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Introduction - Defining Cold Pools

• Newton (1950) found “shallow local 
cold fronts” in regions of rain-cooled 
air.  These rain-cooled regions can be 
considered cold pools.

• Fujita (1955) identified a “surge” in 
pressure marking the front of a squall-
line. 

• The thunderstorm high (or mesohigh) 
is a region with strong downdrafts, 
high pressure, and surface divergence.  
Generally coincides with the cold 
pool.

• The wake depression is a low pressure 
area of convergence behind the main 
convection.
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sure area within which tornadoes germinate. Figure 6

contains an example of such a couplet in southeastern

Colorado, but a more detailed analysis was prepared

in connection with a study by Fujita (1958a) of the

Illinois tornadoes of 9 April 1953 (Fig. 7). Combining

time-to-space converted pres-

sure data with 3-cm radar data,

Fujita was able to demonstrate

that a prominent mesolow was

associated with the tornado (the

hook echo in Fig. 7) and the

mesohigh with the intense rain-

fall area to the north.

While mesoscale pressure

couplets were often identified

with tornadic storms, Fujita et al.

(1956) observed that they could

occur on a variety of scales. The

small couplets were often asso-

ciated with tornadoes, whereas

the larger ones were found with

squall mesosystems. The larger

lows, first termed wake depres-

sions by Fujita (1955) and

mesolows by Fujita et al. (1956),

were later called mesodepressions

by Fujita (1963). As mentioned

earlier, Fujita (1963) admitted

that the original explanation for

mesodepressions—an analogy

to obstacle flow—was incorrect;

however, he did not offer an al-

ternative explanation. At about

the same time, Pedgley (1962)

had analyzed a squall line pass-

ing over England on 28 August

1958 that had the same charac-

teristic surface pressure patterns

reported by Fujita (1955, 1963).

Pedgley (1962) referred to the

trailing low pressure area behind

the squall line as a wake low, a

term now generally accepted for

this phenomenon. However,

Pedgley also could not offer an

adequate explanation for the

wake low. Rather, he suggested

the obstacle-flow idea of Fujita

(1955) as one possibility and, as

another, the hypothesis put for-

ward by Brunk (1953) that the

tops of towering clouds may generate gravity waves

on the tropopause, which would then produce pressure

fluctuations at the ground.

An important extension of Fujita’s early analyses

of surface mesonetwork data was the eventual incor-

FIG. 4. Fujita’s early model of squall-line circulation: DWD = downdraft, UPD = updraft.

From Fujita (1955).

FIG. 5. Typical isobar patterns of squall mesosystems obtained by combining the basic

field and excess pressure patterns. Letters C, F, and W designate the basic fields: cold sec-

tor, on the front, and warm sector, respectively. The various systems go through stages 1–4

from left to right. From Fujita (1963).

Schematic of a squall-line thunderstorm. (Fujita 1955, Fig. 18)
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Introduction - Defining Cold Pools

• pressure increase

• temperature drop

• wind shift, divergence

There is a large variety in cold pool structures 
and causes, from downdrafts, evaporative 
precipitation, and radiative causes. 

For the purposes of this study, cold pool 
features will be considered to include:

Frontal passage and associated cold pool wind direction, 
pressure, and equivalent potential temperature for a case in 

Engerer et al. 2008

Tuesday, October 23, 2012



Introduction - Oklahoma Mesonet

• Delaunay Triangulation is applied to 
the Mesonet stations to form a grid. 

• Extremely thin, narrow triangles were 
removed.

• The grid changes each year depending 
on which stations reach the 
observation threshold (90%) for the 
given year.

• 99-104 of the 108 non-panhandle 
stations are used each of the 15 
years.
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Methodology - Front Scores (FS)
• To identify a cold pool first the fronts are located to help determine 

pressure surge lines and outflow boundaries.

• FSs are calculated based on 30 minute pressure increases and temperature 
decreases.

• Pressure and temperature are adjusted for the diurnal cycle and elevation.

• Diurnal cycle ex: 12z 10 June averages the station values at 12z 8-12 June for 
the station over the 15 years (up to 75 values averaged).

• The FS is a unitless variable.  A 1mb pressure increase is treated the same as 
1K temperature decrease.

FS(t) = P(t,adj) + T(t-30,adj) - P(t-30,adj) - T(t,adj)
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Methodology - Frontal Analysis

• Threshold values of FS are set for fronts (3+) and strong fronts (5+).

• A maximum FS above the threshold (highest within 3 hrs in both directions) 
is considered a front at the station.

• All 3 corners of a Mesonet triangle having a front within 2 hours of each 
other marks the triangle as undergoing a frontal passage.

• These fronts can be tracked through the Mesonet.
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Methodology - Cold Pool Analysis

• Divergence for each of the Mesonet triangles was calculated using the methods 
from Dubois and Spencer 2005, Davies-Jones, 1993. 

• A cold pool at a Mesonet triangle is required to have two features:

• A cold pool spans from that divergence maximum timestep in both directions 
until the divergence is half the maximum value.

1.  A frontal passage at the triangle.  For study purposes all cold pools 
have associated fronts while not all fronts have cold pools.

II.  The divergence threshold of 1x10-4 s-1 reached within 30 minutes 
before and 60 minutes after front reaches the middle of the triangle.
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15-16 June 2002 Case

Images from: http://www.mmm.ucar.edu/imagearchive/
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15-16 June 2002 Front Analysis
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Mesonet Div. (15min avg) and Cold Pool Scores 0130z 16 June 2002
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Mesonet Div. (15min avg) and Cold Pool Scores 0000z 16 June 2002 (b)(a)
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Mesonet Div. (15min avg) and Cold Pool Scores 0300z 16 June 2002
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Mesonet Div. (15min avg) and Cold Pool Scores 0430z 16 June 2002
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Front analysis for 16 June 2002 (a) 0000z, (b) 0130z, (c) 0300z, and (d) 0430z. Red dots are convergence > 
10-4s−1 while blue dots are divergence >= 10−4s−1. Yellow lines are fronts where the three corners of the triangle 
have FSs of 3+ during frontal passage while magenta lines are fronts where the triangle corners have FSs are 
5+. White squares are stations where at the current timestep the FS is 3 <= FS < 5; black squares designate 
stations currently with FSs at 5+. Radar images are from the UCAR image archive. 
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15-16 June 2002 Cold Pool Analysis

Cold pool analysis for 16 June 2002 (a) 0000z, (b) 0130z, (c) 0300z, and (d) 
0430z. Black dots mark triangles that are in cold pools at this time. Fronts are 
shown for context. Radar images are from the UCAR image archive. 
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Fronts and Cold Pools 0000z 16 June 2002
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Fronts and Cold Pools 0130z 16 June 2002
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Fronts and Cold Pools 0300z 16 June 2002
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Fronts and Cold Pools 0430z 16 June 2002
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Area in Cold Pools

New Cold Pool Area

Cold Pools at 30+ min.

Cold Pools at 60+ min.
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Cold pool areas for the 15-16 June 2002 
20z-8z case study. Cold pool areas are 
shown for total area in cold pools (blue), 
area that becomes part of a cold pool 
during the given timestep (green), area that 
has been in a cold pool at least 30 minutes 
(purple), and area that has been in a cold 
pool at least 60 minutes (black).

Tuesday, October 23, 2012



24-25 May 2011 Case

Images from: http://www.mmm.ucar.edu/imagearchive/
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24-25 May 2011 Frontal Analysis
(a)

(d)(c)

(b)
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Mesonet Div. (15min avg) and Cold Pool Scores  2000z 24 May 2011
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Mesonet Div. (15min avg) and Cold Pool Scores  2200z 24 May 2011

!100 !99 !98 !97 !96 !95 !94
33.5

34

34.5

35

35.5

36

36.5

37

Longitude

L
a
ti

tu
d

e

Mesonet Div. (15min avg) and Cold Pool Scores 0000z 25 May 2011
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Front analysis for 24-25 June 2011 (a) 2000z, (b) 2200z, (c) 0000z, and (d) 0200z. Red dots are convergence > 
10-4s−1 while blue dots are divergence >= 10−4s−1. Yellow lines are fronts where the three corners of the triangle 
have FSs of 3+ during frontal passage while magenta lines are fronts where the triangle corners have FSs are 
5+. White squares are stations where at the current timestep the FS is 3 <= FS < 5; black squares designate 
stations currently with FSs at 5+. Radar images are from the UCAR image archive. 
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24-25 June 2011 Cold Pool Analysis

(d)(c)

(b)(a)
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Fronts and Cold Pools  2000z 24 May 2011
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Fronts and Cold Pools  2200z 24 May 2011
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Cold pool analysis for 24-25 June 2011 (a) 2000z, (b) 2200z, (c) 
0000z, and (d) 0200z. Black dots mark triangles that are in cold 
pools at this time. Fronts are shown for context. Radar images are 
from the UCAR image archive. 
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Cold pool areas for the 15-16 June 2002 20z-8z 
case study. Cold pool areas are shown for total 
area in cold pools (blue), area that becomes 
part of a cold pool during the given timestep 
(green), area that has been in a cold pool at 
least 30 minutes (purple), and area that has 
been in a cold pool at least 60 minutes (black).
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Front and Cold Pool 
Climatology

• Variable changes (T, P, qv, h/cp)

• Convergence/Divergence

• Seasonal Pattern

• Diurnal Pattern

• Geographic Pattern
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Variable Changes
• Variable changes are based on the 

30 minutes before frontal passage up 
to 2 hrs after frontal passage at 
station. 

• ΔP is maximum pressure increase in 
that 2.5 hr range (after front - 
before front).

• ΔT is maximum pressure decrease 
in that range (before front - after 
front). 

• Δqv and Δh/cp use the same 
timesteps as ΔT to determine 
decreases.

• Summer has lowest variable changes 
except temperature, winter has 
largest variable changes except Δqv.

• Stronger fronts have larger variable changes.

• Cold pool presence is more influential for 
weaker fronts than strong fronts.
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Variable Changes

• Temperature correlations are much 
lower in summer, especially for 
strong fronts, highest in winter. 

• Pressure correlations with Δqv and 
Δh/cp are lower in summer and 
winter than spring and fall.

• Δqv and Δh/cp have the highest correlation, suggests 
Δqv has stronger influence than ΔT on Δh/cp.

• Summer ΔT and Δqv and winter ΔP and Δqv 

correlations are opposite in sign. 

• Cold pool presence has little effect on correlations.
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Convergence/Divergence

• Convergence ahead of 
front and divergence 
behind front.

• Summer divergence is 
much stronger behind 
fronts, even without cold 
pool presence, than in 
other seasons.

• Convergence strength 
ahead of cold pools is not 
significantly different from 
convergence strength of all 
frontal passages.

Tuesday, October 23, 2012



Seasonal Distribution

• Spring has the highest # of fronts. 

• Summer has the most cold pools.

• Summer has the highest percentage of fronts that result in cold pools.

• Strong fronts are more likely to lead to cold pools.
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Diurnal Distribution

• Summer frontal passage 
frequency peaks in late 
afternoon - early evening.

• Spring, fall, and winter 
have less of a diurnal 
cycle.

• Cold pool diurnal 
distribution (not shown) 
roughly the same pattern.

• Without diurnal 
temperature adjustment a 
much larger spike forms 
in late afternoon - early 
evening.
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Monday, September 17, 2012

Average and stdev. of fronts (FS3+, red) and strong fronts 
(FS5+,blue) for (a) spring, (b) summer, (c) fall, and (d) winter.

Tuesday, October 23, 2012



Diurnal Distribution

• Stronger fronts are more 
likely to result in cold 
pools.

• Summer fronts are more 
likely to result in cold 
pools, winter least likely.

• There’s a slight preference 
for fronts from 0-6z to 
develop cold pools.
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Monday, September 17, 2012

Percentage of fronts (FS3+, red) and strong fronts (FS5+,blue) that 
result in cold pools for (a) spring, (b) summer, (c) fall, and (d) winter.
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Geographic Distribution

• Smaller triangles have more 
fronts on average than 
larger triangles. 

• Longer side length triangles 
have fewer fronts on 
average.

• Likely a result of small scale 
systems not reaching all 
three triangle stations and 
the 2hr time limit to reach 
all three triangle stations.
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Monday, September 17, 2012

Scatterplots of triangle (a) front frequency and area, (b) strong 
front frequency and area, (c) front frequency and max. side length, 

and (d) strong front frequency and max. side length.
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Geographic Distribution

• Smaller and western 
triangles have more frequent 
frontal passages. 

• Larger and eastern triangles 
have less frequent frontal 
passages. 

• West to east pattern 
matches up well with dryline 
position climatology (Hoch 
and Markowski, 2005).
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Tuesday, September 18, 2012

Frontal passage geographical distribution for fronts (a,c) and strong fronts 
(b,d) for area adjusted (a,b) and length adjusted (c,d) census values. Size of 
dots represent # of years triangle centroid was in that location. Grid is the 

1997 triangles, some stations change location or disappear over time. 
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Geographic Distribution

• West to east gradient less 
well-defined for cold pools.

• Anomalies are much more 
significant (higher distribution 
of difference between mean 
scores).

• Area adjustment fits better 
than length adjustment.
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Monday, September 17, 2012

Cold pool geographical distribution for fronts (a,c) and strong fronts (b,d) 
for area adjusted (a,b) and length adjusted (c,d) census values.  Size of dots 
represent # of years triangle centroid was in that location.  Grid is the 1997 

triangles, some stations change location or disappear over time. 
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Conclusions
• Fronts and cold pools can be tracked across the Oklahoma Mesonet relying on surface 

temperature, pressure, and divergence.

• Generally, summer had lower changes in variables (T, P, qv, h/cp) and lower correlations 
than the other seasons with few exceptions. 

• Divergence is stronger and occurs earlier in summer frontal passages than other seasons.

• A larger percentage of summer fronts had cold pools; winter was lowest.

• The diurnal cycle peaks in the early evening hours in the summer, at night for the other 
seasons.

• Geographically, fronts and cold pools are more likely to occur in western regions of 
Oklahoma.

• Area and side length influence the frequency of front and cold pool events.
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Future Work

• Incorporate more variables, tune the model to better identify types of cold 
pools (synoptic, convective). 

• Increase resolution to better capture small cold pool events and cold pool 
areas.

• Comparison to model simulations; what would this method applied to 
model output yield for cold pool size?

• Estimate rain evaporation; can be considered using frameworks like Fujita 
1959.

• Expand to 3-D data.  Case studies can use data from the Midlatitude 
Continental Convective Clouds Experiment (MC3E).
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