
180

( )

. .
1,2

, . .
3
, . .

1

1
. . .

E-mail: repina@ifaran.ru
2

3
- ,

.-

, , , ,

.

.  ( )

 ( . -

).

,

.

, - - .

,

.

: , ,

, .

 ( )

.

, . ,

.

 20-  [1-

5]. , ,

. ,

, . , ,

.

 [6, 7]. 

, , .

,

. , ,

.

, ,

,  [8, 9].  

 [1, 5, 10]. 

 [11-13]. 

, ,



181

.

.

,

.

,  1000 .

 80° . . -

.

,

,

. ,

,

. ,

. ,

, ,

.

,

. -  (78.933°N, 11.933°E) 

2008 .

.

-  USA-1 ( , METEK), 

 (X, Y, Z) 

 50 .

 [14]. 

.  2  20 

. :

2

0 0τ= -ρ iu'w' + jv'w' = ρu       (1) 

T'w'c=H p 0      (2) 

cp 0 – , H – ,  – 

, u* - . u’, v’, w’ – :

 ( ), . T’ - 

. , .

:

1.  ( ,

) .

2. : [15] 

3. . [16]. 

 [17], 

, -

- .

. , ,

.  9  15  2008 



182

. ,

 20 / .  1 ,

 10- , .

:  80-130° 

.

 200-250°. 

,  ( - - ),

- -

.  120° 

,  10 . -

.

0

2

4

6

8

10

12

0 40 80 120 160 200 240 280 320 360
,

,
/

. 1. 

 2 

,  NCEP. 

.  14 

, .

 (  150°). 

.

.

- ,

, ,

. ,

- -  [18].  

0

40

80

120

160

200

240

280

320

360

08.04.08

12:00

09.04.08

12:00

10.04.08

12:00

11.04.08

12:00

12.04.08

12:00

13.04.08

12:00

14.04.08

12:00

15.04.08

12:00

 (NCEP)

. 2.  2 ,

 NCEP 



183

 3 

.  10  12 ,

- .

.

.

 (1- ).

,

. ,

. .

,

,  (2- ).

. .

)

-18
-16
-14
-12
-10

-8
-6
-4
-2
0
2
4

0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

T
,

0
C

09.04 10.04 11.04 12.04 13.04 14.04

)

0

5

10

15

0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

U
, 

/

9.04 10.04 11.04 12.04 13.04 14.04

. 3.  ( )  ( )

 (H)  (u*)

 4 , .  ( . 4 ),

. ,

,

 ( ).

,

.

- .



184

)

-80

-60

-40

-20

0

20

40

0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

H
,

/
2

09.04 10.04 11.04 12.04 13.04 14.04

)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

u
*

,
/

1

09.04 10.04 11.04 12.04 13.04 14.04

. 4.  (H)  (u*) 

 (z0) – ,

. z0

 [19]. 

*
/

0

uku
ze=z       (3) 

u , u* - , z – , k

(=0.4). . -

.  [20] z0

u* , , -

:

g

u
+

u
+

u
=z

2

*

2

*4

*

0

0.03

0.15

0.25
exp102.0

0.135
,   (4) 

 – , g – .

:
*u

- , a 



185

g,u /2

* ,

,

.  5 ,  (4) 

.   4 x 10-4  1.2 x 10-3

, . ,

, .

z0 ,

.

0.0E+00

2.0E-04

4.0E-04

6.0E-04

8.0E-04

1.0E-03

1.2E-03

0 40 80 120 160 200 240 280 320 360

z 0
,

. 5. , ,

.

- ,

 10 . .

, , .

.

, .

,

.

.

,

. , ,

.

 08-05-00279, 08-05-00099, 07-05-92311- .

1. Ball F.K. The theory of strong katabatic winds // Aust. J. Phys. 1956. V. 9. P. 3401-3415. 

2. Manins, P.C., Sawford B.L. A Model of Katabatic Winds // Atmos. Sci. 1979. V. 36(4), P. 619-628. 



186

3. Parish, T.R., Bromwich D.H. Continental-Scale Simulation of the Antarctic Katabatic Wind // 

Regime. J. Climate. 1991. V.4. P. 135–146. 

4. Söderberg S. Parmhed O. Numerical modelling of katabatic flow over a melting outflow glacier 

// Boundary-Layer Meteorol. 2006. V. 120. P. 509–534. 

5. Parish T.R. Surface overflow over East Antarctica // Mon. Wea. Rev. 1982. V. 110. P. 84-90. 

6. Gronas S., Skeie P. A case study of strong winds at an Arctic front // Tellus A. 2002. V. 51. N5. 

P. 865 – 879. 

7. Bromwich, D.H., J.J. Cassano, T. Klein, G. Heinemann, K.M. Hines, K. Steffen, and J.E. Denby, 

B., and C.J.P.P. Smeets. Derivation of Turbulent Flux Profiles and Roughness Lengths from Katabatic 

Flow Dynamics // J. Appl. Meteor. 2000. V. 39. P. 1601–1612. 

8. Bromwich D.H., Carrasco J.F. Satellite observations of katabatic wind propagation for Great 

distances across the Ross ice shelf // Month. Whether Rev. 1992. V.120. P. 1940-1949. 

9. . ., . ., . .

 // , 2004. 5. C. 44-50. 

10. Parish T.R., Waight K.T. The forcing of Antarctic katabatic winds // Mon. Wea. Rev. 1987. V. 

115. P. 2214-2226. 

11. Box N. Mesoscale Modeling of Katabatic Winds over Greenland with the Polar MM5 // Mon. 

Wea. Rev. 2000. V. 129. P. 2290–2309. 

12. Ferrer, J., Rotach M.W. On the turbulence structure in the stable boundary layer over the 

Greenland ice sheet // Bound.-Layer Meteor. 1997. V. 85. P. 111-136. 

13. Oerlemans J. Vugts H.E. A Meteorological Experiment in the Melting Zone of the Greenland // 

Ice Sheet. Bull. Amer. Meteor. Soc. 1993. V. 74(3). P. 355-365. 

14. Baldocchi D. Assessing the eddy covariance technique for evaluating carbon dioxide exchange 

rates of ecosystems: past, present and future // Global Change Biology. 2003. P. 479-492. 

15. Massman W.J., Lee X. Eddy covariance flux corrections and uncertainties in long-term studies of 

carbon and energy exchanges // Agricult. and For. Meteorol. 2002. V. 113. P. 121–144. 

16. Webb E.K., Pearman G.I., Leuning R. Correction of flux measurements for density effects due to 

heat and water vapor transfer // Quart. J. R. Meteorol. Soc. 1980. V. 106. P. 85-106. 

17. Forland, E.J., I. Hansen-Bauer and P. Nordli. Climate statistics and long-term series of 

temperature and precipitation at Svalbard and Jan Mayen, Den Norske Meteorologiske Institutt, Oslo, 

Norway, Rep. OMNI39/90 KLIMA. 1997. pp. 40. 

18. Biene, H.J., S. Argentini, A. Maurizi, G. Mastrantonio and A. Viola. The local wind field a Ny-

Alesund and Zeppelin mountain at Svalbard // Meteorol. Atmos. Phys. 2001. V. 78. P. 107-113. 

19. Stull, R.B. An introduction to boundary layer meteorology. Kluwer Academic Publishers, 

Dordrecht, Boston, London, 1988, 666 p. 

20. Andreas E.L., Jordan R.E., Makshtas A.P. Parameterizing turbulent exchange over sea ice: the 

ice station Weddell results, Bound.-Layer Meteor., 114, 439-460, 2005. 



187

Measurement of the katabatic wind turbulent structure in the 

Spitsbergen coastal zone 

I.A. Repina
1,2

, B.V. Ivanov
3
, R.D. Kuznetsov

1

1
A.M. Obukhov Institute of Atmospheric Physics RAS 

2
Space Research Institute of RAS 

3
Arctic and Antarctic Research Institute 

A particularity of the glacier areas is the quasi persistence of strong offshore winds near the surface. 

The so-called katabatic winds are generated by the negative buoyant force that develops in the stable 

cooled layer along the ice sheet slopes. Katabatic winds exist in many parts of the world and are winds 

that flow from the high elevations of mountains, plateaus, and hills down their slopes to the valleys or 

planes below. They provide the major ventilation mechanism in mountainous regions at night when 

synoptic pressure gradients are weak. Katabatic winds are the main components of the climate at glaciers 

and surrounding areas, in particular, at the Antarctica, Greenland, and Arctic islands.  

Our experiments were carried out near the Konsvegen glacier in Svalbard during the spring time. 

The purpose of this work is determination of the boundary conditions for the mesoscale climate models. 

Keywords: polar climate, katabatic winds, air-surface exchange, roughness parameter. 


