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Motivation

« Harley D.G. 1960
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«  Blechschmidt A.-M., 2008 and Efimov S.V,,
. Golicyn G.S., 2008, 2012 2013

. : » Akter F.,
« Shkolnik I.M. and Efimov S.V., 2013 :

Ishikawa H.,

« Zappa G. and Shaffrey L., Hodges K. , 2014 2014
 Shun-Ichi |l. Watanabe and Hiroshi Niino, 2014
 Pegahfar N., Ghafarian P., 2015 .........



Object of Research

Morphological characteristics, referred to in the definition of Polar
Lows (Rasmussen and Turner, 2003):

» approximate diameter is 150, 200 or 550 km (1000 km) (diameter
of the external closed-loop pressure contour);

» created over ocean surface to northward of the main baroclinic
zone (polar front);

 wind velocities in the area of the maximum ones >15 mM/c
90 km/h, day

Object of research (Verezemskaya, 2014):

Mesocyclonic formations, that can be observed over Norwegian Sea
and Barents Sea surfaces in the period between 27 and 31 March,
2013




MODIS images for the object of research
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Helicity. Main equations for the Ekman flow

The helicity is defined as the scalar product of velocity and vorticity—
H=v-rot(v).
The Ekman flow is:
Z

U=Us; (1 — exp (—%) COS %) — Vs exp (_E) sinz;
V=V (1 — exp (—%) COS %) + Ug exp (—%) sin .

Here h = ,/V/q - the Ekman scale,

Ve, U; - the geostrophic wind velocity components in a free
atmosphere. The vertical components of the vorticity in these cases
can be neglected.

In that case the helicity (Ekman flow helicity (Hide, Kurgansky)) is:
H=-U3+ V. (1)
And the integral helicity (Kurgansky, 1989)is:
Hine=Jy Hdz == (Ug* + V5%). (2)



The integral helicity, m2/s?

Correlation between the integral helicity and the square of the
wind velocity components on the highest sounding levels
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Diagnostic meaning of the helicity

Some being used parameters of the cyclone intensity
« Storm-relative environmental helicity (storm-relative helicity):

SREH = |; [(V C) - (l?x )] dz,  (Onderlinde, Nolan, 1990);

Relative helicity:

0 0
H = (v = Vmean) 5= — (U = Umean) 5 (Davies-Jones, 1990);

V- horizontal com ponent of the wind velocity, C- the velocity of the cyclone, h

IS chosen between 1 and 3 km, k - unit vector vertically, Z—Z - wind velocity shift;

u, v — wind velocity components in the cyclone, Uyeans Vmean - VelOCity
components of the cyclone center

* Helicity index:

8
S = ?” J“0°° v3dr, (Kurgansky, 2008);

S — helicity index (m#4/s3), V — tangens component of the wind velocity (m/s),
r — radius (m)



Selection criterion for the estimation of helicity as
the integral square characteristic, being referred to
aggregate vortex formation

h (U, Vs) -2 - Levels 975, 850, 700 hPa
Hine(xi,yi) = %(UGZ + VGZ)-

1
Hden(xi:yi) = SHGT (UGZ + VGZ)-

Hese = HS = in,y,;eSH (X1, Yi)

where S: square lon = 0-60°E; lat = 60-90°N

(For the moving with Polar Low square the result was
qualitatively similar); H (x;,y;) defined as (2).



Helicity density, m/s?
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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.
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Helicity density, m/s?

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.
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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.
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Computational domain for the square average of the
Integral helicity and geopotential for the period
01.03.13 - 31.03.13

30.03.13 12 UTC (Uss2+y#+2) /(2#HGT) and HGT at 975  mb
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Integral helicity and geopotential according to the data from
ECMWEF over the surfaces of the Norwegian Sea and
Barents Sea, 01.03.13 — 31.03.13. Level 975 hPa

01.03.13 00 UTC (Us+24+Y4+2) /(2+HGT) and HGT at 975  mb
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Integral helicity and geopotential according to the data from
ECMWEF over the surfaces of the Norwegian Sea and
Barents Sea, 01.03.13 — 31.03.13. Level 850 hPa

01.03.13 00 UTC (Uss2+y#£2) /(2#HGT) and HGT at 850  mb
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Integral helicity and geopotential according to the data from
ECMWEF over the surfaces of the Norwegian Sea and
Barents Sea, 01.03.13 — 31.03.13. Level 700 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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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 m (10 km)/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 CAM/CAM (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 Cxema Mennopa-Amagbl u  AHWua
(Janjic, 1994, MWR)




Prognostic/diagnostic meaning of the integral helicity, Polar

Lows 27-31 March 2013, WRF. Level 975 hPa
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Integral helicity, m/s?
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The comparison for the integral helicity according to the
data of WRF and ECMWEF as in the case of Polar Lows in
the period between 27-31 March, 2013. Level 975 hPa
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Integral helicity, m/s?

0.08 —

0.06 —

The comparison for the integral helicity according to the
data of WRF and ECMWEF as in the case of Polar Lows in
the period between 27-31 March, 2013. Level 850 hPa

Integral helicity, m/s?

0.1 —

0.08 —

0.06 —

0.04 —

0.02

Level 850 hPa
7 WRF
ECMWF

Y WD A WD WD D WD WD D D
N7 N\ N N N N N N NN
L i A A S RS

I | I | I ‘ T | I | I | I | I | I | T ‘ T I I | I | I | I | I | I ‘ I | I | I | I | I ‘ | | I | I | I | I ‘ I | I | | | I
S S I I IR N G IR G IR G SRR IR
5o

DS A S A S S S AT\ G G N s S e
RN LS R S S N U R UL G S U VS g A

D WD D
N \'\ '\\'\

A
‘Lrb\'b(g‘b

o) o o of

Data

01.03.13 - 31.03.13



Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, WRF. Level 850 hPa
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Summary and Conclusions

There is a good correlation between the integral helicity and the square of
the wind velocity on the higher sounding levels (400-800 m) in
slightly unstable or neutral stratification conditions. This fact allows to
use the geostrophic wind data to build the regional and global helicity
fields.

The analysis of the global helicity fields in the Atmospheric boundary layer
according to the data from ECMWEF for the polar latitudes of the Nothern
Hemisphere per 2013 year was made

The comparison between ECMWF data and WRF-ARW findings for the
global helicity fields in the Atmospheric boundary layer for the polar latitudes
of the Nothern Hemisphere per 2013 year was carried out

The local variations of the helicity neighbor with the front of the cyclone

It was demonstrated that as the criterion for the estimation of helicity as the
integral square characteristic, being referred to aggregate vortex formation

! 2 2
we Can Hden(xi,yi) = m(UG + Vg )



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
iIncreases

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
iInvestigation of the possibility for the selection of other estimation criteria



Thank you for your attention!
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa
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Geopotential, dam

Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa

06.03.13 06 UTC (Us2+v+2) /(2#HGT) and HGT at 975  mb
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Geopotential, dam

Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa

10.03.13 12 UTC (U2 +v4x2) /(24HOT) and HET at 975 mb
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Geopotential, dam

Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa
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Geopotential, dam

Prognostic/diagnostic meaning of the integral helicity, Polar
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20,0313 12 UTC (Use2+v#2) /(24HGT) and HGT at 975  mb

20.03.2013 UTC 12

500 —
| e
450 —
—/
400 —
. .
350 o 0.03 .08 15 0.21 0.27 .33 0.38 .45 a.51 0.57 0e3 089 075 B 0.87
| © Jl \/ \/_\ )q_/-
—
(@]
g
o Eod N L \
250 — 0.05 —| /\ / \.
200 - 0 T | I | | | ‘ T l | | | | T I | | [ | | | | | I ] T [ I | T | | I I | [ ' I | [ | T | I | | | T | T T I 1 | T | T | T
% % Go) o] Qo) % o) 5 > %5 > D > > > ) %) ) %) &) D > > > > %5 % el ] G o]
N N N N N N N N N N N N N N N N’ N N N N N N N’ N N N N N N N N
R AT G I G S T S i S R S A N P R N S AN R SR
N S A S\ S N e R S G Vg U U R U R R

Data




Geopotential, dam

Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa
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Geopotential, dam

Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa
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Geopotential, dam

Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 975 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa
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Prognostic/diagnostic meaning of the integral helicity, Polar
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Prognostic/diagnostic meaning of the integral helicity, Polar
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Prognostic/diagnostic meaning of the integral helicity, Polar
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30.03.13 06 UTC (Usr2 44423/ (24HGT) and HGT at 850

90N

16C

15C

14C

\

Geopotential, dam

Integral h

1200 — 0

003 008 @15 021 027 033 038 045 051 0857 D063 068 075 0B 087

/R

/
1300 | 0.02 /\//—-\

30.03.2013 UTC 06

T\

%

J(

& B

Oy >
N N
RNV R

SR
W o
PP o

S N B WL N N N LA WL L L L N N L LA I A UL WL B L IR N may way A B B

SRR TN BN TN TN T - TN BN TN BN
'\\\\\\b\\&b\\’\\\ \q\'\g\'\\\\

>

QN » N
RO IR A R R R R




Prognostic/diagnostic meaning of the integral helicity, Polar
Lows 27-31 March 2013, ECMWEF. Level 850 hPa

31.03.13 18 UTC (Usr2 44423/ (24HGT) and HGT at 850
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Integral characteristics of Polar lows

Vazaeva N.V., Chkhetiani O.G., Maksimenkov L.O.,
Kurgansky M.V.

A.M. Obukhov Institute of Atmospheric Physics,
Russian Academy of Science

Baikal Young Scientists’ International School on Fundamental Physics
“Physical processes in outer and near-earth space”

XV Young Scientists’ Conference
«Interaction of fields and radiation with matter»

Irkutsk, 11 - 16 September 2017
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[lnarHOCTUYECKMN CMbICIT UHTErpanbLHOM cnmpanbHOCTM Ha
npumepe bnokupyowero aHtuymknona 2010 roga no
naHHbiIM ECMWE. YpoeHb 900 rlla

Episodes of regeneration
3|'|V|30.E||b| 15.07-19.07 | polar | from N-W) entry from Norwegian Sea
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ONZEO7 | polar | from N-W) entry from Morwegian Sea
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