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1. INTRODUCTION 

During the late afternoon on 5 June 1982, . 
clear-air mesocyclone propagated through the 
network of the Joint Airport Weather Studies 
(JAWS) Project near Denver, Colorado. The 
barograph trace during the passage of this event 
from the Denver office of the National Weather 
Service (NWS) is shown in Fig . L There was a 
steady decrease in pressure during the morning 
hours of -v -0 . 68 mb/hr which suddenly became a 
dralllj!tic drop in pressure from 1900-2220 GMT (GMT 
• MST + 7 hrs) of - -2.08 mb/hr. (The location 
of the JAWS network and the NWS office is shown 
in Fig . 2 . ) 

The purpose of this paper is to document the 
passage of this unusual mesoscale feature with 
the use of the data obtained from the JAWS 
Project. Although the phenomenon has been 
referred to as a mesocyclone, the analyses to be 
presented revealed two separate features 
affecting the area; a mesocirculation defined by 
the kinematics of the wind field, and a mesolow 
determined from the pressure field . 

2. MESO-GAMMA SCALE ANALYSIS 

At 2215 GMT on 5 June 1982, the 
mesocirculation entered the southern portion of 
the JAWS network and propagated toward the north
nor t hea st at - 8 m/s. The analysis of the 
temperature, dew-point temperature, and wind 
data is shown in Fig. 3. 

The center of the circulation denoced by the 
black dash-dot line, was determined from Doppler 
velocity measurements in the clear air. RHI 
cross sections revealed that the depth of the 
boundary layer was - 1.2 km. Interestingly, the 
southerly flow of the mesocirculation was 
accompanied by a pocket of unusually warm and 
dry air. 

Note in Fig. 3, that the center of the 
mesocirculation appears to be following the 
course of the South Platte River and is 
propagating toward lower heights . In Fig. 3d, 
the surface wind data has been suppleJ!lented by 
Doppler-derived wind vectors i.hich clearly 
illustrate that a discontinuity (cyclonic shear) 
exists along the South Platte River extending 
from the mesocirculation center towards the 
south and north. 

840 

830 

820 
mb 

I 
2220 
••• 

Borogroph Trace 
Denver, CO 

t------------June 5 ------------1-- June6 
16 17 18 19 20 21 22 2l 00 GMT 01 

476 

Fig. 1. Barograph trace from the Denver office of 
the National Weather Service . 

3. MESO-BETA SCALE ANALYSIS 

The analysis of the mesocirculation and the 
mesolow on the meso-beta scale is shown in Fig. 
4. The mesolow was estimated to be - 80-100 km 
in diameter. Note that the low pressure center 
does not cor'respond to the center of the 
mesocirculation. 

4. SYNOPTIC SCALE 

In order to understand the large-scale flow 
patterns associated with the mesolow and 
mesocirculation, the synoptic-scale environment 
was analyzed. 

The 500-mb level charts and surface analyses 
for 1200 GMT 5 June and 0000 GMT 6 June 1982 are 
shown in Fig. 5 . The surface analysis at 0000 
GMT strongly suggests that the hot and dry air 
mass which entered the JAWS network from the 
south could be a foehn-type wind owing to its 
descent on the eastern slopes of the Rocky 
Mountains. The subsidence behind the cold front 
is clearly indicated by warmer temperatures and 
low dew-point temperatures which extend from 
Colorado into western Texas and eastern New 
Mexico. After comparing Figs. 3, 4, and 5, it 
appears that the mesolow was partially a result 
of the lower hydros ta tic pressure of the 
downslope flow relative to the surrounding air. 
Results from the previous section suggest that 
the me_socirculation was topographically-forced. 
The combination of these two effects explain£ 
the displacement of the two centers. 

5 . LEE CYCLOGENESIS 

The occurrance of the mesolow and the 
mesocirculation in the Denver area in relation 
to the synoptic-scale environment raises the 
important question whether this phenomenon is an 
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Fig. 2. The JAWS network located northeast of Denver . The black dots are PAM stations 
The boxed in areas are enlarged in Figs . 3 and and the triangles are PROFS stations. 

4. 

example of cyclogenesis in the lee of a 18rge 
mountain range . 

One of the earliest explanations that is 
relevant to the present study was proposed by 
Defant (1951). He hypothesized that the 
mountain blocks the lo-level flow; as a result 
the flow aloft descends in a foehn-type wind 
prod_ucing warming and vortex stretching in the 
lee . McClain (1960) stated that an important 
factor in the development of a lee trough was 
strong localized adiabatic warming associated 
with downslope winds. In order to examine this 
mechanism, cross sections of equivalent 
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potential temperature (0E) were constructed fot 
1200 GMT 5 June and 0000 GMT 6 June (Fig. 6). 
The 1200 GMT analysis (not shown), depicts the 
location of the frontal boundary at the surface 
just west of Grand Junction, Colorado and 
extending westward with height to near 
Winnemucca, Nevada at 400 mb. There is a slight 
troughing in the contours in the lee of the 
mountains over Denver, similar to results 
presented by Klemp and Lilly (1978), McClain 
(1952), and Mahrer and Pielke (1975) during 
downslope conditions. By 0000 GMT, the 0E 
contours are nearly vertical between Grand 
Junction and Salt Lake City, which may be an 
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Fig . 3. Meso-gamma scale analysis of 
the temperature and dew-point tempera
ture of the mesocirculation of 5 June 
1982. At 2315 GMT the Doppler-derived 
velocity vectors in the clear air are 
superimposed on the surface wind data. 
Note the correlation between the path 
of the mesocirculation and the South 
Platte River. 
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Fig . 4. Meso-beta scale analysis of the pressure field of the mesolow. All pressure values have been reduced to the common 
elevation indicated in Fig. 4a. Note t he displacement between the centers of the mesocirculation and the mesolow which is 
cl early evident at 2345 GMT. Wind vectors without barbs are the PAM stations. 
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Fig . 5. The 500 mb level and surface analyses. for 1200 GMT 5 June 1982 and 0000 GMT 6 June 1982. 

Note the negative tilt in the 500 mb trough axis at 0000 GMT and the indiction of strong 
subsidence behind the surface cold front . 
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Fig . 6. East-west cross section of equivalent potential temperature for 
0000 GMT 6 June 1982. The cross section is indicated on Fig. Sb by the 
dash-dot line. 
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indication of the blocking effect of the 
mountains. Interestingly, east of the front, 
several 6E contours conform to the shape of the 
mountains and suggest descent in the lee over 
Denver. In a true downslope wind, such as shown 
by McClain (1952), the 0E contours should 
descend to the surface in the lee of the 
mountains (examine the 326K contour). However, 
it should be noted that the cross sections in 
Fig. 6 are essentially east-west, while the 
synoptic flow pattern has meridional components, 
especially at low levels. The high values of 9E 
near the surface over North Platte, Nebraska are 
a result of the southerly winds at the low 
level advecting potentially warm air northward . 
The black arrows on Fig. 6 should be considered 
an estimate of the trajectories of the air 
parcels. 

Although the downslope winds can easily be 
attributed as the mechanism for generating the 
mesocyclone on June 5, owing to its shallow 
circulation of only 1.2 km, it could not be the 
lee cyclone which has been shown to extend over 
a considerable depth of the atmosphere . 
Speranza (1975) used the term "baric depression" 
to describe a shallow phenomenon that often is 
situated in the lee of mountains. Based on a 
case study, Buzzi and Rizzi (1975) discovered a 
surface "lee-side low pressure" before the 
beginning of cyclogenesis which appeared to be 
due to the orography. Using a relatively sparce 
data source they estimated the scale of these 
lows to be - l km in the vertical and some 
hundred of kilometers in the horizontal. 
McGinley (1982) stated that this shallow baric 
depression exists from flow over the mountain 
that conserves low-level potential vorticity, 
and is the first stage which leads to the devel
opment of deep cyclogenesis. In his model, 
the combination of the upward vertical motions 
associated with the baroclinic frontal zone 
aloft superimposed over downslope motion near 
the surface produces rapid cyclogenesis. Bannon 
(1983) has theoretically derived this shallow 
orographic low and specified that it had to be a 
warm anomaly . These recent studies have 
emphasized that the shallow orographic low is 
critical for the development of the lee cyclone . 

It is the author's belief that the event 
documented in this paper is the aforementioned 
orographic low. This is believed to be the 
first time this phenomenon has been studied on 
small temporal and spatial scales. These 
results provide further evidence that downslope 
winds are the mechanism for generating this low. 
Fig. 7 is a schematic summarizing the events on 
June 5. 
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Fig. 7. 
1982. 

Schematic model of the events on 5 June 
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