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What is the Norwegian Cyclone 
Model?

• Conceptual model describing the life cycle and 
dynamics of extratropical cyclones

• Developed by the Bergen School of Meteorology 
after World War I

• Defined modern meteorological analysis

• Still widely used today



Bergen, Norway

Sources: Google Maps, Wikipedia Commons



Bergen School

Sources: NOAA, AGU, http://www.snl.no/meteorologi, Time, Wikipedia Commons
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Bergen School

Source: Shapiro (1994), The Life Cycles of Extratropical Cyclones Commemorative Photo Album



Source: www.snl.no/meteorologi

Left to Right: Tor Bergeron, Halvor Solberg, Vilhelm Bjerknes, Harald Sverdrup
Jacob Bjerknes, Sverre Petterssen, Carl Godske
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Bergen School

Source: Shapiro (1994), The Life Cycles of Extratropical Cyclones Commemorative Photo Album

Tor Bergeron and Jacob Bjerknes



Recommended Reading

Bjerknes and Solberg (1922)                     Godske et al. (1957)                                          Reed (1990)    



Initial Description: Ideal Cyclone
• Two airmasses (warm and 

cold) separated by a fairly 
distinct boundary surface 
that runs through the 
center of the system

• The boundary surface is 
imagined to continue 
through a greater part of 
the troposphere at a 
small angle to the horizon
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Zonal section through cold sector north of low center 

Zonal section through warm sector north of low center 

Source: Bjerknes (1919), Bjerknes and Solberg (1922)



Initial Description: Ideal Cyclone
• Warm air in the warm 

sector is conveyed by a SW 
or W current & ascends the 
wedge of cold air ahead of 
the warm front, producing 
warm-frontal precipitation

• The intrusion of cold air 
from behind the system into 
the warm sector lifts the 
warm airmass, producing 
cold-frontal precipitation

Warm Sector
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Or
Polar Airmass/
Airstream
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Airstream

Zonal section through cold sector north of low center 

Zonal section through warm sector north of low center 

Source: Bjerknes (1919), Bjerknes and Solberg (1922)



Idealized Cyclone Life Cycle
• Initial Phase

– Two oppositely directed 
currents of different 
temperature are separated by a 
nearly straight boundary

– The boundary begins to bulge 
toward the cold air at the place 
where the cyclone will form

• Open Wave
– The amplitude of the warm 

wave increases
– Cold air moves cyclonically 

around the low center
– Warm sector narrows

Source: Bjerknes and Solberg (1922)
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Idealized Cyclone Life Cycle
• Secluded Phase

– Cold front overtakes warm 
front south of low center

– Piece of warm sector air is cut 
off

• Occluded Phase
– Remaining part of warm sector 

is removed from surface

• Maturity/Death
– Occluded front dissipates
– Cyclone becomes symmetric 

vortex of cold air

Source: Bjerknes and Solberg (1922)
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Vertical Evolution

• Open Wave Phase
– Two wedges of cold air 

approach each other

– Intermediate warm 
sector air is lifted

– Transforms potential to 
kinetic energy
• Simplistic view

Source: Bjerknes and Solberg (1922)



Vertical Evolution
• Occluded Phase
– Once two wedges have 

met on the ground, the 
upper warm sector is 
lifted until warm sector 
has cooled adiabatically 
to the temperature of its 
surroundings

– Throughout this phase, 
cyclone gains kinetic 
energy

Source: Bjerknes and Solberg (1922)



Energy Transformations
• Essential condition for cyclone formation is coexistence 

of warm & cold air adjacent to each other

• All cyclones which are not yet occluded have increasing 
kinetic energy

• Soon after occlusion, the cyclone begins to fill

• In later stages, cyclone becomes a homogenous vortex 
of cold air that consumes the previously generated 
kinetic energy

Source: Bjerknes and Solberg (1922)



Occlusion Types

• Cold Type
– Forms if air behind cold front is colder than air ahead of warm front
– Has character of cold front with narrow precipitation zone

• Warm Type
– Forms if air behind cold front is warmer than air ahead of warm front
– Has character of warm front with broad precipitation zone

• Claim cold type is most common

Cold Type Warm Type

Source: Bjerknes and Solberg (1922)



Secondary Cold Fronts

Source: Bjerknes and Solberg (1922)

• The cold air may contain a series of secondary cold 
fronts accompanied by only small contrasts in 
temperature and wind

• The appearance of a strong secondary cold front that is 
stronger than the primary cold front indicates a 
reinforcement of the cyclone



Subsequent Refinements

Sources: NOAA, AGU, http://www.snl.no/meteorologi, Time, Wikipedia Commons
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Bergen School meteorologists did not stop working in 1922!

http://www.snl.no/meteorologi


Occluded Cyclone Refinements

• Identify new features
– Upper-cold front 

• Accompanies warm-type 
occlusions

– Bent-back occlusion
• Extends into polar 

airstream behind low

– False warm sector
• Between bent-back 

occlusion and primary 
cold front

Source: Godske et al. (1957)



Life Cycle Refinements

• Antecedent Stage

– Similar to Bjerknes and Solberg (1922)

• Nascent Stage

– Newly formed wave with velocity nearly equal to that of warm-

sector air near ground

Source: Godske et al. (1957)



Life Cycle Refinements

• Wave Cyclone
– Further development of cyclone and frontal wave
– Frontolysis occurs along cold front near low center
– Phase lag of upper-level wave relative to surface wave

Source: Godske et al. (1957)



Life Cycle Refinements

• Occluded cyclone
– Cold front climbs warm front and forms upper-cold front
– Pressure trough forms to rear of cyclone and rotates cyclonically 

around low center
– Near low-center, a bent-back occlusion may coincide with 

trough

Source: Godske et al. (1957)



Life Cycle Refinements

• Occluded cyclone
– More removed from low center, it may be a non-frontal trough
– Cyclone regeneration can occur if bent-back front is longer and 

stronger than normal and separates polar airmasses of differing 
temperature

Source: Godske et al. (1957)



More Modifications and Extensions

• Frontal 
Structure/Dynamics
– Depiction of the polar 

front as a discontinuity 
separating tropical and 
polar airmasses is an 
overidealization

– Upper-level and surface-
based fronts may be 
discontinuous and have 
differing dynamics
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Source: Keyser and Pecnick (1985), Reed (1990) 



More Modifications and Extensions

• Frontal Structure/Dynamics
– Surface-based fronts may have extreme intensity 

at the ground, but weaken with height

Source: Sanders (1955), Reed (1990)



More Modifications and Extensions

• Frontal 
Structure/Dynamics
– Frontal zones are better 

regarded as regions of 
active frontogenesis rather 
than semi-permanent 
phenomenon

– Fronts are often a 
consequence of 
cyclogenesis rather than 
the cause

Source: Schar (1989), Reed (1990) 
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More Modifications and Extensions

• Cyclone Dynamics
– Cyclone development may be viewed as a 

consequence of baroclinic instability rather than 
frontal instabilities

– There are three major building blocks for observed 
cyclogenesis (thanks to discovery of jet stream and 
development of PV thinking)
• Upper-level trough/cyclonic PV anomaly
• Surface front (surrogate cyclonic PV anomaly)
• Diabatic heating

Source: Reed (1990) 



More Modifications and Extensions

• Cyclone Dynamics
– There are patterns of cyclone development not 

envisioned by the Bergen School
• e.g, cyclogenesis in polar airstreams (a.k.a the polar 

low)

Source: Reed (1990) 
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Class Activity
• Divide into groups of 3-4 students

• Each group analyzes the life cycle of selected (and independent) 
frontal cyclones identified with the IDV “Global-10day” bundle

• Base frontal analyses on the 925-mb temperature analysis and use 
IDVs drawing control options to analyze the fronts every 12 hours

• Drawing control may be accessed by clicking on the pencil at the 
top of the IDV window

• Use a different drawing control (by clicking on the pencil again) for 
each analysis time


