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Investigation into the Dip of the Sea Horizon (IV)

Masaald Hyvuea* and Yurin Sagamoro*

Abstract

The dip of the sea horizon is a function of variables, height of eye, air tempe-
rature, air pressure, vapour pressure, vertical temperature and vapour pressure
differences between the observer’s eye and the horizon. The purpose of this study
is to clarify how the respective variables contribute to the dip.

Theoretically and empirically based on the observations made during the
cruises of the T.V. Oshoro-Maru of Hokkaido University in the years of 1965,
1968, 1970, 1972, 1973, the authors made an analysis as to what extent the whole
variables of meteorological factors, except for the height of eye (H), occupy the
amount of the dip; and they have found that the effect of T and p are predomi-
nant, the former being about 549, and the latter about 309, respectively. The
effect of e is almost negligible. Hereupon, 7', p, e, 4T, 42 denote air temperature,
air pressure, vapour pressure, temperature difference, vapour pressure difference,
respectively. The figures above are given for the whole data covering both
northern and southern sea areas including the Japan Sea. Comparing both sea
areas, northern and southern, there is a clear difference between them as shown

below.
Variables Northern Sea Area  Southern Sea Area
T 55.89 41.01 9% )
P 20.12 31.33
AT 12.7 6.37
de 0.23 20.95

Furthermore, the authors have clarified as to what extent the observational
variances of meteorological variables as factors affecting the dip of the sea
horizon contribute to the varying amount of the dip. Thus, they have found
that the variance of 47" is most predominant occupying 729, of all the others; then
succeed de 22.5%, T 4.2%, p 0.89%,, averages of the whole data including both
northern and southern sea areas.

But there is likewise, as in the above, a clear difference between both areas
as shown below.

Variables Northern Sea Area  Southern Sea Area

T 6.89 9% 2.20 9%
P 175 0.57
4T 75.87 67.04
de 15.26 29.93
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(Laboratory of Fishery Navigation, Faculty of Fisheries, Hokkaido University)
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As can be seen in this table, the dip varies most with 47" and secondly with
de. Therefore, we must keep in mind, that though the effect of vapour pressure
has hitherto been neglected as being small, it would rather be expedient to take
it into account to estimate the dip.
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8,=4,9776min, (angle), H=10, 464m, p=1016, 457 mb. T =9, 0287°C
£=10,117 mb, 47=0,2777°C, de= —1.434 mb

3,=6, 0779min. (angle), H=10.511 m, $=1011.496 mb, T =24, 230°C
¢=26,111 mb, 4T'=—0,0608°C, de= —5,36 mb

3,=>5. 6765 min. (angle), H=10.693 m, $=1021.163 mb, T =10, 525°C
¢=7.483 mb, 4T=0.127°C, de= —5, 173 mb

8=>5.4217 min, (angle), H=10,492m, $=1014, 792 mb, T =14, 813°C
£=16,023 mb, 4T =0,1444°C, de=—3,073 mb
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Table 1. Differential coefficients of variables.

. Northern Sea Southern Sea Japan Sea Whole Sea
Variable Area Area Area Area

H 0,29120 0, 24578 0, 25570 0. 27059

P —0.00149 —0. 00052 —0, 00101 —0.00104

T 0.01032 0, 00231 0, 00589 0, 00651

e 0, 00040 0, 00022 0. 00031 0. 00032
4T —2, 39128 —1, 75116 —2, 08510 —2. 10309
de —0,08414 —0. 06539 —0.07339 —0.07570

BEBORMMRE L BROTHIEE O X > T2 EFhOEEVREE~F 5T 5 EAOk
R 2RI,

Table 2. COoniribution raiio of variables to the dip.
1. Northern Sea Area 2. Southern Sea Area

Val;'?ble 88 /oxi X xi Ratio Vag?ble o8 /oxi X X1 Ratio
H 3.04719 | 0.3685 * H 2,58336 | 0,6070 *
P —1.52077 | 0.1839 | 0.2912 p —0, 5240 0,1231 | 0.3133
T 2.91279 | 0.3522 | 0,5578 T 0,68591 | 0.1612 | 0,4101
e 0.00405 | 0.0005 | 0,0008 e 0.00579 | 0.0014 | 0,0034
4T —0,66404 | 0,0803 | 0,1271 4T 0.10647 | 0.0250 | 0,0637
de 0.12066 | 0.0146 | 0,0231 de 0.35047 | 0.0823 | 0.2095
3. Japan Sea Area 4. Whole Sea Areas
Va.xi:;ble 28/oxt X X1 Ratio Val:?ble 35/oxi X xi Ratio
H 2,73404 | 0,449 * H 2, 8390 0, 4497 *
P —1,02814 | 0,1691 | 0,3071 P —1.06870 | 0,1677 | 0,3048
T 167196 | 0.2749 | 0,4995 - T 1.87458 | 0,2970 | 0,5396
e 0,00235 | 0.0004 | 0.0007 e 0,00510 | 0.0008 | 0,0015
4T —0.26559 | 0.0437 | 0.0793 AT —0,30284 | 0,0480 | 0.0872
de 0,37962 | 0,0624 | 0, 1134 de 0.23261 | 0.0368 | 0,0669

* Asterisk shows the ratio of variables except for H.

BEROTHNESEICEXZE(LOES

186D BB & - THLNIZER H, p, T, e, 4T, de DBEFHT DN TEHIRRIZ 2N FhOEKIE
BLUB/MEL b BEROEROLTHR A 2RD T LN HHBOHRI O RBIEE S RU 2O
DNTHEERDEE M 2N EFNIREEICE A 5 H5DH% Table 3 itRL Iz,

AT & AT, LOBFE
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Table 3. Varying ratios of the dip due to the variance of variables.
1. Northern Sea Area

Varisble | Max. value Min. value Range of  Varying amount Ratio
value of dip
H 10, 63 10.20 0.43 0, 12521 0.0413 *
P 1033, 5 999, 5 34,0 —0, 05087 0.0168 | 0.0175
T 22,0 2.6 19.4 0. 20026 0.0661 | 0.0689
e 22,88 6.61 16.27 0. 00651 0.0021 | 0.0023
4T 0, 736 -0, 186 0. 922 —2, 20476 0.7274 | 0.7587
de 0.12 =5.16 5,27 —0, 44342 0.1463 | 0,1526
2. Southern Sea Area
Variable | Max. value Min. value Range of  |Varying amount Ratio
value of dip
H 10. 80 10,29 0,51 0. 12536 0.0483 *
P 1028.5 10015 27.0 —0,0140 0,0054 | 0.0057
T 30.1 6.5 23.6 0. 05444 0.0210 | 0.0220
e 37,77 9,02 28,7 0. 00638 0.0025 | 0,0026
4T 0,224 —0. 721 0. 945 —1, 65484 0.6380 | 0.6704
de -Lu —12,. 44 118 -0, 73886 0,2848 | 0,2993
3. Japan Sea Area
Variable | Max. value Min. value Range of |Varying amount Ratio
value of dip
H 10, 74 10. 64 0.1 0. 02657 0.0138 *
P 1025, 3 1017.9 7.4 —0. 00745 0, 004 0.0041
T 13.7 8.3 5.4 0, 03183 0.0172 | 0.0174
e 11, 48 6.03 5,45 0,00171 0,0009 | 0.0009
4T 0. 365 —0, 167 0, 532 —1.10927 0,5998 | 0,6082
de —0.10 —9.28 9.18 -0, 67373 0.3643 | 0.3694
4. Whole Sea Areas
Variable | Max. value Min. value Range of |Varying amount Ratio
value of dip
H 10, 80 10.20 0,6 0, 16235 0, 0369 . %
P 1033.5 999.5 34,0 —0, 03547 0.0081 | 0,0084
T 30,1 2.6 27.b 0, 17901 0.0407 | 0.0423
e 22, 88 6.03 16.86 0, 00537 0.0012 | 0.0013
4T 0, 736 —0. 721 1,457 —3. 06420 0,6969 | 0, 7235
de 0,12 —12, 44 12, 66 —0, 95079 0, 2162 0, 2245

* Asterisk shows the ratio of variables except for H.

% 5®
REZCERRIZTERTH S H, p, T, ¢, 4T, de OFEFZ OV TENFNDIREZIC B 5
TEERRONT E2, 3IRLI, B2EIBRL 12T NTDEIRBIT 2 D deck i 35 U ELH DS
[REECHETIESR2RUIIOTERH Z22E0K45% 2HHDT W05 WE p, T, ¢, de DX,
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— 151 —



b Xk Kk B %K | 252). 1974
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Tig. 1. Showing the relation 47 and the
temperature-difference of air and sea 4T'w.
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LTEEMcC &1, BEKEBDOHETH 5, Saunders, P, M, iz L hif, FEKELFEAKERT
120.2°CH» 5 1°C FTOREENBEL 52 E LT3, BEELMTE-2ERRRINLE, 2¥OREE
2E1Z.

Northern Sea Area Southern Sea Area  Japan Sea Area
Ty 8.751°C 24,291°C 10, 652°C
Tw 8.702 24,747 11, 338
To-Tw  0.049 —0. 456 —0.686

HBZBWTALNS X 5, To BWREKRR2AET 3 EBEAIUL, BEHOLmERICNT
IR Toid N7 ofkikic 3KE Tw & hEL #2022 0.049°C TH O, WHE, Bz
EBLEN— FAOEFMHECI TR Told Ty X b 2033 0.456°C T, 2S5 BARBIREBNT
I EHEIC BRI REAR L 9K 2033 0.686°C iTEL 17, ZEROBOBROMNRL 2
O CE—DREIBTHANVELTYE, BHEFOILEDOCE 2 dt/dH>0 D ERICBOTIIREK
B REAKEBOEINIIL, BEHER BAREOCE X di/dH<O O¥ERic BV TIRRBEKERFE
EKEBEELD S KTho1e UL, HBFECHIZERBCIBLORELFESDH, KROKTHE,
WHEOBRERBOBETC SV TR RIE 2> ET A RETH 5.
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