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Polar lows – the „hurricanes” of the Arctic 

• small (diameter < 600 km) 

• intense maritime cyclone (winds > 15 m/s)  

• short-lived (3-72h) 

• bring large amounts of precipitations 
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DYNAMICS:  

▫ convective, 

▫ baroclinic,  

▫ Both 

 

  SEASON: October – May 
              (max in January and March) 
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Polar lows – the „hurricanes” of the Arctic 
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• DYNAMICS:  

▫ convective, 

▫ baroclinic,  

▫ both 

 

• PL „hot spot”  
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Polar lows – the „hurricanes” of the Arctic 



Polar low case study  

January, 07, 2009 
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Reported large amounts of  
snow and severe problems  

for coastal and inland  
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Polar low case study January, 07, 2009 
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00:00 H 03:00 H 06:00 H 

winds > 15 m/s 

T @ 500 hPa: CAO is visible 

Tdiff  = T1000hPa – T500 > 40 K 
 

     SST – T(2m) = 51.40 K  
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Conditions of a polar low formations 
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SST – T(500 hPa) > 
40K 

SST – T2m : 6 – 7 K 

GPH lower than 
climatological mean 

geostrophic winds are 
weak and backed with 

height 

air masses moderatly 
baroclinic 

Eady growth rate 

RH close to surface ~ 
75 % 

close to 900 hPa 
 max of 85% 

LR conditionaly 
unstable below 850 

hPa 

MSLP low 
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• Arctic system reanalysis (ASRv1, 30km) 

• cut 200 km radius around genesis point to find average of 
variables considered in conditions 



Conditions of a polar low formations 

TRANSREGIO TR 172 | LEIPZIG | BREMEN | KÖLN 

aradovan@uni-koeln.de 

SST – T(500 hPa) > 
40K 

SST – T2m : 6 – 7 K 

GPH lower than 
climatological mean 

geostrophic winds are 
weak and backed with 

height 

air masses moderatly 
baroclinic 

Eady growth rate 

RH close to surface ~ 
75 % 

close to 900 hPa 
 max of 85% 

LR conditionaly 
unstable below 850 

hPa 

MSLP low 

in
tr

o
d

u
c

tio
n

 
M

e
th

o
d

s
 

R
e

s
u

lts
 

S
u

m
m

a
r

y
 

• Arctic system reanalysis (ASRv1, 30km) 

• cut 200 km radius around genesis point to find average of 
variables considered in conditions 

𝜎 ≡ 0.31
𝑓

𝑁

𝜕𝑽

𝜕𝑍
 



Conditions of a polar low formations 
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forward shear  
0° ≤ α ≤45° 

𝜶 = 𝒂𝒓𝒄𝒄𝒐𝒔
𝒗𝑻 ∙  𝒗 

𝒗𝑻 𝒗 
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𝑣𝑇 = −
1

𝑓

𝜕 𝛷700 − 𝛷925

𝑎𝑐𝑜𝑠𝜑𝜕𝜆
 𝑢𝑇 = −

1

𝑓

𝜕 𝛷700−𝛷925

𝑎𝜕𝜑
           and 

THERMAL WIND 

THERMAL WIND 

reverse shear 

135° ≤ α ≤ 180° 

𝑢𝑚 =  −
1

2𝑓

𝜕𝛷700

𝑎𝜕𝜑
+

𝜕𝛷925

𝑎𝜕𝜑
           and 𝑣𝑚 =  

1

2𝑓

𝜕𝛷700

𝑎𝑐𝑜𝑠𝜑𝜕λ
+

𝜕𝛷925

𝑎𝑐𝑜𝑠𝜑𝜕λ
  

aligned with mean wind flow 

increases with height 

east 

aligned with mean wind flow 
but opposite direction 

decreases with height 

south 

THERMAL WIND 

WIND SPEED 

PROPAGATION 

𝜑 – lat, λ −lon Kolstad 2006 
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Are conditions fulfilled? 
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> 40K 

6-7 K 

1 hPa 
difference K 
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Are conditions fulfilled? 
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Are conditions fulfilled? 

GPH are below climatological mean  

GPH at 500 hPa & θ (300 hPa) 

January climatology PL dates 
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60 -100 m 

linked to the energy of air 
flowing into the storm 
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WV, LIQUID and ICE of a polar low 
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SST – T(500hPa) SST – (2m) 
RH below 

1km ~ 85% 

LR below 850 hPa 

unstable 

above 1.2 K/km 

MSLP 
WIND 

R↑/F↓ 

41.68 2.69 Yes Yes 
994 
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RH below 
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WV, LIQUID and ICE of a polar low 
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„Key” condition? 
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Summary 

• PL – small, intense, short-lived martime cyclones that 

are hard to predict 

• Majority of the conditions are fulfilled 

• Quanticification of conditions can’t reach the importance 

of  a single one for a PL formation. 

Check:  

• Layering of and combination of conditions  
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Thank you for your attention!  
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