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Fig. 1.

Diagrams of (A) sound speed in temperature and salinity ranges of 0—2°C and 25— 35 respectively,

and (B) the ratio (%) of error Rs of an echo sounder in an assumed uniform water column. The shaded area

shows that where the depth is overestimated.
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Fig. 2. Vertical profiles of (A) temperature and salinity, and (B) sound speed off Funka Bay, Hokkaido ob-
served on March 19 and September 4, 1974. The sound speed in March was slower than 1500 m s™' in the
whole column and the water depth measured by an echo sounder was overestimated. As a result, the deepest
Nansen bottle landed at the bottom and sampled muddy water.
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Fig. 3. Diagrams of (A) density in 0, in the same ranges of Fig. 1, and (B) the ratio (%) of error Ry of the
CTD whose depth is determined with constant density and gravity in an assumed uniform water column.
The shaded area shows that where the depth is overestimated.
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Fig. 4. Schematic presentation of the near-bottom
sampling system equipped with a Van Dorn water
ampler and the CTD, RINKO-Profiler. This system
is designed to be simultaneously triggered by only
a landing normal to the bottom.
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Fig. 5. Vertical profiles observed experimentally in 2010 at a station in central Funka Bay, Japan. Those are
(A) temperature and salinity, (B) turbidity, (C) dissolved oxygen concentration and degree of its satura-
tion (%), observed by the near-bottom sampling system described in Fig. 4 and (D) dissolved inorganic ni-
trogen sampled with SBE 19plus system and this sampling system. The hatched zones are those within 5 m
above the bottom, and cannot be observed if the descent of a sampling system is interrupted at 5 m above
the bottom to avoid a collision to the bottom.

T2mg/ /L, fEME 20% DIKIEE 785, 7o, Hifr BLOZALE, ARTRELIEKY R 7T L2E8ESE5
Rt =3% (DIN ; Fig. 5 (D)) RIEEK LEOEE  HECL->THIOTHETEZ 26D TH 5,

0m»S5EMNL, BEEOMEED, 5m ORT 20 £ mol/ Fig. 5 O XX 3K H» S 5 m O &EFH ISR 2
L' boinird, BELFECBIZ0L> WAL ThHs2, CTD OLEEZTE ML RO MiEIC Lk



RN B T 2 SENZEORE 167

D> T CTD O F2FIZ IS S 5m T L 7B,
COFIPHD 7 — 7 REERG SNV HARD T L
ORBROMENHIREL s7cbD sy, WBELFET
HEUTVEHALBBIROEES, CoM»SHOoN5E G
DERES>TLEHDEEARTNITRSIEN,

5. SROFEE

54

BEBR 72 R T — & L MBS EIM OBIFR OBEL D
%, WELEOIREICET 2 3x oHIRIEFICZLL,
ZCREEICER T & 2BIM S NEL S hTw 5,
AR THN LKy 27 aohiucE 4 2 “EREIC
1, BTHABRGEEAEETE L5 ICL — sl fif
JThH207T, 5HEENEFHLTER ILEED/N
RIERKES 5~6 [HARE T2 T &, & oI =MiEORIT
T LU= AITEFA AN A S5 EDOIREEM AT 1T,
FEER DIEFMRIL PR OMR T2 4 5 C & 2 ET 9 5
TETH %o

&

AKhGZlEpkd 5ictc b, (k) BB A S
prhE e v 7 —BARAHE L, S 3 E ELv i T3
HEAHRE W E, dbE R R A e v Y —
ok SO EEE EROK Y 2 7 AEFD
BEENRD [HWEANV V] OFEYEREFTREVEL
foo F o, dbgERFIOKEFEHEMR © L B0 HEE
EoMEIcR, BEERBO AT, EiffET RS AHO
POKERDABUER £ L TwW i s f L,

RIS D E LS, BOAOERED S ETH L <
bEWE oAy b ETEEE L1,

BHRRICES BILBAL B E 9,

References

Fofonoff, N.P. and Millard Jr,. R.C. (1983) : Algorithms for computa-
tion of fundamental properties of seawater. Unesco technical pa-
pers in marine science 44, UNESCO, Pari.

Group of Funka Bay Studies (1974) : Data Report of Funka Bay Stud-
ies, No.1, edited by K. Ohtani. Faculty of fisheries, Hokkaido Uni-
versity, Hakodate.

Group of Funka Bay Studies (1975) : Data Report of Funka Bay Stud-
ies, No.3, edited by K. Ohtani. Faculty of fisheries, Hokkaido Uni-
versity, Hakodate.

SEIT (FR) (1990) @ ire@lfest. BARSE WS, Hit, 428 pp.

HAMHF Y2 (W) (1986) @ inFERERE~ =2 7V URE - EWR),
TR, s, 266 pp.

HAMmE Y2 (W) (1990) @ inEEREHE~ =2 7V T UKE - #4ED
), TEEEAER, B, 386 pp.

HABIE 2 (2004) @ JIS F 9401 Ml S O g Bl — fin
&, (W) BEAHUERZ, %5 18 pp.

VEHDF A « i fEa] « PEiEE— (1999) @ KB IC B 2 BEFKEE
DIER & TH. AbigEoKER BS54, 15—23.

Ravighs (1985) @ I YHE, 53 &  WLKE, HASEINEREES ®
AR Z:, W, pp. 1106.

Sea-Bird Electronics, Inc. (1990) : Minimizing Strain Gauge Pressure
Sensor Errors, APPLICATION NOTE 27, Sea-Bird Electronics,
Inc,. Bellevue, 3 pp.

BARMC - JNZE—R (1980) @ EREAHKEG T 57 5 — ROERAZE
BoKdR BT, hE TR RS, 9, 39—45.

Wilson, W. D. (1960) : Speed of Sound in Sea Water as a Function of
Temperature, Pressure and Salinity. Journal of the Acoustical So-
ciety of America, 32, 641.

FEg S



168 AF - M5

A problem of echo sounding in the observations focusing on a
vicinity of a coastal bottom and a countermeasure to it

Kazuo Kido** and Shigeru Montani '

Abstract

The echo sounding is the normal technique to measure the depth of a studying site. But
the sound speed in seawater for this technique is legally fixed to be 1500 m s7', in spite of that
it varies depending on water temperature, salinity and pressure. Accordingly, the depth is
not always measured correctly by an echo sounder. This uncertainty makes it difficult to
correctly observe the phenomena near the bottom in the coastal waters, where the height of
sampling layer above the bottom is a very important factor.

In this paper, the authors estimated and compared the errors of the echo sounder and
the CTD including the multi-bottle water sampler, whose depth is measured with pressure,
in temperature and salinity ranges of 0—25°C and 25— 35 respectively.

The resultant diagrams demonstrate that the maximum error of the echo sounder
reaches to 4% in relatively low temperature. On the other hand, the maximum error of the
CTD is smaller than 1%. Imaging a uniform water column of 100 m depth for a model of
thought, the error of the echo sounder corresponds to the height of 4 m, and that of CTD, to
the height within 1 m, nearly equal to the length of a water sampler. The relatively large
error of the echo sounder makes it quite difficult to observe, with an echo sounder, any phe-
nomena at a correct height above the bottom.

As a countermeasure to this difficulty, we proposed a near-bottom sampling system
which makes it possible to measure temperature, salinity and other factors and to take the
water sample at a correct height above the bottom. This system can be handled by two per-
sons and a line hauler on board of a fishing boat without special equipments for the oceano-
graphic observation.

A trial observation conducted in Funka Bay, Japan demonstrated conspicuous incre-
ments of turbidity and dissolved inorganic nitrogen, and decrement of dissolved oxygen near
the bottom.

Key words: Echo sounding, Variation of sound speed, Sampling near the bottom,
Near-bottom sampling system
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