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Overview 



Motivation 

• Harley D.G. 1960 

Some publications in a recent 15 years: 

• Rasmussen E. A. , Turner J., «Polar Lows», 2003 

• G. Fu, T. Kato, H. Niino and R. Kimura, 2003 

• James A. Renwick, 2004 

• Condron A. and Grant R. Bigg, 2005 

• Mokhov I.I. and Akperov M.G., 2003, 2006 

• Claud C., Duchiron B., and Terray P., 2007 

• Claud C., Carleton A.M., Duchiron B. , Terray P., 2008 

• Zahn M., H. von Storch, 2008 

• Thomas J. Bracegirdle and Suzanne L. Gray, 2008 

• Blechschmidt A.-M., 2008 

• Golicyn G.S., 2008, 2012 

• Shkolnik I.M. and Efimov S.V., 2013 

• Zappa G. and Shaffrey L., Hodges K. , 2014 

• Shun-Ichi I. Watanabe and Hiroshi Niino, 2014 

• Pegahfar N., Ghafarian P., 2015 ……… 

 

 

Similarity of the 

Polar Lows and 

Tropical Cyclones: 

• Polar Lows 

2003 

• G. Fu, T. Kato, 

H. Niino and R. 

Kimura, 2003 

• Golicyn G.S., 

2008 

• Shkolnik I.M. 

and Efimov S.V., 

2013 

• Akter F., 

Ishikawa H., 

2014  

• ……… 

 



Object of Research 



MODIS images for the object of research  

30.03.13 11:00 UTC 

31.03.13  12:00 UTC  

29.03.13 12:00 UTC 



Helicity. Main equations for the Ekman flow  



Correlation between the integral helicity and the square of the 

wind velocity components on the highest sounding levels  

r
30

=0,6717 

r
29

=0,7234 

r
31

=0,7722 

Kalmykia, 2007;  

same results in 

Tsimlyansk 2012 
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Atmospheric boundary layer according to acoustic sounding data. // 

Izvestiya RAS, Atm. and Oc. physics. – 2017. – V. 53. № 2. – P. 200-214. 
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Russian Arctic», Apatity, 4 - 10 September 2016. 

 

• And others 

 



Helicity in the atmosphere 

• Etling D., 1985 

• Hauf T., 1985 

• Lilly D.K., 1986 

• Kurgansky M.V., 1989 

• Hide R., 1990 

• Droegemeier K. K., Lazarus S. M., Davies-Jones R., 1993 

• Markowski P.M., Straka J.M., Rasmussen E.N., Blanchard D.O., 1998 
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• Onderlinde M.J., Nolan D.S., 2014 

 

Prognostic meaning? 
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• Tan Z., Wu R., 1994 

• Glebova E.S., Levina G.V., Naumov A.D.,  Trosnikov I.V., 2009 

• Lavrova A.A., Glebova E.S., Trosnikov I.V., Kaznacheeva V.D., 2010 

• Levina G.V., Montgomery M.T., 2010 

• Levina G.V., Montgomery M.T., 2011 
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Diagnostic meaning of the helicity 



Selection criterion for the estimation of helicity as 

the integral square characteristic, being referred to 

aggregate vortex formation 



The comparison of the time behavior of the square average 

integral helicity and helicity density estimation according to 

the data from ECMWF for the period 01.03.13 – 31.03.13. 

Level 975 hPa 



The comparison of the time behavior of the square average 

integral helicity and helicity density estimation according to 

the data from ECMWF for the period 01.03.13 – 31.03.13. 

Level 850 hPa 



The comparison of the time behavior of the square average 

integral helicity and helicity density estimation according to 

the data from ECMWF for the period 01.03.13 – 31.03.13. 

Level 700 hPa 



Computational domain for the square average of the 

integral helicity and geopotential for the period  

01.03.13 – 31.03.13 



Integral helicity and geopotential according to the data from 

ECMWF over the surfaces of the Norwegian Sea and 

Barents Sea, 01.03.13 – 31.03.13. Level 975 hPa 



Integral helicity and geopotential according to the data from 

ECMWF over the surfaces of the Norwegian Sea and 

Barents Sea, 01.03.13 – 31.03.13. Level 850 hPa 



Integral helicity and geopotential according to the data from 

ECMWF over the surfaces of the Norwegian Sea and 

Barents Sea, 01.03.13 – 31.03.13. Level 700 hPa 



Prognostic/diagnostic meaning of the integral helicity, Polar 

Lows 27-31 March 2013, ECMWF. Level 975 hPa 

01.03.13 – 31.03.13 

27.03.13 – 31.03.13 



Prognostic/diagnostic meaning of the integral helicity, Polar 

Lows 27-31 March 2013, ECMWF. Level 850 hPa 

27.03.13 – 31.03.13 

01.03.13 – 31.03.13 



WRF-ARW model grid and parameterizations  

Run time 01.03.2013 00 UTC-31.03.2013 18 UTC 

Number of domains 2 

Simulation Domains (parent/nest) 50°N – 90°N, 30°W – 70°E /  
60°N – 90°N, 0°E – 60° E 

Map projection Polar 

Grid distance 10 000 м (10 км)/3333 m (3,333 km) 

Full south-north dimension  327/109 

Full east-west dimension 270/90 

Full vertical dimension 50  

Time step 60 sec 

Longwave Radiation САМ/САМ (Community atmosphere  
model, W. D. Collins et al., 2004) 

Surface Layer Monin-Obukhov (Zilitinkevitch) 

Land Surface Model Noah, (Chen et al., 2001) 

Planetary Boundary Layer Схема  Меллора-Ямады  и  Янича  
(Janjic, 1994, MWR) 



Prognostic/diagnostic meaning of the integral helicity, Polar 

Lows 27-31 March 2013, WRF. Level 975 hPa 

ECMWF 

WRF 



The comparison for the integral helicity according to the 

data of WRF and ECMWF as in the case of Polar Lows in 

the period between 27-31 March, 2013. Level 975 hPa 

01.03.13 – 31.03.13 



The comparison for the integral helicity according to the 

data of WRF and ECMWF as in the case of Polar Lows in 

the period between 27-31 March, 2013. Level 850 hPa 

01.03.13 – 31.03.13 



Prognostic/diagnostic meaning of the integral helicity, Polar 

Lows 27-31 March 2013, WRF. Level 850 hPa 

ECMWF 

WRF 



Summary and Conclusions 



Summary and Conclusions 

• At a time of Polar Lows activity, from 27.03.2013 to 31.03.2013, the local 

minimums of the integral helicity estimation align with the local maximums 

of the geopotential 

• In the period of the generation Polar Lows the integral helicity estimation 

increases 

• In the Polar Lows occlusion, as per 29-30.03.2013, the helicity estimation 

decrease, due to the slowing of the rotating motion during the boundaries 

expansion of the Polar Lows 

• The helicity may have diagnostic meaning as a useful additional 

physics/hydrodynamics characteristic of the atmospheric motions 

• The farther investigation on the utilizing the helicity as the integral square 

characteristic, being referred to aggregate vortex formation is required; in 

particular the research of other case studies for the Polar Lows or the 

Tropical Hurricanes, the participation of more processed data; the 

investigation of the possibility for the selection of other estimation criteria 

 



Thank you for your attention! 
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