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A coastal lagoon, Lake Harutori (42°58’N, 144°24.5'E; mean water level, 0.63 m asl) is
consistenly stratified by the lower saline water (Electric Conductivity, EC~3 S/m or Salinity,
S~18 %,). This water, here called ‘dead water’, is anoxic with dissolved hydrogen sulfide (33
-100 mg/1). The water deoxidization results from a direct contact of inflowing ocean water
(S~33 %) with bottom sediment and water strongly deoxidized, since the relatively dense
ocean water enters as density underflows. In order to examine the dynamics of dead water,
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continuous measurements of lake currents, water properties, lake level and meteorology
were carried out for the ice-covered period of December 1995— April 1996. The ocean water
inflow, generated during the high spring tide, occurred three times at the first ice-covered
period (December 2126, 1995, January 4—5, 1996 and January 8 —11, 1996) through a creek
connected to the Pacific Ocean. Before these ocean water inflows, however, the creek
(effluent river, Numajiri River) had drained the upper water excessively, irrespective of the
poor freshwater supply from the drainage basin. As a result, at the first ice-covered period,
the lake halocline rose from 2.9 m to 1.9 m in depth. This simultaneously induced the ascent
of the ‘DO-cline’ (point of maximum dissolved-oxygen gradient) from 2.3 m to 1.1 m in depth
or the upper interface of dead water from 2.8 m to 1.8 m in depth. The thick ice cover (pure
ice, 17.5—20.5 c¢m thick; snow ice, 11—13.5 cm thick) tends to prevent any DO exchange
between lake water and open air. Also, the lake only receives the slight supply of DO rich
freshwater except in frequent snowmelt runoffs; DO in the upper layer was depleted possibly
by aerobic bacteria for the first ice-covered period, and in mid February, the lake became
almost anoxic at depths of less than 0.6 m. For the ice-covered period, Lake Haurotri thus
offers a harmful condition to the ecosystem, especially, deeply scarlet crucian carp (Carassius
auratus langsdorfii; Temminck et Schlegel) publicly designated as a precious natural product.
Spatial distributions of water properties suggest that the lake currents (1.2—2.0 cm/s)
rotating clockwise in the dead water layer is baroclinic under condition that a difference in
water density depends on salinity rather than temperature. The temporal variations in flow
velocity, however, are controlled by those in water temperature generated by heat conduction
in ice and heat diffusion in water or by transmission of solar radiation.
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D% & HES & - TH E N B E ORI TlE, BRI~ kDM AMEE I G L, H
SBRAR MK BRI (2B O TR & 5 BOTR, HHE - B HEA MR 218 AR B 1
BOWBHK, LV IENEHLRNEL TE 2, BEEKEO— DRI, 45 54 2,000 5
(RBSTRFRIEII) , BRI B S B0 TORBRRUC & » TR TR E N Br e L BT
LTS N7z BB TH 5 (R &, 1974). MRRIABIALL E D v KiBIEHC, SEROWH
MWL THEADTRAL, TS 2 EREEAE GEAR) »HRENE. 0B
IZRITTCKELTEC, TERRITHIC L 2 KPOREEA 4 > DBITH LE L HbKZREE0C. F
4 (1937) BB (1936 42 9 A) T, FEKBES OKE S m) THALATZIEIE 670 mg/l &5 H#
RO ER L2, YK, FREFEAKE EREOES (93 m)3BIE LR D Tb b LY,
TR B FO T % & 72 e BRI Td - 72 (AL, 1937 ; WS, 1974). Zhdes, LB
RIS & BB THEERATRA L 7200, #7203, BEKTRAIC & 2 #IAM E5 CB R B O
L, ZHUC & BBIAKAE T, SR & > CHUBZES LA RIS KA EERAL 722 £ h% 2
LN (PR, 1990 BH), #EE LT, HbKROBME GBTRENKIL) OREE LT, &
A OBLRI LR, W13 AR CHADTASUEAME <, L b IARDT 1989 EBILE D 3.2 b -
22 & CRRRE, L 0BBFEARAICL BELVEB1B3ECIILET-2) Ick-T, BA
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BAKOEHEBRE L LY Er o722 LTS5 (Fig 1(a) £H).

FEKEORBEIEE LT, THROES D MKEGTN# 1/2 ThbZ Eh b, ANNICERED
WA EBEEN (density underflows) & L THA L, FEHE TRITIKIED V- B L EIRKA
IS RS LERPICBEFEBRELR) L FEZ b (BEREROZBEHIC OV, i
Chikita et al., 1996 ZZ/). Z ) LARRBAHIC LI 525, BEAGENZ L v ORI,
BAKRAED ERAGMIC & - C, BB ERBIMMNEIC ERT 2, 2524 ~FR, &
WEIKIC & ) KRR & DERTHD U, BEBRCBUBKOEERI T 220, ERBOGF
BRLVIET T2 602 5N 5. 20, K BIT 238K LBAKO%EE 252 2 & 13,
ERER, I 1937 FlcHoORKIEESWICTREZI N T2 & 7+ (Carassius auratus langsdorfii
; Temminck et Schlegel) DEFICIRHL 2 EELRETH 5.

i, WK LR EEATTEICIRAI N, Juc k- THMEICTE L 22 WEEROR Y 7 X -
ANR— FOAHEHEENDL Z LA, ZHOLEMTEIL~27 AL T3 (FIBHERIIIR &
). ZOMOMET RSN ERAKRB 22 C, ZHictE) TE» b 0ETIC & 2 ESHH %

Numajiri River

Fig.1. Location of a coastal lagoon, Lake Harutori, Hokkaido and bathymetric
maps of (a) 1938 and (b) 1989. The water volume of 1938 is about three times
as great as that of 1989. Locations of observation sites, A, MD, F, HP and
KWP and their measuring factors are shown on the 1989 bathymetry. The
labels 'WT’, 'V’, 'MET’ and 'WL’ indicate continuous observations of water
temperature, flow velocity, meteorology and lake water level, respectively at
the observation sites. Contours; water depth in m.
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B, TRADHEREMZEAEES.,

2T, KIS ER L 2 BRERZ L ki, BEvikic & ) RomBiss Y <, k¥ (setup)
RNTERDFE L AV EEZ LNDET, FERIEDE ) kBB T 20E2HLPICT 3,

II. MBOBE LRAFE

TR (AR 42°58, FAR 144°24.5 D B % & £ 70 W HORENE 4.25 km?) 13, SIBEHETICALE
T 2 W\HNBW T, 1989 B, FHMTEAERS 0.63 m, WK 0.36 km?, HAKERS5.7m, Ty
KR 2.3 m, HIZEHE 8.45X10°m® Th 5. WIBME L, BEA ~ FIULER O MRS B & Uihid
BT, BiEREEAEOE 40~50m DE EREFOMEICIELS 5T 5 (RS, 1974).
ARNNIFRN I 2 F 2 T > 7, RN S 555, BRICEERNOBARILENH 80%
¥ 5, XREOBABEIR O T TH 525, —BRFIC L > TEICERND» L HAYSH 5, Fig.
1(b) Tit, FRNOTERBNDOWABNIC ZGE3NTWB L IICRZ 505 BRICECHE (A
THOKS) 2 LnHBITHAKBTULIZEAE v, Z0728, LHREARE D BRI FAZ REEE
WO 5NATH S, FEDFHHEMNNIZBRNT, #500m BROMEEETKRKFEFECESC, 20
A ORI 1I0m BOR Y 7 X« Hus3— T, KB EBICRKBOBESBAZN, 2
DB FREICAET 2 (4 11~27 @), WORAENERIE, AASNLTIBEREIC L > THOARLT
bnd (FIBHERTIER E.

BLANZ 1995 4E 12 A ~1996 4F 4 A 0 RMICER L 245, 2B SHAME #* Fig. 1(b)icR
F. MD & (BRs KBS 7Tm) Tid, 1996 F 1 A 22 HIZFEAKRBHFR 4. 1m&E) i AKREHT
& ERFGERT (W £ 7 v 7 KK 8, model EMC300 : ¥/, KIE+0.02°C RUFH# £0.5cm/
s) %, WAOHE (1.8m#) i HERAKEH (74 27> FE Hugrun KK #, Seamon mini :
FE+0.03C) 22N FHREHREL, KFEEE- KL 1045 LiclIEL 2, Bk A (K
4.6 m) Ti3, HEOHEE 1.8mB) ICHERKERS CREA >y brarbPa—5—KKH#,
Optic Stow Away : ¥E+0.1C) #, FATIIFEARASMHE?2 A 2.3mEE 3.4mBE) 2H
FRKIEE (2 L F N Seamon mini, Stow Away @ ¥, £ +0.03C, £0.1C)2&KBEL,
znEn 104y, 1047, 1M L OKIBRRFIT— 7 2872, o0, 1996 F4 A 2
HE/E5 16 HicEL, 7ty 7 - avbEa—F—HnTF—FEXL .

fti55, MD SCizdR 10, Kl - BEE  BHFREBEDO)n#HBE72 774V (0.2mE
Z&) BEEE-DOH TR, ATIREALIE, 1mIrickKiE- - BEE -DODIZL, &
AKiz & D BiALKTE - BBk A F > 7 &K BALER S 2 EBSW L 72, WG ORKE - EUNEHCIE, A,
FETL0.2mBILICKE - BEE - DO n#EBE 2T, 520K, A, MD, FRT
HER, WEXK EHKDOEI 25 -7, Bo5NBEED 25CHEE(EC25: S/m)» b, EH
= (Cl: g/) % ERHEM (C1=3.36764-EC 25—0.2476 ; r=0.9989) 7> 53K, & &ichefkEig
EEDHED » 72 7z b WK ORI E B L & LTS S (%) 2 $S=0.030+1.8050-C1 ({BL, Cl
DHALY, © Neumann and Pierson, 1966) #*53Keh7z, HP B TIIRREER (KR - B - BE
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2 RMEE) F 1oL cliEL, KWP ZCiREixficze 7a— F XAKAE FBE+ 1 cm)
TR,

. # R

1. SKELE BRI ZE
1995 48 12 A ~1996 4E 4 A s kEARI%, BARIC X 0 1995 48 12 A 13 Hic#n£miEk, 1996
£ 4810 BiceHEREKE IR E iz, Fig. 2143, 19954 12 § 1 H~1996 45 4 A 29 B 1 B
2 DMEED & PIBETOWMER (VTS MKEE  mas) £RY. SEROKED b EA
K3 AIC & 5 ERMOEEH T (%Y, ZOEBR, BEMORBEOWAKRA LMEC & 5K
DWA, RUZ DDA OPENKRIC KIS N5, BRI, 12 B4 0K#EIC EADOTA
k> TERL, BOHET 6 3 HEAM 12 A 9 B LEIKMAMET L T2, Z0BI,
KFALT & ) —BsR9 7T O BREES & - 72708, WlRFEIC L > C 12 A 9 Hic e habi@Ran, 12 A
11 B CHhRED D 722 & 2Rt GIBTHEEMTIIE 2. LaLl, £ERKLISIZ 1996 5
2B 128F T BHELYEMOXEGDBICHichebLT, KMIX0.9~1.7cm D LERAAT
ETIRA < RBd 5N, U IEEN = LR L TR > Tw 5 2R, oA
eIz I R B MK DRAT B 4%, BMIAYET L C L WA 52w 2 v ) AEREIC S
DI LERT. TNEBELHIE, WARAR LS THEKEOLKE D257,

2 B 12 H~ 3 B 7 HEOBAG LR, RiB BRI WD L OMBAKBASRE EH2 &
n5 (Fig.3). ZoOWMDOMAEIEBRERICE->T3 A28 BIZEKREN, BHH» LAMET D
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Fig.2. Temporal variations of lake level at site KWP and sea level at Kushiro
Bay recorded at 1 h intervals for December 1, 1995— April 30, 1996.
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Fig.3. Meteorology (wind, solar radiation and air temperature) at site HP observed at 1
hr intervals for December 1, 1995— April 30, 1996. Air pressure, precipitation and
depth of snow were measured at the Kushiro Meteorological Observatory. The depth
of snow is that at 9 a.m. every day. The 10-day smoothing for solar radiation and air
temperature is shown by thick solid lines.

Lz, L#L 3 A 30 B LV kA SRS R o 1, BkEA CROMEI BN 2
Ehbh b, 2, 3B30 BICWOEESILEY, 8523 A30H~31 HIRKRWE 22 mm N
WIS - 72 1 BB HIAK = B - T, 3 A 30 BEIE, BIAMA EBEL T, LaL, 489
Hic it ss s s, WA AMICET Lz, 204k 4 A 16 B 4 F 24 BI0W a5
L, BRHAZ SRS IS L ko LR A b, ZnbOBERZAZN 4 A
19HE 4 A 25 BB N, KZIFET L4 (SIEmERmIE, €8, &o#, Fig.3i3 HP &
TELNERRT— 2 % 1B LR, SE - BAE - MEREHIBETRRE TR
Tk, MERIBEEN IBOELRT. 220X THE, BKLCEETSEE:5N05H
$18 - SURICOWT 10 HEBHTHEKCERTRL TV D

2. KEBEOREEL

Fig. 4 i3, MD A& T 72 kiE - EEE (25 C ) - A FERZRE (DO) nrESME AT, 1995
£12A8B7 0774 MIBERKRTTH Y, Fig 2 5 bIKEABRNSA £ £T. BIREE
{ DEMATEE LR AR AT OBED b, AL 72 MK IERER 8 C, HAH 33 % & HIKF
2Nn3. 128 HOEMEIELR(5.2m ®) T3.1S/m Th 1), ZiULES 18.4 %l AH4T 5.
Z N LAENEYIC B TEBEEONEKSY, “ERBEE R (density underflow)” & U CH#EICHEL
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WAL 2z LidfEh&E Vv, Fig. 4 D434 Tld, KES.2m b S K 5.7m) F THES N T
B5F, 2ASH7u7 74 LT T, HMNWICEHELE (KREDOKMIIRL LN TWEWT &
o, MD R TRIDEEROBEE P 05mUTTH- 122 & HR 3 NS, 12 A 8 B TlxFEX
PAZELTHRIC L BIBEVEDPATHY, T0kHEEORARBOKE - BEEX, FhFhIT
1 T—D 1.4~2.0C, 0.52~0.53S/m385 2.72~2.79 %ofHl) 2RY. F/220& 2 DO,
AKE2.8m L VB CERRAE 0.5 mg/l LIF & EEEFKIEICH > 72, DO DEBESHH L, =
BRI KEH2.3mIchNEMER LY 0.6 m EH T, FETIE 14.7~16.4 mg/l TI2IT—HE
THHZ Lbyrb,

1996 421 A 22 HCTIHZEEHKREICH ), 12 A8 HooF L kT2 &, HEAEEIKER2,
9mA»5 1.9mic, DOEE »2.3m» 5 1.1mICFNFRKRES LRLZZ Db B, Zh
131995 4E 12 A 8 H~1996 4E 1 A 22 Ao, WKFAD D N FDRICEEKTEEDH - 120,
Fr2, BEAKRBESEICH ) FDORBICHEHBKFEAS 22 eFE2 o5, Fig.25 613,12 A
9 ~12 HOBKAAE T T 2EBARBE Z0%n 12 H21~26 H, 1A4~5HKU1H
8 ~11 HDWAKFAIC L »C, BEOLAGRZ > T2 NS, 12 A 9 ~12 HOWKMAET
iE, 12 A9 HoMEk I & 2 OAEFRLIER TH 5 ISR, &k, £, 1
H22B0KE3.5m L YVBWEOESE, 12A8HNZFNED 0.8~ 1%<, KiEH 1.1~3.
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Fig. 4. Vertical profiles of water temperature, electric conductivity at 25 °C and
dissolved oxygen obtained at site MD on December 8, 1995, January 22, 1996,
February 14, 1996, March 4, 1996, April 2, 1996 and April 24, 1996.
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SCHIFETLTEBY, CALDEIRETL NV KRE WV, T, BN EES - KRN EKD
BERICHALZZ E2E%RT 5. 12 A 8 HLED DO L &, #ikikiz LB HFBHE R
T 55, THITKRAE DBRFET R KE TOFAMME OMRRIC L 2BEERIEZL LMD

(ALME A T BEEL, RS 5 1988 2 BH). ZOBERIIFEC0.6mLIETK
X<, 28 14 BiICiITERFZEORBIC L > 72, BREL T, &KX 0.8m~ 1 m &z DO &
KRN LRETHRIFEERIRE, THIKEN LA L RHICERRIC - TEBHTHBLEEC
HBZ Ehbb.,

HATAR LR Z RIS, FWORENRECEMMET L2 zokiczE8Z 57,
REHAKLNEENS, 2A 14 BE 3H 4 BOBEE KRBIZIZRAENIHEZTRT. L
L3A28 HicEErRERINTER ko I Y (Fig.2), ot #1T (entrainment)
> T4HA2BESER 1.7TmB) 334802 2.1mB) KHREAL TS, &
72, 4 A2 HIZIEBRO—E2 KR E2ITITLTHKOREIZH > 724, 3 H 30 H~31 B OMBFRHEEH
(MR 22mm) & WOKRIRIC L YV RGHOBEREIL 0.04S/m LEKICE» -7, 3A4H~4
A2 HOHMIZ, BE ME EHEEIRNEIN, KRB0 CEEIIILO LM TH - 2 (Fig.
3ZW). hdrb, HME - - WKoOLHEBMECL 2 HHOEBEMK, RU3A30H~31AM
MEmfmic > C, 4 A2 B33 A4 Bz, AB3.6m &) FETKREN LR L2 LHKTE
n3, 4824 HiC3BIic2TEBIXDIRET, TOHRESMAIIKE - BEE -DORKIC1.6mRSE
T—HT, BUC Lk 2REVBEATH S, L L TFRBEENCEEL, KBESH»rs, B L?
ELIFIEE DR EBIZE VKB I m FTEHBIEI NG, 20 BN DO, KR LOTHIZ LY,
LTHFOKRTN 12 A8 Book#E: TRIEL T\ 2.

Table1i%, A% (kB 4.6m) Tokig, DO, T#EpE (5CHEM) RURKCETLE
SHORERTH 5. DO 4°0.5 mg/1 R KRIBAOFEASGICHIE L, BRItk FEIBE 33~160 mg/
1 DIEZRT A, THUIKBEIETIZ SR T3, KB TIZCIEREI MR 2720, K
DAL % BT 5 AR A 4> L HMT 23T TH 55, 12A8HL1A24HBTIR
WAL TEY), TR TRE TORBRITEIC L 2IbKEDEEN ELATHLI L%
R (FEES, 1992). 4, 12 A8 HOEERIZ 8.9C & HiE T, HMEBITHOBEIERTH Y,
KB4 m THACKFZIBE 160 mg/1 &) BWiEZRL 7z, L2 L, 28 14 HOBERA A > i3k
B3midm TRIBETH), 3A4HICETWICL m THML Twb, ZHUIHRBRETENE
EPEIBENTHWZ ENTETNHZ L E2FIRL, EBE KE4 m O LKEBEIZ, 2A 14 H
DL L T b,

3. KEBEDOKELR

Fig.5i3, HELRKB-WEsF2#HREBL219964F 1228, RUrznub#z2REMLZZ4A2H
I2BiF 5 A, MD, FATo, K- BEE (25CHREMH) - DOSESH % R7. 8L, 4 A
2 HiZ DO 3HlERT, A S owT, FBKIFELD L BROLYD, KEMEITELd -
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Table 1. Physical and chemical properties of lake water at site A, The labels "WT’, ‘DO’ and "EC25’ indicate
water temperature, dissolved oxygen and electric conductivity at 25°C, respectively.

Date Depth(m) WT(C) DO(mg/l) EC25(S/m) Cl-(mg/l) SOi(mg/l) Ca*(mg/l) H,S(mg/l)
December 8, 0 1.8 14.8 0.518 1330 170 69 <0.5
1995 1 2.0 15.4 0.520 1340 170 65 <0.5
2 2.1 15.2 0.522 1390 180 67 <0.5
3 5.4 <0.5 2.25 7730 1000 190 54
4 8.9 <0.5 2.95 9490 980 240 160
January 24, 0 0 9.3 0.406 1000 150 90 <0.5
1996 1 1.3 6.0 0.595 1710 210 83 <0.5
2 3.3 <0.5 1.91 6410 760 190 6.4
3 4.8 <0.5 2.93 8910 1100 190 80
4 5.9 <0.5 3.08 9690 1000 210 83
February 14, 0 —0.6 1.2 0.254 617 100 89 <0.5
1996 1 0.1 9.5 0.520 1440 190 110 <0.5
2 2.1 2.3 1.57 4860 230 190 <0.5
3 4.1 <0.5 2.88 9140 1000 290 33
4 5.8 <0.5 3.06 9470 1000 320 100
March 4, 0 -0.3 1.8 0.236 582 93 74 <0.5
1996 1 0.2 6.8 0.481 1630 160 120 0.5
2 1.9 0.8 1.18 3040 210 230 <0.5
3 3.7 <0.5 2.81 8950 1000 260 39
4 5.5 <0.5 3.05 9580 1200 250 95
April 24, 0 8.5 14.4 0.480 1350 170 78 <0.5
1996 1 8.3 13.3 0.484 1340 180 76 <0.5
2 6.4 1.6 2.04 6270 780 200 <0.5
3 7.3 <0.5 2.84 9000 1500 240 74
4 7.7 <0.5 2.98 9650 1600 250 89

2. 1A 22 BoXKiEsAh 6, FEARICOWTHEM A S0 584 F sicims v, FETKIED
BmLTwasZ &rbh b, ZHRREE LT, HEMENTREDEBAKKAD A &4 5 MD SicE
PoTERBTREI-12 &, F2F 805 A i WEK EOBMERIEL L, [IBET IR
I HEE - HKRDOBRE & #KRP OB (B2 5 OFHED) ICL2BHNLNEATNEZ
ED LT L5 (Table 2), KB, HHEITNOEEWERTEWKDEZ L, A S TRIKREC 20.
S5cm ThHo 7z, HAEIC L 5HBFRNENIZ, 1 ANRTRIIFEEE ~ RO RERIC M ) AWK
& (Fig.3), TRFONEAMICBBL L0 oML -2 e BB EEZ 55, HL, Table2
5, 1022 BOWMBERIBIBRMWARRENE12cm & D2 DS v, 2, #XEwo
BEDy, WEKDERIELNIIzHEEZ S,

1A2Z2 HNOTROEHEIL A STRIEL, KR1.8~3.6m ¥ 2.655/m (55 15.7 %
FH%), MD 5T 2.63S/m, F 5T 2.64S/m Th -7z, TDEE, A BHPEKITAT BN
IS, FRRKTORFEREADESIERLIBNZ EHFREREEZ NS, LrL, BRF A
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Fig.5. Vertical profiles of water temperature, electric conductivity at 25 °C and
dissolved oxygen obtained at sites A, MD and F on January 22, 1996 and at
sites MD and F on April 2, 1996.

Table 2. Thicknesses of snow, snow ice and ice at sites A, MD and F. The snow
ice and ice of April 2, 1996 were relatively soft and fragile.

Date Site Snow (cm) Snowlce (cm) Ice(cm)
January 22, A 8.0 11.5 20.5
1996 MD 8.8 11.0 19.0
F 9.0 12.0—13.5 17.5-19.0
April 2, A - — -
1996 MD 2.0—9.0 16.0
F 0 22.5

NBEEFMD 8L D bTHICEL, ZOREIC DTSN ZAFRHTH S, $£72, DOIZ
EETA &S FEFEZEDS L T b, Ziud, BRINFTEGICHE S DO & L EEPK DS,
MOPASRETITERL, BKICHRAL TVWBEZ EREEEZ 5,

4 H 2 HoXKS#» 5, FED MD~F SMOREZIT 1 A 22 RICHEN3 LIy, F A
TLNEERZ LB, ThiL, ZORBESEY % (2 ) KEEDEWIC L 5 HIHEBDEHNBL
N, FATRETEHKDLOHFIZ L 2ZBEATH o Z L HEZ s (Table2), —
¥, BEERIMAMTIZEAEEG T, KB1.8~3.6 mE¥FH 2.63S/m Th-o72, il
A 22 BLRHEKTEAL 2 <, WO DKPIRAEITL 122 2 % ) »hibi 5.,
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4, KB - HEOHFHEL
Fig.6i3 A, MD, F 5 C185 1721996 -1 F 24 H~ 4 A 2 HEo 1 BRI 7— 212 #0< kil

BeRY %73, A, MD Ao 1.8m BizkHk colEaER(HrIcE L (Fig. 4 21R), KE
T 5 RIBETICL 2BBCHFIC L 2ZHBNETEMBZ EHTE S, 1.8 m BT, #KH
FMzEL A SDKIEIZIZIZEIC MD AL VK6, #ic 1 H29 H~ 3 A 4 Ho#ARIE, 0.4~0.
SCELREREULNEELZEN DB, A S L VKDL, BIREE (x) /NS TEE (k~2.6X
10~*cal/cm-sec- C)»* A & T# { (Table 2), FIBEECHE ) BRFE L BIH L I & BHIN &
DNBATHDRHEEZ B, ER, Zo#ilo MD SokigZE3, Fig 3ioRTRiEn 10 HHE
BEIEY) (RWER) L5~ 7 BENACREBOEREZRL, FUKEIREREICH 2 1IN
5. 3A4HLE A MDRTCERENLAL, RAEOMEETHET 5, 20 MD S0OFE)NE,
10 BB FELHn BHENEE U TE D (Fig.3), 5 ASEDEN» 3 H 4 BURAIL D/
Bz edbdrsd, £, WERENMD SrELWF S 2.3mR) 0EBHE2A5 L, HHHE
DHE\HIASH, 3A18H, 3H28~29 HTRKICEI >Tw5, Liksrsb, 3A48L#%
K ENMEERARIC L > CHSEBI BAICK ) (Fig. 3 0&IE - HERICER), KEEEH*
RBLENLHFICL > THEEIN T3 LHET I NS,

MD & 4.1m#&E & F 5 3.4mBOLEHD S, FEARNTOREIIIIZ—ET, ZOEERIIY
W 0.5C Th B, ZNESE L 72 KIBIREER, BRI T BRI TIC L ) HEAE
BEL L, BLHICHIC L BRDELFILR Y w2 &, FR45RBIDOBRE, BKBEADG Th-72Z &
PEREEZLND,

8

4 MD (4.1 m)

7 F i ‘ﬁ;‘_":r:m_ﬁ

Water Temperature (C C)

| LW S R WU S FE TS e S FE P RS TS U RN N

1721 1/26 1/31 2/5 2/10 2/15 2/20 2/25 3/1 3/6 3/11 3/16 3/21 3/26 3/31 4/5
1996

Fig.6. Time series of water temperature at a depth of 1.8 m at site A, at
depths of 1.8 m and 4.1 m at site MD and at depths of 2.3 m and 3.4 m
at site F for the ice-covered period January 24 to April 2, 1996. The
lines are drawn from the data at 1 hr intervals
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Fig.7. Time series of flow velocity and water temperature at 4.1 m depth
of site MD for a period January 22 to April 2, 1996.

Fig. 713, MD B3 KBH 4.1 m B TH L N1 KFEFER 7 bV & KEBORERY 2 RT, fik
IFRIEEE+0.50cm/s 282 1.2~2.0cm/s TEBIL, 2 DRI~ @A L IT—ETH
%, Ziux, MD S CEEHRIN XK FEFRFH DT E2FH®RL, ZORNIEEI N5 YEBEES
L2 T 5 0END S,

KEHT.2CE ) TFA5 2 B 6 BUME, KEAIZIZ—E LR D, 2SI CRAED b
BANEELLRELRA LT, BB —ERELMEREL Tvw5b, Fig.bn1A2287 0
77 ANERG, A, MD, F&XOBAE ([ pedz: p, 15 - KiBEHI8 L 2WAE : £,
BHMEE ; 2z, KBE)2HETL L, RIKETF<MD<A DBMEHH D, ZOEIHDELTEK
BoORB#HEL T2 25382 505, 2%, BN & L TEER (baroclinic current) #%
Zbhd, HL, ZHgEa, SEABOEEZIIKBI NESICL > THXRBENTHD, F0o,
I THEE RICBEEEORRIIBOLN T L WDREBSTH 55, EELROKIR L DOMIGIL,
KIBZE Y EEEEO—E L LT LT s N, Fig 5 IR TKEFHOKEH DR D DEELE(L
7, TOKFROEB#5IERTEREEL LMD,

Fig. 7 n##EU =1.2~2.0cm/s #Hwo 2 —#H R,=U/AL{f, 3V A VEF . L, H0iE)
REHET 2L, R=0.99~1.65 Tk ", FKEIKE EROMIICIZEHESI2 2 ) A Inic e
BETHE, DF, ZZTR, FEREOKEZr—NHh/hE iz a )+ ) HiEkE T,
T LAEHESPEAR FRE COBBIEN AKEVWZ E#RAINS, L L, U~1.2cm/s(—5E)
E7% 5 2R 6 BLUAIE, R~0.99TH»"N, 2)FVIWRP2EZEETLHLEIMNTC S, 2F), 7
DNZRELT, BEHRESSHICEICENRETHY), Zhica ) A ) hEER - HBHR
HTOBEBENYNT L 2 LT, —~ERBPFRETHZEEZLNS, BL, L¥REFEY HE
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N 2DPRBENE ZAAHTH S, B, 2VAVRTFfIL, f=2Q-sin¢ (2, WIKD
HEEAEE=7.29X10""rad/s ; ¢, FRBDEE=4258.25) 2 5K, #HNEL & LT, M1
(b) 7 4 m FREDFHINE (=122 m) % A7z,

v, & it

ROKBIDBUE R &, BUSH OB 7% Z oRHlic, EREFEKGICH L LLTEL 12k
FHE ) DKFHRAD ), ZOEBEFIERITHE L TRIE - BREORREFMAITKEFL 12KE
E@Hy EToN%, 22T, 24 REUTOERMEBOX G 5 2 0ERBEREHL2ICT 5,
Iz, ZONRL ZEEMERM B OKEBIZ OWTHREST, JREEL - KR - BEOBR
7 —Fizxt L FFT BRic & 3 227 F VBT 2 4T - 7. Z oA, B4 88 0 KBELRIE
KA N2 199642 A 18 H 8 100~ 2 H 28 H 23: 00 i, FL < ASFEBIcKEEI N
1996 463 52 H 8:00~3 A 12 H 23 : 00 D#HAMI & L 72 (Fig. 6).

Fig. 813, Fig. 3nAREH (HHE - Kik) & Fig 6 BB HEDKIBRRFIZDOWT,
AT PR EAT - 2RER AT, ABL, BHER, 1 BEEEEM]/m?) 07— % Avi,
Hik 2 DDA DWW, ik - HEEIRCHEL AN, ANz E0ET— FTEH)
LTwaZ edbhrsd, ik, KEicOWTR, FA2.3mBETRESHMIVNE  EELLEHE
WirBNn v (Fig. 6 ), MD & 1.8mBKEIZ 2 >OBIc DWW THEL 5 BEE 24T
5. KB LD RIBICKER S 1172 19964 2 A 18 H 8 1 00~ 2 H 28 H 23 : 00 DA Tid, MD &
1.8 m BOKBRIZAIBOLEIINK S v 18 B, 13RI & v S B ORI CEBT 2. L
LINSDE—73RNEETLL, T Eh b, @k LicHEND s, EFERNIE
EixAiRo 24 BEUTORRMES L) L REHOZEBNC R I NG Z EZ L5NE, Th
12, Fig. 6 ® MD /& 1.8 m D/KIBZE&A, 5~ 7 BENTHIED 10 HEBEFH BT 22 &
EFRT, BMEE L BADOF TS 2 BVRABROKRE Bb s, 0, BEEBOHEN
H5H1996%E3H2H8 100~ 3 H 12 H23: 00 DHAMI T, FARIZ BTGl 22 HER, 3
AEMEEE— FOHBLESH 27T, Z0d b, Fig.6 TALNLEBARN L S IC, HiHE
BRI COKBEB 2 RD DL L by b,

A B 1.8mBEDKBIZKBHOKE,SEC, 199642 A 18 H 8 100~ 2 A 28 H 23 : 00 A
Rl —EMERL AR FNREHETEL D - 72 (Fig.6). 72199643 A2 H8:00~3 A 12
H23: 00 nMMLAELAMIZED SN T,

Fig. 913, Fig. 8 tAROMMICEET 2, WKEHNOF & 3.4mBOKE, RUMD #£4.1m
BOKIE - FEICTEA7 Ly, RiB- BHBOLOEIICRT, 1996F2 A 18 H 8 ¢
00~ 2 A 28 H 23: 00 DHAMI T, Kilk-FWEZAR7 b, L LICHHR - RBD 128/, 6
| RSREIESNCHE L 2 SN R by Ak 21 KRR, 8.3 B, 7.5 BRI XMk E 0 I 25l
LT3, ZofEOFED SR, 21 85H, 16 WM, 1288, 7582 2T, 2hbix
MD, F SOKBOEBBMICET 2, 2L 0, BEH»H ) [RIBETIC L 2 BB A LRI,
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Fig. 8. Power spectra of air temperature (°C) and solar radiation
(MJ/m?) at HP, and water temperature (‘C) at sites A (1.8 m
depth), MD (1.8 m depth) and F (2.3 m depth) recorded for (a) 8:
00 February 18—23: 00 February 28, 1996 and (b) 8 : 00 March 2—
23:00 March 12, 1996. The numerical values with arrows indi-
cate periods in hours of spectral peaks. The spectra were
calculated by the FFT (Fast Fourier Transform) method.

FeK BB D E AR BB & > CHEINB Z D bh B, T2, 22T MD #ik
B> s AR A 21 BERE, 12 KRR, 8.3 BEREIE, Fig. 8 TORA 1.8 m BKIE) 18 BRI, 13 KR,
B.3BRICHIGL, 22 ki3, SR X BIEEIC & B KIEERIDFEKEIC KA TV B I & & RE
T 5B, ZOBBIEE, Fig.50 18 22 BB 5, MERICHIEL TKELSm & ) B
DKEH 3 A THRELZZ e L LHME NS, 1996F3 H 2 H8:00~3 A 12 H 23: 00 D
i (Fig. 9b) T, MD S 4.1mBOWHHE - KIEIZ 7.5 BB O SB B B-Oh%, 24 B - 12 K
WAEABLZE—72370F, INL0ERANEERICREHNERICL 2E8E I W bbb, L
2L, FEOSEERT.5 ML, 2 00KEZNI FACRH LN, Z0HBEL, KENME
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Fig.9. Power spectra of air temperature ("C) and solar radiation
(MJ/m?) at HP, and flow speed (cm/s) and water temperature (°
C) at site MD (4.1 m depth) and water temperature ("C) at site F
(3.4 m depth) measured for (a) 8:00 February 18—23: 00 Febru-
ary 28, 1996 and (b) 8:00 March 2—23: 00 March 12, 1996.

DI RHIEB G L 2 REEB 2 H B L ERT
V. #&

!

LTI, FREIC B 2 B COREHERRBORBEICOWT, RCFERNEE)
CEEL, 2O SBEBELrCT22 e 2EME L. 22TR, KD EDHREND,
(1) EBAEIAWAAKEL & 0 BV AuIRE I, ¥k BB B EEDE (density underflow) & L THIICHEAT 5

75, WD b DEEKEHESE L WROKII TR, KEE0BE e RIBARIIC &>, WAD
EBEIC S SERELREN LRI B, 277, MHTOHFHAES N, KEIRIC—E
ADHAL T ORBADFBAIZ 53 & v I HKEHRC. NS, HKSEREOBKEE
FR S FENLAFOHEAE b2 b7
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(2) #K ENFEBRICHIG L 2 WBSIRDBWIZ LY, EHAXORERCKIBDSRE S A2 EHH
ICRESCRL B,

(3) HAWRIHITIE, BFICHTETAREFIEHEEINH Y, ZnzH#0 LBOKIEESIL,
HE & D D RIBEBICAIG L 28T - BOKNOBMEY & #k OBIEEIC & 2 Biigic 2 A
ANz, Larl, #KHBHCIESOMBICL > THkE2EBT 2 502, Znrt
BoXKIBER % XET 5.

4) FBBREDFEKEHREE KR 4.1m) T1.2~2.0cm/s DEEE ) DFEA»BRRE N, 20
REIOBE I35 O BMAmIcED(ENBERTH ), HLEBER (baroclinic current)
EEZLNSL, HU~12cm/s (—5%) %22 A6 8L, EAREICIYL Y HheE
EH - ERETOEBHE)EV—EREIEL-> T3 EHMEN S,

(5) WMEMEHEL X ¢ 2 HAYT, Kifk - MEDFERFT— 2 2 EH LB, Hdhek
B DERBIFREFA, ZoRR, FKENOREDERHESNIIAKIBEENICHIEL,
I, ROKEARTHAOBMEE & SEEUC & 2283, SRR 21 Refd, 16 MRRE, 12 BRRY,
7.5 BEMEROEE X L CHENCEN, INHTEKBRENEENIC L HN TV S 2 & HHEE
L7z,

@Bz D Wi, FRUMOBELEIIKEL VIESFIEKTFT 2726, FEKE THH S i fiH)
DHEEE L KIBEDAD LW LICT S Z LT3R H 5, 41413, BEEOEKRE 2 ML
THRED Z HBR 24T, HE - BIKOEIRLEER VKR - BHE - DO S I > TRIES %
BR§T I LOBETH B, 72, DONEEL WAV ERBEETR L L THRAZKED L ) @R CE
MRERIBIC L 20, WAMEKEEBKSLEH & OMAEEHZ2EBIICHLPICT HULEF D S,

BB FAZICEL, BEa YAy MRASHDF 2 » 5 —Fu b T®/E 2 THW 72, B8]
L U BT, RHRAtcEIL, IMEBMIIRO L2 TH ATV, BHEL 7.
F72, 7T ZEERRBEGEICH 1Y) GBEEREKRFEER AR - SN TR KIC S HTE
2. #ALEL BT EY.
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