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ABSTRACT 

On 5 June 1982, a clear-air mesocyclone translated through the observational network of the Joint Airport 
Weather Studies (JAWS) Project near Denver, Colorado. Mesoscale analysis revealed both a mesocirculation 
defined by the wind field, and a mesolow defined by the pressure field. The mesocyclone appeared to be a result 
ofa foehn-type wind descending the slopes of the Front Range of the Rocky Mountains. It is believed that this 
feature is the "shallow orographic low" that has been shown in past studies to be an important stage in the 
development of cyclones in thf lee of large mountain ranges. 

1. Introduction 

During the late afternoon on 5 June 1982, a clear
air mesocyclone propagated through the observational 
network of the Joint Airport Weather Studies (JAWS) 
Project near Denver, Colorado (McCarthy et al., 1982). 
The barograph trace during the passage of this event 
from the Denver office of the National Weather Service 
is shown in Fig. l. There was a steady decrease in pres
sure during the morning hours which became .a dra
matic drop in pressure from 1900-2220 GMT (GMT 
=MST+ 7 h) of- -2.0 mb h- 1

: No convective de
velopment or precipitation was associated with the 
mesocyclone. It should be noted that the period of 
pressure fall shown in Fig. I is also a period of maxi
mum diurnal fall. During the summer months the 
combined effects of diurnal and semidiurnal pressure 
waves may result in a pressure fall of -2 mb from 
1400-2400 GMT near Denver (Godske et al., 1957). 

The location of the JAWS network and the National 
Weather Service office is shown in Fig. 2. The JAWS 
network was situated northeast of the city of Denver, 
east of the Front Range of the Rocky Mountains, and 
on the north slope of the Palmer Ridge. The network 
was also emJ:>edded within a larger permanent array of 
surface stations maintained by the Program for Re
gional Observing and Forecasting Services (PROFS, 
see Reynolds, 1983; Pratte & Clark, 1983). 

The purpose of this paper is to document the passage 
of this mesoscale feature with the use of the data ob
tained from the JAWS Project. Section 2 presents meso
beta-scale analyses [ 4-40 km, based on Fujita (1981 )] 
of the potential temperature, mixing ratio, and wind 
fields of the mesocyclone as it moved through the net
work. Analyses Qf the pressure and wind fields on the 
meso-alpha scale [40-400 km, based on Fujita (1981)] 
are shown in section 3. The synoptic ~ituation at 1200 
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GMT 5 June and 0000 GMT 6 June is presented in 
section 4. The possible relationship between this case 
study and observations of cyclogenesis in the lee of 
mountain ranges is discussed in section 5. 

Although the phenomenon which propagated 
through the JAWS network has been referred to as a 
mesocyclone it will be advantageous in the remainder 
of this paper to refer to two separate features: a me
socirculation defined by the wind field, and a mesolow 
defined by the pressure field. 

2. Meso-beta scale 

At -2230 GMT on 5 June 1982, the center of the 
mesocirculation entered the southern portion of the 
JAWS network and propagated toward the north
northeast at -8 m s- •. The southerly flow associated 
with the cyclonic mesocirculation is clearly evident at 
2230 GMT (Fig. 3a) from the winds in the PAM net
work. The path of the center of this circulation, denoted 
by the black dash-dot line, was determined using both 
the surface wind data and the Doppler velocity mea
surements in the clear air. The single-Doppler velocity 
pattern of the mesocirculation center was similar to 
the mesocyclone signature i~ severe thunderstorms 
(Lemon et al., 1977). This ~ignature was used to l:\C
curately determine the circulation center in areas de
void of surface weather stations (e.g., Fig. 3e, 5g and 
5h). In Fig. 3, since there were substantial changes in 
elevation in the analysis area, it was decided that iso
pleths of potential temperature and mixing ratio would 

. be more meaningful than temperature and dew-point 
temperature. 

Associated with the southerly flow of the mesocir
culation was a pocket of unusually warm and dry air 
which is apparent at all analysis times. At 2230 GMT, 
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FIG. I. Baragraph trace from the Denver office of the 
National Weather Service. 

the potential temperature of this air mass was over 
317°C and the mixing ratio·was ":'5 g kg- 1• This is in 
sharp contrast to the air mass residing in the South 
Platte River Valley which was characterized by poten
tial temperatures and mixing ratios of -312°C and 
10 g kg- 1

, respectively. As the mesocirculation prop
agated northward, the' discontinuity between the two 
air masses intensified. Note at 2300 and 2315 GMT 

. (Figs. 3c and d), only a -10 km zone separated these 
air masses. 

At 2315 GMT, all three Doppler radars gathered 
coordinated, low elevation scan data. The triple Dopp
ler"derived wind vectors at 1650 m MSL are super
imposed on the surface data in Fig. 3d. (The grid spac
ing is 5 km.) There is excellent agreement in the mag
nitude and the direction of the Doppler and surface 
wind vectors. Interestingly, Range Height Indicator 
(RHI) cross sections by the 5 and 10 cm radars suggest 
that the mixed layer was only -1 .2 km· since there 
were no velocity returns above this level. However, the 
Denver sounding released at 2300 GMT (Fig. 4) depicts 
a nearly dry adiabatic layer up to -450 mb. Based on 
these data it was concluded that the radar signals above 
1.2 km were below the detection threshold and that . 
the mixed layer actually extended to 450 mb. It is very 
likely that bugs were responsible for the enhanced echo 
return near the ground. · 

An important feature was discovered after a close 
examination of the path of the mesocirculation in Fig. 
3. The center appears to be following the local terrain 
along the course of the South Platte River, propagating 
dpwn the valley toward lower heights. This path is at 
an -20° angle to the orientation of the Front Range. 
Note, especially in Fig. 3d, that the wind direction has 
a distinct discontinuity (cyclonic shear) along the South 
Platte River extending from the mesocirculation center 
towards the north and south. This shift in wind direc
tion must be related to the topography. Szoke et al. , 
( 1984) discovered a convergence line/shear zone that 
extends northward from Denver and appears to be a 
topographic effect induced primarily by the Palmer 
Ridge. Although not mentioned iri their text, their 

analyses depict the location of this convergence/shear 
zone to be near the South Platte River. (See their 
Fig. 7.) 

It should be mentioned that Wilczak (personal com
munication,· 1985) has modeled the low-level wind field 
in the Denver area as a function of stability and the 
free-air wind direction and speed. The model includes 
detailed specification of the terrain. His results show 
that a shear zone is a common feature near and north
east of Denver when the wind is brisk from the south 
and southeast. The shear zone does not appear when 
the Palmer Ridge is removed, as hypothesized by Szoke 
et al. ( 1984 ). The model results suggest that the Palmer 
Ridge is the primary forcing mechanism and that the 
co location of the shear zone and the South Platte River 
in the above two cases may be coincidental. 

3. Meso-alpha scale 
The analysis of the mesocirculation and the mesolow 

on the meso-alpha scale is shown in Fig. 5. Preliminary 
analyses of the pressure fields (not shown) revealed cal
ibration errors in pressure at several of the surface sta
tions. To overcome this problem time-mean pressure, 
wind speed, and wind direction values were calculated 
from 2100-2400 GMT. These mean values were plot
ted and a smooth isobar pattern was drawn, establishing 
pressure corrections at six stations that are indicated 
in Fig. Sa. In Fig. 5, the pressure values plotted for 
these six stations are the corrected values. 

In agreement with Fig. 3, the path of the mesbcir
culation along the South Platte River is clearly shown 
in Fig. 5. Apparently, the mesocirculation was topo
graphically forced when air parcels, through some pro
cess yet to be determined, were descending to the lowest 
geographic point in the area. In addition, this circu
lation may have propagated through the convergence/ 
shear line lying along the South Platte River Valley 
(Szoke et al., 1984). Surface analyses at 2100 and 2130 
GMT (not shown) indicate the existence of a weak 
convergence zone near the river; however, this zone 
may have been a sign of the approaching· mesocircu
lation rather than a contributor to it. 
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Flo. 2. The JAWS network located northeast of Denver. The black dots and triangles are the locations of the 
PAM and PROFS surface stations, respectively. The boxed-in areas are enlarged in Figs. 3 and 5. 
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As the low translated through the JAWS network its 
diameter was estimated to be 80-100 km. At all anal
yses times, the low pressure center is near the center 

of the mesocirculation. The surface flow field in Fig. 5 
is nearly in geostrophic balance, and the isobar analysis 
suggests that a trough exists toward the south of the 
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FIG. 3. Meso-beta analyses of the potential temperature, 
mixing ratio, and the wind fields of the mesocirculation 
on 5 June 1982. The temperature and dew-point temper
ature are listed at each station. At 23 1,5 GMT, the Doppler
derived velocity vectors in the clear air are superimposed 
on the surface wind data. The location of the NCAR 
Doppler radars are shown by the black stars. The black 
dash-dot line is the path of the mesocirculation. 

~ 
~ 
r-

:0 
00 

°' 

::i:i 
0 
0 
("ll 

"' s:: 
~ 
> 
~ -=:: 
0 
~ 
0 

-..J w 
\Q 



740 MONTHLY WEATHER REVIEW VOLUME 114 

FIG. 4. Rawinsonde soundings at 11 oo; 1700, 2000, and 2300 
GMT on 5 June 1982 at Denver, Colorado. 

center of the mesol9w along the South Platte River. It 
should be noted that a li1t1itation of the analysis in Fig. 
5 is the lack of data in the southeast sector. However, 
a great. deal of care was taken to incorporate the in
formation provided by the two PROFS stations shown 
outside. and to the southeast of the analysis area in 
Fig. 2. 

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 upper
level charts and surface analyses for 1200 GMT 5 June 
and 0000 GMT 6 June 1982 are shown in Fig. 6. The 
300 mb jet axis is superimposed on the 500 mb charts. 

At 1200 GMT, a major 500 mb low was centered 
over eastern Oregon with a trough extending southward 

· into Nevada and southern California. By 0000 GMT, 
the axis of the trough moved over eastern Utah, western 
Wyoming and southwestern Montana as a short wave 
moved eastward in the base of the trough. At the 700 
mb· level, a short wave located at the Nevada-Utah 
border at 1200 GMT moved eastward into central Col
orado at QOOO GMT. This pressure surface appears. to 
be the highest level at which evidence for the surface 
low exists. At the 850 mb level, the low centered over 
Utah at 1200 GMT moved eastward and was located 
near Denver at 0000 GMT. A large westward tilt with 
height of the trough in conjunction with the strong 
geostrophic cold and warm temperature advection on 
the western and eastern sides of the trough at the lower 
levels, respectively, emphasizes the baroclinity of the 
flow. 

At the surface, the low at 1200 GMT was positioned 
. · _in southwestern Utah and subsequently moved east

ward and by 0000 GMT was characterized by a 996 
mb center located over Denver. This low, located north 
of the Palmer Ridge, is the same feature which trans
lated through the JAWS network. The analyses in Fig. 
6g, h suggest that subsidence, resulting from downslope 
flow is occurring behind what could be classified as 
either a warm front or a dryline (Schaefer, 1973). The 

location of this warm front is supported by the upper
level charts .. The upper-level flow also supports the lo
cation of the surface cold front to be west of Denver 
through central Colorado and western New Mexico. 
Note the significantly warmer temperatures and low 
dew-point temperatures extending from Colorado into . 
western Texas and eastern New Mexico (Fig. 6h) as 
the flow descends the east slopes of the Rocky Moun~ 
tains. 

These synoptic analyses suggest that the hot and dry 
air mass which entered the JAWS network from the 
south was a foehn wind. Suzuki and Yabuki (1956) 
have shown that during or just before downslope winds 
a thermal inversion layer in the atmosphere is often 
present at approximately the same level with the 
mountain height. At 2000 GMT in Fig. 4, before the 
downslope winds reached Denver,' a thin stable layer 
is apparent just below the 700 mb level. 

On comparison of Figs. 3, 5, and 6, the question 
arises whether the mesolow could be related to the hot 
and dry air mass associated with the downslope flow. 
It appears that the center of the mesolow is nearly 
coincident with the bubble of potentially warm. and 
dry air. This implies that the low pressure is partially 
a result of the lower hydrostatic pressure of this air 
relative to the surrounding air. In fact, this effect can 
account for all of the drop in pressure. Calculations of 
the change of hydrostatic pressure based on the ther
mody·namic conditions before and after the mesocy
clone (see Fig. 4) and assuming a depth of warming of 
-4.5 km1 (-500 mb) accounts for -8 mb, which is 
the bbserved pressure fall from 1900-2220 GMT in 
Fig. 1. 

The occurrence of the mesolow and mesocirculation 
in the Denver area in relation to the synoptic-scale 
environment raiS:es the important question whether this 
event is related to cyclogenesis in the lee of a large 
mountain range. This idea is discussed in section 5. 

5. Lee cyclogenesis 

There have been many studies which illustrate that 
· the lee side of major mountain ranges are preferred 
regions of c;yclogenesis (e.g., Newton, 1956; McClain, 
1960; Radinovic, 1965; Egger, 1974; Buzzi & Rizzi, 
1975, Speranza, 1975; Chung et al., 1976; Buzzi & Til
baldi, 1978; Tilbaldi et al., 1980; McGinley, 1982; 
Bannon, 1983; Tosi et al., 1983). Pettersen ( 1956) has 
shown that there is a significant occurrence of cyclo
genesis near Denver. For an excellent review of oro
graphic meteorology the reader is referred to Smith 
( 1979). The relationship of the mesocyclone studied iii 

1 This depth was estimated by comparing "the profiles at 2000 and 
2300 GMT · and noting that the thermodynamic differences in the 
two temperature soundings above 500 mb·would result in no net 
change in the hydrostatic pressure at the surface. 
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6f 
Fla. 6. The 500-, 700-, and 850-mb level charts and the surface analyses for 1200 GMT 5 June 1982 and 0000 GMT 6 June 1982. 

Topography has been included on the surface analyses. The 300-mb jet axis is superimposed on the 500-mb charts. 



APRJL 1986 ROGER M . WAKIMOTO 743 

12 GMT 5 June 1982 
Surfoce Analys is 

Sh 
FIG. 6. (Continued) 

this paper and lee cyclogenesis will be examined in this 
section. 

One of the earliest explanations relevant to the pres
ent study was proposed by Defant (1951). He hypoth
esized that the mountain blocks the low-level flow; as 
a result the flow aloft descends in a foehn-type wind 
producing warming and vortex stretching in the lee. 
McClain ( 1960) stated that an important factor in the 
development of a lee trough was strong localized adi
abatic warming associated with downslope winds. · 

At this point, it should be mentioned that the me
socyclone on 5 June, due to its depth of -4.5 km, is 
not believed to be the lee cyclone which has been shown 
to extend over a considerable depth of the atmosphere. 
McClain ( 1960) stated that the orographic effect alone 
could produce a lee trough but is not sufficient to pro
duce a major cyclonic storm. 

A review of the literature reveals that several re
searchers have studied phenomena that appear to be 
similar to the one presented in this study. These phe
nomena could be classified as "shallow orographic 
lows" and are summarized in Table 1. According to 
these past works, the shallow orographic low is several 
hundred of kilometers in the horizontal and several 
kilometers deep. It is believed to be a warm anomaly 

TABLE I. Documentation of shallow orographic lows 

Description Reference 

Siio/iow Boric 0.pr•n;o,, Spera•n (1975) 

L••-Sld• Low Pr••.,,r• luui and Ain i 0975) 

Buzzi and Tibaldi (1978) 

Sho/IOf/lf Boric O•P'•••ioll McGinley (1982) 

Siio/io" Orogroplllc Low Bannon (1983) 

Barotropi r; Storlifll VNl•x Smith (1984) 

and the first stage in the development of lee cyclogen
esis. It is the author's belief that the event documented 
in this paper is the aforementioned orographic low. 
This hypothesis is supported by the synoptic observa
tions at 1200 6 June and 0000 GMT 7 June (not shown) 
which depict the vertical growth of the circulation with 
time. In addition, Smith (1984) using linear theory 
states that a necessary condition for lee cyclogenesis is 
for the basic state flow, in the direction perpendicular 
to the mountain, to reverse direction with height. If 
one assumes that the Front Range is a north-south 
boundary, this criteria for wind reversal is met at -700 
mb before the arrival of the mesocyclone (see the 1700 
and 2000 GMT soundings in Fig. 4). 
· This is believed to be the first time this mesoscale 

phenomenon has ever been studied on small temporal 
and spatial scales. The results in this study provide 
further evidence that downslope winds are a mecha
nism for generating this low. 

6. Summary 

On 5 June 1982, a clear-air mesocyclone propagated 
through the JAWS network. A detailed mesoscale 
analysis revealed two features: a mesocirculation de
fined by the wind field, and a mesolow determined 
from the pressure field. Apparently, the mesocircula
tion was topographically induced when air parcels in 
a downslope wind descended to the lowest geographic 

· point in the area. In addition, adiabatic compression 
during the descent of the downslope winds resulted in 
a hydrostatic pressure fall which accounts for the pres
sure drop recorded by the barograph trace at Denver 
during the passage of the mesolow. It was hypothesized 
that the mesocyclone is the shallow orographic low 
which has been shown in past studies to be crucial for 
the development of lee cyclogenesis. 
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FIG. 7. Schematic model of the events on 5 June 1982. 

Figure 7 is a schematic model summarizing the 
events on this day. An important topic for future re
search is to determine the differences between this case 
study and the more frequent situation when downslope 
winds generate a leeside trough without a closed cir~ 
culation. 
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