HEO W (Oceanography in Japan), 21 (1), 1 — 16, 2012

_Eﬁi_

BREN YT —F = IR FRINN T ZAF 27 1) — FED

G D 2 o K/ N R AR AL
R Gt o HUK fh—T o FPEP (et o Bl 2555t

Z 5

AWHFE TR, FURNF M b 2 (ERFHEREIN 7 7 — gl 7 — 5 20,
FRINT RF 2 7Y — NESOUFEREG D FRET « K/ NaEINE L EFER U, T DRGSR
RRFWESHIZF 27 ) —EEZONTORAKED, RESH~mEROIES
AT 5 S L&D Lo, M DRMIZ(ITH L Tld, Kk DIEHORENIKEL,
TR O HiK % (3 3R g O REE I & 0 kg & 75 - 7o, FEIAALLSNIC, Kl IciR
& (b 2VIIEE L), NERCEE (b2 VIdREmIL) &V, KiElNEEL ok
JERIE DEALA TR S e oL, WITREPEIRIE, Euk, /K, oo KEmE
WS-t 1~6 H & 10~12 Hx2 N2 &, RiETldRm/Na ok g /JEs)g v 1 7 v
NEDOENTEDD, BEHETEZS LA 7 V3D ONEP -, THIF, 1~6H
FMBIATH 0 AT T v 7 ADFSHEFEE L TE K DIickt LT, 10~12 H i35
TdH D EYIRAICMA TREEHNC X 2 8RERSHERSGONE 1 & L TEH v Th

B5EEZ BN,

1. FL®»IC

TRAF a7 ) — &N OREEALA K Z 78 F MM
T, TR SBIKBIRAL, i o 137

*20114F 7 H 23 0326 5 2011 4F 11 B 17 H =21
FEME © WA 2, 2012

TR AETHIS i v 5 —
T840—8502 (AR THAMT 1

T BRI
T840—8502 A AR 1

wok IR L UK thi—

TEL « FAX 0952-28-8499
e-mail: hayami@cc.saga-u.ac.jp

TN =2 F 27 ) —, Epcllll, FEIAAL, AN

Witk > Tk AT %5 (Horn and Goldman,
1994), EH AR, SEEOHK, EEOHERY & V-
FoERER, BEEET B )RR o K DB LT
IRF 2T —ICH#ATEIEEAATO S, HHEY
CBALHREYIB R ZEYOBECEFEE XA S T &8
TEL7cH, TAF a7 —dmd CEHYESEETE
FEEEN SV > TWw5d (McLusky and Elliott,
2004), TR F 27 ) —ICEREEEICE > T3 oDH
»d % 1k (positive estuary), B (inverse estuary)
Z LTz (neutral estuary) Td 5 (McLusky and
Elliott, 2004), 7c72L, iz X F 27 ) — M TH
b0 EOTZAF 27 ) =3I BIT42IFoNTVWS !
sipkE (UKD M, winkfg (7« 30 b)) B, RS



2 Ok « =K « KB - AR

M, ME— (WES) BTdbd (Dyer, 1997), HE
i, FLx2F27) —CTbFEHICL>THI A TOE
It 262&E0H5, WlAIEBalLatJllz 2 F 27 Y —
(b Fa) F, W< g L THiKEEIC 1 5
2, R IBRARICE Y, Lhb R FaT ) —1F
BRIIFE LMW (van Maren and Hoekstra, 2004),
F 7, FHBoILEEE TR, 4~10 M)k o R
MFEIMADEED D > TIED T X F 27 ) — &85,
12 A» 6 2 HOAF i EE IR ED D LIt d 5
HERFEOEKOEBETHDO IR F 27 ) — L5 (GH
Ko, 2005, T LikxRF a7 ) —OREEDHZ
i3, T oKIBOYIERECEYEEICKEBRELE
A Bo

RS > & FUR) 1 BGE 1 2 O T IRy 73 =
2F a7V —Thb, AWFMmREZ, MR KR
BREBESR IO I3 050 (EHS,
2007 ; 1L« 5EK, 2009), AZFFHFRI)FE LT
bREENIEETH S (NS, 2000, BIA#ET
&, CFHERSEEEGEOFHIZ LI oW T}, ThET
WL OO H S (B« TR, 2004 ; BN S, 2004 ;
HH S, 2006 75 &), 772 L, MEOMA - W53 HEg
FIEWHHRZ SR E L b DmE L, EWAMBKE L,
i EDEE TRHZT NP RE VL EE L 5N 5 HWHE
BIOFHZN T ZAF 27 Y —IZ20TE, TOMBEDTF
HIZALIc B4 2 WP fI3 15 Ve TGS RICAIE T 2
HRINz2F 27 ) -3, GFHEBTS > & bEJIDkDE
EHRREWKIETH B0, —HTEIYbREL, Ek»
S Y IR G DRCBE SR & WS O S & TRk
b0l TE i (I, 2001 FEHAS, 2008 ;
R < (LA, 2008), LA L, %0k FEEA B
PN FES W COR LR D O,

AWHFE TR, FURIF M b 5 E KRB
7 — OfEN T — 5 ZHVWT, HRININTRF 27 —
O HFEERSSE ORI LA TR T 5 T LA HE L,
Ky o—i3, w0 (ELEEMEC X 2ER »ofEz
PARCIN i S I PR 2 31/ TOF N N pUR RO I N i
Hric TEATH L7z & i3 FEBLZo R ORHTIc s
B, TDY T =BT, 1RHIMEE TEIH & 1K,
155y, BEOWENG T — 5 2@ L, FRIT2F 2
7 ) — MRS O FEIZLEZH ST LIc S A T,

Z DL FRERE L BET 2 - — VDL ORI ORI/ INEH
FEHAZEAL) 1> W THREEINZ 720

2. BMLEAE

FEERY TR, FERNNFOMCEREBN s 7 —
(Photo 1) A &%i& L, 1974 HELIKE, KE LW « i
BEDE=5Y) v rEEBLTVS (AR, 1989, ¥
7 =&, FRIAN D 500 Lo Bt o b, 5
5 5.3km O (b 33°6°137, HIEE 130°16°197),
KR 4 m GEXIC X 2) OFFncfiiEd 5 (Fig. Do
oMy 7 — 32 bic & - T 1997 FFic—EfE X
nrzhs, 2006 fEIcHrR S, LI, HEMERI®B X
U'Bali = 1 v & — % v MAERZEN L o REER AR~ OBl
F— 9 OHBZENAREE 12 5 1o, T T, 1 il
CHENAET 2 ZHHHKER AAQ1183 (7L v 7+
8D 1Tk, $EHE 0.5 m MEOKE, 1EY, B,
DO, pH, 7 vwv 7 ( VHED 6 BEHREEWEL TV b,
Ky g —Tid, ToMIZbEERIPRREIEEMEL,
HEIE B X7 -y 0O HBIZE2EML TV 5,

ERTICAER Lo 7 — 2103, KR, ¥E4, R, JKAL
JEGE, H)IRED 6 HHTH %, fiTichiz->TlE, ¥
v —CHBIRAIL 72K, 5, KALT -2, Lo
2 (Fig. 1D P, & Py) ITBT 2K &EIESD 7 —
g bINA T, TO2HIATIE, KGRI O haT T
NIKE DK 0.5, 5m, KL 1m T/REHEE

View from south side

View from north side

Photo 1. The oceanographic observation tower in
the Ariake sea (2011).



Fobe £

Bz

NNz 2F a7 ) — N OHFREE DAL

L M |

Chikugo river|

Saga university
°

33°15° 1

33°10°

o=,

&

_ 2

s
%
P £

Qi
/ PEEYATY

-
] o
. . P
. \ / )
LR - SeL7
AN ! i
Sy 1 ’y .7
o~

. o
.+ Obsevation tower * EI

33°05°

33900’ - 02 4 6 8 10km

O Wind speed observation |[

A Observations of water
temperature and salinity I

130°10° 130°15° 130°20° 130°25°

Fig. 1. Map of the Chikugo river estuary (bay head
of the Ariake sea) and location of the stations.
Dashed lines indicate 0 m of the altitude (according
to chart datum).

EiiL B0, SEEZFDF— 5 O—EEFH L 1z, JE
HIZOVWTRIEEKRS 7 —TRRBS - 7otcsd, FEE
%13 km IThriE S 2 E AW ENE OB Y 7 — 7 — 4
R U i, WJIRE DD 55 25 km L
(W ) OmRRPEmEE Vi,

WHKDOEE p (ke m ) 13, KR T (CO), &5 S (JE
wot), 1 p Pa) itk wcEH L (UNESCO,
1981, kDo, (kgm®) TELI,

o=np (T, S, p) — 1000 o))

fofi L, ARBKEO X 5 KEOERWVIREETIE, E
HELDPNE L, KO F— KR EESIT L -
TYSESN S (W, 200D, =D, Kifgecid, =X
(D BV Tp=0 (KKHE) &L To%ilH L,

o DBFHEALICRIFST TE SOEELFLNICTS
eIz, BAOFEELZLTNOHETHEE L, & 5HEE

- 6:1’6”5 (o (Tv, S) ®H:§:Fﬁqip‘tg1@% (o (Tv, S) LM-/C%T

L, TOFHEICHT Z 00EH e i3, RATHAS
N5,

e=0. (1,8 —0. (T, S lu @

CCT, BMEETKT BIENRENE F f R IR R
REEMT L EICLD, e 2KEBEEICE > THEL DK
5% € emp EIENEALIC K - TH U 3RS e ITHEET X
5bDEF 5,

E = 5temp + € sal (3)

Eiemp B (2) O SIT—EDHST S #RAT BT LI
£-7C, ea@X (@) O TIc—EDKE T ZRAT S
itk T kD,

Etemp — Ot (T, Sl) — O (T, Sl) lave (4)

=0, (T1, 8 —a. (T, 9 lu »)

¥/, KEEEHO®EEZE QCIT, REBEZEIEY)
AcicoW0WTd, HEE{bckd 2 RERF 0%
TR AT 2 2 sk b, HEoKEE L -
THL MDA, wm EEDEALIT X > THEL B4
Ao N cEx2b0Ed 5,

AUL:AUt,Lelnp+A0t,sal (6)

AC T 23 A0 lE, —EDES S, T HI3—EDIK
T ickEone, kATHEL 7.

Aat,temp: AO—L (Ts, SZ) - Aot (Tb, SZ) (7)
Ac,a=Ao. (T, S) — Ao (Tb, S) ®

o7, TLET, S&ESIEENThEREEER-EOKIR
LN TH D, AT, X @D oS ek OKE
0.5m) FARERE (EL0~05m) T8 3EVEE
G, (B) O TickE OKE0S5m) FRER (E
£ 0~05m) 2B 2HEEEKE, L (1D DS ek



4
J& &R O ol X () @ T ickEE

JEJE ORI O EZ 2 e AV 7,

3. BRAIRR

3.1 JKiE - F5 - BEOFHEI

KEITR, 57 —F—5I1ckES< 2006~2010 FE D £
J& &g oKl 5y, BEICOWT, 5EROFEE
i & 2 OREIEL 2R T 5, SEO T -5 &
45 &, REKE TEERKE LFHcEITK ST
M OFEHE(L 2R L, KESREVERITED Shis
hote (Fig. 2 (a), (b)). 2006 4F, 2008 4=, 2009 4
TR—EWOATRAMBECLbDOD, Ao T, 8
Hickkbm< (29°C @ Mh o iR TRd 5 R o
i), 1 HITH{X (10°C) &7 -1, T,ORAXME (10°C)
FEE LRI T HicBnes, &EfE Q7°0) &
b1 HEN, 9HIKAEL, 3~9HI T.>T,
THO, FITT~8 HTIIHANET2°C 2 A 5 KIEK
BEATBHEC e, —7F, 10~2 AT, AT 3HER
INEhotcbod (04°CLIT), T.<TE70EREY
Al R FER G ST,

B OFHIZE(IT >V TR, KR E BB RE—
EEMciiy, RETRFABRSEENEREIRD SN
fo (Fig. 2 (o), (). AVHEMEIc X 5 &, KEHES S.
BT 6~8 HOEFITHFIC L ERMKEL, THIC
AR (20) & 75 2 Man) (BB o HiKic & 228 Z/RL
720 2006~2010 i, SOxEME 930) 3 7H&E 8
HZEBRLIRToA TRk, —F4, KEES S,
&, REEERRIC T HITkK (28) &a-7chd, Flick
5 AERIHRA/NES - 1o, SORKEE (K 30~31D)
i, THESHZMBC I NTOHATHERS NI, F 12,
TRTOHTS <SS ELD, REHFENEASIEBICE
F 2 EME T A REOETITHAL 72,

BED AL, Y EEMICRB KR TR
D, KETREICLZERNKE -2 (Fig. 2 (o),
(£)o KEEKE 0., EREEE0L3ILITESDRSED
THIZIRIE (0..=12kgm™®, 0,,=18kgm™®) &7 -
e, TOEPREBEELD bERETRED >, 0.
DFIC L 52513 6~8 HITKE <, ZOMoRIEH

O « K « FEF - BRL

30

25

20

15

Temterature (°C)

10

5
35

30

25

Salinity

20

15
25

20

15

Density (o) (kg m™3)

10

Time (Month)

Time (Month)

Fig. 2.
perature, salinity, and density (o) at surface and

Changes in monthly averaged water tem-

bottom layers.

B NS oty RIREEZACBTNTDOHTOoL,<
0T, RBEESOEIPELVWERICHAL, 45,
10~2 HIT3 SR E S M TREYINAE LTV, £h
B OFEVITL > THIES N, BEDE A UL -
720

32 IXFa7VU-—THOBREHEDOFEHE(

SREMNE RIS T 2 oo, kiR, Hh, BEO



N =2 F 27 ) — MEBOHTREE O 5

(=}

Tide level (m)

NN

Inversion__ tratification
t f

Inversion
1

Stratification
A

$

Height from bottom (m)

.ﬁ\\\

Height from bottom (m)

B I B B B B B B B
High saline water at bottom layer

/ Low saline water at surface layer
/I/ T AL T |
A A ¢\ Al A

tratification
.%}1 NS
— 7 T v TV T~
A Az AR ATA A g A/l A

Height from bottom (m)

B

B
Non-stratification Non-stratification

Density (ot) (kg m

G
Noln-stratiﬁcalltion
T T

T~ River discharge EE,

*:25 8 T400 o

=20 Wmd speed : §

S5t ‘ ; | - ) 600 8

&10' :u““ | 3 .!".( " i f ; A i u 5

m Tl v i W&MWWWMN e

£ A a ' — +1000

Jan 2007 Jun Jul
Time (Month)

Fig. 3. Temporal change in (a) tide level, time-depth section of (b) water temperature, (c) salinity, and (d)
density (o) at high tide and temporal changes in (e) river discharge and wind speed.

BENHORRIIN, 4 75b b SO RE—HERWE
KA\ 77 —E Ik EIChiE T % 2 &,
FrMEPREOAKBETCEIA IV IR =V a v
MREVTENDS, 1EDF—9THEM, KyT—0D
BT S N 7 BRIEUK TS & SREEE Y T (3 3THR
Nz ZAF 27 ) — NEROWEHFMHE LML TVWEbDE
EBAoND, THODL, WMEFCEZIRF2aT)—DF

R G o7kAs, FalEsic i Bl (BEED ookas
MAONEbDEEZOLND, TIT, W& T#ics
JBKilk, M5y, EEOERE—RMITER RS, S
R OB RS ORFELZ L L 2 (Fig. 3, Fig. 4.
VIFTi, Kild, #H5, BEico\WT, £h<h 2006
~2010 FED M & E—3 L 7o 2007 O fERERT,

RN ORRIE, EFICER L GRiE»rZ <, znll



6 ik « 28K « - BRI
E10
g6
g o : : : : : : : :
5 tpversign  Swmificaion  inversion  Stratification
A A b ' " p Stratification ' | |' 29
e B 27
= b, 25 ~
g l WW g il 3
g | | - 215
2 1o 2
g e 17 §
2 J \l 15 2
o I | 13 E
) f 11 =
: il | A :
[l |
il ” U | i .5
Low saline water at surface layer o
t t ’I‘ lD t e ER
& I30
25

Height from bottom (m)

!!
B B B B B B B B
High saline water at bottom layer

Stratification

Stratification

D

Wl | I()
:ﬁ:ﬂ; Il

E o
: 55
: g 2
5
g L‘ | g
: \ “} -%‘
= |

“ L
-E’ v “ ‘ | ‘ (=]

0 i H M A ‘ (

B B B B B B B B B B B ]
Non-: stratlﬁcatlon Non-stratification Non strati ﬁcatlon
Jan 2007 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time (Month)

Fig. 4. Time series of (a) tide level and time-depth sections of (b) water temperature, (c) salinity, and (d)

density (o) at low tide.

ANoFFic KREmHKiEbE L, 50m’ s FEED
BIELICREBRIND ZETH B, 2007 4FITE T H
W& 8 AR, 1,000m® s~ 2z 2 HKkAE U 72
(Fig. 3 (e))o T? 9 BLHi#HE, HIKEZROTRERDI3#E

T, THRE THENRED Z ORIV 72,
—Ji, &R, ELPITRENED L,

FRED DIV 1~6 HicB g 2KiE, E9, FBE
DEREAE 3, K INEE I ThldE & IRkE 2/ vk L
Too /NEIRFICIE, 1~3 Bl Ewe: (1.<T,, Fig. 3
(b) A, Fig.4 (b) A, Fig.5 (a) A), 4~6 HITIED
HIERE (T.>T) (Fig. 3 (b) B, Fig. 4 (b) B,
Fig. 5 (a) B) »58®» ohte, 01, /NEEcRE D
K55 (Fig. 3 (o) A, Fig. 4 (o) A), KENEESD

(Fig. 3 (¢) B, Fig. 4 (¢) B) &b, HEoukkE (S,<
S, Fig.5 (b) A) WU, —F, KlEEoKiE &I18
FEERE—REE D, KEIRIREALED SN 1
(AT =0, AS=0), TOFER, B E/NHKFICHKE
(Fig. 3 () A, Fig. 4 () A, Fig. 5 (&) A), K
ot —4#¢ (Fig. 3 (d) B, Fig. 4 (d) B, Fig.5 ()
B) &f-TWi, B, ToOENIZ, #HKEDS T
ZnJJDﬁ\EH'C‘%Z) (Fig. 2 (a), (b), Fig.5 (a))o
THITE, FEHD & OERKIRADSRERE K& A
ﬂ:éﬁt (H7KHD o W%, FRINOREFH 50m’ s

THDHM, THOEYFEREIZZ D10 D 490m® s !
(R E 4,043 m’ s ) Th-71o KHHKDEEIE

L (T.<T, Fig.3 (b) C, Fig. 4 (b) C, F1g.



TN =2 F 27 ) — MEBOHEREE DAL 7

35 7
(a) Water temperature

30

25

o)

Temperature at surface T

tion (75> Tp)
20 F Temperature at bottom Ty °

[=)}

15

Temterature (°C)

Stratification (7> Ti,)
F

10

[38)
AT (°C)

LU e s S e e e e e |
N

‘ V Non-stratification (7= T},)
G 4
M

—25-hour
Inversion (7,<7p) H(I)urly
T T 1

oving average
(AT= Ty~ Ti)
T

A
Inversion (75 )
T T

(b) Salinity

— Salinity at surface Sq
- Salinity at bottom S,

Salinity

Non-stratification (Ss=Sp)
F

T 1
il | M I L HT'TW
—25-hour moving average

Stratification (Sg<Sp,) — Hourly
c D E E

Stratification (Sg< Sp)

Stratification (Ss< Sp)

AS
O

Stratit:lcation (Ss<Sp)
T T

(c) Density (o)
— Density (cy) at surface oy
10 - Density (gy) at bottom o 1,

Density (o7) (kg m-3)

Non-stratification (¢ 4= o)

0 Non-stratification (g = dy 1) | |
0 B B B B B B B B B B BB F F
i ‘ ‘ YT Ll
A }‘q —25-hour moving average
-5 A A A A A A oAl A g &

Stratification (¢ s< o) o — Hourly
A Stratification (oys< ) E E

Stratification (0 s< g b))

Aoy (kg m-3)
S

-15 D
Ao= oy s— . .
(Ao 0",5 o) ) | C Strlatlﬁcatlon I[ats< th)l | |

'2 0 T T T T T T
(d) Tide level

[ W)

2 t t t t t t t t t t t 1
Jan 2007 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time (Month)

Tide level (m)

Fig. 5. Temporal changes in (a) water temperature, (b) salinity, and (c) density (o) at surface and bottom
layers, those differences between both layers, and (d) tide level.



8 O « K « FEy - BRL

5 (a) O, BoiTmWiEsskE (S.<S, Fig. 3 (o
C, Fig. 4 (o) C, Fig.5 (b) B) #4EU7s —4, K
KD BB % - 72t /NI 13, KR (Fig. 3
(b) D, Fig.4 (b) D, Fig.5 (a) D) &% (Fig. 3
(¢) D, Fig. 4 (¢) D, Fig.5 (b) C) Olj}5icsiiiE
DEkERE NS Shvic, 8 A, wRERKE (Fig. 3
(b) E, Fig. 4 (b) E, Fig. 5 (@) B) &EHE
(Fig. 3 (o) E, Fig. 4 (¢) E, Fig. 5 (b) D) »3F1F
REEICHEF S 0, T ofER T A SRR & Fich
fo o TEEREP G L 72 (Fig. 3 (d) D, Fig. 4 (d)
D, Fig.5 (¢) D)o 772U, WIIKENLELTH
NAIDIRE R N A B B & 12 - foe KD S
/NS o TR TOKIR S S HEAMKT, K TUKIR
KN &S BRPAEL, BERESHE - 72 (Fig. 5o
—J5, /NED & RN H 1 TIZFRIE TKIRIL N & 45 B
51, JEEC/KIE EA SR NPT, BEEREIREE -
7z (Fig. 5)o

9 Hicte s &, 1,000m’ s Az 5 & 5w HKI3E
U s, pkfg & RS o Kl N I ban s &
2o foo /DNEARFIC I3 IRERE (Fig. 3 (b) F, Fig. 4
(b) F, Fig.5 (a) F), kg (Fig.3 (o) F, Fig. 4
(0) F, Fig.5 (b) BE) »EU kA8, K 3mEE
EHIFIEFME—H (AT =0, AS=0) &7z, L7
» T, BEME 3/ NERCRELL (Fig. 3 (D E
Fig. 4 () E, Fig.5 (o) E), KlHsic L@ &
7572 (Fig. 3 () F, Fig. 4 (d) F, Fig.5 (&) F)o
BEH, 9HRE»PSEICHATTOMBIMNKDLD, T
KLY 25Hcd 5 (Fig. 2 (a), Fig. 5 (a))o
10~12 A&, #)IlfE AR R o iR (8 50
m’s ) TETHY, KERIZITHEIELEIRETH -
Too INHIRFIC IR EDISREDAE U B5EDH - 12h5, K
BUNEIC & 593 TKE, 8, BEEIINE—
Hcd-72 (Fig.3 (b) G, () G, (D G, Fig. 4 (b)
G, © G, D G, Fig.5 @ G, () F, (&) G
rez L, i (Fig. 3) & Tl (Fig. 4) % [EHE]
THAS &, FHiEED KRS < (KEEICi->THD,
T & D & BRI OGHEIES < (KEEEVS 22 F 2
7 — ORISR shTw s EBbhnk, 1B,
EWIRE, KEMENT 255 ch 2 (Fig. 2 (a),
(b), Fig.5 (a))s

H MR O MRS I IR OB L KE LA UK
5, 2006), A[EPERE L7 2007 OB F — 5 T3,
JEGEIC K E B EEHIIED 51 (Fig. 3 (), Kk
o OERE RS 1Tk 2 O BB ISR I 3R N -
7o

3.3 KR - E5 - BEO#YEAHEL

RNy I K NI A B S L S iR FE LB F D T
nTn 15 gEhic> w7, Kilk, 1859, BEOXE AL
KLTrd (Fig.6)o 4 H4H~4 A 18 HD 15 HRET
i3, REH L OERIC, TERROKERBK « SR,
it HAIRE I KRR/ N « HEAM K & 75 - 72 (Fig. 6 (a)),
fefZ L, 1Y OENEHORE s 1F, KETIE/NE
AR KE o fcpickt L, [EETR/NEFFITNS 22 -
oo JEE/KIRDZEE) &/NARTRIS/NS D2 - 72, BT
N5 EIKILDF DY & OB IE A T d - 7o
R SRR &y ORI —EE S, 4 H8H2» 5 10 H
DORKfEA R E 2RI L, TRIRRCREN TS F 5 Hn A
WO HNIH, 4 11 HMS 12 HighHiF Tk, #iic+
AR D 5 T IR & D b B R (35 - To,

8H1I5H~8 H29 HD 15 HRElC>WTA % &, KE
T, TR OV 2RO IKIE LR ESEAMK T A U
i B IRE I KR AR/, RSB EE s Tk
(Fig. 6 (b)), EEICH~NZ EEETIE, KEZLE
EEANZEAL & B E OBIRIAHE TS - 12, KBEDE
SriE, NEETRRICIE, TEIRRICEN U, iR RIS
155 ERS RSN hs, REIRTRICIIEF /NS - 1,
INEIRTR TS, HEIAENKE , NS Tk ol
(8 A 23 HAFHI, 8 H 24 HFRID T3, REHES KT

LTHD, FHEAHOZE) AT HE M OZH) ) &=
Bl TO/z, BEOKIER, WABRSHEY EOLIBIEEYD
SNIED - T, T DFER, KEIHIR T 3R I RIEE
EENSRELRY, fEsmitshi (Fig. 6 (b)),
/NERRTICIE T 9 U 7o BB & iy oxtIsBfR IE R S h
1< 120, W TERRCEE s ks s (Fig. 6 (b))
K DIERAB R b T/hawT &b, 2o
& o w T o by, KEOWEHPEL KT
52EICkbDEEZOND, Fd KL T, 5K
JEERE 3 OISR & 75 588 — VITIR - 72,



TN =2 F 27 ) — MEBOHEREE DAL

(a) Spring season (April)

Time (Day)

e
4
- -+ -+ ,W -4
i
f
BE 1
1 Q m 1 1 A 4
< 8 1
S E .
KA !
1+ 2% 3% + 4
14 ; 4
g 28 1
R > )
> = 55 2 [
© < 7o Wc
1 | == 4 & 1 a 1
EETS Z {
23 &5 <
S 9 L O =]
£g 828 £
=R 2
4 |== EE 4 2 1 1
22 o 5]
29 23 o3
£2 28 :
G 2 5}
1 [ == | g 1 1
. ' g
| i % e -
1 i e A F
Zpil b = ] A P -
LI e e L m— LI i e e LI B e

S NSO WV T en ™~ o wy <t o SAX>- OV TN ANl O NSOV — S v oon— O S OoONTNAI—O
— — = = = = — MN A AN NN N A A A O~ Qe e e e e
(w) [2A9] 9P1L, (Do) 2ameradway, Anurpeg (s 3Y) (‘) Ausuaq (wr) [9A9] 3PIL (o) 2myeraduwog, Kures (¢w 3Y) (‘0) Ansuaq

Time (Day)
and density (o) at surface (solid line) and bottom (broken line) layers

Water temperature, salinity,

Fig. 6.

in (a) spring and (b) summer seasons.



10 Ok « 3UK « FEF < BRI

(a) Temperature

Tower P Py Tower P Py Tower P P Tower
7 T ! }

Water depth (m)

Water depth (m)
0 AN BN O 0N RN O XA NO
—
| I T S
T T rrrrr

T T
\!
| I
L — L L R T T 1 T T
11 Sep ! ‘11 Oct‘ , , }0 Dec
— T T 1 T T v v v v
0 2 4 6 80 2 4 6 80 2 4 6 80 2 4 6 8

E
g
B 9
s 8
= 7
S
Distance (km) Distance (km) Distance (km) Distance (km)
(b) Salinity
Tower P P; Tower P P; Tower Py P; Tower P, Py
R e / | 1 !
g 2
g4 30
g6 28
= 8 . 26
_0 24
E 22
=
g4 20
'; 6 18
£ 8 16
14
-0 12
E 5
= 10
_@* 4 8
g 6 6
Y : ‘ 11 Sep) : ‘ 11 0ct| ; ‘ 9Nov| 10 Dec 4
T T T T T T T T v — T T T T T T 1
0 2 4 6 80 2 4 6 80 2 4 6 80 2 4 6 8 3
Distance (km) Distance (km) Distance (km) Distance (km)
(c) Density (o)
Tower P Py Tower P Py Tower P, Py Tower P, Py 3
R / R T J/ Ggmr)
—_ 25
g2 o
g 4 22
T 21
g e 20
Z 8 19
18
z, ] 16
z? . 15
. k |
i f :
= 8 " 10
_ 0 ; 9
g L
22 ! !
g 4 L 5
g - . i
B 8 T T T B T T T Tll OCt N T N T N T N 1 T T T 1 2
0 2 4 6 80 2 4 6 80 2 4 6 80 2 4 6 8 (1)
Distance (km) Distance (km) Distance (km) Distance (km)

Fig. 7. Cross sections of (a) water temperature, (b) salinity and (¢) density (o) in the lower part of the
Chikugo river estuary from January to December, 2007 observed at high tide in spring tide.



TN =2 F 27 ) — MEBO#TRE O/ 11

34 IRXFa7VU-—THEHOHEBEBEDEEEL

5 7 —OEIT — 5 LKERER O E BN — 5 %=
T, - oA O (M&EP) FToik

ICin - fo KR DK, 65y, ROz
7z (Fig. Do FEMZ@mL T, WIOloGnmilL b &
TS - REELEVWS T RF 27 ) —fFEOME L -
TWch, RRIEREIC I TEREVDPRD 51,
THEBHATE, RKETREMD SN TEilR « X
HBoKRD AL, JKE TR S BRI A TR « &
HR I LT O e FRHTHR TR HUE RO
shfc (Fig. 7 (). mbpfllo sy v —Hifi<cid, TH
BHITAo,=—163kgm*® (0.,.=3.Tkg m*, 0.
=200kgm™®, 814 HICAc.,=—34kgm™® (o
=148kg m™®, 0.,=182kgm™®) &7V, HizTH
DOEKBILIREAE TH - 72 (Fig. 7 (0)o —H, 9~6 H
TlE, OO Pyl TRIEESZEAS LKL,
AR QHI19H) TAo.=—45kgm”® (0,.=16.6kg
m? o,=2l.1kgm?) &#-7 (Fig. 7 () L
L, @RI REKEZEAT EREEDZEAS F/hEL
(Fig. 7 (a), (b)), WML 2 FIEREL L /<
(Fig. 7 (©))o

4. % =B

4.1 Kig - B - BEOFHEI

HUHEER s 7 —icB 2 REKER, 8 kb
<, 1HzHETH-»7 (Fig. 2, 5. £EEIEETK
BROBEHZILICRKEBEVIRONE L - 12, 1212, K
o ASKREEBED 1 » ABENTI AickE s -
te (Fig. 2)o THTHIN S 9 H Efich 1 ToEEKIE
&, ANEIERITAC R, KM LA AR LIEA SR Ty
TRic EALTwvie (Fig. 5o 8 Hicidsk@rffErRis
TV /ol OITERE N S BdE T FIR S T wichs, K

EICHRINICEHEIRA D EE D, BB E %
oNEb7zo L, 27y TROKEEKELERE, K8
X LT 1y HEN 2 FRREKED B ORI S -
rEFEZoNT, R, REBIURERELRIC T HIcR
HLTEL, FIcRBICBU 2HEME T RE LY - 7,

(a) Surface layer

- 0.15
F 0.1
F 0.05

r -0.05
r-0.1
r-0.15
r-0.2
r-0.25
r-03
-0.35

Density fluctuation & (kg m-3)

Rate of & to annual averaged d

Time (Month)

(b) Bottom layer

- 0.15
L 005

-0.05
-0.1
-0.15

-0.2
M Produced by temperature change (&emp) |- 025

[0 Produced by salinity change (&g,)) 4 .03
7 035

—_— on B >
EEZ2 883z

Density fluctuation & (kg m-3)
n
}

Rate of & to annual averaged d ,

Apr
May
Dec

Time (Month)

Fig. 8. Effects of changes in water temperature or
salinity on seasonal change in density (o). € is
monthly averaged values of hourly fluctuations for
annual averaged densities o .. in surface layer or
0., in bottom layer.

KE NS &, KT S OFER A H)iE 1T
INED o te, TNHARMLT, BEREETETHIC
bol by, KETRTHBOL 8 Higk{KE s -
7z (Fig. 2, 5o HEMPRESICHIDIFERETIF1H,

EETR1HBWL2HTH -7 (Fig. 2, 5)o /KikE
T FESNEEORHAL T TR, RELIEE
THRIZ -7 (Fig. 8)o THITWE, RETEIHYE Tew
=—63kgm® CEEZ(e D 78%) DEEM FHES
EKRick-Theoshic, KETR, HEEMIKXI
FTHEADFER ew=—11kg m™® (BEZ{te D 42%)
THby, REITHNTNSh -7, 8 HiIid, RETR
FRITED gromp=—2.6kg m™® (EEZ(L e D 45%)

DB FHEL, BEEK TS 2KEEESOFE
RERETH -7, KBTI, ca=—09kgm*® (&
2 b e D 69%) T, BEAK NI L CilEELDR



12 O « K « FEY - B

Aoy (kg m3)
=

Produced by
temperature change

Produced by /

220 salinity change (AGt temp)
(Aat,sal)
'25 1 T T T T T T : : : : :
o = o> - o oa s »
EE5255322588¢%4
Time (Month)
Fig. 9. Effects of changes in water temperature or

salinity on density difference A o. between surface
and bottom layers.

PRSI o1, BEEEOEKNIIHIROKREL,
wm=—23kg m* (HEE e D I9%) T, HEE
{bD1d & A ERKEZEIcL > THEC TV, 1 HITid
EiEfLIc L - TERETIE e emy=20kg m * CEELA L e
D 69%) OHELADBEL I, —HT, KBTI € wm
=18kgm*’ (BEZL(e D 98%) T, FELFIZE &
AEBENIZE >THEL TV, ko &ns, Higll
IRAF 27— FRICBT 2 EEORMHE(Lic L, K
I 3REME, 7005 KELEIEEEKRI L, 5
FEICEBICREBEELGZ TV ENHLNLE
foo BB, & (= eumt ew) DHIGHIT/NS BT NIE
(RZEDE A e >0.6kgm ™), X @ /i () K
BOVT o DA LI T 2K £ 7o (G R ER AT
EHHE LI Eickse (B Tkde) OHEER
#13, R Q) THEMML K e oW BHELEETRAT
b 0.7%EE (THEE) Th-1,

R B & LT, 6 HICRIEMET e MAE
LD, KiEFEFICIZBEERFEHEZL TV, 6 H
DIESN EFIF Fig. 4 (o) THEHOLNE, THITHOV
TREFECLZEONRKEL Fig. 2), THLIEVLIR
FrDRFBEEFHOEVICLbDEEZ NG, 1=
720, 2007T4FIco2WClE, 6 Az X 0 EjO Hicb~
THhcHIFEES Db T iz (Fig. 3), oD
oy ERBENREEZB LA DERNIC L > THELEHE
Z6N%, BMIZ2VWTH 6 IR ELERontanr-

fz (Fig. 3 (e))o £ »7T, #iEh 5 DEENKIZAL
L, BHERERBEOBIRMIFRICIL > TV 5 A[EErEA
FEZoHNb,

Kl E 7 EN DN RIREEZA oI KT REITE,
Mt 7 2R B St (Fig. 9o BRI 5V BkE
(Ao <—10kg m *) b 5HE, Aciktd 3KEEA
Oty DT FTRIIIAKT21%THY (T H 26 H 14 Fric
Ao.=—101kg m I L TAO, wm=—2.1kgm™®),
W2 No, aDEFGRPKIBOW LI LTH -7, Lkl
2RI, € FRIEME THEOFH AL ORI
BoTHBY, MBOD e w dEAEDOEHELR 5 — v %
NLltce —H, eal@FETREIIEFTNS o7,
Z DR, Ao OFHIE IR LT}, FHIEEDEAS
MERMICE > TVWEEZZONS, BB, Ao.<
—10kgm*cid, X (D 7213 B ITBVToDOE
fbicstd 2 EoMRENE £ 70 B EIREE AR L 72 2 &
ks Ao, RN (6) Itk2A0) OHEERZEE, TR
x4 2R ZETRAT D 1.9% (7T H 26 H 12 #)
Th -7,

42 BEFEEOFHEIL

ABER T, FRINz2F 27 ) — T OkER
EIFERHICL > TRESCENTE L ERLTV S, ]
BHKE RO T E TSN 2 EWETIE, Fk
Nz 2 F 27 ) —DOFEERIE I, —Bic@mESEICHHH
snTE (W, 2001 ; FERS, 2008 ; fEH « (LA
2008), L2xL, ABHITE, HEMLKEO@ROERS
RhchnA, saplEici WERE b R S i,

IRAF 27 Y —ONRE®REZ, KSR YIAE AL
BRIV FE 105 NSRRI BT A NERS EFN
MIGD N T Y RICK o TRES NS, 72EAE, THI13
H (8 &, KEITHZIRAESKE WEHITH - 7223,
mOEkE»S RN T v (Fig. 7 (0). Thid, TH2
H~7H 3 HIZT1,000m* s ' 22 5tHA»BEL, £D
%, TH13HIZBWV TS HFEME)IFED 455 m® s
CPFFIH50m® s7) EREp -7 &5, @mIKic
L B2BENINIEP D TRE M- TclcvEEZ N L, &
AT & 2 kG DB C DRI i3/NS o 12
(Fig. Do MUK KMo 8 H 14 H 9K (<id, #JIFR



RN ZF 2710 —

B ZE LT 0 BRI 76m’ s T
Holcdboo, LML Y 7 —F TEEMKENED SN
(Fig. 7 (©)), FBRABIGTVWEE LS > TV, 9H
285 &, &7 —TRAMEFCEHERSG L, /NIRRT
@4 2441 2 ViR s (Fig. 5o [EEkO WA 1
1~6 Hicbi@w ok (Fig. 5o TD & 5 15 KE/INE
A omE/JEsEy A 7 vig, 2uvyET)IlTRF a
7 ) — (Jay and Smith, 1990), V) /N7 — V&
(Simpson et al, 1990 ; Sharples and Simpson, 1995),
¥ — bt T RZAF 27— (Thain et al, 2004) 7% & THI
LNTVWREIRTH B,

Withi 7 — & (KGR O A Tdh 50 (Fig. 1), 4
AFNVTI A=V avBbbicy, 77 -I1CBIF51
HOERR 7 — & 5 6 T &K RS E b 212
BEHEECTE 5, 4 Hicld, TEiRs S « (R85,
B « S ci - Th 0 (Fig. 6 (a), Bikic
& o THEIRFIT B D KBRAS, il Rg 1 g (] D KBS &
LALNTWS EHEFT 5 &, Fig. 7 OWrimEia ofs R
E XX B 11 D EREIR Y Z B A/ NS I K
L - TWAB T &, FIGHES OKELIBLAHS NEIRE I
KEL B ->TVWRTIEERLTOVS, REES OHHE
NI K E CIEFLTH Y, /NS RIS
K7 a v b EIEEKRT BIRRET, AR > TV &
EAOND, TOXDIRIENEO KN A 13,
/NEE S (2006) A3 EGATR[E 2> S B R ITID - TIT -
reWrm BB ORE R (Fig. 100 LR E&->TW5, 8
HOREA O FBAE (Fig. 6 (b)) oW Th,
FHEARF IR 5 TR D55 Wl D KBEASEFR L, i
HARFIC IR MR « S35 Tl < BlE L ol o 7k Bl
PERL TS EMET 2 &, Fig. TE LG LTWL
%o OV AIRO ABISIEREKER D 5B L YRR O
KT (Fig. 6 (b)), % T T/KIE &S DKELB A
RKELH->TVBIEARLTEY, MEEBOSIR
EEAKOBHICZGE LT 70 v s BSEREh TV
T EERET B, 8 HO/NHIRFICIE, KR & R0,
THI BB 78 > T, TR TR ICREE
DBKRELNE TR T 2—4HT, EBOKREE IS EE
EFHLIBWkDTHS, 2O EnS, Kl (Fig. 7)
LE - TNEIRRIT IR, 0B L OEE 0K EAEZIEE
TN&L, BBETKEh-1EEZONS, EEOHEHS

NES D HEEREE DZAL 13
Japan Sea N

| g Pacific | é§\ S
‘ D Ocean | OO _ |
o Chikugo Weir |
|
o |
| 33 10N Chikugo River |
O |
3 e} |
Ariake P 10 km ;
Bay o ‘
: |
PEN L mowe, S 43040,

Y VVV V

5\ 1
25\ 20 &0 '

-10 0 10 20
Distance from river mouth (km)

Fig. 10. Salinity contour lines and contour shading
of turbidity (NTU) in the Chikugo River estuary
from 7 March 13 April 2005. The sampling dates
are indicated in each panel. The sampling locations
are marked by circles in the upper panel. Figs are
from Shoji et al. (2006).



14 O « K « FEF - B

W—EILE BT &, HRKEREIZF 27 Y —ORHT
2 (Lewis, 1997, L7ch > T, /NEIERICIIEID (g
BT & 2) A SiEichh I TRIES KB REICRO L,
JIKfE I3 ERBR O SEEG N B 20 & & ST Tl EN & T
BALKEOSBIEEBCLE>TwWEEZLONE, VbR
5, BNz 2F a7y —FEi3, MW 1~6 A)
A RE N © iR AT~ R AT 72 W U sk g Y
DIGEZALE DK L, MR /KR I kg il &
B0, TORENIRENLET 5 & B RN E
s elid 2 X 51cis 0, Kl NI C s A~
BEMIE W Uik Bl OIS T) 240K L, mHI%
F10~12 A) IWiFmBGHSMET 5L 51C8 5 b
DEZEZONE, BB, 1HLHDF— 4 Tl tidal
straining (Simpson et al, 1990) DFEEE I L 5
KEOBHRENEETE WY, KBS ICBEd 2 3HH
BHEHEIREETDH 5,

43 BEBEOXHNIRAEL

KEVNENIE U 7o h% &g /B E o 1 27 it > v,
Simpson et al (1990) % Sharples and Simpson (1995)
&, Kilh /NI TERZIRG55E 0, Thuctk-
THEER (2 2F 27 ) —FR) M@fbsnhslsk-
THELREHRBLTWS, L2L, 1~6 H& 10~12 H
DiFFERGEE T 2 &, FIRE Ly iRE, KR
WA REREVSZVICEL2bLY, 1~6 AT
KEIRHCREA L, /INHIRFICHEEIRE S 2 4 1 7 v )iiio
5N, 10~12 HTWEZ S5 LicH A 7 VI o niss -
tz (Fig. Do TAF 27 U —ICK9 28 EIEE OERH)
&L TR, ERGVIMNCEIC X 2IRE, & 51K
WHNC X B0 d 5, ABMITE, EIE1~6 A CF
H48ms™) & 10~12H (CFH4.6ms™) TREME
WIFBVWDOTEORBERMHTE XS, 1~6 HIZ4EM
RABKIRORHLIFETH b, K& & DINEDIR ~ 1k
KL, Bhzai#adsmicd s, —HT, 10~12 A
(HFEISEI DN K DSAET R A S | SR L, KA
RAIA THESRICL > THIRASN D, —E I X
F a7 ) —DILHERICREA LT LT S &, INEERCHE
RENVGIE > 7o & LT OHEERMN T HET & BIRE
CRESY, TOMBFNIRTORELLEV D EER

bMd, 9bL, £ LAEAREEDOHEVIZL ST
1~6 A& 10~12 A THEHROMIFTERIEL, K
NI U 2 2 F 2 7 ) —OREZAL 1~6 HToD
AUHEALLIc LB A SN B, AR TIE, WEHEDE
FIZALITXE 9 27Kl & I8 OB DO MET 3T - 7228, i
HITO VTR SR 0T — 7 BIG SN ish - 1
1, TNEMBITICHWS I EMTE LD -1, 5
SRER AT 5 R & s H 0 0 2 E S A
TEIOIT, EELSHTET — & 20 Lo g &
EZ Do

1535, Fig. 5 OXRIEHEEEA o ORHELIE, T2
KNI TRV, TS, IO KN L
NDOERD D 510 TH B, PIAIE, 3 HEFO/ Nk
iRk < BRI OB N & 208, hidtiko
B2 TV 5, Sharples and Simpson (1995) %, N,
modulation IZ& - T, 1 » HOROKEITHIERAEHE
WK EFFVWKEID B 0, skt < INEIF O B g iREE
IS BARITT LN T W5, AT 4 HREOK
BN E L, BEOKRKBIIKRE VW, T LEEA
5~6 H &H5<, LaL, Zhicxd 2 k/EmmiE o %R
W TRV, & LA, 3~4 HiTh i TKES R
RIS N 7c T &0, T D% O/INEIF DR EIRE DGR &
g o Eiftic RE{HFHLTw3 (Fig. 5o, <
S Ll Ens, BIREMNE®RE I KZITHE, NS
< & biHEAENT & 2 8RR &R O ZAL DK 787K
I AJBCTS SRR ETRE I RIF S REL, T2 F 2T ) —
DI D FEIZEA P K N AE L EEZ 55 AT
NETEZONTOWEL EICEETH 2 AHEMEN S 5,

5. &

#

AL TR, BREBR S 7 — 1k 2887 — 5 %
i, FigNz2F 27— MoK « 5« BES
DEEIEALZH S i Ui, WO FEIZAIC RIF 9K
BEEROEELTNTNHEE - T 22 LickD,
IR BRI R R D EEE D FEIA LIS LT, 5 3ERE
HEOFHZLIH L TRENRE VW EE2R LT,

FRINZ2F 27 ) —OREE, ERIBESTOE
RREKT DO EEZ SNTOEY, KKEEDOMOES
I IRRRA T~ B O b FET 5 T & & fEad L



RN ZF 2710 —

foo BNEHEE OFEIE(LICK L TR, KiEXD bSO
BN RKEL, BERBPRELCE (REEEE
Ao.<—10kgm™ 12, Aoc.D# 80%LI ENEIEE
PEASITE > THELE TV,

TRz 2F 27 ) — M OMEICIE, FEELLS
I, KEIERICRS (b2 WV dkEse ), /NE kg
(b 2V iFsEmRiL) &vo, KEN#EIITL U ok
JEmE OEALDd B ExH o mic Lic, 72720, @il
PRy IRIE, JE0E, K, IR EIEVAE D -
2 1~6 H& 10~12 AT, R TREVNENTIG U 7ok
J&/IERkfE A 7 Vv BE b oD, BETETS LY
A7 NVERED oNB T, ThiE, 1~6 H i3zl
THOIBEAT 7 v 7 ADNFEIMIHEE LTE < dickt L
T, 10~12 A s HIMTd v My IR A SINA THHE %
HNT X 2 ¥ EIRAEE IR & O BXE) /1 & L TREE HI )
{IeHTHBEEZEZ SNT,

3

AFEOZFITICH 720, KEERZ TRtV
BT ATBGE KB IR R % KRS, B & OTIiR
g RO 7 — 7 &2 TRV oV E B E T
ANESICLE D BILBHL EFEd, £/, AXhT
FEEEOWFFRCE UMK S, 2006) ©—iBE5HI&T
WiztZWic, RO ZFF ] L T Wl WicEEB X
OIKEEMA P SICR B W ic L £, xR, I
TARBIN 2 7 — OHEFETIC SRV 72 0 2 0
KEE L E T 2 EEREEHEREE 70 Y27 b
DBIRE SO, JClEE KRR B O ETEIRE
DRI OB ER L E T,

References

Dyer, K. R. (1997): Estuaries —a physical introduction—. John Wiley
& Sons, 195 pp.

HAEE (1989) @ AEARFHHEHEREN >~ 2 7 & OREEL. A HER
BRI TACEE. 3, 43—59.

TEHZEG « BKE— o IR — « FUERI « REE—88 « SEFE— -« 1l
st (2007) @ HIHMBEERIC 351 2 BREFRKBLO LR - fEHEFE D
BL. R TR, 54, 11211125,

KM < RIS < IR « (DB « TR AT « KRS (2005) ©
T - LS Ic B0 27 00 7 1 a BEEOFHT « BELAL. KEE

N OEERE OZAL 15

WSS, 69, 1-9.

Horn, A. J. and C. R. Goldman (1994): Limnology (2nd edition).
MacGraw-Hill, 576 pp.

Jay, D. A. and J. D. Smith (1990): Circulation, density distribution
and neap —spring transitions in the Columbia River Estuary. Pro-
gress in Oceanography, 25, 81—112.

T« 1LARSE— (2008) @ IVAKIE— T DBRIEE: & ARRER D R4 -
A B i, 63— 170.

Lewis, R. (1997): Dispersion in Estuaries and Coastal Waters. Wiley,
312 pp.

JTHEE « WIFZL « FEE « FHEE « RN - hHIEE - i
(2006) : 13 BB I 35 1) 2 WVE R RE O BEIAH). #F O W,
15 (6), 465—477.

McLusky, D. S. and M Elliott (2004) The Estuarin Ecosystem. Oxford
University Press, 214 pp.

Sharples, J. and J. H. Simpson (1995): Semi-diurnal and longer period
stability cycles in the Liverpool Bay region of freshwater influ-
ence. Continental Shelf Research, 15, 295—313.

IINERTE « SRR « s (2006) 2005 DA o HH% ) 1 7a] 171488 =8 7K
Bics 1 28 - BRSO T 2 B L O iE OB — R
ZFHEHEE L COFHE. /KEWEEETSE, 70 (1), 31—38.

Simpson, J. H., J. Brown, J. Matthews and G. Allen (1990): Tidal
straining, density currents, and stirring in the control of
estuarine stratification. Estuaries and Coasts, 13 (2), 125—132.

Thain R. H., A. D. Priestley and M. A. Davidson (2004): The formation
of a tidal intrusion front at the mouth of a macrotidal, partially
mixed estuary: a field study of the Dart estuary, UK. Estuarine
Coastal and Shelf Science, 61, 161—172.

UNESCO (1981): Background papers and supporting data on the inter-
national equation of state of seawater 1980. Unesco Technical Pa-
pers in Marine Science, 38, 7T—9.

FAREE « (DARRK - iEHRT H (2008) : Il & iiskE ok, &
HE AR 2 4L, 297 pp.

van Maren, D. S. and P. Hoekstra (2004) Seasonal variation of hydro-
dynamics and sediment dynamics in a shallow subtropical estuary:
the Ba Lat River, Vietnam. Estuarine, Coastal and Shelf Sciences,
60, 529—540.

JURTE « RRARRE « HHlEEE - AocsaBl (2006) @ 2215 B HE R0
B B REE & EEEFROKBL O BhREICBE 9 2 BUMELN. #i T
£, 53, 986—990.

IO Al— « #UKH— (2009) @ HHEERICE U 5 HKZ O KRS KD
) L O DB DR, GBI, 46, 161—173.

MIFTHE (200D @ i —BOHmTL DR E S h—. HEREA
f4, 153 pp.

BIETHE « TARELEHZE (2004) @ IS H O 5 RJEE ORFEAE). ot
%%, 13 (6), 575—581.

AT « CEHSEE] « RGEIS « FHEE— « [IARE— « IAS T - Mk
T « BRIESE (2004) @ FHAMEIC 1) 2 KE BRI DK 1 & REIRFA
1. g & 2%, 80 (4), 141—162.



O « K « FEy - BRL

Seasonal and spring-neap tidal changes in ocean structure
of the lower Chikugo river estuary based on monitoring data
from oceanographic observation tower

Yuji Ito, Yuichi Hayamif, Toshiya Katano®, Masumi Koriyama*

Abstract

Results from the continuous measurement with the oceanographic observation tower of
the Saga University show the detailed seasonal variation in structure of the lower Chikugo
river estuary. Although the Chikugo river estuary was considered to be a well-mixed type es-
tuary, our results showed that it sometimes appears to be moderately-mixed type or strong-
stratified type estuary. It was quantitatively evaluated that salinity had larger effects on the
seasonal variation in density stratification than temperature. After the flood in the rainy
season, low saline water discharge from the river to sea surface produced a strong-stratified
type. Moreover, fluctuations of stratification with spring-neap tidal cycle, mixed (or strati-
fication was weaken) in spring and stratified (or stratification was strengthen) in neap,
were revealed. For January to June and October to December, the spring-neap tidal cycle in
stratification appeared only in the former period despite the non-significant differences in
river discharge, tidal oscillation, wind speed, water temperature, and salinity between both
periods. During the latter period, the water column was almost usually well mixed. It would
be caused by the seasonal change in surface heat flux, i.e., in the latter period the vertical
convection by surface cooling as well as tidal mixing play roles in mixing force, while in the
former period surface heating supply buoyancy to the water column in the estuary.

Key words: Ariake sea, Chikugo river estuary, Continuous measurement, Seasonal
variation, Neap-spring cycle
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