
Modeling the Re sponse of Mi cro wave Self-Ra di a tion
of the Ocean–At mo sphere Sys tem to Hor i zon tal Heat

Trans fer in the At mo spheric Bound ary Layer
A. G. Grankova, Yu. D. Resnyanskiib, E. P. Novichikhina,

and A. A. Mil’shina

aKotel’nikov Institute of Radio Engineering and Electronics, Russian Academy of Sciences,
ul. Mokhovaya 11, k. 7, Moscow, 125009 Russia, e-mail: agrankov@inbox.ru 

bHydrometeorological Research Center of the Russian Federation,
Bolshoi Predtechenskii per. 11–13, Moscow, 123242 Russia

Re ceived Au gust 6, 2013

Ab stract—Carried out is the study of the re sponse of mi cro wave ra di a tion of the ocean–at mo sphere
sys tem to the hor i zon tal heat trans fer in the at mo spheric bound ary layer (ABL). Model estimates are
obtained for the radiation on the wave lengths of 0.6, 0.8, 1, 1.35, and 1.6 cm. It is dem on strated that the
value and sign of bright ness tem per a ture con trasts in duced by the hor i zon tal trans fer de pend on the
ABL den sity strat i fi ca tion and trans fer di rec tion rel a tive to the ori en ta tion of hor i zon tal gra di ents of air
tem per a ture and air hu mid ity. Vari a tions of bright ness tem per a ture in the ABL at the wave length of
1.35 cm reach 30–40 K. Ob served is the high cor re la tion be tween the vari a tions of bright ness tem per a -
ture in the ABL at the wave length of 1.35 cm and the ver ti cal fluxes of sen si ble and la tent heat for dif -
fer ent types of the ABL strat i fi ca tion and for dif fer ent con di tions of advective trans port.  
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1. IN TRO DUC TION

Sat el lite mi cro wave ra dio met ric meth ods of an a lyz ing the char ac ter is tics of the heat in ter ac tion be tween 
the ocean and at mo sphere have been more and more widely used as tra di tional meth ods of study ing the
ocean and have be come more and more at trac tive for oceanologists, me te o rol o gists, and cli ma tol o gists.
The study of mech a nisms of the for ma tion of the re la tion ship be tween the sat el lite-measured char ac ter is tics 
of the mi cro wave ra di a tion of the ocean–at mo sphere sys tem and such char ac ter is tics of the con tact layer
(in ter face) of the sys tem as ver ti cal tur bu lent fluxes at the ocean–at mo sphere in ter face is of great im por -
tance for work ing out these meth ods. The ur gency of this prob lem is as so ci ated with the fact that the field of 
the mi cro wave self-radiation con tains the in for ma tion not only about the lower at mo spheric lay ers (di rectly 
par tic i pat ing in the en ergy ex change with the ocean sur face) but also about up per lay ers. 

Pa pers [4, 9] the o ret i cally stud ied the re la tion ship be tween the in ten sity of the mi cro wave self-radiation
(bright ness tem per a ture) of the ocean–at mo sphere sys tem and the sur face heat fluxes tak ing ac count of the
ver ti cal re dis tri bu tion of heat and mois ture in the at mo spheric bound ary layer. How ever, later on, the joint
anal y sis of the data of ocean o graphic and me te o ro log i cal ob ser va tions made it clear that the ef fect of the
ver ti cal trans port of heat and mois ture in the at mo sphere can not ex plain some fea tures of bright ness tem -
per a ture vari a tions in the ocean–at mo sphere sys tem. For ex am ple, dur ing the NEWFOUEX-88 and
ATLANTEX-90 shipborne ex per i ments in the New found land en ergy-active zone of the North At lan tic
noted for its in ten sive cy clonic ac tiv ity [5], the bright ness tem per a ture con trasts ob served from the sat el lite
ex ceeded by an or der of mag ni tude the es ti mates of bright ness tem per a ture con trasts ob tained with ac count
of only the ef fects of the ver ti cal trans fer of heat and mois ture in the at mo sphere. 

Such dis crep an cies can be ex plained by the in flu ence of hor i zon tal advective mo tions in the at mo sphere
on the temperature and hu mid ity char ac ter is tics of the ocean–at mo sphere sys tem in the zones of cy clonic
ac tiv ity; such advective mo tions are not taken into ac count in these pa pers. The ev i dences of this fact can be 
found in the above-mentioned ob ser va tional data in ATLANTEX-90 ex per i ment. In par tic u lar, these data
in clude the cases, when the de crease in the mean val ues of air tem per a ture and enthalpy of the at mo spheric
bound ary layer (ABL) by 5–8°C and 2–3 MJ/m2, re spec tively, and the in crease in sur face fluxes of sen si ble 
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and la tent heat by 500–800 W/m2 were ob served on April 9–11, 1990, when the pow er ful cy clone ap -
proached the ar eas of the lo ca tion of Viktor Bugaev (43° N, 43° W) and Musson (42° N, 46° W) re search
ves sels. Such dra matic changes would be im pos si ble with out tak ing ac count of hor i zon tal advective pro -
cesses ac com pa ny ing the move ment of cy clones. 

The pres ent pa per tries to as sess the de pend ence of the mi cro wave self-radiation of the ocean–at mo -
sphere sys tem on the vari a tions of the struc tural bound ary layer caused by  hor i zon tal heat trans fer. 

2. ES TI MA TION OF DE PEND ENCE OF THE ABL STRUC TURE
ON HOR I ZON TAL HEAT TRANS FER

2.1. Ini tial Model

The struc ture of me te o ro log i cal fields in the ABL that de fine the en ergy ex change be tween the ocean and
at mo sphere and the fluxes of elec tro mag netic ra di a tion reg is tered on the up per bound ary of the at mo sphere, 
is formed first of all un der the in flu ence of the pro cesses de vel oped along the ver ti cal and is de scribed
within the frame work of one-dimensional mod els [6, 10]. The pro cesses de vel oped along the ver ti cal are
the key ones for the for ma tion of ma jor fea tures of the ABL struc ture whereas the role of the hor i zon tal
inhomogeneity can not al ways be con sid ered neg li gi ble. The in flu ence of hor i zon tal advection be comes
con sid er able, in par tic u lar, near the fron tal zones as so ci ated with  in ten sive cy clones or in the vi cin ity of the 
land–sea bound ary, where the in crease in hor i zon tal gra di ents of me te o ro log i cal fields is ob served. 

To de scribe the struc ture of the ABL and as so ci ated tur bu lence char ac ter is tics, let us use a model con -
structed within the frame work of tra di tional ap prox i ma tions with re spect to the meth ods of
parameterization of small-scale tur bu lence but tak ing ac count of the hor i zon tal advection of heat and mois -
ture. Ba sic equa tions of the model and bound ary con di tions are writ ten in the fol low ing way:
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u u uh= = g ;  v v vh= = g ,  T Th= ,  q qh=   if  z = h » 1400 m; (4)

u = 0,  v = 0  if  z = z0; (5)

T = T0,  q = q0  if  z = z0H. (6)

Here, t rx u w= - ¢ ¢ and t ry v w= - ¢ ¢ are horizontal components of the vertical turbulent momentum

flux (tangential stress); FT = rc T wp
¢ ¢ and Fq = r ¢ ¢q w  are the vertical turbulent fluxes of heat and moisture,

respectively; u = (u, v) is the horizontal velocity vector of the mean motion with the components u and v
along the x- and y-axes of the Cartesian coordinate system; w is the vertical velocity along the z-axis; T is
the air temperature; q is specific humidity; r is the air density; cp is its specific heat at constant pressure; ÑxT
and ÑyT are the components of the vector of horizontal air temperature gradient within the ABL along the x- 
and y-axes, respectively; Ñx q and Ñy q are the analogous components of the vector for its specific humidity;
ug = -( /( )) /1 r ¶ ¶f p y and vg = ( /( )) /1 r ¶ ¶f p x are the horizontal components of the vector of geostrophic wind
speed considered height-independent (independence of pressure gradient from z is the usual assumption of
the boundary layer theory [7]); f  is the Coriolis parameter; p is the air pressure; h is the height of the ABL;
z0 and z0H are the roughness parameters for the momentum and heat (moisture) fluxes. Strokes are  turbulent 
pulsations and the overline is a sign of statistical averaging. 

The model is based on the nu mer i cal so lu tion of equa tions (1)–(3) with the first-order clo sure scheme
for ver ti cal tur bu lent fluxes

t r ¶ ¶x u w k u z/ / ,= - ¢ ¢ = m    t r ¶ ¶y u w k v z/ / ;= - ¢ ¢ = m (7)

F c T w k T z g cT p H p/ ( ) ( / / );r ¶ ¶= ¢ ¢ = - + (8)
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F q w k q zq H/ / ,r ¶ ¶= ¢ ¢ = - (9)

in clud ing the non lin ear de pend ence of co ef fi cients of the tur bu lent mix ing

k l f zm mm Ri= 2 ( ) / ,¶ ¶u    k l l f zH m H H= ( ) /Ri ¶ ¶u (10)

on the lo cal wind speed shear ¶ ¶u/ z  and den sity strat i fi ca tion char ac ter ized by the Rich ard son num ber
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In (8), (10), and (11), g/cp is the adi a batic tem per a ture gra di ent; g is the ac cel er a tion of grav ity; lm and lH

are the dis place ment lengths at the neu tral clas si fi ca tion spec i fied with the Blackadar for mu lae [8]; fm and 
fH are the sta bil ity func tions de pend ing on Ri and spec i fied with em pir i cal for mu lae. 

Tur bu lent fluxes on the sea–air in ter face are de fined us ing the Monin–Obukhov sim i lar ity the ory for the 
sur face at mo spheric layer [7] which up per bound ary co in cides with the lower com pu ta tion level of the
model (1)–(3). 

The in flu ence of the hor i zon tal inhomogeneity at large (i.e., ex ceed ing the size of small-scale tur bu lent
vor ti ces) scales is taken into ac count in the mod els by means of add ing cor re spond ing terms into (2) and
(3), where the hor i zon tal gra di ents of the fields of the air tem per a ture Ñ = Ñ ÑT T Tx y( , ) and hu mid ity 
Ñ = Ñ Ñq q qx y( , ) not de pend ing on height are con sid ered known and are spec i fied de pend ing on the sim u -
lated sit u a tion. The height-dependent wind speed u = (u, v) is the de sired func tion de ter mined dur ing the
so lu tion of the prob lem. 

Let us use this model when as sess ing the im pact of hor i zon tal trans fer on the struc ture of me te o ro log i cal 
fields in the at mo spheric bound ary layer and on the in ten sity of its en ergy ex change with the ocean. 

2.2. A Scheme of the Nu mer i cal Ex per i ment

To ob tain the quan ti ta tive es ti mates of the im pact of hor i zon tal trans fer, three se ries of nu mer i cal ex per -
i ments were car ried out. Three types of den sity strat i fi ca tion in the ABL were con sid ered as base back -
ground con di tions: quasineutral, un sta ble, and sta ble strat i fi ca tion. Back ground con di tions are the cases of
hor i zon tal ho mo ge ne ity, where the hor i zon tal advection is ab sent. The vari a tions of the back ground strat i -
fi ca tion were spec i fied by means of vary ing the air tem per a ture on the up per bound ary of the ABL within
the range of Th = 280–310 K at the fixed tem per a ture on the wa ter–air in ter face T0 = 300 K. The height of
the up per bound ary of the ABL for com pu ta tions is taken to be equal to 1400 m. 

As to the sea sonal fre quency of the sep a rated types of the ABL strat i fi ca tion as ap plied to the New -
found land en ergy-active zone of the North At lan tic, ac cord ing to the data pre sented in [5], the neu tral or
sta ble strat i fi ca tion (when the drops of tem per a ture of wa ter and the air are small or slightly neg a tive) is
typ i cal of sum mer con di tions, and the un sta ble stratification (wa ter is warmer than the air) is mostly typ i cal
of win ter. Ac cord ing to [5], here the cli ma tic fre quency of me rid i o nal at mo spheric cir cu la tion makes up
40% and that of the zonal cir cu la tion, 60%. 

After that, the horizontal advective heat transfer with the varying orientation of the transfer vector
relative to the background wind field on the upper boundary of the ABL was introduced for each type of
background conditions. The vertical distribution of the wind speed providing the horizontal advection
when horizontal gradients of air temperature and air humidity are present, was computed in the process of
the problem solution. Horizontal gradients of temperature Ñ = Ñ ÑT T Tx y( , ) and specific humidity Ñ =q
= Ñ Ñ( , )x yq q  were supposed to be specified. The vector of the geostrophic wind speed on the upper bound- 
ary of the ABL was oriented along one of the coordinate axes: ug = 10 m/s and vg = 0. The choice of the di-
rection of these axes can be arbitrary due to the invariance of the problem of the coordinate system rotation
relative to the vertical axis. Only the mutual orientation is significant of wind speed vectors and gradients of 
transported substances defining the rate of advective changes u × ÑT and u × Ñq expressed through the sca-

lar product of wind speed vectors u and gradients ÑT and Ñq.       
To sin gle out more dis tinctly the ef fects of hor i zon tal advection, rather large val ues of hor i zon tal tem -

per a ture gra di ents of about 5 ́  10–5 K/m = 5 K/100 km were se lected. Such in crease in hor i zon tal gra di ents
as com pared with usual val ues be ing smaller by an or der of mag ni tude, is ob served near the fron tal zones
as so ci ated with in ten sive cy clones or in the vi cin ity of the bound aries be tween dif fer ent types of the un der -
ly ing sur face such as the land–sea in ter face. 
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The mod el ing of dif fer ent types of the back ground strat i fi ca tion was car ried out by means of vary ing
the tem perature Th on the up per bound ary of the ABL at the fixed val ues of the sea sur face tem per a ture T0 =
= 300 K and rel a tive hu mid ity of 30% on the up per bound ary of the ABL: Th = 290 K for neu tral strat i fi ca -
tion, Th = 280 K for un sta ble strat i fi ca tion, and Th = 310 K for sta ble strat i fi ca tion. 

For all cases presented below, the vector of the geostrophic wind speed on the upper boundary of the
ABL is ug = (ug, vg) = (10, 0) m/s, the sea surface temperature is T0 = 300 K, the saturating moisture content
at the surface temperature is q0 = 2.12 ́  10–2 kg/kg, Ñx q = Ñy q = 0.

2.3. Re sults of the ABL Struc ture Com pu ta tion for Dif fer ent Back ground Con di tions

The results of computation of vertical distributions of air temperature and specific humidity forming

the filed of the ABL microwave self-radiation for different background conditions of density stratifica-

tion and for different contributions of horizontal advection are presented in Fig. 1. The fluxes of sensible

FT0 = F
T z z H= 0

and latent FL0 = L Fe q z z H= 0

heat on the water–air interface (Le = 2.5 ́  106 J/kg is the specific

heat of evaporation, Fq is the moisture flow) associated with these distributions are given in the table. 
The com par a tive anal y sis of these char ac ter is tics en ables solv ing the ma jor prob lem for mu lated in the

pres ent pa per, namely, ob tain ing the es ti mates of the sen si tiv ity of mi cro wave ra di a tion char ac ter is tics of
the ABL to the variations of its ther mal re gime caused by  hor i zon tal heat trans port.

The first case in the ta ble cor re sponds to back ground con di tions with the advection ab sence; in the sec -
ond case, the vec tor of the geostrophic wind speed co in cides with the pos i tive tem per a ture gra di ent (cold
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Fig. 1. Ver ti cal pro files of (a, c, e) air tem per a ture and (b, d, f) spe cific hu mid ity for the cases of (a, b) neu tral, (c, d) sta ble, and 
(e, f) un sta ble back ground strat i fi ca tion un der dif fer ent con di tions of hor i zon tal heat trans fer within the ABL. (1–5) Num bers 
of cases given in the ta ble.



advection); in the third case, the air masses are trans ported to wards the tem per a ture drop (warm advection).
The fourth and fifth cases are in ter me di ate: the geostrophic wind vec tor is ori ented in the nor mal di rec tion
to the vec tor of the gra di ent ÑT. Advective trans port within the ABL is also ob served in this case be cause
the ro ta tion of the wind speed vec tor is reg is tered within the lim its of the bound ary layer and, ac cord ing to
the model for mu la tion, the hor i zon tal tem per a ture gra di ent does not vary with height. The vertical structure 
of the wind field in each case depends in a complicated way on the whole set of external (regarding the
ABL) conditions and on the dynamics of the ABL. On the whole, the effects of horizontal advection in this
case turn out to be smaller but not negligible as compared with the above situations with the coincidence of
the direction of vectors ug = (ug, vg) and ÑT = (ÑxT, ÑyT ).

In Fig. 1, the dimensionless co or di nate s rep re sent ing the ra tio of the air pres sure at the height z to the
sea-level pres sure is used as a ver ti cal co or di nate. The geo met ric height of about 1400 m cor re sponds to the
up per bound ary of the ABL s = 0.85. 

As clear from the data of the ta ble and Fig. 1, the im pact of advection in the case of neu tral back ground
strat i fi ca tion is quite con sid er able. As could be ex pected, the tem per a ture back ground within the lim its of
the ABL ei ther de creases (in the case of cold advection) or in creases (in the case of warm advection) and
the val ues of tem per a ture on the up per and lower bound aries of the ABL re main in vari able ac cord ing to the
con di tions of nu mer i cal ex per i ments. If these val ues are con stant, the heat fluxes on the ocean sur face
change car di nally: in stead of the close to zero value of the sen si ble heat flux reg is tered at advection ab -
sence, the flux FT0  in the case of cold advection reaches 600 W/m2.

It should be noted that this value is close to the val ues of heat fluxes ob served in the New found land en -
ergy-active zone of the North At lan tic in the zones of ac tiv ity of mid-latitude cy clones dur ing the
NEWFOUEX-88 and ATLANTEX-90 ex per i ments [5] as well as to the val ues of heat fluxes typ i cal of the
con di tions of the gen e sis and de vel op ment of trop i cal cy clones given in [2].

In the case of warm advection in the ABL, the ex cess heat is trans mit ted to the ocean and the neg a tive
val ues of FT0 cor re spond ing to this di rec tion of the trans fer reach –39.6 W/m2. The la tent heat flux FL0 in -
creases re gard less of the advective trans port di rec tion al though not as sig nif i cantly as FT0. How ever, the
heat ex change due to the la tent heat should de pend con sid er ably on the hu mid ity advection spec i fied to be
equal to zero in the ex per i ments. 

In the case of the un sta ble back ground strat i fi ca tion, the dis tur bances caused by the hor i zon tal
advection, even in its most pro nounced man i fes ta tions (i.e., for the cases 2 and 3 in the ta ble), pro voke the
changes in FT0 and FL0 by sev eral times al though the sign of these fluxes in all these cases re mains in vari -
able. As typ i cal of the un sta ble strat i fi ca tion of the ABL, the ocean transmits heat to the at mo sphere in the
sen si ble and la tent forms. 

In the case of cold advection, the mo not o nous and com par a tively uni form tem per a ture drop within the
ABL that takes place at advection ab sence is re placed by its dra matic de crease in the sur face layer chang ing 
into the tem per a ture rise as ap proach ing to the up per bound ary of the ABL (Fig. 1). It should be noted that
here, un like other cases, the pro files of tem per a ture and hu mid ity are grouped into two sig nif i cantly  dif fer -
ing types of heat con di tion in the ABL. 
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Char ac ter is tics of heat ex change (W/m2) on the wa ter–air in ter face for the cases of neu tral, un sta ble, and sta ble
back ground strat i fi ca tion at dif fer ent ori en ta tions of hor i zon tal tem per a ture gra di ents rel a tive to the vec tor of
the geostrophic wind speed on the up per bound ary of the ABL

Num ber
of the
case

ÑxT ÑyT
Strat i fi ca tion

neu tral un sta ble sta ble

K/m FT0 FL0 FT0 FL0 FT0 FL0

1
2
3
4
5

0
5 ́  10–5

–5 ́  10–5  
0
0

0
0
0

5 ́  10–5

–5 ́  10–5 

–1.4
610.6
–39.6

61.3
–22.0

15.7
173.3
345.2

53.9
182.4

136.8
616.4
131.1
136.9
136.6

998.3
288.9

1021.8
997.0
999.6

–5.5
600.5
–66.8

54.8
–26.2

4.5
52.7
45.1
10.1

3.8

Note: Ex pla na tions are given in the text.



The dis tur bances in the sur face fluxes FT0 and FL0 in the case of sta ble back ground strat i fi ca tion caused
by advection are gen er ally sim i lar to those in the case of neu tral strat i fi ca tion. No tice able dif fer ences take
place only for the la tent heat flux FL0 which turns out to be neg a tive in this case for all di rec tions of  hor i -
zon tal trans port. How ever, the ab so lute val ues of FL0 re main rather small. At such strat i fi ca tion the ver ti cal
struc ture of the ABL fields is char ac ter ized by typ i cal of such cases in ver sion of tem per a ture  near the up per 
bound ary of the ABL which is ac com pa nied by the weak en ing of the ver ti cal mix ing that cor re sponds to the 
well-known con cept of the struc ture of the stably strat i fied ABL [6]. 

3. RE SPONSE OF BRIGHT NESS TEM PER A TURE
OF THE OCEAN–AT MO SPHERE SYS TEM TO VARI A TIONS OF TEM PER A TURE

AND HU MID ITY CHAR AC TER IS TICS IN THE ABL

3.1. Radiation Model of the Ocean–At mo sphere Sys tem

    To com pute the bright ness tem per a ture in the ABL, let us use a stan dard model that en ables tak ing
ac count of char ac ter is tics of the ver ti cal dis tri bu tion of tem per a ture, pres sure, and hu mid ity of the air in the
at mo sphere. Ac cord ing to this model, the bright ness tem per a ture T b of the ocean–at mo sphere sys tem in the
case of sat el lite mea sure ments is made up of three components [1]:

T T T TS
b b b b= + +1 2 3 , (12)

where T T
1

b
s
b= -exp( )t S  is the brightness temperature of the sea surface radiation attenuated by the atmo- 

sphere, and value of Ts
b  is proportional to the emissivity of the water surface and to its thermodynamic

temperature Ts;

T T z z z h dz
h

2

0

b = -ò ( ) ( )exp[ ( ) ( )]g t tS S S  is the bright ness tem per a ture of the up ward at mo spheric ra di a -

tion;

T h R T z z h z dz
h

3

0

b = - òexp[ ( )] ( ) ( )exp[ ( )]t g tS S S  is the brightness temperature of the downward atmo-

spheric radiation re-reflected by the water surface; T(z) is the thermodynamic temperature of the atmosphere
at the level z; 

t gS S( ) ( )z z dz
z

= ¢ ¢ò
0

 is the integral absorption of radiation in the atmosphere depending on the linear

absorption g S  and thickness of the layer z counted from the sea surface (z = 0); R is the coefficient of the
reflection of downward atmospheric radiation from the water surface. 

The bright ness tem per a ture of the wa ter sur face ra di a tion Ts
b  and the re flec tion co ef fi cient R de pend on

the ther mo dy namic tem per a ture of the sea sur face, on the de gree of its rough ness, and on the in ten sity of
foam for ma tion as so ci ated with the sur face wind speed. The bright ness tem per a ture of  di rect and re flected
at mo spheric com po nents at cen ti me ter and mil li me ter waves is de fined by the ab sorp tion of ra dio waves
with wa ter va por and mo lec u lar ox y gen of the at mo sphere that de pends on the air tem per a ture, air hu mid -
ity, and on the char ac ter is tics of their ver ti cal dis tri bu tion [1]. These are the char ac ter is tics form ing the base 
for com put ing the sen si tiv ity of the bright ness tem per a ture of the ocean–at mo sphere sys tem  to the char ac -
ter is tics of the hor i zon tal heat trans fer in the ABL; this is the main ob jec tive of the pres ent pa per. 

3.2. Re sults of Bright ness Tem per a ture Com pu ta tion for Char ac ter is tic Types
of the Ther mal Re gime of the ABL

The com pu ta tion of the bright ness tem per a ture in the ABL is car ried out us ing the ra di a tion model (12)
within the wave length range of 0.6–1.6 cm for the cases of the ver ti cal sound ing from the sat el lite, i.e., for
na dir ob ser va tion. This range partly em braces  the area of the res o nance ab sorp tion (emis sion) of ra dio
waves in  at mo spheric mo lec u lar ox y gen (its right wing) and com pletely em braces  the area of the emis sion
of ra dio waves in the at mo spheric wa ter va por. These ar eas of the mi cro wave range con tain the in for ma tion
about the air tem per a ture and air hu mid ity and are of great im por tance for study ing the heat in ter ac tion be -
tween the ocean and at mo sphere us ing the sat el lite mi cro wave ra dio met ric meth ods [3].  
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For dif fer ent wave lengths of this range of ra dio waves the re sponses are an a lyzed of the bright ness tem -
per a ture of the ocean–at mo sphere sys tem  to the changes in the ver ti cal dis tri bu tion of the air tem per a ture
and air hu mid ity for dif fer ent types of the ABL strat i fi ca tion and for dif fer ent ori en ta tions of hor i zon tal
tem per a ture gra di ents rel a tive to the vec tor of the geostrophic wind speed at the up per bound ary of the ABL 
(see the ta ble). 

In Fig. 2, the re sults are pre sented of com put ing the bright ness tem per a ture rise DT b  for dif fer ent wave -
lengths when pass ing from back ground con di tions (ab sence of hor i zon tal advection in the ABL, case 1 in
the ta ble) to the cases of cold (case 2) and warm (case 3) advection for neu tral, sta ble, and un sta ble den sity
strat i fi ca tion in the ABL. It is clear from Fig. 2 that the sen si tiv ity of  bright ness tem per a ture in the ABL to
the changes in its ther mal re gime is max i mal in the spec tral ab sorp tion (emis sion) re gion of ra dio waves in
the at mo spheric wa ter va por cen tered rel a tive to the line of 1.35 cm. This re sult cor rob o rates the im por tance 
of this area of the mi cro wave range for study ing the pro cesses of heat and mois ture ex change be tween the
ocean and at mo sphere. 

The main re sult is the fact that the vari a tions of bright ness tem per a ture in the ABL on the line of 1.35 cm 
can reach 30–40 K that ex ceeds by an or der of mag ni tude the value of its vari a tions caused by the pro cesses
of ver ti cal trans fer of heat and mois ture in the ABL equal to 3–5 K [4, 9]. 

It should be noted that mi cro wave self-radiation of the ocean–at mo sphere sys tem on the line of 1.35 cm
is formed in the at mo spheric ef fec tive layer (~0–2 km). It should be ex pected that tak ing ac count of over ly -
ing at mo spheric lay ers (2–10 km) which ther mal char ac ter is tics are also sub jected to the hor i zon tal heat
trans port and which ra di a tion also con trib utes to the to tal ra di a tion of the ocean–at mo sphere sys tem, the re -
vealed ef fect of intensification of DT b  contrasts will be man i fested more clearly. 

Finally, let us con sider the re la tion ship be tween the vari a tions of bright ness tem per a ture DT b  cal cu lated 
by the ra di a tion model and heat fluxes on the wa ter–air in ter face. This re la tion ship re vealed from the com -
pu ta tion data (12) us ing the data on fluxes of the ta ble, is shown in Fig. 3a for the flux of sen si ble heat FT0
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Fig. 2. The rises of brightness temperature  DT b at different wavelengths l at the passage from background conditions (the
absence of horizontal advection in the ABL) to the cases of (1) cold advection and (2) warm advection: (a) neutral, (b) stable,
and (c) unstable stratification of the ABL. 



and in Fig. 3b for the flux of la tent heat FL0. The re la tion ship be tween DT b , on the one hand, and FT0 and
FL0, on the other hand, is clearly ob served in the fig ure. It is in good agree ment with ex per i men tal data
show ing the in ter de pen dence of the bright ness tem per a ture of the ocean–at mo sphere sys tem with sur face
heat fluxes [3]. These data have been ob tained by com par ing the re sults of mea sur ing the bright ness tem -
per a ture of the ocean–at mo sphere sys tem from the DMSP F-08 Amer i can me te o ro log i cal sat el lite us ing the 
SSM/I ra di om e ter with the fluxes of heat and mois ture based on the data of me te o ro log i cal and up per-air
ob ser va tions in NEWFOUEX-88 and ATLANTEX-90 ex per i ments [3].

4. CON CLU SIONS

The es ti mates of the im pact of  hor i zon tal trans fer on the struc ture of me te o ro log i cal fields in the at mo -
spheric bound ary layer and on its en ergy ex change with the ocean pre sented in this pa per in di cate  that
char ac ter is tics of en ergy ex change be tween the ocean and at mo sphere strongly de pend on  hor i zon tal warm 
advection within the ABL. The value and sign of dis tur bances caused by hor i zon tal trans fer de pend on the
den sity strat i fi ca tion in the ABL and on the di rec tion of the trans port rel a tive to the ori en ta tion of hor i zon tal 
gra di ents of air tem per a ture and air hu mid ity. 

Due to the horizontal heat transfer, the brightness temperature variations in the ABL on the line of 1.35 cm 
in the area of the resonance absorption of radio waves in atmospheric water vapor in the atmospheric
boundary layer can reach 30–40 K that exceeds by an order of magnitude the value of its variations caused
by the processes of vertical redistribution. This result explains brightness contrasts observed from
meteorological satellites which cannot be explained only with taking account of local processes of the ABL 
structure formation. 

Close cor re la tion is reg is tered be tween the vari a tions of bright ness tem per a ture in the ABL at the wave -
length of 1.35 cm and the ver ti cal fluxes of sen si ble and la tent heat for dif fer ent types of the ABL strat i fi ca -
tion and for dif fer ent con di tions of the advective trans port. 
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