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Because convective cloud systems generally have strong 
interactions with boundary layer circulations and 
thermodynamics, the boundary layer wind and 
thermodynamic fields contain a great deal of information 
about convective cloud systems and their interactions with 
the boundary layer. We are in the process of “retrieving” 
this information from 15 years of 5-minute Oklahoma 
Mesonet data and hourly Arkansas Basin River Forecast 
Center (ABRFC) gridded precipitation data.

We have already demonstrated that estimates of cloud 
base updraft and downdraft mass fluxes can be retrieved 
from the surface divergence field. We also investigated a 
method to estimate rain evaporation in convective systems 
from the cold pool hydrostatic surface pressure anomaly 
(Fujita 1959).

During the past year, we implemented an objective method 
to locate cold pool boundaries (fronts) using mesonet 
station time series, and applied the method to 4 summer 
months of 5-minute data from the Oklahoma Mesonet. Our 
method is similar to that used by Engerer, Stensrud, and 
Coniglio (2008). 

Datasets of observed cold pool properties can be used to 
evaluate convective microphysics parameterizations and 
cold pool parameterizations used in large-scale cumulus 
parameterizations.

Cold Pool Properties from Oklahoma Mesonet Data

Motivation Method ResultsMethod

To locate a front, we first calculate a “cold pool score”, 
which (currently) combines three indicators of frontal 
passages: surface pressure rise, surface temperature drop, 
and surface wind vector change, over 30-minute time 
intervals. A frontal passage occurs at a station if (1) the 
cold pool score exceeds a threshold, and (2) the cold pool 
score has reached its largest value during the 4-hour 
interval centered on this time. If a front eventually reaches 
all three stations that define a mesonet triangle, the front 
can be tracked as it traverses the triangle.
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Summary
Frontal passages are characterized by strong surface 
convergence ahead of the front, and strong surface 
divergence behind the front. The number of frontal 
passages dur ing June-August 1997 var ied 
substantially across the mesonet. The median surface 
temperature drop associated with frontal passages 
was 7 K. The largest drops were 13 K. The median 
surface pressure rise associated with frontal passages 
was 1.5 mb. The largest rises were 7 mb. There was 
only a weak correlation between temperature drop and 
pressure rise. This indicates that the vertical structure 
of the temperature perturbation in the cold pools 
varies from case to case.
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Oklahoma Mesonet stations are at analysis triangle vertices.
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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).

Cold pool and meso-high (Fujita 1955).

strong convergence

Example of front analysis based on mesonet station time series.  
Red dots indicate triangles with strong convergence.  Blue dots 
indicate triangles with strong divergence. 

Example of front analysis based on mesonet station time series. 

Example of front analysis based on mesonet station time series. 

Results

Histograms of temperature and pressure changes 
during frontal passages (2 hr after - 0.5 h before).

Histograms of divergence before (left) and after (right) frontal 
passages.
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Number of frontal passages (cold pool score > 5) 
during Jun-Aug 1997.
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Temperature versus pressure changes during 
frontal passages (2 hr after - 0.5 h before).
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Cold pool and meso-high observed by the Oklahoma Mesonet.
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