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Polar lows:
- maritime, high latitudes 
- short lived (~ 1 day) 
- intense (wind > 15 m s-1) 
- small (D~300 km)



http://polarlow.met.no/
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idealized baroclinic channel 
- domain: 7500x2000x25 km 
- hor. resolution: 20x20 km 
- vert. levels: 61 
- periodic zonal BC 
- parameterization: 

- microphysics [Lin]  
- cumulus [Grell] 
- no surface fluxes/PBL/radiation

Experimental setup: 
- symmetric zonal uniform jet  
- surface temp. ~273 K 
- tropopause:  ~6.0 km 
- f-plane: f=1.36e-4 s-1  ~70N 
- surface rel. hum.: 80 %  
- perturbation: surface based,  

 cyclonic, warm perturbation
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Idealised moist-baroclinic cyclone-development
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Figure 5. Vertical cross-sections at 18 h for (a, c) DRY and (b, d) MOIST; small inserts show the location of the cross-section (horizontal line) and sea level pressure
perturbation. (a, b) Meridional wind speed, positive (negative) values imply a northward (southward) meridional wind direction, (contours, negative dashed, with
interval 0.2 m s−1) and potential vorticity deviation from the zonal mean (shading, PVU = 10−6K m2kg−1s−1). (c, d) Temperature deviation from the zonal mean
(shading, K), latent heating (bold line, negative dashed, with interval 0.1 J kg−1s−1) and vertical velocity (thin lines, negative dashed, with interval (c) 0.01 Pa s−1, (d)
0.1 Pa s−1). Black dots indicate the zonal location of the sea level pressure minimum.

similar to Ce between 12 and 21 h in MOIST. The slight difference
in timing is most likely explained by the finding of Moore and
Montgomery (2005) (henceforth MM05), who pointed out that
an increased amplitude of the initial perturbation results in earlier
saturation, and thus an earlier onset of diabatic amplification, as
maximum wind speeds feature 3.5 m s−1 in MOIST versus 7 m s−1

in YN07.
To elucidate the dynamical mechanism associated with the

early diabatic intensification, we present the vertical structure
of the disturbance around the time of the largest ratio Ge/Ca
between diabatic and baroclinic energy conversion, i.e. +18 h.
Figure 5(a, b) shows the meridional velocity and deviation of
PV from the zonal mean. In DRY, the structure has virtually
no tilt and significant PV perturbations are absent (Figure 5(a)).
In contrast, the structure in MOIST is tilted down-shear and
a PV dipole, consisting of a positive PV anomaly below and a
negative PV anomaly above, is visible (Figure 5(b)). Previous
studies of growing disturbances in moist baroclinic environments
without upper-level forcing associated this low-level PV dipole
with the DRV mechanism as a result of the redistribution of PV
by diabatic processes (e.g. Parker and Thorpe, 1995; Wernli et al.,
2002; MM04; MM05; Moore et al., 2008).

Generation of Ge in Eq. (5) implies the co-location of a
positive temperature perturbation and latent heating. To verify the
location of heating, Figure 5(c, d) shows the temperature deviation
from the zonal mean with total latent heating superposed. In
MOIST, the positive temperature anomaly is elevated compared
with DRY and co-located with the latent heating maximum. There
is a negative temperature anomaly below the positive temperature
anomaly, associated with evaporative cooling and melting from
precipitation (not shown). A negative temperature anomaly can
be found above the maximum of latent heating, most likely
associated with adiabatic cooling due to forced ascent above the
heating.

In the case of the DRV growth mechanism, the lifting of
moist air to release latent heat is associated with isentropic up-
gliding of the northward component of the low-level circulation
in a baroclinic environment. Isentropic up-gliding is evident

in both simulations, with vertical velocity maxima occurring in
the poleward flow to the east of the cyclone (Figure 5(c, d)).
However, the vertical velocity maximum in MOIST (Figure 5(c))
is significantly larger than in DRY (Figure 5(d)) and is located at
higher levels. It should be noted that heating from the convective
parametrization is absent, confirming isentropic up-gliding as the
dominant mechanism for air to reach saturation.

Compared to previous midlatitude idealised DRV simulations
(MM05), the disturbance in MOIST is more shallow and develops
at a faster rate. However, the qualitative structure is consistent.
In MM05, the maximum ratio of Ge/Ca occurs after day 2,
whereas the maximum in MOIST occurs after 18 h. To account
for the different growth rates between MOIST and MM05, we
compare the vertical location of the negative PV anomaly at twice
the integration time of the occurrence of the maximum diabatic
amplification, i.e. +36 h for MOIST and day 4 for MM05. At
this time the negative PV anomaly is located at around 475 and
675 hPa (not shown) in MM05 and MOIST, respectively, whereas
the amplitude of the perturbations are comparable.

Even though we use similar values of relative humidity
compared to previous midlatitude studies, it should be noted
that the values of specific humidity are significantly reduced
at higher latitudes due to decreased air temperatures. Thus,
only a relatively small amount of latent heat can be released
at higher latitudes, as the maximum available amount of latent
heating is directly related to the absolute values of water vapour.
Therefore, it is noteworthy that diabatic processes still dominate
the intensification of the low-level disturbance in MOIST with
the amplitude of the PV anomalies being similar to midlatitude
DRV simulations, thereby yielding an equally intense DRV-like
mechanism.

A plausible explanation is the scale contraction in MOIST
compared to midlatitude DRV simulations, as diabatic PV
production is associated with vertical gradients in diabatic heating

Dq

Dt
= ω · ∇θ̇ , (10)

c⃝ 2014 Royal Meteorological Society Q. J. R. Meteorol. Soc. (2015)
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interval 0.2 m s−1) and potential vorticity deviation from the zonal mean (shading, PVU = 10−6K m2kg−1s−1). (c, d) Temperature deviation from the zonal mean
(shading, K), latent heating (bold line, negative dashed, with interval 0.1 J kg−1s−1) and vertical velocity (thin lines, negative dashed, with interval (c) 0.01 Pa s−1, (d)
0.1 Pa s−1). Black dots indicate the zonal location of the sea level pressure minimum.
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Conclusions
• forward & reverse shear environments —> both baroclinic 
• polar low genesis at flanks of cold-air outbreaks 
• reverse shear polar lows: probably frontal instabilities
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• diabatic processes important for cyclone intensification, 
despite low absolute values of moisture
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