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Seasonal variation of solar radiation and underwater irradiance
in the Seto Inland Sea

Takuo Enpo, Osamu Matsupa and Hiromichi IMABAYAsSHI

Faculty of Applied Biological Science, Hiroshima University, Fukuyama
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Fig. 1. Block diagram of measuring system of solar radiation.
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Solarimeter to measure the reflected
short-wave radiation from the sea
Solarimeter to measure the transmitted
short-wave radiation into the sex
Fig. 3. Raft for measuring the reflected short-
wave radiation from the sea and the
transmitted short-wave radiation into
the sea at Sensui Island.
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Table 1. Monthly variation in daily amount means (MJ-m™) of solar radiation
components at Sensui Island in 1980--1983
Apr. May | June | July | Auvg. | Sept. | Oct. Nov. | Dec, Jan, Feb. Mar.
1980.4~1981.3}1349 14,82 (1277 {11.98 | 1016 | 11.97 | 9.02| 7.82 | 6.38 | 7.68 7951 991
1981.4-1982.3|13.06 | 1591 | ~ 17.48 1152011187 | 983 7.23 | 7.06 | 7.21 863} 11.34
1982.4-1983.3| 14.54 | 17.07 | 16,58 |(16.58){(15.92) 10.63 |11.14 | 7.06 | 9.05 |(7.41)|10.18| 962
Mean 13.70 11593 | 1658 | 17.03 | 15.56 { 11,49 1 1000 | 7.37 | 7.50 | 7.43 8.92| 10.29
Q-RAD
1980.4-1981.3|( 5.92) 865| 4.84] 518 384} 673 | 542 | 465 | 348 | 454 349 5138
1981.4-19823| 825 9.30 - 979 801| 601 596 391 | 402 | 406 | 422| 640
1982.4-1983.3] 866 9.09| 815 |( 882)(893) 391 | 667 | 406 | 465 [(369) 547| 4.00
S—RAD
1980.4-1981.31( 707 618 7.93| 679 632 525| 360] 317 | 290 | 314 | 446 477
1981.4-19823| 558 670 - 770 679 587 | 388 333 | 299 | 315 4,40 523
1082.4-19833 629 | 794 | 844 |(825)(7.02) 609 460| 3.94 | 440 |(373)] 472| 562
PARQS
1980.4-1981.3| 589 | 653 | 605 572 502| 555| 412 347 | 286 | 342 | 361| 4589
1981.4~19823| 560 | 6.90 - 829 7.33| 555| 446 330 | 318 | 334 403 | 572
1982.4-1983.3| 574 7.91| 7.81 |(7.83)( 7.35) 497 483 3.08 | 3.74 |(3.04)| 453 4.06
Mean 5741 711 7.81| 806 7.34| 536| 447 | 328 | 3.26 | 3.27 4,06 | 489
{(Note) Q+S ; total short-wave radiation
Q-RAD ; direct short-wave radiation
S-RAD ; diffused short-wave radiation
PARQS ; photosynthetically active radiation
( ) ; lacks of measurement for 5 — 14 days
* ;  mean excluded June — August, 1980, respectively
WS & IR BB L, b, 4 b o 1980.4 - 1981.3
57 RIEMETHAL, ARTAOTER T3 e ot - oz
MJ.m~2 ( 17lcal.cm™? ) TdH »fce TDHITIR X 1932.4 - 1983.3
BLT, 2RKEB/ANERY, 33M]. m™2(177 @
cal.cm™2) CH b, fids, REMIHE &Rk i °o . ° ° 9
19804F 6 ~ 8 B DA 34EH - 7o wh © x4 g
- - 4 4o R . X — —3 NIV R
CNEDSLEBOME, WISOMBHAREE | s—a---tTH 0N o84
(B HITHARDIM]. m-2)& kg5, LT L
DEIRPPHEI 0, L
KEHE GO B Rsd Bk L
( PARQS,/(Q-+S) )%, Fig. 8lktadLHic, S ST T N ST NS S
A ®m ¢ 3 A S O N D J F M

4 ~E0% DFIICH D, SEOBRTEIZ46% L7 -
foo TOMEEIZBIEEE (478£48% ) &I3IERE
BETh 5,

Month

Fig. 7. Monthly change in ratio of the diffused
short-wave radiation to the total short-
wave radiation at Sensui Island.
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Fig. 9. Diurnal change in ratio of the reflected

short-wave radiation from the sea to
the total short-wave radiation, observ-
ed in clear skies at Sensui Island.
Broken line is based on the reflection
coefficient of Jerlov (1968 ).
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RITUHHR (Q+S ) 1. 42MJ/ "/ 30min 100 %
AEZAHE (R) - 0.03MJ/m)/30min _ 21%
sk~ OFE Ad 1. 39 MJ/ m?>” 30 min 100 %
AKEPESHR (1) 0. 38 MJ,”'m®/ 30 min 27 %
(1/(Q+S) = 27 %)

Table 2. Monthly variation in daily amount (MI-m™) of solar radiation components
at Sensui Island in 1980--1983

Month| Date | Q+S| Q |Q+s] s [ro+sparas/big| R RIS 1 |1/@+s) ypar
(1980
5 | 20 [18.01 | 863]0479 | 9.38 |0.521| 8.35|0.464 | 1.57 |0.087 | 4.19 | 0.233 | 0.499
7 | 15 |1882|10.78 | 0.573 | 8.04 | 0.427| 8.66|0.460 | 0.96 |0.051 | 3.99 | 0.212 | 0.461
16 |13.93 | 8.36 | 0.600| 5.57 | 0.400 | 6.53|0.499 | 0.56 |0.040 | 3.77 | 0.270 | 0.542
8 | 8 | 424 040032 411 |0968| 2.45|0.577 | 0.42 |00 | 135 | 0.319 | 0.553
9 |25-26| 3.85 | 0.00|0.000 | 385 | 1.000| 2.06 | 0.536 | 0.36 |0.003 | 1.07 | 0.279 | 0.521
10 |28-29| 12,15 | 8.65|0.711| 351 | 0.289 | 4.89|0.402 | 0.75 |0.062 | 3.17 | 0.261 | 0.648
11 |28-20| 5.36 | 3.12|0582 | 2.24 | 0.418 | 2.49 | 0.460 | 0.44 |0.083 | 1.48 | 0.276 | 0.509
12 [17-19| 810 | 536|0.662| 2.74 | 0.338 | 3.50 |0.432 | 0.74 [0.091 | 2.10 | 0.259 | 0.601
(1981)
2 | 9-10| 670 | 2.56|0.382 | 4.15 | 0.618 | 2.90 | 0.433 | 0.50 |0.075 | 2.05 | 0306 | 0.708
3 [13-14] 4.89 | 0.34]0.070| 454 | 0.930 | 2.44|0.500 | 0.35 |[0.074 | 1.52 | 0.311 | 0.623
5 | 7-8 |21.86 | 16.70'| 0.764 | 5.16 | 0.236 | 9.88 | 0452 | 1.06 | 0.048 | 7.10 | 0.325 | 0.719
8-9 |20.20 | 12.99 | 0.643 | 7.21 | 0357 | 9.16 | 0.453 | 0.98 |0.049 | 6.19 | 0.306 | 0.676
7 | 2 |1875|10.71 | 0.571 | 804 | 0.429 | .87 |0.473 | 0.76 |0.041 | 6.12 | 0.326 | 0.690
30 |19.57 | 13.85 | 0.708 | 572 | 0.202 | 9.03 | 0.461 | 0.70 |0.036 | 6.75 | 0.345 | 0.748
81 |11.10 | 3240292 | 7.85 |0.708 | 5.73 | 0.516 | 0.54 |0.049 | 3.50 | 0.315 | 0.611
8 | 1 |20.12|13.83|0687| 629 |0.313 | 9.60|0.477 | 0.76 |0.038 | 5.96 | 0.296 | 0.621
2 |22.26 | 18.91 | 0.850 | 335 | 0.150 | 10.52 | 0.473 | 0.90 |0.040 | 5.44 | 0.244 | 0.517
9 |24-25| 4.38 | 0.02 | 0.005 | 436 |0.995 | 2.23| 0509 | 0.9 |0.043 | 1.02 | 0.233 | 0.457
10 | 2 |1034 | 6620640 3.72 [0.360 | 4.84|0.468 | 0.46 |0.044 | 3.14 | 0.304 | 0.649
29 | 677 | 270 | 0.399 | 407 |0.601 | 3.05|0.451 | 0.36 [0.053 | 2.19 | 0.323 | 0.718
12 | 8 | 571 | 307|058 2.64 |0.462 | 2.67|0.468 | 0.28 |0.049 | 1.36 | 0.238 | 0.509
9 | 7.00 | 411 |0587 | 2.89 |0.413 | 3.20 | 0.457 | 0.48 |0.069 | 1.63 | 0.233 | 0.509
( 1982)
2 | 8 | 7.56| 2.87|0.380 | 4.69 |0.620 | 3.45| 0.456 | 0.45 |0.060 | 2.16 | 0.286 | 0.626
9 |11:88 | 7.16 [0.603 | 4.72 |0.397 | 5.17 | 0.435 | 0.73 | 0.061 | 3.31 | 0.279 | 0.64D
4 |18-19|17.21 | 9.91 0576 | 7.30 | 0.424 | 8.10 | 0.476 | 0.92 | 0.053 | 4.23 | 0.246 | 0.516
7 | 22 |17.44 | 837|0.480| 0.07 |0.520 | 8.66|0.97 | 0.80 |0.046 | 4.38 | 0.251 | 0.506
10 | 7-8 |11.52 | 886 |0.769 | 2.66 |0.231 | 4.88 | 0.424 | 0.33 |0.029 | 1.17 | 0.102 | 0.240
10 |27-28| 10.62 | 6.78 | 0.638 | 3.84 |0.362 | 4.33|0.408 | 0.31 [0.020 | 1.30 | 0.122 | 0.300
11 1 30 li225 | 768106271 457 L0373 5501 0.449 1 101 lo.082 | 213 [ 0174 | 0.387

(Note) Q+S ; totalshort-wave radiation

Q ;s direct short-wave radiation
S ;  diffused short-wave radiation

PARQS ; photosynthetically active radiation (PAR) in Q+S
R ;. reflected short-wave radiation from the sea

1 ; transmitted short-wave radiation into the sea
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Fig. 10. Diurnal change in the solar radiation components
at Sensui Island on August 2, 1981, Q+S; total
short-wave radiation, S;diffused short-wave radiation,
PARQS; photosynthetically active radiation, R;
reflected short-wave radiation from the sea, I;
transmitted short-wave radiation into the sea.
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SUMMARY

The recent rapid eutrophication of the coastal seas of Japan has had a remarkable
effect on the turbidity and transparency of the sea water, hence on the attenuation of
underwater irradiance, which in turn influences the phytoplankton communities and
primary productivity of the area.

The present study deals with the continuous three years observation of the total
short-wave radiation, direct short-wave radiation, diffused short-wave radiation and
photosynthetically active radiation of the Seto Inland Sea. Along with these obseérvations,
reflected short-wave radiation from the sea and transmitted short-wave radiation into the
sea were determined. The availability of solar radiation for primary production, vertical
distribution of spectral irradiance and attenuation coefficient were also discussed in
relation to the optical water type of the region.

1. A typical seasonal variation in the monthly mean daily solar radiation (total short-
wave radiation) was observed, with a maximal value of 17.0 MJ-m™® in July and minimal
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values of 7.4 to 7.5 MI'm™ through November to January.

2. Seasonal variation of direct short-wave radiation was nearly identical to that of total
short-wave radiation, with 9.3 MJ'm™ at maximum and 4.IMJ-m™® at minimum.
Diffused short-wave radiation increased in June and decreased in January. The ratio of
diffused short-wave radiation to total short-wave radiation ranged from 39% to 62% with
an average of 49%.

3. Seasonal variation of photosynthetically active radiation was very similar to that of
direct short-wave radiation, with values of 7.3 MJ'-m™ in July and of 3.3 MI-m™ in
December.

4, The albedo at the sea surface changed according to the incidence angle and surface
conditions. Average daily values ranged from 2.9% on a fine summer day to 10% on an
overcasted day in winter.

5. Underwater irradiance at a depth of 50 cm varied widely according to such para-
meters as turbidity and the surface condition of the water, Observation revealed a re-
markable decrease of irradiance in the upmost 50 cm of the water column showing an
inverse relationship between the intensity of underwater irradiance and turbidity.

6. From data on the vertical distribution of underwater irradiance, the attenuation
coefficient for lux was calculated at 0.53 to 0.70, while that for quanta at 0.37 to 0.52.

7. As a result of spectral irradiance determination, a characteristic decrease in the long-
wave range was observed, especially in polluted areas. The optical water type of the
region, as proposed by Jerlov, was classified into the Type 3 to Type 7 class for coastal
waters.

8. From the simultaneous determination of net primary production by the phyto-
plankton community, average availability of total short-wave radiation and that of photo-
synthetically active radiation for primary production were estimated to be only 0.11%
and 0.25%, respectively.





