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Fig. 1 Sampling locations in Harima Nada,
eastern Seto Inland Sea, Japan. Each solid circle
represents a sampling station (n=15)
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Table 1 Classification by normalized deviation
of water temperature (J)

Class  Range of normalized deviation

+++ 20 < 0

++ 13 < 6 <20
+ 06 < 6 <13
+ -06 < 6 < 06
- -1.3 < 0 £ -06
-- 20 < 0 < -13
--- o =< -2.0
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Fig. 2 Histogram showing water temperature in
the surface layer of Harima Nada in December
(19812010, Xn=30)
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Table 2 Seasonal variation in water temperature (°C) in the surface layer of Harima Nada during 1981-2019.
Monthly values represent averages of 15 sampling stations (7). Normality was checked using the Shapiro—Wilk
test for year-by-year data for 1981-2010

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
1981 8.7 7.3 6.7 8.9 13.8 17.3 21.6 26.3 26.5 24.0 19.9 15.8
1982 11.6 8.9 8.3 10.7 14.5 18.6 21.2 24.0 26.1 23.2 20.6 17.0
1983 12.5 9.7 8.5 9.5 14.9 19.2 23.1 27.5 27.4 242 20.9 15.5
1984 9.8 7.3 6.1 7.9 11.8 18.4 21.9 25.5 27.6 24.4 19.4 16.2
1985 10.5 8.2 7.6 9.3 14.1 17.7 21.1 254 26.2 24.7 21.5 15.7
1986 9.7 7.6 6.7 8.9 14.1 19.3 21.2 247 26.8 24.8 20.3 16.7
1987 12.3 9.1 8.3 9.6 134 18.6 22.5 25.7 26.4 23.7 20.7 16.9
1988 13.1 9.9 8.4 9.8 14.8 17.4 222 24.1 25.8 23.7 20.4 15.0
1989 10.7 9.7 9.6 11.3 15.0 18.3 21.1 249 26.2 249 21.5 16.6
1990 11.7 9.1 10.1 12.1 14.9 19.0 21.6 27.5 26.8 247 21.4 16.9
1991 11.3 9.3 8.3 9.8 14.6 17.8 224 25.5 26.3 24.6 20.5 17.3
1992 12.8 104 9.4 11.0 13.9 18.4 20.7 24.5 26.9 242 20.3 17.3
1993 12.3 9.6 9.0 10.7 14.0 18.0 21.3 242 259 235 20.0 17.1
1994 11.8 9.6 8.9 10.9 16.0 19.3 239 27.3 28.4 25.8 222 17.9
1995 12.2 9.1 8.8 10.9 16.0 17.8 21.5 27.1 26.7 23.8 20.1 15.0
1996 9.7 7.8 7.8 9.4 13.0 18.3 21.8 27.0 26.5 24.1 21.4 16.0
1997 11.5 9.0 8.5 11.0 17.0 18.4 224 25.3 28.0 24.5 20.4 17.3
1998 12.5 9.7 9.7 12.4 17.5 20.7 24.6 28.5 27.5 25.5 224 17.7
1999 13.5 10.0 9.3 10.7 15.6 19.5 22.5 25.4 27.5 26.4 222 17.5
2000 12.5 10.0 8.5 10.2 15.0 19.2 24.0 25.3 27.4 254 21.8 17.3
2001 114 8.6 8.8 10.5 14.6 19.6 24.0 27.9 26.0 24.7 21.0 17.0
2002 10.6 8.9 9.3 12.1 15.7 20.4 22.3 28.5 27.2 25.2 19.1 15.2
2003 10.1 3.3 8.6 10.6 16.5 18.7 22.6 26.6 27.6 25.0 21.0 17.7
2004 12.6 9.2 9.2 114 16.6 20.0 24.4 26.2 27.0 25.0 21.4 18.1
2005 13.5 9.4 9.0 10.7 16.1 19.2 234 26.8 26.8 25.2 21.7 17.5
2006 9.5 8.3 8.2 10.1 144 18.8 23.0 26.4 27.4 24.9 22.7 17.0
2007 12.0 10.8 10.5 11.7 16.3 19.2 234 25.4 27.6 26.5 22.7 17.1
2008 12.0 9.5 8.6 11.3 16.2 18.5 22.1 279 26.6 25.0 21.6 17.0
2009 12.2 9.7 9.5 11.7 154 19.2 23.0 26.4 26.4 25.3 21.4 17.9
2010 11.8 9.1 9.4 114 15.2 18.2 23.4 27.7 29.0 25.5 21.7 17.8
2011 11.1 7.7 8.4 10.0 15.9 17.2 245 26.8 27.8 24.8 22.0 18.3
2012 12.1 8.7 8.2 10.1 15.3 19.0 22.8 28.1 28.3 25.7 222 16.3
2013 10.5 8.8 8.5 11.2 15.0 20.0 229 26.6 27.0 25.2 21.4 16.2
2014 11.1 10.0 9.1 11.7 15.4 20.3 237 26.4 26.6 25.2 21.2 17.9
2015 10.6 9.1 8.8 11.8 17.4 21.2 22.0 28.0 26.1 242 20.9 17.9
2016 13.8 10.2 9.7 12.7 15.9 20.0 253 27.3 27.0 25.7 223 18.2
2017 13.6 10.1 9.4 11.8 16.5 20.5 25.0 28.2 27.6 24.6 20.7 16.7
2018 10.8 8.3 8.0 12.4 15.2 18.8 22.3 26.5 28.3 24.0 21.3 18.2
2019 12.7 10.6 10.3 11.8 15.9 20.1 23.4 27.6 26.8 25.9 22.5 17.9
1981-2010
n 30 30 30 30 30 30 30 30 30 30 30 30
max 13.5 10.8 10.5 12.4 17.5 20.7 24.6 28.5 29.0 26.5 22.7 18.1
min 8.7 7.3 6.1 7.9 11.8 17.3 20.7 24.0 25.8 23.2 19.1 15.0
mean (M) 115 9.1 8.7 10.6 15.0 18.8 225 26.2 27.0 24.7 21.1 16.8
SD (o) 1.25 0.87 0.97 1.07 1.25 0.82 1.08 1.31 0.76 0.79 0.93 0.89
Shapiro-Wilk
est p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p<0.05
2011-2019
n 9 9 9 9 9 9 9 9 9 9 9 9
max 13.8 10.6 10.3 12.7 17.4 21.2 253 28.2 28.3 259 22.5 18.3
min 10.5 7.7 8.0 10.0 15.0 17.2 22.0 26.4 26.1 24.0 20.7 16.2
mean 11.8 9.3 8.9 11.5 15.8 19.7 23.5 27.3 27.3 25.0 21.6 17.5

SD(¢g’) 1.29 0.99 0.76 0.93 0.75 1.18 1.18 0.73 0.77 0.68 0.65 0.86
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Table 3 Difference between reference date (day 1) and observation date (days) during 1981-2019 and their

statistical values

Jun. Jul. Aug. Sep. Oct. Nov. Dec.

May

Feb. Mar

Jan.

Year

1981

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

2002
2003

10

2004
2005

2006
2007

2008

2009
2010

10

2011

2012

2013

2014

2015

2016

2017

2018

2019
1981-2010

30

30

30

30

30

30

30

30

10

30

30

30

30

11

max

1.5
1.57

1.3 1.8
2.39

1.66

1.4
2.01

1.8 2.1

1.65

1.2
1.43

53

1.5 1.2 2.8
1.58 2.10 3.11

1.61

59
1.85

mean

1.76

SD(s)
2011-2019

max

0.6
1.59

0.7 1.3 2.0
1.22 3.04

1.50

0.4
1.59

2.1

1.6
1.51

1.3 0.9 3.0 7.3
1.90 1.22

1.58

4.8

mean

1.27

0.87

1.20

SD(s")
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Fig. 3 AICs for different m in periodic function
models N and E(). m represents one mth period
in Fourier series (See equations (2) and (3) )
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Fig. 4 Seasonal variations in actual water
temperature and normal value in Harima Nada. x’
represents the value of the remainder of x divided
by 365.2425, the period of a periodic function Ny
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Fig. 5 Normalized deviation of each method
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8 H& 9 ADBIORICAFRM A mAKIRIZRHZEN
ZNWEHER ST, 2SO B AR 5T
BHEKEZEAR, b LT/ NG+ 52 L3 HER
. 7ok, RIRBIA IR T 2E EBHIKIRIZ 2
HRITH/ME, 8 H R D9 H WO\ Ez R~
2B (FE)115, 2005), AET MAZEY Y%l

BIIHEROFEEAKEOEBHNIEMICFESA T
DL EDHERS NI,

AWF22TIEET AERICHE W T, Bl - g
(Q018) IZHEL T k=125 k=m £TO YIS AE
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Table 4 Values of normalized deviation of water temperature and classes of surveys with different

evaluations
W,T,(T) Akiyama and Nakajima method Conventional method Deois Class

No. Year Month  (°O) D) Class o Class w© difference™
1 2011 5 15.9 0.47 + 0.69 + -0.23 -1
2 2011 11 22.0 2.10 ++ 1.00 + 1.10 2
3 2011 12 18.3 1.09 + 1.65 ++ -0.56 -1
4 2012 4 10.1 -0.68 - -0.42 + -0.26 -1
5 2013 4 11.2 0.59 + 0.61 + -0.02 -1
6 2013 20.0 1.22 + 1.50 ++ -0.28 -1
7 2013 11 21.4 0.99 + 0.35 + 0.64 1
8 2013 12 16.2 -0.57 + -0.71 - 0.14 1
9 2014 12 17.9 1.31 ++ 1.20 + 0.11 1
10 2015 4 11.8 1.48 ++ 1.17 + 0.31 1
11 2015 5 17.4 2.02 ++ 1.89 ++ 0.13 1
12 2016 4 12.7 1.86 ++ 2.02 +++ -0.15 -1
13 2016 5 15.9 0.22 + 0.69 + -0.48 -1
14 2016 11 22.3 1.29 + 1.32 ++ -0.03 -1
15 2017 11 20.7 -0.75 -0.40 + -0.34 -1
16 2018 1 10.8 -0.79 - -0.60 + -0.19 -1
17 2018 3 8.0 -0.57 + -0.67 - 0.10 1
18 2018 12 18.2 1.19 + 1.53 ++ -0.35 -1
19 2019 4 11.8 1.37 ++ 1.17 + 0.20 1
20 2019 5 15.9 0.60 + 0.69 + -0.10 -1
21 2019 8 27.6 1.33 ++ 1.08 + 0.26 1
22 2019 10 25.9 1.19 + 1.45 ++ -0.27 -1
23 2019 11 22.5 1.24 + 1.54 ++ -0.30 -1

* Difference between each method. “1” denotes one class up from conventional method. “-1” denotes one class down from

conventional method.

TRTRELEDYE, AIC [ZXVE#E2ET IV (m) %
IR, @IRENT-ET VORI, AEMEDIK
W (BDUWEIE) IR B L TWDTEND,
BIDOIFELELT, HEMO @ E Y B 4% 4l
HL, flABHEDLZET, I AIC D/NSNET L
ELHZ b TEDEES N, UL, BiRF R Tl
K BEHIBE OB BEMHEO K/ N5 K C#ENE
FORG LB E RN TIE RN E, F,
JE H B DR B o DOEDE KR ICRVET L&
L CHMEICRDZEEDREIN. AR ORELL
T, BHRARIL (Bl 20X, B, B&, BEK, 788
FIAKOIRNE) BELIE, A BEMED S E
BAEL D B A IR 35281280, L0 AIC 23
INEW, OFD, DY TEFEVDORWET VEEDD
EMHRETHDHEB 2 DI,

2011 LD BLHIAGROFHIIZDUWNT, EVHD
JFEZ X DR & 5 W B & Tided 2 7714 (K

(L« S D 5 VE) IZ K DRI T A D b, 9 AEfH]
T 21.3% DA A7, Lo, BEHE(LED 7
1%, 93.5%72% = 0.4 OHFPANTHY, ZDOEIT/NS
otz Fiz, BEROFECIDFHMMEDZEL, 2
FRDOZEN 1 FIFERINT=HDOD, ZOMIE 1 BERD
ZEThoTo. IBIT, EANRHOFEML AT TR
ZEDD, BBOFIEZ I DB PEOFAR I R B D
ML, MBS L DFHII o & % 1320 o7z
EERD. BRI D 2D KT, MR/ 2 B
OZEN BT 2011 4F 11 H OBLEIZ DWW T,
WEHBLHIB O UL 7 BTHY, 2011 F5 2019
FETO 11 AR OE, BlHIA S KHIEHER
(1 B)BEENL TV, ZOMICh, EHELED 2
IMKREDTZIREIE, Y8 A O CTHEAER D
DT NNKELIRDHETH -T2 (2011 4 12 A, 2012
6 H, 2013411 A, 2016 4£ 5 A). F7=, sHfin
Bieot-lalaE AN R DE, 4,5, 11, 12 A%<
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Bon. oo Ay KiEN EFEH DN
WX FRET2ENKEN, OFD, —FEOKIBEED
FCKIRDZE L ERREL2DHH Th o7 (Fig. 4).
AL ED/NE 2 ABXON 9 AL, skl
HIpHZ 13772 1 BHIZVOKIBOZA L&)
RELDE, B HOTNABRMEO T HIZIY
RESHETDHEHEIND. DT, KIBOZEL
BN RKEORHAOBINE S i 5 I X D5 72
MHDAREER BV EZ X BILD.

TR O FIEIZEDFAN T, EELSfED
Uz, BB OFTICEABHED XS XL, Bl
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A TR U2 L Fg oD 7 15 KB A 24 1
L, B B OFT I DBHED X > E D
INESTHIENTEZEEZDI, FHIKIEDZEA(L
ENRREVERHICEAL TUIREOFIEIVL LS
WHSEE TR CE 7L B A BND.

A EIE LRSI EEH TID 5 T IEIC IR
HIL7TAR A E AR S4B Do, BRI 15 (2018) (2
DIERTE (RIBDTT1E) DRELL T TE5LE
FETRY, KiRZDO MM AE Z2RKH$5 LT

FAMATHLLEZLND. BETTEEZHWDHZLET,

AN LB B OFRZFEFnCE D ATREMED
RBESH, SHRARBEOEENRH-T-HETH
A AMIET 52828, K IEREREHm 2 HIFE T
&%, Fiz, BUNREH OB A RE 9228
SLNTBROREHEHIL 2D EE 2 LS. ZHD
ZEDD, RIRIZBWTH S IEIC L > CTRIME
ZEHEL, MRt D LM NERHS.
AHFFETIL, 15 EROREAKIBEFMFELE
RFEMWEE N, FEAKIEZT TR, FIEBO
AIRSOME Sy, WRATIATR &%, BIAMEIZIEH A0 03
RETE, 2 OFEHAE R T MOBRTE B 2>
WTHRERDIENT A FIRE THHEEZ 2 DD, Tz,
BT U ARFRE I3, (B A, KA
T HZETIYFE MR 22 R A HE X D Z L3 AT
RBIZZe D LHEEREND. BRI - gD T VEI L KRBT
DI E ARG ROFAMICIB N TT TITIEHS
NTEY, TBRICBWTHO AL ETOT —2fiffr
MBARA, RETSN QD 5%I1F, RIRTHIZ TR

SHVIZFHI T 152 FEEREM L, BEEL TV
HNDD.

AR CRE A Lo ERR O 7 — 1%, K
FEIT Rt AR A F EFICIVEEICD
T FEINTEEL. B EMRAEICS VL TK
BT —2EBAEL, BDELD DI i Aok
FERTIR G Z — K E N & — (10 Fe R
SR EREBR Y A 1) OFAH Y 3 LOGR A M
FAHLBOBNNEHO BT EZRLET . £, KElE
ZENFELODHITHTZ, BN E B EH T
DHI-HD R A7V Mgt L TIaE, @)l E
B 5o T M A NEAT BOE N K BRORE N2 BR 5 JR AR
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In monthly observations conducted with a research vessel, because of observation date
differences (depending on the calendar), water temperature data include not only interannual
fluctuations but also changes derived from seasonal transition. For this study, we tried to
standardize the normality deviation to interpolate the survey date by application of the surface
water temperature of Harima Nada obtained through the Fisheries monitoring program (Senkai—
teisen—chosa) to the periodic function. Different evaluations of water temperature classification were
found compared with those conducted using the conventional method, but both evaluations were
generally accurate. However, this method is considered capable of reducing effects of observation
date deviation. It can evaluate observed values more accurately. Furthermore, this method is
expected to be increasingly desirable because future restrictions on research observation dates might
be relaxed.

Key Words : Oceanographie observation, Periodic function, Water temperature, Normalized
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