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Whirlwind Tour of 
Cyclones

Thursday, February 5, 2009



Solar heating leads to an overturning circulation.
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Birth of a Cyclone (Low).
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3D Circulation, Fronts and Net Transport.
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Add Water Vapor...
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perimental stretched-grid version (Fox-Rabinovitz
et al. 1997)], the GEOS GCM produces features in the
wind field that are reminiscent of those seen in high-
resolution scatterometer wind data (e.g., Atlas et al.
1999, their Fig. 9d).

The improvement in the ability of the GEOS GCM
to resolve cyclone–frontal features realistically for
increasing horizontal resolution is also seen when the
GEOS system is run in data-assimilation mode.
Figure 2 depicts sea level pressure, along with the

wind, potential temperature, and
horizontal potential temperature
gradient at 950 hPa, for a North
Pacific cyclone–frontal system
at 1800 UTC 12 December 1991
produced by the GEOS Data
Assimilation System (DAS).
Results for 2° ! 2.5° resolution
are shown in the top panel and
for 1° ! 1° resolution in the bot-
tom panel. The cold front in the
top panel is depicted as a broad,
diffuse zone of weak horizontal
potential temperature gradient
and a gradual turning of the wind
across the frontal zone. The cold
front in the bottom panel con-
sists of a long, narrow zone with
large, localized horizontal po-
tential temperature gradient and
a more abrupt change in wind
direction across the frontal zone
than in the lower-resolution as-
similation. At this particular stage
of cyclone–frontal evolution, the
warm front bends around the
surface cyclone, suggestive of the
bent-back warm front and fron-
tal T-bone stage of the Shapiro–
Keyser cyclone model (Shapiro
and Keyser 1990). Figure 3
shows an extratropical cyclone
at 1800 UTC 26 October 1998,
also over the North Pacific Ocean
but at a late stage in its evolu-
tion, produced by the GEOS
DAS at 1° ! 1° resolution. In this
cyclone, the 900-hPa potential
temperature pattern exhibits a
local maximum immediately to
the west of the cyclone center, a

signature of the warm-core seclusion stage of the
Shapiro–Keyser conceptual model.

The remainder of this article focuses on the sub-
jective evaluation of the realism of extratropical cy-
clones, fronts, jet streams, and the tropopause in a
3-month Northern Hemisphere winter (Dec–Feb, DJF)
simulation of the GEOS GCM at 1° ! 1° resolution.
The characteristics of the GEOS GCM and the datasets
to be analyzed are described in section 2. Since the
structure and evolution of cyclones and fronts are in-

FIG. 1. GEOS simulations for three progressively finer resolutions showing cyclones and
fronts over the North Atlantic Ocean. Near-surface (975 hPa) winds are plotted at every grid
point; vector scale (40 m s"1) is displayed beneath each panel. (top) Results for a uniform 2°
! 2.5° latitude–longitude grid, (middle) results for a uniform 1° ! 1° latitude–longitude grid,
and (bottom) results for an experimental stretched latitude–longitude grid with maximum
resolution of 0.5° ! 0.5°.

From: Conaty et al. 2001
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Alternative Climatology
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Traditional Method
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Centers,Tracks and Composites
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Cyclones in Action
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Context/Data Sort
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    # --------------------------------------------------------------------------
    # Main Program Logic
    # --------------------------------------------------------------------------
    # Read SLP field one time step at a time
    for step in xrange(start_tstep,end_tstep):

        # Advance date.
        datetime = get_datetime(time[step])
        jd = get_jd(datetime,calendar='standard')

        # Convert datetime into year, month, day, hour
        yyyy = datetime.year; mm = datetime.month;
        dd = datetime.day; hh = datetime.hour

        # Get SLP field, make 1d integer array. To allow for exact comparisons
        # impose a fixed accuracy (significant digits) via defs.accuracy.
        slp_step = N_array(slp[step,:,:])
        slp_step.shape = (im*jm) # reshape to 1d+time array
        slpint = slp_step.astype(numpy.int)

        # If searching for high pressure reverse pressure field so
        # that highs are lows.
        if defs.find_highs:
            slpint = slpint*-1

        # Screen SLP field by defs.plim.
        if defs.plim_filter:
            tmp1 = N_less(slpint,defs.plim_filter)
        else:
            tmp1 = N_ones(N_size(slpint))

        # Screen SLP field in tropics
        if defs.tropical_filter:
            tmp1[bot:top] = 0

        # Screen SLP field by topography
        if defs.topo_filter:
            tmp1 = N_multiply(tmp1,topo_screen_centers)

        # Apply previous filters and create intial center list
        centers = {}
        for gridid in xrange(maxid):
            if tmp1[gridid]:
                centers[gridid] = int(slpint[gridid])

        #----------------------------------------------------------------------
        # Stage 1: Cycle over intial center list, apply more filters and checks
        #----------------------------------------------------------------------

Python & Summary
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• All Python

• All Open Source, data set freely available.

• Mostly OO.

• Sometimes Parallel ... only SMP.

• Current Applications:

• Climate Model Validation.

• Satellite Data Reduction. 

• Weather sensitive : Ecology, Oceanography, Air Quality, Wind Energy and 
Insurance.
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