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Heat Balance in the Estuarine Region*

Toshiki Naxamura** and Masahiro KAJiHARA®*

Abstract

A study is descrived which attempts to obtain information about the temp-
erature fluctuations in the estuarine region from the viewpoint of the heat balance.

Vertical temperature profiles in the sea, the temperature in the river water,
the river discharge, solar radiation and other meteorological factors were measured
on May 24, July 12, October 6~ 7 in 1973 and March 7~ 8 in 1974, in the sea off
the mouth of the Yurappu River in Hokkaido.

On the basis of the experimental results, we discussed the role played by
the heat exchange at the sea surface, by the heat transfer due to the river discharge
and by the heat transfer due to the water' movement in the sea, in influencing
the temperature in the defined space off the river mouth.

The results obtained are summarized as follows:

1) Only in the surface region close to the river mouth, the temperature
fluctuations in seawater or the relative changes of the heat capacity in the water
column agreed with the temperature fluctuations in the river water.

2) However, when we treated the temperature fluctuations as in the defined
space, the influence of the river discharge as a heat source was very small.

3) In May and July, the increasing and decreasing of temperature arose from
the mass transport, which was accompanied by the land ward-wind and the
seaward-wind.

4) 1In October, though the large amounts of negative heat were supplied by
the river discharge, this fluxed to the outside of the defined space without the
vertical mixing which might influence to the water temperature. The temperature
in the sea in the defined space was cooling gradually because of the heat exchange
at the sea surface. ,

5) From the results obtained in March, no remarkable conclusion was found.
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Fig. 1. Location of Yurappu River at Yakumo and contours near the river mouth.
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Fig. 3-1. Vertical temperature profiles measured at given times.
(A): May 24, (B): July 12
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Fig. 3-2. Vertical temperature profiles measured at given times.
(C): October 6~7, (D): March 7~8
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Fig. 4-1. Relative changes of heat capacity in the water column at intervals of 50 em.
(A): May 24, (B): July 12
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Relative changes of heat capacity in the water column at intervals of 50 cm.
(C): October 6~7, (D): March 7~8

Fig. 4-2.
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Os=RQ, (5)
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E = Ku(ey—e,)
R = 0.66(8,,—04)/ (e —a)

Th b, LBHREBMIZTANT g-cal/cm? min TH %, FRAFORETHKREFET 5,

s = BHEHEKOBSOHE (=0,9) Te = KURDKXRE 8w = HEEKIR (°C)
o = Stefan-Bolzman £ (0,826 X10710) ¢, = WHEANKELE (mb) 6, = &R (°C)
K’ = #Ew X 55 (0.69)» ee = KREKE (mb) C =Z5 (0.0~1,0)
E =7#&%E (cm/day) p = VKEE (=1.02) R = Bowen }t
L = 73D (=585cal/g) K = ZRHEH (=0,014) u = B (m/sec)
Uttt CHEZEL TOERDBHE Que 12,
Qnet = Qi —(Qp+Qc+ Q) (6)
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Fig. 5-1. Accumulated net-heat input and temperature in the river water.
(A): May 24, (B): July 12
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Fig. 5-2. Accumulated net-heat input and temperature in the river water.
(C): October 7, (D): March 7
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Table 1. Values of ¢, S and V in each sampling time.

q S v
Date (cm?/sec X 10%) (em? X 10°) (em? X 1019)
MAY 24 11.3 8.97 472.0
JULY 12 3.5 4.15 130.3
OCT. 6-7 19.0 464 189.8
MAR. 7-8 10.4 5.30 254.4
tn-1 nt tnd-1
Qs= ZAQstr Qn= > AQ"l, Qr = ZAQrt

t=ty, =ty =ty

TH BN, EREOEHITH - Tik Qs, Qr OEHERICIT IR KBOWERMERY, Q» Ki3X
B, BEELO0XGEAORBERLAVTWS, ¥ SHIVV 2 AREHHCHRE L AESD
T, ARLLRLEROWE R ELELXE, M2iE 1973 £5 A CIBESES 8,12,9,6,7,4 %
AR TRES N BEBERS LA TH 2, B1CRHECH VW q, S,V OfdRLI. ¥
B2 TR ThOFEERLABUMNTEDLLILOT, # v a3 TRLULETIT & 0RO FHKER
DOWBICHREL 1L DTH 5,

¥F5H, THORBREAERL T4%, COREHEBEOBRED 5V IXKBCEL2BERE LTIt R
Tish L KREI S s 5 MEA B 28 L COBZTHLMIKC X 53R LB L T B S e
BEERE G, TARBRENCRENO =~ 5 » FJIFNUKOEEN M ORI OABEIhT
WAHZ EERRL T3, FL CHERBERED S VA, FHO R OHn, £#D R DN i
e TROCHBPAENBEDOEE & — B U EHR YRS L3N TH D, WIETLEL, &
DREMWEATORERSIHAEHCRMLFLS L VD, BEBOEBEY ORI L7-6L T
2 EE O BN KPR KRN e 5 BETH 5. b LEIYW RN KB OHREEE)HOD
FRHC KPR B EEE 2 E e 5 LT A LIERBEERO—~2ORR L85, BWRENE 5 A,
7 ROBBER) L OISR E -, T EERYC X 38 KOWYRHMOBAD & ZofERTIrE
2, T CRERMMS A, TALLECH, FE, FHRTEOEMEYRLTWAI LRERL,
B & DR HRDTHIDOHNK 6 (A). B) THDH, ERCE + @R BZT5EARG DR
#H, TRALBTLEAER M-9, J-6 O REH 2V -REBKR, kLRI CEHIREEOKESY
AUTc, BUAE 5 FiididiE 13 B 30 4, 7 At 11 g b 3 AN SERCKEL TV 5,
ZORENDS 1REAR L 2RI EBR T M-9, -6 DRBARIEBCBTT 5, BRetED
P AROE T KBRAECEBMRES D bV o, FOBRESRANI-2 H L uvl, AES
M-9, J-6 DKIRET L iiFAREL RV LRRLRLRROKBHMC IV THAH 5, 0Ok 5IEE
WROKBREB»BREECRIAETH2 26, EHOKES 5 IIBEEHHFREC L »TF
RIXhTWBZ Edbhd, ThbbFihOEB L BRI E I bREEA L KBRS EK
TR EFELH, FROBAIIMCHENERARBAEZIEEANLTH I, FOoEBHE LT
ERD®R KNI OREMWEAMAL, KBETFTELAEOLELDEELLRS,

10 AR SWTR 2 DHBEHEREYZTERD EQs, Qu, Qr HNADHE, 2F VBHREORWIE RL TS
DKL, ROXEDEERL, TOKREEZIL Qr FLU R A Qs, Qu KHBL TH I F—HAZ
fHEZRLTCWB, ¥45 8, 7TARAZBRS X 5B, 55BN ETv. BT
B EORGERLI LD TH S0, KRABRRNERLUKRIR4CEL L TH L @EAEY RL TW
%o ZOBRIRBORKBHE~FTHL, HEMNBICEBKABEAEL TWBEEXTL, ks
DREFR AR AHL T ERRD B2 EAFL T35, tkQy, RAFEBICKE LEYR
LARRR EL U CIKRCL2EDTHS 5, T DIKEI EEAEIC T # 5°~10°C
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Fig. 6-1. Fluctuations of wind speed normal to the shore line and of the temperature at
indicated stations.

(A): May 24, (B): July 12
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Fig. 6-2. Fluctuations of wind speed normal to the shore line and of the temperature at
indicated station measured on October 6~ 7.
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Table 2. Heat budget in the defined space off the river mouth.

MAY 24
Time Qs Qn Q; R
0830-1280 +585 +84 +18 +483
(+1.94) (+0.18) (+0.04) (+1.02)
1230-1630 —670 +83 +98 —846
(—1.42) (+0.17) (+0.20) (-1.79)
JULY 12
Time Qs Qx Qr R
0730-1100 +188 +34 0 +154
(+1.44) (+0.26) (0) (+1.18)
1100-1500 —208 +45 +11 —264
(—1.60) (+0.34) (40.09) (—2.03)
1500-1800 —60 +13 +39 -111
(—0.46) (+0.09) (40.30) (—0.85)
OCT. 6-7
Time Qs Q, Q; R
1230-0830 —104 —185 —1082 +1113
(—0.55) (-0.71) (—5.70) (+5.86)
0830-1430 —101 —23 —359 +281
(—0.53) (-0.12) (—1.89) (+1.48)
MAR. 7-8
Time Qs Qn Q, R
1140-1720 +163 +95 +44 +94
(4+0.64) (+0.10) (+0.17) (+0.37)
1720-0750 —181 -117 —4 —10
: {—0.75) (—0.46) (—0.02) (-0.97)
0750-1100 +25 +16 -7 +36
(+0.10) (40.06) (—0.10) (+0.14)

BEuvikd, HEELTIZS ADRIER L XBEELLEVORLILLT Q, X FEIAELAD
BHHR LTt 5 T B, ZOTJIIKER 3(C) DXBOSREDT L L bl 5, FELTWA
REWROMA T, PERBOKBLYIRERZT LW TERBEYHE~LEH TS, LT, &
DRI TEIF>THBEFALDE LT, §HHEE R EMJIIKC SGELURCIED B8t &7 - T Hb
hicbDThs,

K23 ADRERICSDVWTEEL TAhRB, COWUERNIZEERNKEL, 7THOEMOEMESR
BETE X - TIIIEBIEKL, 8 BFNITIIMKT A L Bs Tk, Dk Q iLHIEE
BAETRADHEB LR >TVE, —F, 7THFHRD Qy DEREKDOBENSE D B L Ichotci:
», A X 2PIIKRDO LR X - TEDQERRL TWb, 2B A TERO BN X RECA,
BRIZIEDEY & - T 54, FBEROHECHENLXEIRADLAT, FLRALORELHAS
TSV,
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