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Ab stract—Sat el lite data on sea sur face tem per a ture and tem per a ture and sa lin ity pro files in the north-
eastern shelf of Sakhalin showed that dur ing the pe ri ods of advection of warm and low-salinity wa ter to
the east ern shelf of Sakhalin, in ten sive coastal upwelling did not de velop, even un der fa vor able wind
con di tions. Reg u lar deep en ing of the thermocline/halocline has pre vented the rise of cold and salt wa ter
to the sea sur face. Nu mer i cal ex per i ments with the INMOM-JRA55-do model showed a sig nif i cant
deepening of the thermocline/halocline ac com pa nied by the in creas ing den sity strat i fi ca tion, which pre -
vented the elevating of the Sea of Okhotsk wa ter to the sea surface. It is as sumed that the joint moni-
toring of wind con di tions and hy drol ogy on the east ern shelf of Sakhalin in the sec ond half of the year
will sig nif i cantly clar ify the fea tures of its de vel op ment and more ac cu rately as sess the bi o log i cal pro -
duc tiv ity of wa ter in this area of the Sea of Okhotsk.
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IN TRO DUC TION

The east ern shelf of Sakhalin (the Sea of Okhotsk) is the area of in ten sive fish ery and fat ten ing of ma -
rine mam mals. The mon soon change in the sec ond half of the year leads to the de vel op ment of coastal
upwelling on the shelf [4, 11]. South ern winds re spon si ble for the rise of the cold and salt water of the Sea
of Okhotsk, which is rich in biogenic el e ments, make this re gion a unique place for study ing the coastal
upwelling and its in flu ence on the bi o log i cal pro duc tiv ity of shelf wa ter.

Some stud ies [7, 8] based on in stru men tal ob ser va tions in north east ern Sakhalin pro vided in con tro vert -
ible proofs of rou tine man i fes ta tions of coastal upwelling as so ci ated with the emer gence of the cold and salt 
wa ter on the sea sur face. The anal y sis of sat el lite data on sea sur face tem per a ture (SST) and wind speed re -
vealed a di rect re la tion ship be tween the in ten sity of coastal upwelling (the emer gence of cold wa ter on the
sea sur face) and wind forc ing, which is char ac ter ized by the prev a lence of the north ward along shore com -
po nent and the spa tial inhomogeneity (a pos i tive wind stress curl) [3]. How ever, the pe cu liar i ties of the
thermohaline strat i fi ca tion can have a sig nif i cant ef fect on the evo lu tion of coastal upwelling, even un der
fa vor able wind con di tions. 

A typ i cal fea ture of hy dro log i cal fields on the north east ern shelf of Sakhalin is their strong de pend ence
on river run off. The warm and de sa li nated wa ter of the Amur River forms the thermohaline strat i fi ca tion
typ i cal of this sea area [6, 11]. The au thors of [7, 8] pointed out the for ma tion of the fron tal zone whose
bound ary is highly de pend ent on river run off, as well as on the pro cesses re lated to the dra matic change in
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the wind di rec tion to the north ern one along the east ern coast of Sakhalin. The thermohaline strat i fi ca tion
formed by the advection of the warm and de sa li nated wa ter can sig nif i cantly com pli cate the pat tern of in -
ten sive coastal upwelling, de spite fa vor able wind con di tions. The stud ies of the phe nom e non in the Aegean 
and South China seas [12, 18] showed that river run off in the coastal zone forms the subsurface bar rier
layer, which sup presses the in ten sive rise of deep wa ter to the sea surface. In view of this, it is im por tant to
re veal the in flu ence of the thermohaline strat i fi ca tion on the de vel op ment of in ten sive coastal upwelling on
the east ern shelf of Sakhalin, in par tic u lar, to im prove the qual ity of fore cast ing/as sess ing the bi o log i cal
pro duc tiv ity of wa ter in this area of the Sea of Okhotsk.

The ob jec tive of the pres ent pa per is to de velop con cepts of the in flu ence of the thermohaline strat i fi ca -
tion formed by the advection of warm and low-salinity wa ter on the for ma tion of in tense coastal upwelling
on the east ern shelf of Sakhalin: based on the nu mer i cal mod el ing, pos si ble sce nar ios of its evo lu tion in
case of low and high de sa li na tion of wa ter are pro vided. The in ten sity of the subsurface bar rier layer and its
ef fect on the coastal upwelling in ten sity in Au gust dur ing 2008–2017 are quan ti fied. Along with hy dro log i -
cal and wind con di tions, the dis tri bu tions of chlo ro phyll a (Chl-a) are an a lyzed, and the interannual vari -
abil ity of its con cen tra tion in the dis tin guished area is pre sented. The con clu sions are made on the need in
hy dro log i cal mea sure ments to im prove the qual ity of fore cast ing the con se quences of coastal upwelling.

DATA AND METHODS

The data on SST from the dataset of the In sti tute of Au to matics and Con trol Pro cesses of the Far East ern 
Branch of Rus sian Acad emy of Sci ences (IACP FEB RAS) were used to an a lyze the spa tial fea tures of
coastal upwelling man i fes ta tions on the east ern shelf of Sakhalin [5]. The anal y sis of the wind speed field
was based on the CCMP (Cross-Calibrated Multi-Platform) gridded data [13] with a spa tial res o lu tion of
1/4° in lat i tude and lon gi tude and a tem po ral res o lu tion of 6 hours.

The GOFS3.1 ocean reanalysis data [14] with a spatial resolution of 1/12° in longitude and 1/24° in lati-
tude and a temporal resolution of 3 hours were used to characterize the thermohaline stratification. Based
on this reanalysis, the zonal density gradient ¶s ¶lq /  (s q  is the conditional density, l is the longitude on the
eastern shelf of Sakhalin) characterizing the barrier layer intensity in August during 2008–2017 was
estimated. The profiles of temperature T and salinity S in northeastern Sakhalin were obtained for
2008–2019, in particular, using the MIDAS-CTD+500 autonomous combined profiler with the permission
of Exxon Neftegas Limited. The scheme of the stations where the profiling was provided can be found in
[7, 8].

The ex per i ments with the INMOM nu mer i cal ocean cir cu la tion model [1] with a spa tial res o lu tion of
1/32° in lat i tude and lon gi tude and at mo spheric forc ing based on the JRA55-do dataset [20] were held to
dem on strate the sce nar ios of coastal upwelling evo lu tion un der con di tions of dif fer ent thermohaline strat i -
fi ca tion. The INMOM has been suc cess fully used for study ing upwelling in dif fer ent ar eas of the ocean [9]. 
The pres ent pa per pro vides the model con fig u ra tion that was pre vi ously used for mod el ing the cir cu la tion
in the Sea of Okhotsk with a high spa tial res o lu tion [2, 19], but un like [2], not tak ing tidal forc ing into ac -
count. Ini tial con di tions for po ten tial tem per a ture and sa lin ity cor re sponded to their Jan u ary climatology
values taken from the WOA2013 da ta base, and ini tial fields of the ve loc ity and level were spec i fied equal
to zero. In the area of liq uid bound aries, the zones with a width of ~1° from the sur face to the bot tom were
re served, where po ten tial tem per a ture and sa lin ity were “at tracted” to the monthly climatology taken from
the WOA2013 dataset. Subgrid pro cesses were parameterized in ac cor dance with [2]. The in te gra tion was
car ried out con tin u ously from 1997 to 2013, and the spin-up in cluded the first 5 years. 

The upwelling in dex (here in af ter, TPI) was used to es ti mate the coastal upwelling in ten sity and was
eval u ated in ac cor dance with the fol low ing re la tion ship [18]:
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where l is lon gi tude, j  is lat i tude, n = (N – 1)/2; N is the size of the neigh bor hood (the num ber of points)
around the cell, N was taken equal to 21. The TPI was es ti mated us ing the gridded SST data from the
GHRSST (Group for High Res o lu tion SST) dataset [15] with a spa tial res o lu tion of 1/10° in lat i tude and
lon gi tude and a tem po ral res o lu tion of 1 day for the pe riod of 2008–2017. The grid cells where TPI is neg a -
tive in di cate a man i fes ta tion of coastal upwelling. The smaller TPI is, the lower sea sur face tem per a ture is,
the more in tense coastal upwelling is. Ac cord ing to in stru men tal ob ser va tions [7, 8], due to in tense and sta -
ble south ern winds, upwelling fronts are formed along the east ern coast of Sakhalin. Their width ex ceeds
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the first baroclinic Rossby de for ma tion ra dius, there fore, the spa tial res o lu tion of the GHRSST dataset is
suf fi cient to take into ac count the pe cu liar i ties of coastal upwelling.

Coastal upwelling af fects the bi o log i cal pro duc tiv ity of shelf wa ter, since deep wa ter ris ing to the sea
surface is rich in biogenic el e ments, which are nec es sary for the al gae de vel op ment. A pos si ble quan ti ta tive 
char ac ter is tic of the bi o log i cal pro duc tiv ity is the con cen tra tion of chlo ro phyll a. The changes in chlo ro -
phyll a un der con di tions of coastal upwelling were an a lyzed us ing the MODIS-Aqua 2, 3 level data for
cloud less scenes in Au gust dur ing  2008–2017, which were ob tained at the Goddard Space Flight Cen ter
[16, 17]. The data pro cess ing was per formed with the SeaDAS ver sion 7.4 soft ware. The anal y sis was
based on the 8-day val ues av er aged over the zonal sec tion (52.0° N) in the area of 36 ́  36 km, which were
sub se quently av er aged for Au gust.

RE SULTS

Since the hy dro log i cal con di tions char ac ter ized by the pres ence of warm and de sa li nated wa ter off the 
east ern coast of Sakhalin caused by the Amur River run off were of in ter est, two pat terns of the coastal
upwelling evo lu tion cor re spond ing to the first half of Au gust in 2009 and 2013 were con sid ered for com -
par i son. The spa tial dis tri bu tion of SST av er aged over the pe riod of Au gust 8–14, 2009 (Fig. 1a) dem on -
strates that its val ues al most along the en tire east ern coast of Sakhalin are 5–6°C lower than in the off shore
part. South ern and south east ern winds with an av er age speed of 5–6 m/s dom i nated in the wind field. In
accordance to the Ekman’s the ory, these winds form an in ten sive east ward quasizonal trans port, which is
ac com pa nied by the in ten sive rise of the salt and cold Sea of Okhotsk wa ter to the sea surface. At the same
time, north of 52.5° N, de spite the pres ence of the north ward along shore wind com po nent, no low SST was
ob served.

Ac cord ing to [10], the ex treme (as com pared to the pre vi ous years) spring flood was reg is tered on the
Amur River in 2013. The spa tial pat tern of SST, as well as wind speed in Au gust 2013 are pre sented in
Fig. 1b. Despite more in tense (as com pared to Au gust 2009) south ern winds with a speed up to 10 m/s, SST 
along the en tire east ern coast of Sakhalin did not drop be low 10°C, which is 5°C higher than in Au gust
2009. Such sig nif i cant dif fer ences in the in ten sity of the coastal upwelling evo lu tion in Au gust in 2009 and
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Fig. 1. Sea sur face tem per a ture (color scale; IACP FEB RAS da ta base) and 10 m wind speed (the ar rows, m/s; CCMP da ta -
base) av er aged over the pe riod of Au gust 8–14 in (a) 2009 and (b) 2013.



2013 with the prev a lence of south ern winds point out that south ern winds and wind stress curl [3] on the
east ern shelf of Sakhalin are not the only fac tors re spon si ble for the in ten sity of the elevating of the cold
and salt Sea of Okhotsk wa ter to the sur face. 

It is sup posed that the back ground thermohaline strat i fi ca tion on the east ern shelf of Sakhalin may be a
fac tor that im pedes or fa cil i tates the de vel op ment of in tense coastal upwelling. To con firm this sup po si tion, 
the ver ti cal struc ture of wa ter in north east ern Sakhalin was an a lyzed us ing in stru men tal ob ser va tions,
which were car ried out on the north east ern shelf of Sakhalin in the sec ond half of the year from 2008 to
2019. Fig ure 2 pres ents the monthly mean pro files of tem per a ture T and sa lin ity S ob tained in Au gust in the
coastal zone be tween 52.5° and 53° N. As fol lows from the anal y sis of the pro files, in some years, for ex am -
ple, in 2014, there was a no tice able deep en ing of the thermocline/halocline as com pared to its long-term
position. In par tic u lar, the 5°C iso therm in Au gust 2009 was lo cated at a depth of 8 m, while it dropped to
18 m in Au gust 2014. These pe cu liar i ties of the ver ti cal struc ture are also man i fested (not so clearly
though) in the sa lin ity pro files (Fig. 2b). In par tic u lar, the iso ha line of 31.8 psu was reg is tered at a depth of
12 m in Au gust 2009, whereas it dropped al most to 30 m in Au gust 2014. The typ i cal wedg ing-out of iso -
therms/iso ha lines to the sur face was reg is tered in Au gust 2015, when the 5°C iso therm was found at a depth
of 8 m, and the isohaline of 31.8 psu was reg is tered at 12 m. A still more pro nounced pat tern of the deep en -
ing of iso therms/iso ha lines was ob served in Au gust 2019, when the 5°C iso therm was reg is tered at a
depth of 20 m, and the iso ha line of 31.8 psu deep ened to 25 m. These fea tures of the thermohaline strat i fi -
ca tion in di cate a reg u lar oc cur rence of the sur face bar rier layer char ac ter ized by high tem per a ture and low
sa lin ity off the east ern coast of Sakhalin [12]. This layer is formed by the advection of warm and
low-salinity wa ter of the Sakhalin Gulf, which, in its turn, is caused by the Amur River run off. In ad di tion,
the trans port of this wa ter was con trib uted by in tense north ern winds, which are rou tinely ob served in the
an a lyzed pe riod [7, 8]. The pres ence of this layer, de spite in tense south ern winds, in di cates a less in ten sive
de vel op ment of coastal upwelling as com pared with the pe ri ods when the layer was ab sent.

The se ries of nu mer i cal ex per i ments with the INMOM ocean cir cu la tion model was held to con firm the
sup po si tion about the con tri bu tion of the bar rier layer to the coastal upwelling evo lu tion. The sim u lated vari-
ations in wind speed, tem per a ture T and sa lin ity S at the sta tion with the co or di nates of 52.28° N, 143.3° E
in Au gust in 2009 and 2013 were con sid ered.

Ac cord ing to the JRA55-do at mo spheric reanalysis, south ern winds pre vailed in the wind speed vari a -
tions in Au gust 2009 (Fig. 3a). Dur ing the pe ri ods of Au gust 1–7 and 12–20, the speed of south east ern
wind reached 8–12 m/s; on Au gust 25–28, the wind changed its di rec tion to south west ern with a speed of
12 m/s. Such long dom i na tion of south ern winds should have fa vored the de vel op ment of coastal upwelling 
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Fig. 2. The typ i cal pro files of (a) tem per a ture and (b) sa lin ity ob tained in dif fer ent years on the north east ern shelf of Sakhalin.
The av er age pro file for Au gust in the coastal area be tween 52.5° and 53° N is pre sented for ev ery year.



in these pe ri ods. A dra matic veer ing of wind to the north west ern di rec tion on Au gust 20–25 should be
noted, when its speed reached  13 m/s. Dur ing that pe riod, the ter mi na tion of wind-induced upwelling and
the de vel op ment of downwelling could be ex pected.

The depth–time plots for T and S in August 2009 (Figs. 3c and 3e) demonstrated a strongly pronounced
dependence of the coastal upwelling intensity on wind. For all time intervals when southern winds
dominated (see Fig. 3a), there was a noticeable decrease in T and an increase in S in the sea surface layer
with a thickness of ~40 m, which indicates the development of intense coastal upwelling. The position of
the 1.2°C isotherm changed most significantly: it wedged out from a depth of 40 m almost to the surface. In
addition, there was a clear wedging-out of isohalines to the surface: for example, the isohaline of 33.1 psu
moved up almost by 20 m. It should be noted that the short event (August 20–25) associated with a dramatic 
change in the wind direction was manifested in the typical deepening of the 1.2°C isotherm. This confirms
once more the prevalent influence of wind conditions on the coastal upwelling evolution in August 2009 [8].

In Au gust 2013 (Figs. 3b, 3d, and 3f), the pat tern of the coastal upwelling evo lu tion changed. Ac cord ing 
to the JRA55-do reanalysis (Fig. 3b), due to the prev a lence of south ern winds, which reached 7–8 m/s on
Au gust 1–18 and strength ened up to 10–12 m/s on Au gust 25–28, the de vel op ment of in tense coastal
upwelling was ex pected in north east ern Sakhalin. The depth–time plots (Figs. 3d and 3f) dem on strated that
the wedg ing-out of the 1.2°C iso therm and the 32.5 psu iso ha line to the sea surface was ob served only in
the first half of Au gust, which in di cates the de vel op ment of coastal upwelling. How ever, since Au gust 11,
de spite the prev a lence of south ern winds, tem per a ture started ris ing and sa lin ity started de creas ing. A dra -
matic change of wind di rec tion to north west ern on Au gust 18–22 was ac com pa nied by the ter mi na tion of
wind-induced upwelling and the advection of warm and salt wa ter from the north, which led to the deep en -
ing of the thermocline/halocline. Sub se quently, even if the wind changed, the coastal upwelling was not al -
most man i fested. The thermohaline strat i fi ca tion sup pressed the rise of the cold Sea of Okhotsk wa ter to the 
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Fig. 3. (a, b) Wind speed (m/s; JRA55-do at mo spheric reanalysis) and depth–time plots for (c, d) po ten tial tem per a ture and 
(e, f) sa lin ity ob tained with the INMOM at the sta tion (143.3° E; 52.28° N): (a, c, e) Au gust 2009, (b, d, f) Au gust 2013.



sea surface. The pre sented pat terns of the upwelling evo lu tion in the pres ence of the bar rier layer were also
ob served in Au gust for the other years (from 2008 to 2017). 

Thus, it may be con cluded that the evo lu tion of coastal upwelling on the east ern shelf of Sakhalin de -
pends not only on wind forc ing but also on hy dro log i cal con di tions. More over, even in case of strong
south ern winds, the coastal upwelling may not be formed if hy dro log i cal con di tions on the shelf are not fa -
vor able for that.

DIS CUS SION

The anal y sis of the thermohaline strat i fi ca tion on the north east ern shelf of Sakhalin in dif fer ent years re -
vealed that the advection of the wa ter with high tem per a ture T and low sa lin ity S leads to the for ma tion of
the bar rier layer that im pedes the de vel op ment of in ten sive coastal upwelling. In par tic u lar, the typ i cal fea -
ture of this layer is the deep en ing of isopycnic lines to the bot tom off the coast.

For more de tailed in ves ti ga tion of the de pend ence of the coastal upwelling in ten sity on the thermohaline 
strat i fi ca tion, two pa ram e ters were es ti mated: TPI and the zonal gra di ent of con di tional density (¶s ¶lq /  ).
The TPI char ac ter izes the coastal upwelling in ten sity more qual i ta tively ac cu rately as com pared to SST,
since the in dex takes into ac count the large-scale interannual SST vari a tions [18]. Since the advection of
de sa li nated and warm wa ter to the east ern shelf of Sakhalin leads to the deep en ing of isopycnic lines to the
bottom off the coast, the gra di ent ¶s ¶lq /  was used to char ac ter ize the in ten sity of this deep en ing. High
val ues of the pa ram e ter in di cate the pres ence of the bar rier layer off the east ern coast of Sakhalin, which
accord ing to the re sults of nu mer i cal mod el ing, im pedes the rise of the cold Sea of Okhotsk wa ter to the sur -
face. Small val ues im ply the ab sence or pres ence of the weak bar rier layer, and the coastal upwelling evo lu -
tion will de pend on wind forc ing.

Ta ble 1 pres ents the above pa ram e ters av er aged for north east ern Sakhalin, as well as the val ues of chlo -
ro phyll a and the anom a lies of the along shore wind com po nent (DV) av er aged for this part of the shelf. As
fol lows from the ta ble, the coastal upwelling in ten sity over the pe riod of 2008–2017 ex hib its strongly pro -
nounced interannual vari a tions. The most in ten sive coastal upwelling was de vel oped in Au gust in 2009,
2015, and 2017. Dur ing these pe ri ods, TPI reached the min ima of –0.46, –0.73, and –0.58, re spec tively. At
the same time, the gra di ent ¶s ¶lq /  was char ac ter ized by the min i mal (as com pared to the other years) val -
ues, which points out a weak ness of the bar rier layer and a lead ing role of wind (the along shore com po nent) 
in the in ten sity of the coastal upwelling evo lu tion. For ex am ple, in the an a lyzed pe ri ods, the val ues of DV
(ex cept for Au gust 2015) were max i mal, which in di cates the prev a lence of south ern winds fa cil i tat ing the
de vel op ment of coastal upwelling.

On the other hand, in Au gust in 2011, 2013, and 2014, de spite the pos i tive anom a lies of the along shore
wind speed com po nent DV (ex cept for 2014), the coastal upwelling did not al most de velop, and TPI dem -
on strated the min ima of –0.23, –0.1, and –0.001, re spec tively. Such small ab so lute val ues of TPI are caused 
by the pres ence of the strong bar rier layer off the coast, which was con firmed by the max i mum val ues of the 
zonal gra di ent of con di tional den sity ¶s ¶lq /  , namely, 7.46, 8.83, and 9.61 (10–6 kg/(m3 m)). Such high val -
ues of ¶s ¶lq /  in Au gust in 2013 and 2014 were caused by the in creased Amur River run off.

Thus, the Amur run off in crease can lead to the for ma tion of the bar rier layer, which, in its turn, will re -
sult in the sup pres sion of upwelling on the east ern shelf of Sakhalin. It should be noted that an es sen tial fac -
tor of the pres ence of de sa li nated wa ter on the east ern shelf of Sakhalin is also north ern winds, which en -
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Table 1. The TPI, zonal gradient of conditional density (averaged in the surface 100 m layer), chlorophyll a
concentration, and anomalies of meridional wind speed component with respect to its monthly mean value
averaged over the territory of 51.75°–52.25° N, 143.0°–144.5° E for August

Pa ram e ter 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

TPI

¶s ¶l,q/

10–6 kg/(m3 m)

Chl-a, mg/m3

DV ,  m/s

–0.26

5.96

1.93

–0.86

–0.46

4.50

1.43

0.80

–0.39

6.22

4.94

–1.41

–0.23

7.46

2.53

0.10

–0.27

9.39

3.11

1.65

–0.10

8.83

3.01

0.36

–0.001

9.61

3.37

–1.14

–0.73

4.94

1.57

–0.16

–0.32

6.82

2.78

0.13

–0.58

6.93

4.14

0.89

The most intensive upwelling events are bolded.



hance the advection of this wa ter. In ad di tion, the coastal upwelling in ten sity in the north ern and south ern
parts of the east ern shelf will no tice ably dif fer. This dif fer ence will be de ter mined by the pres ence of
low-salinity wa ter in the north ern part and their in creas ingly smaller in flu ence on the upwelling de vel op -
ment in the south ern part of the east ern shelf.

The interannual vari a tions in chlo ro phyll a at the 95% sig nif i cance level de pended on TPI (with the cor -
re la tion co ef fi cient R equal to 0.81) and the gra di ent ¶s ¶lq /  (with R = 0.97), with two out li ers in the sam ple 
(in 2010 and 2017). There was no cor re la tion be tween chlo ro phyll a and DV (R = 0.1). De spite the fact that
the vari a tions in chlo ro phyll a de pended on TPI, this in dex de pended on the pa ram e ter ¶s ¶lq /  (R = 0.76),
i.e., on the prop a ga tion of low-salinity and warm wa ter on the east ern shelf of Sakhalin, and did not de pend
on DV. These re sults in di cate that the interannual vari a tions in chlo ro phyll a are highly af fected by the
prop a ga tion of the Amur River run off, which is richer in biogenic el e ments as com pared to sur round ing wa -
ter. The low est val ues of chlo ro phyll a were re corded for the small est val ues of ¶s ¶lq /  (in 2009 and 2015).
The high est val ues of chlo ro phyll a were ob served for the me dium val ues of ¶s ¶lq /  (in 2010 and 2017),
but the ab so lute value of DV was higher in this case (see Ta ble 1). There fore, the max ima of chlo ro phyll a in 
2010 may be caused by the in creased advection of the Amur River wa ter and those in 2017 may be ex -
plained by the de vel op ment of coastal upwelling with the in creased wind forc ing.

CON CLU SIONS

Based on dif fer ent sources of sat el lite and in stru men tal ob ser va tions, as well as on the re sults of nu mer i -
cal mod el ing, the in flu ence of the thermohaline strat i fi ca tion on the coastal upwelling evo lu tion was an a -
lyzed for the north east ern shelf of Sakhalin in Au gust from 2008 to 2017. It was found that in some years,
the coastal upwelling was poorly de vel oped, de spite the in ten sive wind forc ing. The anal y sis of the
thermohaline strat i fi ca tion of wa ter dem on strated that it is formed, in par tic u lar, due to the advection of
warm and de sa li nated wa ter from the north, which, in its turn, may de pend on many fac tors: the Amur run -
off, the large-scale cir cu la tion, and the in ten sity of north ern winds. It was found that the pres ence of river
wa ter is ac com pa nied by the deep en ing of the pycnocline (that is ac com pa nied by the deep en ing of the
thermocline/halocline) and im pedes the elevating of the cold and salt Sea of Okhotsk wa ter to the sur face,
de spite in ten sive south ern winds. In par tic u lar, dur ing the pe ri ods of the sig nif i cant Amur run off, de spite
the pre dom i nance of south ern winds, the coastal upwelling in ten sity was much lower than, for ex am ple, in
Au gust 2009, when the de sa li nated wa ter was not de tected on the shelf. Thus, in ad di tion to the wind forc -
ing, an im por tant fac tor of the de vel op ment of in tense coastal upwelling in north east ern Sakhalin is the
thermohaline strat i fi ca tion, which is formed, in par tic u lar, by the advection of warm and low-salinity wa ter
from the north. The coastal upwelling is an im por tant fac tor for the de vel op ment of bi o log i cal pro duc tiv ity
of wa ter on the east ern shelf of Sakhalin. There fore, its pre dic tion, along with the mon i tor ing of wind con -
di tions re quires rou tine pro fil ing to im prove the fore cast qual ity. The ob tained data on the interannual vari -
abil ity of chlo ro phyll a in Au gust for 10 years for the north east ern shelf of Sakhalin and on their cor re la tion 
with wind con di tions also in di cate a need in fur ther, more de tailed upwelling stud ies based on in stru men tal
ob ser va tions.
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