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Abstract

  Selficontained upward-looking  ADCP  data obtained  at  station  (200.21'N, 156eO,11'E) during the

TOGAICOARE  IOP  were  carefully  analyzed  to extract  the  echo  amplitude  (AGC) returning  frorn the

sea  surface.  The  AGC  values  at  the  surface  were  found to have a  good  correlation  with  the  wind  speed

data obtained  from the  ATLAS  buoy  at  the  same  site  and  ranging  from O to 13 ms-i.  This study  opened

the  possibility of  predicting the  wind  speed  from  the  surface  AGC  although  the  reason  why  backscatter
from the  sea  surface  increased with  the  wind  speed  was  not  suMciently  elucidated.

1. Introduction

  The  near-surface  layer is one  of  the most  diM-
cult  targets in the upward-looking  ADCP  (Acous-
tic Doppler Current Profiler) measurement  because
the near-surface  data obtained  by using  the main

lobe beam  are  severely  contaminated  by  surface  re-

turns of  the side  lobe beams (Schott, 1986; Schott
and  Johns, 1987). Bubbles entrained  from the
atmosphere  into the ocean  are  known  to domi-
nate  backscatter from  the near-surface  layer when
winds  become  strong  (Thorpe, 1986; Crawford  and

Farmer, 1987). The  fine structures  on  the  wind-wave

surface  may  also  be used  as  scatterers,  not  only  for
the  microwave  observation  from the satellite  but also
for the upward-looking  ADCP  observation.  No  at-

tempt  was  made,  however,  to measure  backscatter

from the sea  surface  by  an  upward-looking  ADCP.

  In this paper, we  attempt  to extract  the sea

surface  data from the profiling data obtained  in

the western  equatorial  Pacific by a  selficontained

upward-looking  ADCP. The  surface  AGC  (an indi-
cator  of  echo  amplitude)  and  velocities  are  compared

with  the  wind  speed  obtained  at  the  same  site  by
an  ATLAS  (Autonomous [femperature Line Acqui-
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sition  System) buoy.

2. Site and  method

  The moored  ADCP  observation  was  carried  out  at

St.2N (2eO.21'N, 15600.11'E) and  St.2S (1057.74'S,
15600.44'E) during the TOGA!COARE  IOP  ([[\op-
ical Ocean Global Atmosphere/Coupled Ocean-
Atmosphere Response  Experiment  Intensive Ob-
serving  Period). Only the  data  obtained  at  St.2N
during 5-14  Nov  1992  when  a  westerly  burst blew
are  used  for detailed analysis  in this paper. The
ADCP  at St.2N was  mounted  upward  in the float at
the  top of  the  mooring  Iine (Kaneko et  al., 1993).

The  depth of  the  ADCP  below  the surface,  mea-

sured  by a  pressure sensor,  was  172 m.  The  153 kHz
ADCP  with  four transducers in the JANUS  arrange-

ment  emitted  sound  beams at  an  angle  of  200 from
the vertical.  The  bin length and  sampling  time  were

set  to 8,7 m  and  15 min,  respectively.  The  bin length
was  changed  to 9 m  after  a  correction  using  the tem-
perature  at  the ADCP  depth  (Schott and  Johns,

1987). A  dual tilt sensor  stored  inside the ADCP
measured  the slant  of  the mooring  line.

  Figure  1 is the illustration showing  the basic con-
cept  of  the  surface  measurement  by an  upward-

looking ADCP.  The  ADCP  measures  the echo  am-
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Fig. 1. Illustration showing  the basic con-

  cept  of  the measurement  of  surface  ve-

  locity by an  upward-looking  ADCP,

H

plitude itself and  the  curr.ent  velocities  by receiv-

ing the  Doppler-shifted echoes  reflected  from sound

scatterers  in the water,  The  echo  amplitude  is

recorded  as  AGC  (automatic gain control)  in this

ADCP  system.  When  the main  lobe beam  emit-

ted  reaches  the  point Q (R), the  main  lobe echoes

are  contaminated  by  surface  returns  of  the  side  lobe

beam  from the point Q' (R'). Thus in the upward-

looking ADCP  measurement,  a  side-lobe  contami-

nated  layer (SCL) forms near  the surface  (Kaneko
and  Ito, 1994). The  thickness L of SCL  is expressed
by

  L=H(1-cose),  (1)

where  H  is the  distance from the transducer  to the

surface  and  e the angle  of the beam  axis  from the
vertical,  Putting  H  =  172 m  and  e =  200, we  esti-

mate  L  as  10 m.  We  can  also  see  that the surface

returns  of  the main  lobe beam  at  point P have no
contamination  due to the side  lobe beam  and  give
us  correct  surface  AGCs  and  velocities.

  Wind  data at  4 m  height above  the sea  surface

are  supplied  from the ATLAS  buoy at  (200,O'N,
15600,O'E) which  is part of  the TOGAITAO  ([[Erop-
ical Atmosphere Ocean) arra"T  deployed  over  the

whole  basin of  the equatorial  Pacific (McPhaden,
1993).
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Fig. 2. A  typical example  of  the verti-

  ca]  profiles of  horizontal velocities  and

  AGC:  u,  v  denote  the  east  and  north

  components  of  velocity,  respectively.

  The  side-lobe-contaminated  lauer is in-

  dicated by  the  dotted lines.

3. Results

  Figure 2 shows  typical vertical  profiles of  AGC
and  horizontal velocities.  The point S taken on  the

depth bin rnaking  a  near-surface  peak  of AGC  was  in
good  agreement  with  the  position of  sea  surface  de-

termined  from the pressure sensor.  The  AGC  data
in the upper  10 m  were  contaminated  by surface  re

turns of the side  lobe echoes  and  biased toward  high
values.  The  point B is put on  the depth bin which
is closest  to the bottom  of the SCL. Hereinafter,

we  call  the  AGC  and  velocities  at  the  point S the

surface  AGC  (SAGC) and  surface  velocity  (SV), re-
spectively,  and  call  the velocities'at  the point B  the

near-surface  velocity  (NSV). In contrast  with  SV,
NSV  can  not  respond  instantly to Iocal winds.  The

tidal current  and  the ocean  current  generated by
a  basin-wide wind  $uch  as the [[lrades are  likely to

be constant  over  the near-surface  layer. When  the

above  two  assumptions  are  justified, surface  veloc-

ities generated  by local winds  mabf  be determined
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Fig. 3. Time  plots of  the  SAGC  and  VV.
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Fig. 4. Vector plots of  SV, NSV,  WSV  and  W.

  occurred  are  indicated by the  open  arrows.

12Jllt3tllt4tllIStll

The  times  when  the  rapid  changes  of  wind  direction

through  a  subtraction  of  the  NSV  from the SV. We
call  this velocity  difference the WSV  (wind-induced
surface  velocity).

 The  hourly time  plot of SAGC  is shown  in Fig. 3
together  with  that  of  the  A[I]LAS wind.  Agreement

between both data was  good  in terms  of  overall  fea-
tures. Figure 4 shows  the hourly vector  plot of  the

ATLAS  wind,  SV, NSV  and  WSV.  A  westerly  burst

greater than  7 ms-i  blew during 10-12 Nov,  In
other  periods, winds  were  relatively  weak  and  vari-

able.  Rapid  changes  of  wind  direction occurred  on

8 and  11 Nov  as  indicated by the open  arrows.  The
directions of the SV  and  the WSV  had a good corre

lation with  the wind  direction. Especially, the short-

term  variations  of wind  at the times indicated with
the  open  arrows  were  well  traced  with  the SV  and

WSV  data. In contrast,  the  NSV  did not  foIIow the
short-term  variations  of  the wind.

  Figure 5 shows  the values  of  SAGC  plotted against

the ATLAS  wind  speed  (W). The  SAGC  rapidly  in-

creased  with  VV for wind  speeds  less than  4 ms-i.

The  increasing rate  wa$  appreciably  reduced  for VV
over  4 ms-i.  The  correlation  between SAGC  and  W
was  good  over  the  whole  range  of  wind  speed,  The

correlation  between the  magnitude  (l,k) of  the  WSV
and  W  is shown  in Fig. 6a. Roughly, I/1, increased

with  increasing LV until  PV reached  about  5 ms-i

and  decreased fbr larger W.  The  maximum  value  of

l,1 was  about  1.3 ms-i  which  was  equated  to  one

fourth of  VV. An  empirical  formula  Iik =  O.03PV

between the surface  velocity  and  wind  speed,  used

commonly,  is drawn with  a  dotted line in this fig-
ure  (Gill, 1982). Fbr W  ranging  from 3 to 8 ms'i,

the values  of i,k were  much  larger than  those pre-
dicted by  this  fbrmula, At  smaller  or  larger PV, the

values  of  Vl, were  close  to the  dotted  line. Figure

6b  shows  the correlation  between the direction (e.)
of the WSV  and  the direction (e.) of  W.  Almost
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   Fig, 5. Plot of  SAGC  against  W.
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all  the data scattered  near  the solid  line, indicating
e. =  e..

4. Summary  and  discussion

  We  summarize  the major  results  obtained  in this

study:

 (1) The  echo  amplitude  and  velocities  at  the  sea

    surface  can  be  measured  by  the  main  lobe beam

    of  the upward-looking  ADCP  without  contam-

    ination due to the side-lobe  beams.

(2) The  AGC  values  at  the surface  increase with

    the wind  speed  W  over  the whole  observation

    range.  The  increasing rate  changes  appreciably

    at  4 ms-i  of  uJ.

(3) The  magnitude  (;,k) of  the WSV  increases with

    W  up  to 4 msTi  and  decreases drastically at

    larger PV, approximating  to the empirical  for-
    mula  V} ==  O.03W,

(4) The  direction of  WSV  is in good agreement

    with  that  of  the  wind  speed  over  the  whole  ob-

    servation  range.

  Fbeom the  above  results  we  infer as  fo11ows. The

result  (2) suggests  that  the  number  of  sound  scat-

terers at  and  just below the sea  surface  increases
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Fig. 6. Correlation between the  wind  and

  WSV.  (a) PIot of%  against  W.  (b) Plot
  of  e. against  e..

14

with  the wind  speed.  For wind  speeds  less than
4 ms-i  , scatterers  may  mainly  be  composed  ofwave-

like fine structures  on  wind  waves  such  as  ripples

(VIilenzuela, 1978). For larger wind  speeds,  bubbles
entrained  into the near-surface  labJer from the atm}

sphere  are  likely to be responsible  fbr the increase
in the  number  of  scatterers  (Crawford and  farmer,

1987). The  results  (3) and  (4) mean  that contribu-

tion of  the flow velocity  on  WSV  is not  significant

in the moderate  range  of  W,  At large W,  it seems
that the increased number  of  bubbles serves  for the
ADCP  to measure  the flow velocity  rather  than  the
phase  speed  of  wind  waves.

  It should  be noted  that sea-surface  dynamics such
as  the growth of  wind  waves,  the wave  breaking
and  the generation of  wind-driven  current  are  con-

trolled by many  factors: wind  speed,  wind  direction,
fetch, etc,  (Toba, 1988; Gill, 1982). This  is our

first report  on  the sea  surface  data obtained  by the
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upward −looking　ADCP ．　A　 more 　precise　approach 　is
required 　to　 understand 　sea 　surface 　 processes 　from
the 　upward −looking　ADGP 　data．
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自己 記録式上 方設置型 ADCP に よ る海 面計測

中嶋 秀夫 ・金 子 　新 ・江 田 憲彰

　　　　　（広島大学工 学部）

　　　　　　 川建和 雄

　　 （九 州大学応用力学研究所）

　TOGA ／COARE 　IOP 期 間 中 に、測 点 （2
°0．21 ’N

，
156 °0．11’E）で 得 られ た 自 己記録武上 方 設 置型 ADCP

デ
ー

タ を注意深 く解析 し、海面 か ら の散乱 音波振幅 （AGC ）を抽出 した 。 海面 に お け る AGC 値 は、同測点

に お け る ATLAS ブ イ に よる 0 か ら 13　ms
』1

まで 変動 した風速 とよい 相 関を持 つ こ とが 分 か っ た 。 海面 か

ら の 後方散乱 が 風 速 と共 に 増大する 理 由 に つ い て は 十分 に 解 明 さ れ な か っ た が 、こ の 研究 に よ り風 速 が 海

面 で の AGC 値か ら予測 で きる 可能性 が 開 か れ た。
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