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Abstract

  Rawinsonde  observation  was  performed  in late January  through early  February  in 1998 around  the

southwe$tern  part of the Sea of  Okhotsk  to estimate  the turbulent fluxes of sensible  and  latent heat over
the ice-covered ocean  during the winter  monsoon.  Upstream cold  and  stable  air mass  originated  frorn the
EuTasian  continent  was  significantly  rriodified  through  heat and  moisture  supply  from  warm  sea  surface  with

offshore  cold-air  outbreaks,  which  consequently  formed mixed  layer characterized  by neutral  stability over

downstream a･reas. Associated with  reduction  of the top of the mixed  layer height through  the observational
period, estimated  heat fluices also  decreased gradually from  210 W  m-2  to 30 W  m-2.  The$e decrease
tendencies  of the mixed  layer height and  estimated  heat fiuxes may  reflect  the increase of the insulating
effect of the sea-ice cover  on  heat and  moisture  exchanges  between the atmosphere  and  ocean.

CoTresponding author:  Katsushi Iwamoto,  Insti-
tute of  Low  Tbmperature  Science, Hokkaido Uni-
versity,  Kita19, Nishi8, Sapporo, 060-0819, Japan.
E-mail:     katsu@lowtem,hokudai.ac.jp
@2001, Meteorological Society of  Japan

1. Introduction

 The Sea of Okhotsk, which  is loca,ted between
about  45-600N, is extensively  covered  with  sea  ice
during winter.  The  winter  monsoon  from the
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Eurasian contiiient  associated  with  the combma-

tion of  the Aieutian iow and  Siberian high acts  te

iitcrease the sea-ice  cover  through  a  coid  northerly

advection  and  an  effshore  wind  stress.  It is wegl
knewn that the iRterannun: variability  of  tke atiiio-
spheric  circulation  over  the Far East causes  large
fluctuations in the Okhotsk sea-ice  cover  (e.g., Cav-
alieri  and  Parkinson 1987; Parkinson 1990; fang
and  Wallace 1994). Conversely, the sea-ice  cover

may  be capable  of  infliienciiig t}ke atmospheric  field.

Sea ice significant!y  [educes  a heat exchange  be-
tween the atmosphere  and  ecean,  anci  it conse-

quently cools  the air mass  above.  Significant
atmesphere-ocean  energy  exchamges  are  expecteci

over  the open  ocean  off the ice-edge whei}  cold

air outbreaks  occur.  Several previous  studies  sug-

gested that  anomalous  Okhotsk  sea-ice  cover  may

influence air  temperatures  andlor  snowfa11  pro-
cesses  over  and  around  Hokkaido (e.g., Nagata and

Ikawa 1988; Sasaki and  Degut･i, 1988; Honda
et al. 1994; Okube and  Mannoji 1994), although
these studies  are  limited to gocal infiuence of  the
sea  iee on  the atmosphere.  Recently, Honda  et al.

(1996; 1999), using  an  atmospheric  general circuEa-

tion model,  showed  that  the Okhotsk  sea-ice  cover

anomalies  bring about  significant  lnrge-scale atmo-

spheric  responses  not  enly  around  the Sea ef

Okhotsk but also  dewnstream towards  North Amer-
ica. This remote  respense  is caused  by a･nomalous
turbulent heat fiux off the iee-edge ever  and  aruund

the Sea of 0khotsk asseciated  with  sea-ice  extent･

anomalies.  They also  showed  that similar  atmo-

spheric  patteTns are  obtained  in cou]posite  anoma-

lies of  observational  atmospheric  fiegds associated

with  observed  sea-ice  cover  anomalies.  This result

suggests  that the seasonal  and  interannual variabil-
Ety of  sea-ice  distribution inffuences large-scale at-

mospheric  fields through  the variability  ef  the dis-
tribution of  the heat flux at  the lower boundary.

Several observational  stuciies  haye estimated  the
turbulent  heat fiuxes of  sensible  and  latent heat
over  the open  ocean  off the ice-edge in offshore  wind

conditions  in other  margina]  ice zone  (MIZ), for
example,  in the Bering Sea (e.g., Hein and  Brown

1988) and  the Greenland Sea (e.g., Kellieer et  al.

ft987i BrUmmer  1996). However, few heat fiux !nea-
surements  have existed  in wintertiine  ice-covered
cenditiolls  in the Sea of  Okhotsk which  is also  a

typical MIZ. Furthermore, at･rriospheric  modifica-

tions with  these fiuxes ever  the Sea of Okhotsk have
not  been investigated at all during wim.ter.

  The  purpose  of  this study  is to estimate  the tur-
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 bugent heat fiuxes in the  Sea of  Okhotsk covered

 with  sea  ice, and  to investigate processes of the

 boundary--1ayer modification  over  there, when  the

 cold  air outbreaks  frogn the Eurasian continent  oc-

 cur.  R)r this purpose, the first systematic  at･mo-

 spheric  observation  using  rawinsondes  in the south-

 westeTn  part of the Sea ef Okhotsk was  perfbrmed
from late January to ear}y  kbruary in 1998, when
 sea  ice reached  and  covered  the Okhotsk coast  of

Hokkaido, Japan. in this short  contribution,  we

focus on  the heat fiux estimation  over  the Sea of
ekhotsk using  the obtained  rawinsonde  data as a

preliminary result.

2. 0bservatfioit

  Cold-air outbreaks  are  intermittent southwat'd  or

southeastward  cold  advect･ions  from eastern  Siberia,
the coldest  region  in the Northern Hernisphere,
c- awsed  by a zonal  pressure gradient after  the pas-
sage  of the extra-tropical  cyclomees  to eastward  of

Japan. In order  to investigate the air mass  modi-

fication along  the dh'ections of  the cold-air  advec-

tien, we  deveioped three rawinson(le  stations  (two
land-based and  one  shipboard)  along  mean  wind

directions for the climatic  rnean  winter  monsoon

around  the southwestern  part  of  the Sea of Okhotsk

(Fig, 1) in the wint,er  of  1998. 0ne land-base(i sta-
tion is 

"YUzltno-Sakhalinsk

 (hereafter YS; 46.90N
and  142.70E), a Russian meteorological  observa-

tery, which  is located upstream  of  the winter  mon-

soon  in the observational  area.  The  northwestern

part of the Sea of Okhotsk, including the nerthern-

most  part of  the Sea ef Japan, is almost perfectly
covered  with  sea  ice during winter.  An  air mass
observed  at YS  with  a northerly  wind  component

is, therefore, expected  to retain  its characteristics
which  eriginated  from eastern  Siberia, because the
ice cover  insulates heat fluxes from the ocean.  An-
other  Pand-based stat/ion is temporally developed
at  Shari, the ekhotsk coast of  Hokkaido (hereafter
SH; 43.90N and  144.60E). SH  is at  the lewest lati-
tude of the Sea of  Okhotsk (Fig, 1), and  is lecated
downstream of the winter  monsoen  passing over
YS. Iii normal  years, the southern  edge  of  the sea-

ice cover  reaches  the Okhotsk coast  of  Hokkaido
around  the end  of  Jariuary, and  the sea  ice exten-
sively  covers  almest  all the coastal  area  by mid-

February. So, we  can  obsez've  the reduction  of heat
and  meisture  fluxes from the sea  surface  due to the
increase of  sea-ice  coverage  b' y comparing  the ver-
tical profile of  an  air rnass  observed  over SH  with

that of  YS  through this period, Ifor this reasori,
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Fig.1. Lo/cation map  of  (a) the  Sea of

  Okhotsk and  of  (b) the  observational

  area,  Solid lines in (a) indicate mean  sea

  level pressure (hPa) in January  for 1967-

  1997. Mean  sea-ice  edge  for the  end  of

  January (1979-1998), which  is indicated

  by  40%  ice concentration,  is shown  by

  dashed  lines. Solid circles and  crosses

  in (b) represent  land-based stations  and

  ship-based  station  on  the  ice breaker Soya

  (SO), respectively.

we  perfdrmed rawinsonde  soundings  from 26 Jan-                      '
uary  to 11 february 1998 at the two laiid-based
stations,  Soundings were  made  four times a  day

(OO UTC,  06 U[I]C, 12 UTC,  and  18 UTC)  through

the observatiorial  period. Since twice observations

daily (OO UTC  and  12 UTC)  are  operationally  per-
formed at  YS, we  requested  the Russian "laather
Service to perform two  soundings  daily additional
at YS  (06 UTC  and  18 UTC).  Moreover, fbur more
observations  a  day (03 UTC,  09 UTC,  15 UTC,
and  21 UTC)  were  added  at  SH when  the cold-air
outbreaks  occurred  (from 18 UTC  3 to OO UTC  7

Februamy, from 18 UTC  8 to 06 UTC  9 February,
and  from 12 UTC  10 to 06 UTC  11 February), to

obtain  higher time  resolution  for vertical  profiles of

the air mass,  during the outbreaks.

  The ice breaker Soya, which  belongs to the Japan
Maritime Safety Agency (currently, Japan Coast

Guard), patrols the Sea of Okhotsk off  Hokkaido

during the arrival  period of  sea  ice every  year. We
developed the shipboard  station  on  the Soya (here-
after  SO) during her cruise,  and  performed  four or

eight  times  rawinsonde  observations  a  day from 4

to 11 February. The  area  of  her cruise  was  mostly

within  the southwestern  part of  the Sea of  Okhotsk,
which  almost  corresponds  to the midstreaJn  area  of

the climatic-mean  cold  northerly  between YS  and

SH (Fig. 1). Therefbre, the obtained  data at SO
may  intrinsically reflect the actually  modified  air

mass  over  the ice-covered ocean  between YS  and

SH.3.

 Synopticsituation

  Figure 2 shows  the time series  of  vertical  profiles
of the air temperature  and  horizontal wind  vector

which  were  obtained  by the rawinsonde  observa-

tion at  YS  and  SH  (Figs. 2a and  2b, respectively),
and  the temperature  difference between YS  and

SH  (Fig.2c). On  the basis of  weather  charts (not
shown),  extra-tropical  cyclones  periodically passed
near  Hokkaido during our  observation.  Cold-air
outbreaks  after  the passage of the cyclones,  which

are  identified as northerly  winds  and  colder  air tem-

peratures in the lower troposphere,  occurred  four
times: from 26 to 29 January, from 31 January

to 1 February, from 4 to 6 February, and  from 10

February to the end  of  the observation  (Figs.2a
and  2b, horizontal lines at the top of  each  panels).
Nearly simultaneous  variations  of  the temperature

through the layer at YS  and  SH  may  reflect the

behavior of  these cyclones.
  The  wind  directien observed  at  YS  was  almost

northerly  in the lower layer irrespective of  the tem-

perature variation  (Fig.2a), which  suggests  that

the air mass  originated  from the eastern  Siberia
was  dominant in the lower 1ayer at  YS. Further-

more,  the surface  inversions which  is indicated as

lower air temperature  near  surface  than  that above
frequently developed at YS  (Fig. 2a, or  more  clearly

identified in Fig. 2c), which  indicates that the lower-
layer air mass  is not  substantially  influenced by
heat release  from the ocean.  0n  the other  hand,
the northerly  and  southerly  wind  component  cor-

responded  to the decrease and  increase of the tem-
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Fig.2. Vertical-time cross  sections  of  ob-

  seived  air teinperature (℃; contours)  and

  horizonta] wind  vector  (arrows) at <a)
  YUzhno-Sakhalinsk  (YS) and  (b) Shari
  (SH) and  (c) teinpcratuTe difference be-
  tween  YS  and  SH. Contour intervaHs 5

  ℃ for (a) and  (b), and  3 ℃  for (c). Heri-

  zontal  lines at the top of each  pane] indig-
  cate  the periods  of  cold-air  outbreaks,  and

  vertical ]ines at the top of the panegs (a)
  and  (b) indicate the six cases  indicated in

  Fig.4a.

perature in the lewer layer at SH (Fig,2b). More-

ever,  the gower-layer temperature  at  SH  was  sys-

tematically higher than that at YS  throughout the

observational  peried  (Fig.2c). Mean  temperature
differences between SH  and  YS  during the whole

period is 1.3℃  at 700 hPa  gevei and  5.2℃ at 1000
hPa  ]evel, which  indicates that  the air mass  stabil-

ity of SH  was  genera21y weak  compared  with  that

of  YS. These facts imply that the coid  air mass

originated  from eastern  Siberia at  YS  Teached  SH
with  modification  from the ocean,  at  least in the

four cold  phases.
  Figure 3 shews  the distribution of  sea-ice  con-

centration  on  (a) 26 January, (h) 31 January, (c) 7

Fig,3, Sea-ice concentration  (91) around

  the southwest'ern  paTt of  the Sea of

  Okhot-sk derived from Defense Meteoro-

  logical Satellite Program's  (DMSP) Spe-
  cial Sensor Microwaveflmagers (SSMII):
  (a) 26 january, (b) 31 Janvaary, (c) 7

  Plebruary, (d) 11 February.

Ibbruary, and  (d) 11 February. The sea-ice  data,
DMSP-F13  Daily Sea Ice Concentrations 1998, was
obtained  from the EOSDIS  NSIDC  Distributed Ac-
tive Archive Center (NSIDC DAAC),  University of

Cogorado at Bould.er (published by National Snow

and  Ice Data  Center 1989). During our  observa-

tion, the sea-ice  coverage  between Sakhalin aiid

Hekkaido increased consgderabey  by advection  as-

sociated  with  the continual  northerly  wind  near

the surface  (Fig.2a). At the begirining, the mean

sea-icc  concentTation  in the area  enclosed  by thin

lines in Fig.3i was  45-5096 and  open  water  area

extended  to the  east  of  Soya Strait (Figs,3a aiid

3b). By  the end  of  our  observation,  the area  was

most-ly  covered  wi ±･h sea  ice, and  the mean  ice con-

centration  increased up  te 71%  and  exceeded  80%

at maximum  between Sakhalin and  the Okhotsk
coast  of Hokkajdo (Fig. 3d).
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4. Heat flux estimation

4.1 Mixed iayer devetopment

  Associated with  cold-air  outbreaks,  cold  and  sta-

ble air mass  originated  from the eastern  Siberia un-
dergoes significant  modification  by heat and  mois-

ture supply  from the warm  sea  surface,  Heating
from the  bottom destabilizes the atmospheric

boundaJry layer, and  consequently  forms mixed

layer through  convective  processes. However, the
sea  ice reduces  the development of  the mixed  1ayer
by insulating the heat exchange  between the sea

surface  and  the atmosphere.

  The  mixed  layer is easiiy  identified as  neutral  sta-

bility in the vertical  profile' of  equivalent  potential
temperature.  We  first chose  the cases  satisfying

both conditiens  that the rnixed  layer was  identi-
fied at SH  and  the  wind  was･blowing  from YS (or
SO) to SH  at the lewer level, The latter was  con-

firmed in a  backward trajectory analysis  from SH,
using  wind  data at  925 hPa  of  the Europian Centre
for Medium-Range  Weather Ibrecasts (ECMWF)
analyses.  Since we  used  a  O,50 × O.50 grid data set to
calculate  each  of the air-mass trajectories, we  per-
mitted  the case  that  the trajectory passes within  '

the ranges  of 50 km  from YS  (or SO) and  SH
(Fig. 4) . In this manner,  we  obtained  nine  cases.  It

is indicated in Fig. 4 that air rnass  advection  takes
about  9 or  12 hours from YS  to SH, and  about  3
hours from SO  to SH, Then, considering  the time
lag for the advect･ion  between two stations  in each
case,  we  picked  the pair of soundings  at both sites
and  compared  their vertical  profiles of  equivalent

potential temperature. As our  observation  at  YS
and  SO was  performed  every  3 or  6 hours, there
does not  necessarily  exist  the corresponding  sound-

ing at YS  (or Se) with  the estimated  time  lag,
so  we  chose  the closest  one.  Figure 5 shows  thus-
selected  profiles of  the equivalent  potential temper-
ature at YS  (or SO) and  SH, Cleam modifications
can  be identified from YS  (or SO)  to SH  (Fig.5),
i.e,, stable  stratification  at YS  (or SO), clear  mixed

layer at  SH, and  similar  profiles of  free atmosphere
above  the mixed  1ayer at  SH and  YS  (or SO). Here-
after, thes/e nine  cases  are  named  as  case  I, 2, ･-･,

1 Sea-ice area  which  does not  exist  in the real  con-

  dition often  appears  on  grids adjacent  to the  mid-

  latitude coast  in this ice dataset, which  may  be re-

  lated to substantial  probleins both of the field of
  view  of  the sensor  and  used  algorithm.  So we  ex-

  cluded  the ice cencentration  values  near  the coast

  when  we  calcullated  the area-averaged  values  in this
  area.
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Fig,4, Backward trajectories  from SH
  based on  wind  data at 925 hPa of

  the European Centre for Medium-Range

  Wleather Forecasts (ECMWF) o.sexo.se
  grid analyses.  The interval between  two

  clos'ed circles  is 6 hours. Times that the

  air  masses  are  located at SH  are  shown

  in both panels. (a): from  SH to YS. (b):
  from SH to SO.

and  case  9, respectively.

  Based on  the profiles in Fig.5, the top of  the
mixed  1ayer of  SH  in each  case  was  decided based on
the squared  buoyancy frequency, and  we  adopted
1.5 × 10-4 (sec-2) as  its threshold. It is indicated
as the horizontal thin line in each  panel of Fig.5,
and,in  Table 1, The  thickness of  the mixed  layer of
SH  has a  decreasing tendency  with  time  during the
observation.  This tendency seems  to correspond

to increase of  the ice concentration  by about  30%
during the observation  (Fig. 3 and  Table 1).

4.2 Suflfdce heatflux

  The  development of  the mixed  layer is infiuenced
by various  conditions,  e,g., initial stability  at the

upstrearn  station,  sea-surface  condition,  existence

of  cloud,  radiative  eflbct,  and  so  on.  The mixed

layer develops mainly  by the heat and  moisture

supply  from the sea  surface  between YS  and  SH.

  The  heat and  moisture  supply  should  reflect the
moist  static  energy  h of  the air  mass,  which  is de-
fined as  h =  cpT  +  L,q +  gz. When  the air mass
at  YS  moves  to SH, the air-mass  modification  oc-

curs  in the layer between the  Iower boundaryi ptow,
aiid  the top of  the mixed  layer at  SH, pt.p, and  the

total increment of  the moist  static  energy,  AH,  is
represented  as  follows:

  AH  =-  Y; r.
t

.

OP

 ; (hsH - hys) clp, (1)

whete  subscripts  denote the stations,  The total en-
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  and  SH  (dashed lme),fequivaleikt
 potontiaE temperature  at  YS  (thick solid  line),

Horizonta] thin liues dellotc the  top of  the mixed  layer,SO
 (thin solid  line),

ergy  increment is mainly  due te the sensible  and  la-
tent heat fluxes and  the radiation  eflect. So, we  ex-

tract the turbulent  fluxes of the sensible  and  latent
heat (F) by removing  the effect  of  heatinglcooling
by the radiation  process, that is,

      Aff

  
F=

 At 
-4ad,

 (2)
where  At is the tiTne lag fbr the air mass  advect-

ing between the stations  and  a.,d is the net  ra-

diative flux in the mixed  layer, [[b estimate  the

a.d, a  one-dimensional  radiative  model,  Streamer

(Key 1999), was  used.  The Strearner is a  radiative

transfer model,  containing  the effects of  cloud,  re-

alistic inceming solar  radiation  at the specific  loca-

tion amd  time, and  albedos  asseciated  with  various

surface  conditions.  SNb snpposed  that the cloud
appears  when  the relative  humidity exceeds  85%.
The  difference of  the calculated  net  radiatlon  at

pi.. and  pt.p is regarded  as 4.d.
 .We  chose  the same  cases  as  in the previeus  sub-

section  (Fig.5). in each  case,  At  is ca!culated  by

dividing the distance between the stations  by the
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Table  L  Average  sea  ice concentration  in

  the area  enclosed  by thin lines in Fig.3,

  top of  the mixed  layer lpt.p), calculated

  net  radiative  flux (a.d), and  estimated

  turbulent heat flux of  sensible  and  latent

  heat (F) in each  case.

Cusel2345eTs9
TTme  at  SH  25Jan 29,)an 2g,]n] OIFeb 06Feb 10Feb 10Feb 11Fob 11Fcb

   (uTe) ls oo o6

  Stm'Ledat YS YS YS

Sell-ire Cover C%) 45 48  46

  pt., Cl±Pa) TSO 8iO 870

 F;.rf OI,m-,) .JO .2- .2o

 F(JT'rn")  210 110 100

Do m  ls 21 oo e3

ys ys so  so  ys  so

49 62 65 65 65 T･1,

S40 S5o 9fi5 g2t] V45 91S

.20 .20 .20 .?O -10 O

140 120 10U 100 60 30

i
 Sea-ice cencentiation  between SO alld SH mi L'eb. 1 t -'as llearLy 10e % b}' theebscrva-

  tion bHtied o"  the Heu-ice  munit･oring  rudar  netwurk  un  the  Okhorsl[ const, opcrated

  by the Tnstitute ef Losv Termpetature Science, IIokkaido University.

average  wind  speed  at  YS  (or SO) and  SH in the

mixed  layer defined based on  the profile at SH.
Moreover, we  take 1000 hPa as  pt.. in all cases,

because the effect of local influence of  the surface
layer must  be removed.

  [[bble 1 shows  the obtained  turbulent heat fluxes.
They  gradually get smaller  with  time during our
observational  p/eriod, corresponding  to the descend-
ing tendency of the mixed  1ayer height of  SH, This
tendency may  reflect the insulating effect of the

heat transfer associated  with  the upward  trend of

the  sea  ice concentrations.  The  efiect of  the ra-

diation process becomes gradually weaker,  amd  its
relative  role  on  the mixed  layer development be-
comes  also  small.

  The  estimated  heat flux fbr each  of  cases  2-4 is.
rather  smaller  than  that of  case  1. The  increase of
the  ice concentration  from case  1 to cases  2-4 is
only  1--4%, whereas  the reduction  of  the heat flux
is nearly  10e W  m-2.  In contrast,  in spite  of  more

than  15%  increase of the  sea-ice  cover  from cases

2-4 to cases  5-Z few decrease of  the heat flux is ob-
served  during this period. Also in case  8, reduction
of  the heat fiux is confirmed  although  the increase
of  inhe ice concentration  is not  identified between
cases  5-7 and  8. In each  of cases  2-4 and  8, the
YS's profile was  considerably  stable  compared  with

case  1 or  5 (Fig. 5). Because of  the suppression  of

the convection  due to the stable  stability, the efi-

ciency  of  the heat transfer between the ocean  and

atmosphere  rnay  be reduced.  Further investigation
is needed  for the suppression  of  the mixed  layer de-
velopment  associated  with  the stability  of  the  air

mass,  and  for characteristics of  air-mass modifica-
tion processes with  shapes  of  vertical  profiles.

  In case  9, the significant  reduction  of the heat
fiux from about  100 W  m-2  to 3e W  m-2  was  ob-

served.  In this case,  the heat flux was  estimated  be-
tween SO  and  SH. As shown  in Fig. 4b, the position
ef the Soya was  near  the coast  of  Hokkaido, and
the sea-ice  concentration  between SO and  SH  was

nearly  100%, which  was  confirmed  by the observa-
tion using  the sea-ice  monitoring  radar  network  on

the  OkhQtsk coast operated  by the Institute of Low
Temperature Science, Hokkaido University, There-
fore, the obtained  value  of the heat fiux may  reflect

the  heat reieased  from the ice surface  through  in-

side  the sea  ice to the atmosphere.

  It is dificult to decide the top of  the mixed  layer
in case  4, as  the prefiles of  the equivalent  poten-

tial temperature in the free atmosphere  over  the
mixed  layer between YS  and  SH did not  coincide

(Fig. 5d). As mentioned  previously, the YS's pro-
file was  considerably  stable  compared  with  other

cases.  In SH, a  weak  stable  1ayer was  identified be-
tween 910 hPa and  810 hPa  above  the mixed  layer,

and  air temperature of  the upper  part of  the weak

stability  1ayer of SH was  colder  than that of  the

correspending  height of  YS. This temperature in-
version  between YS  and  SH  may  be caused  by a

mixing  process between the mixed  layer and  free

atmosphere  above  associated  with  an  entrainment

process, which  is triggered by overshooting  a  buoy-
ant  thermal  from the surface  into the free atmo-
sphere  associated  with  free eonvection  within  the
mixed  layer (Stull 1988). The  entrainment  tends to

occur  when  a  stronger  stable  layer is heated from
the lower boundary (Brtimmer 1996). In this case,
the top of the mixed  layer is expected  to exist be-
tween 910 hPa and  810 hPa, while  we  decided that
the top of  the mixed  layer is 840 hPa. The  heat

fiux is within  in the range  of 120-140 W  m-2  if
we  choose  any  level between 910 hPa  and  810 hPa
as the top  of  the mixed  layer. However, further
study  is needed  for the estimation  of the top of  the

mixed  layer when  the air-mass modification  by the
    ,entratnment

 process oceurs.

5. Conclusions  and  future works

  Rawinsonde  observation  was  performed in the
southwestern  part of  the Sea of  Okhotsk during
winter  in 1998 to investigate the atmospheric

boundary-layer modification  and  to estimate  the

turbulent heat fiuxes over  the ice-covered ocean.

Associated with  cold  air outbreaks,  cold and  sta-

ble air  mass  at  the upstream  station  (YS or  SO)

was  modified  through heat flux release  from warm
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ocean  surface.  As  a result,  the mixed  layer char-
acterized  by neutrai  stability  was  observed  at･ the

downstream  station  (SH), and  the height gradu-
ally  decreased through  our  observational  period.
Correspondingly, significant  reduction  of the tur-

bulent fiuxes of  sensible  andi  Iatent heat was  also
confirmed.  Both decreases may  reflect the increase

of the insulative effect of the sea  ice en  heat trans-

fer between the atmosphere  and  ocean.  Estimated
values  of the total turbuleigt fluxes of  the sensi-

ble and  latent heat by the rawinsonde  observa-

tion were  ranged  fmom 21G W  m-2  for partly ice-

covered  ocean  to 30 W  m-2  for nearly  perfect ice-

covered  condition,  which  are  similar  to those of

other  marginal  ice zones  (the Bering Sea, the Green-
land Sea, and  so  on).

  [i]his ebservation  had  beeii continued  te the foE-

lowing winters  of 1999 and  2000, and  performed  for

a  ionger period in both years than that of  1998. It
is expected  that we  can  promote  a  better under-
standing  about  the atmospheric  modification  pro-
cesses  and  estimate  moTe  accurate  values  of the tur-

bulent heat fluxes over  the Sea of  Okhotsk in the
ice-covered condition  through  our  analysis,.  which

is in progress using  these data,
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