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ABSTRACT

Two steady-state situations over the Gulf of Tonkin during winter were selected for a
detailed study of air-sea interaction in relation to observed cloudiness. In one case
southeasterly winds prevailed, and skies were nearly clear. The cloudy situation was
marked by strong outflow from the continent with very low cloud bases over the whole
Gulf of Tonkin. The exchange of sensible and latent heat at the air-sea interface is
calculated for these two cases, and deductions are drawn concerning the difference
between the states of sky utilizing these calculations in conjunction with synoptic-

scale convergence and divergence patterns.

Introduction

It has long been known that weather patterns
in the Tonkin Gulf-southern China area
provide a marked exception to those found in
the winter trade and monsoon regions in every
other part of the globe. There are eight compar-
able regions: the North and South Atlantic
trade; the North and South Pacific trade; the
northeast and southeast low-latitude winter
regimes over Africa; the India—Arabia northeast
monsoon; and the Australia—South Indian
Ocean southeast monsoon. In all of these
regions air moves equatorward, under conserva-
tion of potential vorticity, from latitudes of
about 30° to latitudes 10° or less. With decreas-
ing latitude the absolute vorticity of the low-
level currents decreases. This is associated with
horizontal divergence of mass and sinking mot-
ion, hence little convective cloudiness.

In contrast, as shown by ship observations for
many years and by satellite photos recently, the
Gulf of Tonkin—southern China area experien-
ces very extensive cloudiness and frequent light
rain or drizzle when winds blow southward from
the Asiatic continent during the winter monsoon
season. The cloudiness is so prevalent that this
area has by far the worst weather conditions for
its latitude in the cold season around the globe.

1 Present address: Institut fiir Meteorologie, Freie
Universitit, Berlin.

Partial or complete clearing, however, tends to
occur during intermittent periods of southeast
to south winds. This is a curious reversal from
what one might anticipate. Northerly winds
cross toward warmer and southeast winds to-
ward lower ocean temperatures. We would ex-
pect fog and low stratus with the latter, in-
termittent cumuli with the former. Yet the
opposite i1s observed.

Factors on various scales of motion may be
probed to interpret this anomalous situation.
Among the controls, the exchange of heat and
moisture at the air—sea interface is a parameter
of interest. In the following we shall examine
situations with protracted southeasterly and
northeasterly flow in order to learn, as far as
possible with the available observational mate-
rial, what transactionstook place at the interface
and in what way they aid toward an under-
standing of the observed states of sky.

Examination of the winters of 1965-68 on
synoptic charts showed three types of dominant
flow patterns over the Gulf of Tonkin. Of these,
monsoon outflow from China occupied 31 per
cent of the time, rather less than anticipated and
quite variable in occurrence. Reverse flow
toward the continent occurred during 23 per
cent of the time, most frequently in the late
part of the season but on occasion also in
December and January. The balance of the
time was taken up with light and eddying mo-
tions in the Gulf.
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Fig. 1. Isolines of air temperature (°C) in the surface
layer, 28 March 1967.

The latter situations are not suitable for
computations as here intended. However, the
monsoon and reverse flow types, once established,
tend to last at least 3-5 days and sometimes
several weeks. A true steady state over long
periods is then established, very suitable for
many forms of research, including our own.
Surface wind velocities are on the order of 15-20
knots or more; there is little eddying, and succes-
sive streamline charts parallel one another al-
most completely. Thus it is possible to ‘‘compo-
site’” episodes of several days’ duration during
monsoon or reverse flow and thereby stabilize
and augment the observational material for
computation. Surface and upper air charts,
distributions of temperature in air and sea, and
cloudiness and humidity are similar for compar-
able episodes. It is considered representative
therefore, to select one episode for each flow
pattern and to present the interface calculations
as typical. In view of the very large differences
between the two basic flow types any inhomo-
geneity within each of the two groups is con-
sidered relatively minor.

Data for surface maps were furnished by
three-hourly reports from numerous ships over
the Gulf of Tonkin plus Chinese coastal reports
on the mainland and Hainan Island. Over the
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Fig. 2. Isolines of dewpoint (°C) in the surface layer,
28 March 1967.

sea, where diurnal variations are slight, observa-
tions from 00-09Z and from 12-21Z were plotted
together to give as much stability as possible to
successive analyses. Upper air data were trans-
mitted by various stations around the Gulf of
Tonkin. Principal use will be made of rawinsonde
observations taken at two quasi-stationary posi-
tions over water: at 20° N 107° E, labelled “NS8”’;
and at 18° N 107.5° E, labelled “Y”’.

Southeast flow 26-30 March 1967

Situations with surface winds between south-
east and south, usually curving slowly clockwise
toward the Chinese coast, may persist for several
days, and even a week or more, over the Gulf
of Tonkin in the middle of winter, although their
frequency is highest in late winter and spring.
The example chosen is typical for wind and
weather as observed in this group of cases.

Description. Figs. 1 and 2 are examples of
temperature and dew-point analyses for a parti-
cular 12-hour period. Marked gradients along
the streamline are evident, as well as the influ-
ence on the whole pattern exercised by Hainan
Island. In Fig. 3 a selection of ship and Chinese
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Fig. 3. Streamlines and isotachs (kts) in the surface
layer, 28 March 1967.

winds is shown, together with streamlines and
isotachs. The decrease of wind speed toward the
Chinese coast is hypothetical: it has been drawn
to conform to the low Chinese wind speeds
farther east.

Variations in the orientation of the central
streamline were slight during the period so that
an average streamline (the heavy streamline in
Fig. 4), may be regarded as a steady-state
trajectory. Profiles of air-mass property can be

Longitude °E

Fig. 4. Plots of central streamline and resulting
mean surface trajectory, 26-29 March 1967.

drawn from the analyses along this trajectory,
illustrated in Fig. 5 for dewpoint temperature.
Again, variations between individual maps are
slight and well within the range of error in
drawing isotherms; hence, an average dewpoint
gradient along the trajectory can be established.
Fig. 6 shows profiles of air temperature (7',),
dewpoint (7T,;), wind speed (V,), and ocean-
surface temperature (T',) following the trajec-
tory. The latter was taken from a single chart
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Fig. 5. Profiles of dewpoint temperature (°C) in the surface layer along the mean trajectory of Fig. 4 and

averaged profile (dashed).
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Fig. 6. Average profiles of air temperature, dewpoint, wind speed, and ocean temperature along the mean

trajectory of Fig. 4, 26-29 March 1967.

of T, which was composited for the whole period
of analysis. It is of interest that T~ T, and,
especially, T, — T increase downstream, where-
as T, — T, decreases only very slowly without
coming close to zero.

Ezxchange of heat and motisture at the interface.
In normal tradewind situations exchanges of
heat, moisture, and momentum between sea and
air usually can be made with some success using
the turbulence method with equal exchange
coefficients at nearly neutral stability. For the
present case, with strong stability near the inter-
face as indicated from T, — T, in Fig. 6, such a
procedure does not appear appropriate. An
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Fig. 7. Tephigram of temperature and dewpoint at
stations Y and N8; averages for 26-30 March 1967,
00 GMT. Dry and moist adiabats of 30 C are
indicated by 0, and 0,,.
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alternative is furnished by a budget calculation.
Fortunately, the trajectory passed close to both
quasi-stationary ship positions. At these loca-
tions, wind direction and speed remained con-
stant with height for about 400 m, followed by
slow clockwise turning (Fig. 7). The assumption
of two-dimensional flow appears valid to 960
mb and marginal to 950 mb, or to a height of
600 m above the sea. Near 950 mb the top of a
dry inversion is found at both stations after
averaging the soundings at 00 GMT for four
days.

From mass continuity a sinking of 20 mb
must have occurred, following the top of a
column over the distance of 230 km from Y to
NS, in view of the increase in wind speed from
17 to 25 kts, assuming constant streamline
spacing as suggested by Fig. 3. This would
lower the top to 970 mb, at which pressure the
averaged profiles at NS being to depart down-
ward from those at Y. We shall at first perform
computations assuming that such sinking took
place and, in a later section, consider how the
inversion top itself may remain constant in
spite of the sinking motion. Skies were com-
pletely clear along the trajectory; this simplifies
the calculations.

From continuity the mass flow (M) is given
by

M=.(—i V dp én = const (8) 1)

where ¢ and » are coordinates oriented parallel
and perpendicular to V, the velocity; g is the
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Fig. 8. Inversion-top analysis at NS 25-31 March 1967. Potential temperature (°C) and mixing ratio (g/kg)
are plotted above and below each point, respectively. Three separate inversions are in evidence, gradually

lowering and eventually disappearing below 950 mb

acceleration of gravity; and dp is the variable
pressure thickness of the layer considered. With
the assumption of a material top, the divergence
of sensible and latent heat transfer in the layer
below the inversion is closely given by:

stéscSn=cpM(9z—91) (2)

and

erasawLM@z—ql) (3)
Here, @, and @, denote sensible and latent
energy transfer per unit area of the interface
(negative values indicate a heat flux to the
ocean); ¢, denotes specific heat at constant pres-
sure; L the latent heat of evaporation; § potential
temperature; and ¢ specific humidity. The
“hats’’ indicate averaging over the pressure
depth dp; the subscripts “2” and “1” refer to
the end point and starting point of the trajec-
tory, respectively.

. Date and time (GMT) at bottom.

We find that M =4.2 x10* gfsec, ¢s—q, =
-2 g/kg, 0, -6,= -2 C, Q,= —72 ly/day, and
Q.= —180 ly/day. The condensation on the
ocean surface is 0.3 em/day. The total energy
flux @, =@, +Q, = —250 ly/day, heat added to
the ocean.

Inversion analysis. We shall now consider the
question how the inversion base maintains its
average altitude against the sinking motion and
whether a transfer of air takes place through the
mean inversion. Individual soundings show flue-
tuations in inversion structure illustrated in
Figs. 8 and 9 for inversion tops.! In general,
these tops could be identified readily by their
potential temperatures at both stations. Poten-
tial temperatures are nearly identical; they in-
crease to remarkably high values over the five-
day period, shown in a succession of three inver-
sions, all of which undergo net sinking motion

1 Variations over periods shorter than twelve
hours cannot, of course, be detected.
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Fig. 9. Inversion analysis at Y, 25-31 March 1967.
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Notation as in Fig. 8. Soundings at 12 GMT (20 local)
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and eventual loss of identity when they drop to
950-960 mb.

The changes of specific humidity following a
particular inversion are more difficult to inter-
pret. Whereas potential temperature remains
nearly constant and serves as an excellent identi-
fier of an inversion, specific humidity changes
erratically—though, on the average, it increases
with lowering inversion height. Thus, total
energy is not conserved following an inversion
before it begins to make contact with the sur-
face southeasterly flow upon dropping to 950
mb. We must conclude that the moisture varia-
tions are in no way related to exchanges with
the air near the ocean surface, but that they
must reflect processes that had teken place
when the air crossed the Annam Mountains to
the west or the country beyond those moun-
tains.

For our purposes it appears relevant, solely,
that all inversions vanish when reaching 950-
960 mb, or 600 m height. It is plausible to
suggest that turbulent motions in the lower
layer extend upward to this altitude and there
begin to incorporate the air from the inversion
into the lower layer—subtracting sensible heat
and adding moisture, as in the case of trade-
wind inversions (Riehl et al., 1951; Augstein,
1971) but as a dry process. With this postulate,
the maintenance of the average inversion height
at 950 mb can be understood. It is remarkable
that turbulence in the surface layer should reach
to 600 m which is almost exactly the top of the
trade-wind subcloud layer with nearly adiabatic
lapse rate. Presumably, this turbulence is main-
tained from the energy of the mean motion;
such a conversion must take the place of buoy-
ancy in the trades. Production of horizontal
kinetic energy is 1 x 10¢ ergs/g from the pressure
drop following the air moving from Y to NS.
The actual increase of kinetic energy amounts to
half of the generation. Thus, the other half is
used to do work against friction at the ground
and, presumably, within the layer below the
inversion. A similar partition was computed by
Riehl (1963) for hurricanes.

Conclusion. The dual effect of latent plus
sensible heat transfer to the sea, coupled with
slow intrusion of warm air from above, appears
to be responsible for holding T, — T, virtually
constant and for preventing fog formation.
Synoptic-scale mass divergence and sinking is
related to the gradual lowering of successive dry

Tellus XXV (1973), 5
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Fig. 10. Isolines of air temperature (°C) in the
surface layer, 7 February 1968.

inversions until they come in contact with the
surface turbulence, incorporating the inversion
air into the surface layer.

It may be added that satellite pictures, taken
around noon loeal time, showed a small cloud
area, presumed to be mostly fog, close to the
North Vietnam coast on each day. Ships situ-
ated about 19-20° N 106° E recorded fog each
morning, clearing in the afternoon. The strong
winds noted at NS were not found at the western
edge of the Guif (Fig. 3). There, winds were
frequently quite light and variable during the
morning, while the southeasterly flow appeared
to reach the shore in the afternoon—no doubt as
part of the sea-breeze circulation. Fig. 3 suggests
that a stationary area of convergence (on and
just off the shore, and produced by the slowing
down of the wind approaching the land) stopped
the sinking of the dry and potentially very warm
air at the inversion top. With slow wind speeds,
an adjustment of T, and T; to T, can occur.
Moreover, a stratus deck may form and build
down to the sea through evaporation of falling
drops and recondensation.

Northeast monsoon 6-8 February 1968

We shall now examine the ‘“‘normal’’ situa-
tion—equatorward outflow from the continent.
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Fig. 11. Isolines of dewpoint (°C) in the surface
layer, 7 February 1968.

Almost the whole of February 1968 was charac-

terized by persistent strong monsoon; the days

analyzed here are a representative sample.
Description. Figs. 10-12 show typical maps of
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Fig. 12. Streamlines in the surface layer, 7 February
1968.
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Fig. 13. Surface trajectories ending at NS and Y,
6-8 February 1968, and displacement of NS station
to averaged trajectory ending at Y. The dashed line
is parallel to the sea-surface isotherms of Fig. 14.

air temperature, dew point, and wind, just as for
the previous series. The counterclockwise turn-
ing of the monsoon over the Gulf of Tonkin
toward the south, no doubt enforced by the
Annam Mountains and the island of Hainan,
is regularly observed. In this type of situation,
as in the previous one, successive streamline
charts show a very steady picture that can be
approximated by a mean trajectory (Fig. 13);
however, the trajectories do not pass through
both Y and NS. In order to be able to make
calculations, the NS soundings must be shifted
to a representative position along the trajectory
leading through Y. Fig. 13 shows how this shift
was made along constant ocean temperature
(Fig. 14). It is seen that the distances from
land to the actual and shifted NS positions are
about equal, and that the same amount of
oceanic temperature gradient is traversed. Pro-
bability is, therefore, high that the NS soundings
are representative of what a ship station would
have observed at the shifted position. Neverthe-
less, the shift clearly introduces an assumption,
and much of the following analysis is subject to
its validity.

Independent of this assumption are the
profiles of Fig. 15, constructed as for Fig. 6.
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Fig. 14. Sea-surface isotherms (°C), 5-9 February
1968.

Fortunately, the NS surface data fit on these
profiles exactly. We observed that T, T, is
constant and very large at 6C; also, that T', — T,
is very small and roughly constant at 1 C. It
follows that a very low cloud base overlies the
whole Gulf. Often this cloud base becomes so
low that widespread intermittent reports of fog
over the Gulf are common, especially along its
western side.

Fig. 16 shows mean soundings for the two
stations averaged over three days. The layer
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Pressure (mb)

Fig. 16. Tephigram of temperature and dewpoint at
NS and Y stations, averaged for 6-8 February 1968.
Shaded areas denote observed cloud thickness.
Column marked Apjg denotes thickness of inflow
layer at NS.

filled by cloud isindicated by shading. It extends
from near the surface to above 750 mb at both
locations; T'; — T'; as indicated by the soundings,
corresponding to relative humidity of 95 percent,
would become zero if saturation with respect to
salt solution were considered.

At NS we find a strong inversion completely
filled with cloud. Below the base the lapse rate
is moist adiabatic in the northeast winds. Wind
direction changes sharply to southwest in the
inversion layer. With increased altitude clock-
wise turning becomes small, while wind speed
increases slowly upward. Where the clouds end
there is, as a rule, no wind shift and no second-
ary stable layer on individual soundings, as well
as on the mean sounding of Fig. 16.
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Fig. 15. Average profiles of air temperature, dewpoint, wind speed, and ocean temperature along the assumed

mean trajectory of Fig. 13, 6-8 February 1968.
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Table 1. Comparison of interface fluxes determined by several methods, 6-8 February 1968

(units: ly/day)

Qs Qe Q. E Q,/Q,

Divergence of transport 1930
Trubulence formulae (adiabatic) 240 590 830 1.0 0.41
Turbulence formulae =
(adjusted for instability) 540 1 250 1790 2.1 0.43
Divergence of transport (@, adjusted

to column above. The values of

Q, and ¢, in parentheses are

calculated values based on the

assumption of no phase R =

changes) (730) (1 060) 1790 (1.75) (0.69)

At Y station, the inversion is replaced by a
stable layer, also completely cloudy, mainly
through heating of the layer below 850 mb on
the way from the (shifted) NS position. The
northeasterly winds are somewhat deeper, and
with a variable top. A definite shift to the
southwest occurs at 850 mb, which, together
with the marked stability above this level, indi-
cates the height to which turbulent transport in
the monsoon layer may be expected to extend.
This height also corresponds closely to the top of
the monsoon layer computed from conservation
of potential vorticity along the trajectory. From
Figs. 12 and 13 relative vorticity changes from
clockwise to counterclockwise, overbalancing the
small decrease in latitude.

Exchange of heat and moisture at the interface.
Assuming parallel streamlines, calculations of
the interface transfer of heat and moisture can
again be accomplished using equations 1-3. We
have ¥ <12.5 m/sec at NS and 8.6 m/sec at Y;
dp/g =110 and 160 g/em?, respectively; therefore,
M —1.37 x 10° g/sec. Further, ¢, —¢, =11.0 — 6.5
=45 g/kg and 6,-8,~20-12=8 C. Then,
divergence of latent heat is 3.7 x 105 cal/sec, that
of water vapor is 6.2 x10% g/sec, and that of
sensible heat is 2.57 x 155 cal/sec. Using equa-
tions 2 and 3 combined, with a distance s of
280 km between stations in this case, and n =1
cm as before, @, =1 930 ly/day for conservation
of energy neglecting radiation. This is a rather
high value, but not unusual under similar cir-
cumstances.

In the previous case we omitted direct calcula-
tions of energy flux using turbulence formulae
at the ocean surface because of the great sta-
bility. In the present instance poor results
should again be expected; this time because of

thermal instability. Nevertheless, the calcula-
tions were made, mainly as a guide for subse-
quent modifications. For the adiabatic case:

Qs =o0c,cp(To —T,) Vy (4)
and
Q. =0oLcplqo —q,) Vo (5)

Here g, the density of air, is 1.15 x 10-3 g/em?;
the drag coefficient ¢, was taken as 1.15 x 1073,
The other quantities are given by Fig. 15. We
obtain Q, =240 ly/day, Q, =590 ly/day, Qa =830
ly/day, and E =1 cm/day. The total energy flux
falls short by a factor greater than two of that
needed for energy balance; and, in this case, the
difficulty must be ascribed to the assumptions
inherent in equations 4 and 5 rather than to the
margin of error in computing the flux diver-
gences.

In a second estimate the large instability was
considered by utilizing the method of Dyer
(1967) and the approximation of Hoeber (1969)
for the formulae of Monin & Obukhov (1954).
Results are: @, =540 ly/day, @, =1 250 ly/day,
Q,=17901y/day, E =2 cm/day and Q,/@, =0.43.
This caleulation is clearly compatible with the
flux divergence. Adjusting the latter to 1 790
ly/day for energy balance, the export from the
volume would require an equivalent @, =730
and a @, =1 060 ly/day, assuming no changes of
phase. For comparison, all computational results
are given in Table 1.

Models of the monsoon stratus. If it is granted
that the lowest two lines of Table 1 are correct,
the maintenance of the overcast and of the very
low ceilings over the Gulf of Tonkin may be
examined further, mainly by comparing Q,/Q,
from the interface calculation and from the
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Fig. 17. Frequency distribution of ceiling height
computed from 7', — T';, 6-8 February 1968, assum-
ing mixed subcloud layer; and percent frequency
distribution (inner scale on ordinate) of estimated
or measured ceiling heights (dashed) plotted at
T,— T, corresponding to the same heights for the
mixed layer.

budgets of heat and moisture under the assump-
tion of no change in phase. The former quantity
will be designated R and the latter R’. The first
hypothesis was that water falling out from the
return current above 850 mb evaporated partly
or wholly before reaching the sea, in this way
building down the cloud constantly and abstract-
ing sensible heat from the air, maintaining the
large T, — T,. If this took place we should find
that R >R’; i.e. more water vapor and less
sensible heat would flow out than supplied by
the ocean surface, pointing to the requirement
for a secondary moisture source. Clearly, this
attractive hypothesis fails.

The alternate hypothesis, which must be
true, is that a fraction of the evaporated ocean
water recondenses; namely, 190 ly/day from
Table 1. Since divergence of water transport
may be neglected as a small quantity, precipita-
tion of approximately 3 mm/day must occur for
R’ > R as computed. A survey of all hourly and
three-hourly ship observations showed that
light rain or drizzle was reported in 40 per cent
of the reports. Hence, an area average of 3 mm/
day is very likely to be an accurate estimate.
Lacking a network of rain gauges over sea,
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comparison with direct measurements cannot,
of course, be made.

In spite of the general overcast and low
ceiling, there are nevertheless mesoscale varia-
tions. An attempt was made to obtain some
data on this mesostructure, at least statistically,
by examining ceiling height and T, -7, for
170 observations which were available in the
area during the period of study. In the case of a
completely mixed subcloud layer there should
be an equivalence between ceiling height as com-
puted from 7, - T, and as taken from direct
observations. Fig. 17 shows the frequency distri-
bution of ceiling height from 7T, —T,, and the
percent frequency distribution of observed
heights plotted at the values of T, — Ty which
correspond to these heights. Correspondence
between the two sets of data is not outstanding;
but it is nevertheless fair when one considers
that the subcloud layer is not always completely
mixed, that most ceiling heights are estimated
and they must be reported according to & fixed
code.

For our purposes the main result is that a
sizeable standard deviation does occur (2.2 C
for T, — T;), so that one can think of a mesoscale
eddy model with ceilings alternately higher and
lower than the mean. In part of an eddy air is
heated from below, with an increase in tempera-
ture lapse rate. Ascending motion with condensa-
tion would be concentrated there. In other parts
of the eddy some of the condensed water may
slowly settle out. Where this water comes
down, possibly connected with downdrafts, the
cloud base is built down toward the ocean. The
heat of condensation will, thus, remain in the
upper part of the cloud while the lower evapora-
tion subtracts heat, thereby leading to the
absolutely stable lapse rate conducive to per-
petuation of the stratus-type overcast.

Southern limit of stratus. Both at NS and Y
the equivalent potential temperature (6,) at the
top of the inversion is 330-332 K, and this
essentially represents the heat content of the
monsoon return flow as given by the winds in
and above the inversion. At the surface 6, =308
K at NS and 326 K at Y. There the absolute
stability is much weaker than at NS. Values
closely approach 330-332 K attained by the
monsoon before returning, at least in part, over
its own southward trajectory at a higher alti-
tude.

The absolute stability vanishes to great
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heights when 7', reaches 19-20 Cat 7, - T, =1
C. Freer vertical motions, both up and down,
can then develop because of buoyancy forces.
The downdrafts will bring slightly warmer and
drier air toward the surface. As a result, 7, — T,
can begin to increase; the cloud base can rise, and
the stratus will give way to cumulus clouds.

Actually, the solid stratus, as observed by
satellite, does not extend southward of 17-16°
N; rather, it terminates at this latitude along a
well defined edge with ENE-WSW orientation
with trade-wind cumuli farther south. This edge
coincides with surface temperatures of 20-22°C
in mid-winter, hence, with some vertical insta-
bility with regard to saturated adiabatic proces-
ses as described above.

Conclusion. The foregoing description for
maintenance of the low stratus overcast suggests
that the mass convergence in the southward-
moving current is the major factor in protecting
individual air columns on their path. Thus, the
interface and mesoscale physical processes here
deduced can occur without hindrance and lead
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to the observed steady state on the synoptic
scale. Even though rain falling from the return
flow in and above the main stable layer or inver-
sion does not appear to be essential for maintain-
ing the very low cloud base, the lower layer is,
nevertheless, shielded from the effects of such
subsidence and admixture of dry air as occurred
in the March 1967 case. It is concluded that
synoptic-scale flow and divergence patterns
appear to play a key role in determining low
cloud formation over the sea, overriding in
importance even the interface processes.
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BBIYNCJEHUSA B3AUMOJAENCTBUA ATMOC®EPLI U
OKEAHA IJIAA TOHKNNHCHKOTO 3AJINBA

Jna  pgeTalbHOro M3y4YeHUs B3aMMOAEHCTBHHA
aTMocdeps M OKeaHa B CBASM ¢ HalaomaeMoi
o0nauHoCThI0 ORLTM BRIGDAHHL JBe 3MMHMX KBa-
3UCTALIMOHAPDHEIX CHTyauuud Hapx ToOHKMHCKUM
3aJIMBOM. B ofHOM ciyyae TrOCHOZCTBOBAJH
0T0-BOCTOYHBIE BeTpPH ¥ HeGo OGBLIO MOYTH YH-
cteM. O6nauHasa cUTyauua OblIa  OTMedeHa
CUJIBHBIM OTTOKOM MAacCC C KOHTHHEHTa C OYeHb
HUBKUM YpOBHEM OCHOBAHHUA OO0JAYHOCTH Haf

BceM ToukuHckuM 3aauBoM. [laa sTux AByx
ciIy4aeB paccYnTaH oOMEH TemJIOM M CKpPHITOH
TEeMJI0TOH HA MOBEPXHOCTU pasfela OKeaHa M
armocdepbl. C mNOMONBI0O 3TUX BHYUCIEHUN
BMeCTe C aHAJKW30M KOHBEPreHLNU U JAUBEpreH-
LMY BOZAYIUHBIX MAacc CHHONTHYECKOro Mac-
mraba cresaHbl 3aKJIOYEHUA O POJIM COCTOAHUA
Heba pasA ucciegyemoro obmena.
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