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Inter-annual variation of heat budget through the sea surface in Otsuchi Bay.

Ayako ANBO™', Hideki NAGASHIMA !, Masao NEMOTO ", Kunio KUTSUWADA " and
Hirotaka OTOBE*?

Abstract : We investigated inter-annual variation of heat budget through the sea surface of
Otsuchi Bay by using weather and sea condition data supplied by International Coastal Re-
search Center, the University of Tokyo and neighborhood meteorological stations, the Japan
meteorological agency. The results show a clear difference in heat budget between the 80" and
90’. This difference is attributed to differences in both downward shortwave radiation and wind

speed in Tohoku area.
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Fig. 1. Coastal and Bottom topography in Otsuchi
Bay. Numerals attached to lines denote depth in
meter. ¥t © Sea-condition and weather monitor
station. A : Otsuchi river, B : Kotsuchi river and
C . Unosumai river.
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Fig. 2. Meteorological data used in this study col-
lected by local meteorological stations at 6 cities
in Tohoku area.
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Table 1. Ttems for calculating equations of (2)—(4).
Symbol Content Value/Unit
Qsd Downward shortwave radiation W/m*
Qld Downward longwave radiation W/m®
Qsu Upward shortwave radiation W/m?
Qlu Upward longwave radiation W,/m?
o' Air density 1.15-1.33 kgm *
I3 Emissivity at the sea surface 0.9
r Albedo at the sea surface 0.06
L Latent heat of evaporation 2.43-2.52 Jkg™*
qw Saturated specific humidity at Tw
qa Specific humidity
T. Sea surface temperature C
T, Air temperature C
g Stefan-Boltzmann constant 5.673x10 *Wm *K™*
Cr Specific heat of air 1002.8
Cs, C.°° Bulk transfer coefficients

*! pis computed by using ChroTiéTogical Scientific Table (1979).
*? L is computed by using Meteorological handbook (1979).

*3 Cs, Cy is computed by using Kondo (1975).
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Fig. 3. Time series of heat fluxes; a) monthly mean of @r, b) monthly mean of Qe, ¢) monthly mean of @h, d)
monthly mean of @n and e) 12-month moving average of @n. Two solid lines indicate the average from 1980

to 1986 and from 1991 to 1997.
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Table 2.~ @n, Qr, Qe and Qh averaged over 20years between 1980 and 1999.
@n Qr Qe @h
20-year average”' —15.3 53.1 —46.7 —216
80's** —49 54.0 —39.3 —19.6
90’s™? —25.6 52.1 —54.1 ~23.6
Difference between 90’s and 80’s 207 -1.9 —14.8 —4.0
Unit: W/m?
! between 1980 and 1999.
** between 1980 and 1986.
*? between 1991 and 1997.
Table 3. Monthly average of @r, Qe and @h in 80’ s and 90’ s, and their difference.
Qr
Jan. Feb. Mar.  Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
©80s 353 —16 490 97.2 1257 1287 1263 1257 700 225 —208 —39.0
90's —32.7 1.9 45.3 97.3 120.6  121.2  133.7 113.2 60.5 243 —18.1 —422
90’s-80’s 26 35 —37 0.1 —52 —75 74 —125 95 18 = 27 32
Qe
Jan. Feb. Mar.  Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
80’s -840 —-605 331 -—-74 31 26 0.7 -05 —332 -—707 —888 —885
90’s  —109.0 -85.2 —5H38 234 —66 —23 1.4 —104 —470 —80.2 —112.0 —120.8
90’s-80’s —25.0 —24.7 —20.7 —160 —36 0.3 0.7 -99 —-138 —96 —23.2 —323
Qh
Jan. Feb. Mar.  Apr. May Jun Jul. Aug. Sep. Oct Nov Dec.
80’s —60.8 —43.7 —13.5 2.8 3.1 1.7 1.8 2.6 —-7.2 —250 —429 —54.6
90’s -69.9 —51.9 —22.0 2.2 6.4 4.1 4.2 14 —101 —269 —50.0 —706
90s-80s —92 —82 —85 —07 3.2 24 24 —-1.2 —-29 —-19 71 —161

 UnitW/m®
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Fig. 4. Seasonal variation of downward shortwave

radiation (a) and wind speed (b), observed in
80’s (circle) and 90’s (square).
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Table 4. Difference of monthly mean of downward shortwave radiation and wind speed between 90’s and 80’s.

Downward shortwave radiation

| Aomorij Miyako Sendai Onahama | Sakata Akita Otsuchi
Jan. | 72 | -39 —47 —6.4 —41 —038 —3.0
Feb. | —72 | 09 05 2.1 —24 | —02 11
Mar. -5 =33 8.3 ) L2 0.3 -2.1
Apr. —6.3 12.4 14.9 11.7 1.2 3.9 6.2
May —22 | —ar —19.1 —14.6 75 | 11.6 4.0
Jun. -6 | -85 —12.8 —4.1 ~72 | —89 —10.1
Jul. 4.2 8.6 74 ~5.0 -13 —0.6 7.1
Aug. 11 L 96 | —26 —36 -18 | —68 —47
Sep. 63 [ -6 | 78 2.7 —28 | 2.6 9.8
Oct -52 | 80 100 -5l 48 | 6.8 -35
Nov. -08 27 —07 | 18 | 3.9 40 | 2.3
_Dee. | -l2 04 | =59 | =32 09 | 31 07
Unit:W/m?*
Wind speed
Aomori Miyako Sendai l Onahama } Sakata Akita J‘ Otsuchi
Jan. 0.7 0.8 0.8 01 | —03 —04 0.6
Feb. 0.9 1.0 0.9 ‘ 0.2 | 0.3 0.2 | 0.1
Mar. 0| 0.5 04 | 0.2 | 0.5 0.3 | 0.2
Apr. L1 0.7 0.8 0.2 0.7 0.6 0.2
May 06 0.7 | 0.6 0.2 0.5 0.4 0.3
Jun. 0.8 | 0.4 | 0.4 ‘ 0.1 0.6 0.4 0.4
Jul. | 09 | 0.4 0.3 0.0 0.9 0.6 0.3
Aug. | 0.7 0.4 | 0.2 | —o1 0.8 0.6 0.4
Sep. 0.8 ! 04 | 0.4 | 0.2 0.8 0.7 0.4
Oct. \ 0.6 | 04 01 | 0.0 0.1 0.1 0.8
Nov. | 09 0.7 04 | 0.2 0.3 0.3 0.7
Dec. ‘ 0.9 | 03 | 03 | 0.0 0.3 0.4 0.5
Unit:m/s
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Fig. 6. Comparison of monthly wind speed averaged over a period between 1980 and 1986 (circle) with those be-

tween 1991 and 1997 (square) at 6 cities.
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