S DT, KaKkie DEE
o7 BRI E Z B,
FAERICET 5 b 5 —D ORI, HEEFE & =N
CREMEYEFCRATE D OBOEBAY, BEFV DA
DBALY HKBEETRETHHABRAENT L TH-
<, TOBREBEICL HREBR L BERD T LR
BT ETH D,
FRNECRTLERRBICRAIC L 2IREBANFEET
BENE, B (1976, 1977) K& - TERET-CEAE
SERRBERTIN TS, BEROFHEOERD
2 —DRBERLROA—F—2Ezbh5 (FH,
1974), Thi BAEKFFRICEFLS LT HEHD
FERE, REAACHECC» L ET5EEN (2 4
YV DH) O EENERTDEEDOKE Ry — vk Kb
L, ThIDEPNKFERr —vOKEREABRIDAE
WEEThH-Td, BRBEOXSCHEHMOKEE L
CHEMLEB T &K B,

WEE do 02 BOW %L, TEOEIREEORE
TREDARDREVEE, nRAE—DRMELERER

R=%¢%§M

TEz bbb, o RELEE, ¢ REHMEE, £ 2
V4 Y) OB TH D, VWE f=8.3X107%sec™?, do/p=
2x107%, A=100m &3hif, R=17km &7 5%, %
BRBEHEDD LTI, EREEFEDORE I 10km 2
B 20%km OEELEZ DS,

KEETOBFAEEND T OERENCH5H0bdH
B, o bHODDLH B, ERNCHRERERELD
WD KEWHEEK ¥ CKROETAREDRL TN 5, &
7, REH#THEZ D QR L ORGSR DI, Fig.
3 EFRT IS RBCEVWRIARSNI L —HEiH%0D
NHEREV, ¥k, HeHETITFETHSH, Fig.
15 % 16 Wi Lk & 5 7psEL OaLe s 3 REAMO
KEET D, 2/ oS RERK X 5IREEROTRENS
AR

PEDOT EhbERREHBEINE 00, KEETD
iR L ARBBERCREDN D DO BRELCHFE
TBHEICEDND, ERLBELXAESSBILERTO
KEETZS, BEBEBEREINESLRAHETH D SHE
RE®LELTE, RREEEEREBRER TR, Fig.
14 TR ARET 2 A& OB BRERB IR -
75, TRIBAIC L DEABRINDOEETEERNT
LERBHRLTWEDO TRV, T7bb Fig. LiKkn
T, SRR L EREE T, SSW~SW 0RD H&k
BB Y ORET ThBHR, OB
F3HDBBRETNTNBTHEDL S, BEECRIZX
Sk, FERPERORE, HEBOALR EICERERR
HHND,

CHECRAOEALEMORELHACELTEL
A, BEMEAEDI - kBEAREDLIKE > TVSET
5550, BEBERET5H4% Ko T3 THRWEA
» Ko 2L, AEEBEAREEEFLCR TR EEE,
W,, %5 CENEE%E W- &35, ZLT Fig. 11 &
Fig. 13 2L CEEZEOHEAEEIES &, LHEECK
BETARDRA13FH, KW, B88H, K. W_32
B, KoW. 2334, K.-W. 50 Th5, ThbblmE
HART 52DV ATER > TNWHLERREDEL, H
DEBARBE TN,

TR BERAKEE T LT, BucERE RE
BNESBEEC B, 7 a— VIR TREAKEER
LEREAEEATBELERCHD T ERISAELRTY
BH, TOL > BEHRES TREEOBRIZET
e BEICHT 3 aROEELEDHERODHN, —
IR SRR & B OB E) & O i —&IY T BIfRIR
i, KEETEH L CRERRBR—GHT &EX T

— 27 —




FEA B H-¥B ¥ #

bRETBVRBLWI S cEDbNhS, B E+hiE, &
BEOFSOEELR - EVIRB T LRAWTEH B8,
ARETRBONZCEHNOZCET FTRIEBES AN -
o v

—7HEE (1982) 1%, BMAD 75m BOKETEC
Hbhi 1l ~2 W AMOBEERKRET %, RE—KT
DEMAETHBLID L Lk, T7xbb, BERRES
5 LWHDBZ T AP EBEE > TTHANEDOEEL &
Y, ZOTFTETTANBT AW & LRTEFER
BRERCRZBEENIDThHS, LALEBOBRL WG
BERCHEAPERHMRIChA D U S IERE I —REIc s
HThrLEEZEL, ZOBHATRIRNELEST S C
555,

. LUV
i - BRNERRC ST 5 BRACEE/LES S,

EBEFRKRO A 1 HOWmESRAER, KEBouEER

B, WEARFOAMESZRAELANT, 0 HEIKR

LD FELY, TLBHCRALOBEYLS]RLL, BR

DRENTEHBOTEC L EEY, BROBMAERD

BB HRAOBROBHRSBROFTETH B, Thi

TEONRREENTHLIROX SIS B,

1. i - BEAREESCR, BRUCERERESAL
HWULIER b, £8 © FHHRERET B, =4
B, TEBR FREERTHEIELRV. LaLH

C BRI oW TR, SR TRESRLN S,

2. KBETOHAFEIZ, 2BRCRLBES, B0k
BICEFTHEE, RUMD2VEIERNTELE X
EXTETHY, WAVWIREHRAr — Db OHREE
35,

3. REIAFAMEKIE, 50m~100m HECEZETHD, £
HRKBETABEDND & L1347, Bbh Tk
BTHD L > TRHOBRTHD B ICIREBRE 5,

4. BHATZF—VHIZIIRIORELLNER, B
1EOBRATHABHTED DO (KL A, Bic
EINE TR 1 AL LRI % b 08, ol
HERTEN,

5. KEETOHRAEEL, BHE COEBLIERCENOD
MB L — v EOMIIZ, ¥OWRICI T &AL

. BRIEZRD DN T,

6. RHEFICKRETSHEATHAR, BMARICE
Do THERELDDHD & DKM, EhvER LD
DHEBLELDD, BECEHBRFEL B,

7. BMEBPEMNETE, BREFRIBEED OED

BAA, HHFVORDOHEAL D ARETSRLIE
Vo TRIMERMERFO—EIC, BIC X 2RBERS
EINTVBILELEFRLTNS,

8. RMLETHAEES, HREROBWKES 2®E
M, PR BMNRICEERTRATERD OBAN
£<, FOHARDOBARIZLAER N, X UIE
ROEWDDIE, WANWSEEHPEOEED S I
ELTTW3,

KO ICAT LD 5 BICH R E R W e E
EEFRRFORBFHIGL, BHOBITEFE- Tk
DI TR R FBEF BRI REDOAREER, KL
FREBRIC B /1% BRIV Lic S HEETRICE S $1LE
LEF 5,

b’ 3

e RHE - BRI - BEEST (1979) Z=AEELT
WCBSRME ORI, KEEEFREHE, 34,
115-127.

TRZERE (1982) BRI L BMIE M E 2 0 B
%, mEREEIE, ~ b, 19, 94-102.

FEBES (1979) BEBOECOWT. KEGER
FAH, 34, 111-115.

FHEEX (1979) MEHEBOBIICOWT—HREBED
FEEAL 2 KF—. KEEBEETILMH, 34, 134-137.

R EBRENES « BB RKERREEASY
Fr (1972, 1973) MBIV REAEER. BR
464, 1-54; MBR4TERE, 1-54.

KisHi, J.M. (1976) Upwelling along the east coast
of the Izu Peninsula (I). Umi to Sora (# & 75),
51, 105-113.

KisHI, J.M. (1977) Upwelling along the east coast
of the Izu Peninsula (II). Umi to Sora (#§ & 22),
52, 59-66.

ARBE (1979) BB - HEEREROBIICOW T,
KEEGPERT A, 34, 145-150

BERXEE (1979) FRIBEBOHER GR) konT.
IKEEW PSR, 34, 140-145.

HAHREE (1977)  ERWVSTL b OB R O A E).
KEEMEPERT R 43R, 30, 8-38.

ZHRES (1969) BEEBEDOBHETBICOWT. KiE
WAL, 14, 13-38.

FARTIARER - BEH—B (1966) MBHHICkT 3matE
TEREERE 0BG BT ARERaSBE L
BBOBRRROCEYOAEECRETHETRE L
#, 23-31.

ERAZ (1979)  #FELEROBIICOWT. KEE
W FATR, 34, 106-111

FEARRE (1978) F# - ZHBOYWEEE. W
WEEPIE, — b, 15, 143-154.

HHERE (1974) BE. HEYEYE ] (GARER,
HAHKS, 131-160.

HHE= (1961)  mMN#S K S BEOEBICOW
TED 1), KBEER, 67, 54-57.

— 98 —





