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Relationships between Quantum and Sunshine Duration, Global Solar Radiation,
and Growth of Diatoms

Hideaki Koca

Abstract

Measurement of quantum of one day’s integration had been done to find the relationships with

sunshine duration and global solar radiation.

The values of quantum varied greatly depending on atomospheric conditions, but, the fluctua-

tions of its moving average were similar to the height of the sun, minimum and maximum level

appeared in December and June, respectively.

General fluctuations of sunshine duration were almost same to quantum’s one, but, there were

large difference between both items by season and weather.

Therefore, it would be impossible to

estimate the value of quantum from the linear equation which obtained by relationship between both

items through the year. Although, the linear equations which obtained by data of each month would

be useful to some degree.

On the other hand, about global solar radiation, correlation with quantum was very high through

the year.

Y(E-m?-day~?) = 0.928+2.084 X (MJ-m~2-day!)

Linear equation was indicated as follows,

(r=0.979)

And, the relationship between quantum and red tide of diatoms in winter was investigated as one

example using quantum. As the result, in fiscal 1987, it was presumed that the growth of diatoms

occurred at the time when quantum was increasing and water temperature was getting higher after

low salinity.
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Fig. 1 HIEHA
Points of measurement.

Quantum and Sunshine duration, global
solar radiation were measured at Saga pre-
fectural Ariake fisheries experimental sta-
tion (A) and Saga Meteorological Observa-
tory (B) in Saga city, respectively. The dis-
tance between both stations is about ten
kilometers in a straight line.

The data of diatom red tide were obtained
at Station C.
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Fig2 HBEEXEFOLE
Fluctuation of quantum, ‘one day’s integra-
tion.

Curved and horizontal lines indicate the
value of moving average (n=15) and the
mean value through all the period, respec-
tively.
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Fluctuation of sunshine duration.

Curved and horizontal lines indicate the
value of moving average (n=15) and the
mean value through all the period, respec-
tively.
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Relationship between quantum of one
day’s integration and sunshine duration.
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Table 1 HFEENETHREHMOANGRE. 19, RIEE

Monthly maximum, mean and minimum value of quantum of one day’s integration and sunshine
duration.

Quantum of one day’s integration (E-m™2-day™!)

Jan. Feb. Mar.  Apr. May  June July  Aug. Sep. Oct. Nov. Dec.

Maximum 25.9 32.2 36.
Mean 16.0 20.0 21.
Minimum 2.3 4.4 4.

48.5 55.8 59.1 56.2  50.
30.9 347 39.8 32.4 31.
4.2 4.7 5.8 3.6 8.

44.6  39.3 31.4 23.2
32.8  27.0 . 14.6
4.0 3.8 4.5 2.7
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Sunshine duration (hr-day™!)

Maximum 9.8 9.8 11.2 11.8  13.3 13.7  11.5 12.3 11.6  11.2 10.1 9.5
Mean 4.9 4.8 4.3 5.5 5.7 7.0 4.1 4.5 6.1 6.2 4.5 4.2
Minimum 0 0 0 0 0 0 0 0 0 0 0 0

Measurements had been done from 12 Oct. 1986 to Oct. 1987, so, data of October include both years.
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Frequency distributions of quantum and
sunshine duration in each month.
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Table 2 HBEDLRET & HIRIGH & OB

Relationship between quantum of one
day’s integration and sunshine duration.

Month a b r
Jan. 1.674 7.790 0.914
Feb. 2.119 9.786 0.861
Mar. 3.061 8.837 0.936
Apr. 3.201 13.416 0.936
May 2.943 17.765 0.943
June 3.276 16.924 0.948
July 3.624 17.793 0.893
Aug. 3.072 17.694 0.941
Sep. 2.473 17.732 0.893
Oct. 2.501 11.909 0.924
Nov. 1.863 10.862 0.901
Dec. 1.664 7.633 0.924

Y=aX+b Y: Quanturn of one day’s integra-
tion
(Eem™2.day™)
X : Sunshine duration
(hr-day™)

BfRichd D . KETF L FEROEEET ZRL 72,
Y=0.929+2.084X (r=0.979)

Y : Quantum(E-m~2-day~!)

X : Global Solar Radiation (MJ-m2-day™!)
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Relationship between quantum of one
day’s integration and global solar radiation.

3 b, KBETFOEH (D). AROEH () IZEDE
ERLTWS, Fle  HS(DRDVWTHIEDHEL
BoTWwEH, ZOBIIZFEREELC TR LES
PEELTOHHIHTHZ Z b, BHOEE)
WIEDETH S L\ Z ki, BiEEERAICE
SETHEI-TBYH, ZTRHSEEL TV BREE
tEzZoNb, IO o, HEEHERLETS
sEhntER, AR EEER ORI, BEMETER
LiEs LT (7 HEMR) #IEL 72 2 & 3HEEIS
N3, Sugrhid, KEF. KRR, T
BErRCH D . RO DB WI12F I 3B I F
ELIZSWDDEEZBLIENTED, —H. Kk
BFOMSHE (a: 7 HEYSE) EOERR
L. XEBETFTOMEIMERD KT 5 &5 ICB2 505,
EERIEEIE O ER £ L CIEETFOMHIHEL D
el s, ZOMEMEL CHBIMERCH S Z &8
KEVDDEARTIENTES, Zhid. B
BB L ZRDAT v 7 TREHa (BEFO



W) pSREasns ZEpsbitEs RS,
MBS 36 1) 2 2T OEEREITESE AR
BERBPEHRITEAG > TWBE D EEbiLs A,
HERZ BET b ciZ by, Fi2X 3HE
BARELBIBE LRV DD, lEDL K
EEENBECROER L HI2BERSL TS
DEWEE NIz, L LSS, BEROERY 7%
MERELE L. SH5RHMETT 2LERD S,
Fh, —ORHEEF L wo CHHIERE (¥ERE)
OETHY, BEEE OB#EI DLW THL LD &
THIEYREKRPOREFEACILEND D
HEEREOE B AT sz v, Rz HiEs
WA —OBYE. LABRTEERETZIL25
HKOBEESBD THE < . B, JRE Al d -

=2
1. XETFEIRAV. BRI ABFOHE
1T, BB, £ REHE L 0BfROv
TRz,
2. REFOEEHR 2B CEE. 6 Buka?®
R EIEELREGHEH A S NI, o, [REE
O 1EEEEEEEH £ b 12~13RF0 1 B &
LEWEZRLUIS, 2B DIEFRIZROXETR
6 HD#I50% @ E9, 6 BD SHF, 1THEIZ L
FRETH-> Tz, —H. HERHMOFELE LK
FIZ BT L BT H o 7208, HETIT CHEE
REMELRA SR T,
3. EMEPBUOLET & HERM o idE
REIBEMR (r=0.807) A S NIz b DD, FHIC &
BHEMNK EhoTz, UL, ABOmEOMER

%

=

1) M. TAKAHASHIL, J. BARWELL-CLARK, F.
WHITNEY and P. KOELLER 1978: WINTER
CONDITION OF MARINE PLANKTON POPU-
LATIONS IN SAANICH INLET, B,C., CANADA.
I. PHYTOPLANKTON AND ITS SURROUND-
ING ENVIRONMENT. /. exp. mar. Biol. Ecol.,

THFORBERERLZ, IO s, BARRT
DHBFOBRBEOERER2ELZ OFHFTICDWTIE
BLTBIDELDSI,

PAE. BT & HIERME, £XHHE L OMR.
S o, XFOEERE & OB DWW TNz
. RBFOHEEIEE: OB 5B E
TETEEIECE->TL5bDEBbhb, i,
LBREVEH L e XKAKEL SNBTERD S
ZEBTEB I ED S, BEEHOBERE b THE
ERBTHAHD, oz, BELOMEERT TR
74, TEEREOMEFBEEERDLZ I LTIV T
BEYHEECLHIGRATEL D EEZI N, &
%, RERICES L TS BRERD S5,

#3

RO D EEEREE LI VE LD HERED
SOHBTOHRETH2BEFRETH S LEbT
720
4, HEEXET L 2XHFE L OMICIIRAT
RENDHEOERBIHRENA S NI,
Y (E-m~2*-day™)
= 0.929-+2.084X (MJ-m2-day™")
(r=0.979)
5. HBFELATICH T HEERE L OBE IO
WTETORET 21Tk o7, ZTORE., Fiok s
RERHEIAONIZDDD, 198TEEICDNT
&, SEETFOSEIMER. KBS L EER ORI
HEAMETHRLES S LT, EEEMSEELIZDD
LHEE SN,

% X

Vol. 31, 283-301.

2) fERREEAERES 1988 | FAIC2HEE MG
BAEHERESE (@ET 0y 7) KEF,
89—97.

3) FRHMEZE 1984 DL CfEMIRE. —EGERFAO
HpE o UH—, BEE, BH

— 73—



4)

5)

6)

7)

8)

9)

FEBEEKERES 1987 | IBRI6LEE SuLNGE
BREHEERESE (BT 0y 7)., KEFF,
79—98.

FERBEKERBY 1988 | IAFI62FEE LN
BREREREE (R T oy ), KEFM,
69—88.

W. Admiraal 1977: Influence of Light and
Temperature on the Growth Rate of Estuarine
Benthic Diatoms in Culture.
39, 1-9.

Charles L. Gallegos, George M. Hornberger,
and Mahlon G. Kelly 1980 : Photosynthesis-
light relationships of a mixed culture of phyto-
light.

Marine Biology

plankton in fluctuating Limnol.
Oceanogyr., 25(6), 1082-1092.

John Marra and Kristina Heinemann 1982:
Photosynthesis response by phytoplankton to
sunlight variability. Limnol. Oceanogr., 27(6),
1141-1153.

N. S. Fisher and R. A. Cowdell 1982: Growth
of Marine Planktonic Diatoms on Inorganic
and Organic Nitrogen. Marine Biology 72,
147-155.

10)

11)

12)

13)

14)

15)

16)

T4 —

C. Nalewajko and K. Lee 1983: Light stimu-
lation of phosphate uptake in marine phyto-
plankton. Marine Biology 74, 9-15.

AT - A8 1988 : BRBHRLC BT
RETE LT ORFRIIZ(. EHAETHR 14,
55—60.

HEFHE 1988 1 BEAYEIC B 1 5 BRI ORI
FEBE, 77 v VITRESHEEERES, HAE
Ty b SR 35, 2, 180—181.
HEFE 1986 | BRALVEE BT 2 EY T v
7 b OHIBERE E 7 OFETH, EEBBHAR
710, 89—99.

JUATEENG « ALUS T - NET2 - (U THER 1986 ¢
NANFOWMEESICB T 2HMsE— 1, B
HBEARE - B - RREFHEOBEEI DWT. £
BEHHARREIRL0, 7188,

B BEHHEKERES 1985 | BBAISIEE N
R TFEREREE @B oy 7). KEFT

i, 59—79.
H & @k - BARE 19858y a v
EHEAT AN R 7y 7 ISEBEAE,
B, .





