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APPENDIX B. TOTAL RAINFALL AMOUNTS FOR AUGUST 10, 1981

Total rainfall amounts in inches for August 10, 1981 from National Climatoiogical
Data Center Records for August 1981, Data listing is chronological, from stations
first experiencing the storm to the last,

Approx. Tot. ’ Tot.
Time Map Amt. Map Amt.
(GMT) Nevada (Utah)__ .ID__Railn ......  Arizona . _.._____1D _Rain
1800  Sunnyside SUN 0.59
Adaven ADY 0
Lake Valley 0
Spring Valley State Park 1.08
1900 Tempiute - 0.07
Pioche POC 0.61
Key Pittman KEY 1.50
2000 Callente CAL 0.14
Mocdena, Utah 1.42
2100 Enterprise, Utah 0.80
Pahranagut W.L. Refuge PWR 0.35 N
2200 Eigin 0
Gunlock, Utah 0.32
2300 St. George, Utah 0.30 Beaver Dam BDM 0.55
Logandale Un. Exp. Farm LOG 1.20 Pipe Springs Nat. Mon. 1.57
0000 Valley of Fire State Pk. VFR 3,05
Sunrise Manor (Las Vegas) 0.14
0100 Las Vegas LAS 0.07
Boulder City 0.23 Willow Beach 0.98
Plerce Ferry PRF 1.16
Searchlight 0.22 Tuweep WP 1.52
‘ Supal 1.34
0200 Bright Angel RS 0.83
Grand Canyon Nat. Pk. 0.80
0300 Peach Springs PSS 0.55
Bul lhead City 0.38
0400 Kingman IGM 0.47
Sel igman SEL 0.89
Seligman (13 mi SSW) SLG 0.80
Lake Havasu 0.01
Wik iup 0.71
Walnut Creek WNT 0.50
Chino Valley 0.11
Alamo Dam 0.28
Hillside (4 mi NNE) 0.47
0500 Jerome 1.72
Prescott PRC 0.22
Beaver Creek 0.39
Walnut Grove 1.32
0600 Cordee 0.03
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APPENDIX A. AIR ROUTE TRAFFIC CONTROL RADAR CHARTS FOR 10 AUGUST 1981
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sand, and surface wind gusts of 25 to 30 m/s (50 to 60 kts) accompanied this
storm. Maximum rainfall ftotals were probably 1.5 to 3.0 in (38 to 76 mm) in the
Callente/Pioche area. Rainfall totals In the Las Vegas Valley were in the 0.1
to 0.5 in (2.5 to 12.7 mm) range. Some street flooding did occur In Las Vegas
and electric power supplies were disrupted.

The clImatology of MCC type storms over the southwestern United States and
northwestern Mexico is unknown. Based on personal review of satellite imagery
of the the past 10 yr and on limited written documentation (Cylke, 1984 and
Hales, 1975), 1t appears that these large, well organized thunderstorms may
occur more frequent!y than expected over the southwestern United States. More
comp lete documentation of these storms Is needed by hydrologists who are
assigned the task of designing flood control systems and by meteorclogists who
must forecast thelr occurrence and alert the general public.
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above mean sea level, the following conclusions were made:

1. Below the cloud bases the mean inflow wind was from 215° at 10 m'’s
with essentially no direction or speed shear in the vertical.

2. Mean environmental clioud-layer winds were from 300° at 12 m/s with
very little direction or speed shear through the layer.

3. Storm movement was from 345° at 15 m/s or 45° to the right of the
direction of the mean environmental cloud-layer winds.

4, Sub-cloud layer air therefore had a strong component of relative
motion toward the approaching storm. Consequentiy, a zone of
strong enhancement of vertical motion existed along and to the
right (west side) of the MCC. The coldest cloud tops and heaviest
rainfall occurred along and to the east of this convergence zone.

Total rainfall amounts of 3 o 6 in (76 fo 152 mm) occurred to the southwest
of Giendale. As much as 6 to 6.5 in (152 to 165 mm) appears to have fallen near
Ute, while 3.05 In (77.5 mm) fell in a rain gauge located in the Valley of Fire
State Park. Rainfall rates were estimated to be 3 to 4 in/hr (76 +o 102 mm/hr)
or more. Thls Intense rainfall caused extensive flooding in the Moapa area.
Calculations made from field survey measurements by the USGS showed that many
normally dry sfream beds experienced streamflow rates of 5,000 +o 10,000 ft+ /s
(142 +0 283 m%/s). A maximum streamflow rate of about 50, OOO f+%/s (1,560 m°/s)
Is estimated To have occurred near the mouth of the Californna Wash. Much
property damage and loss of |ivestock was attributed to the flooding.

On the right flank of the MCC, strong surface outflow winds of 50 fo 70 kts
(26 to 36 m/s) caused property damage, power blackouts, and injuries from flying
debris. Many boats were damaged by strong winds on Lake Mead. In addition,
dense clouds of blowing dust and sand were generated, limiting visibility to
less than 3 mi (4.8 km) for 45 to 60 min in Las Vegas.

MCC type storms have important societal consequences in the desert
southwest. The accompanying heavy precipitation can cause devastating flash
floods 1f the storm passes over a populated area. Much property damage and loss
of |Ife can occur (Randerson, 1976a). The strong surface winds can destroy
bulldings, cause flying debris, and raise dense clouds of blowing dust and sand,
thereby reducing local visibilities to zero. Blowing dust and sand and strong
winds are hazardous fo airplanes, to boats, and to vehicular fraffic. The
strong winds, heavy rain, and cloud-to-ground lightning can disrupt electric
power supplies in an area where many homes and businesses are "all electric".

The level of experience and awareness of the potential dangers of MCC type
storms in the desert southwest may be low because many people have moved into
this area recently., Upon seeing the desert conditions, some may erroneously
assume that heavy raln, strong surface winds, flash flooding, and |ightning
don't occur often and are not serlious problems. An educational program may be
needed to raise awareness.

It Is important fto note that a very similar type storm developed north of
Glendale on June 30, 1984 (Cylke, 1984). Locally heavy rain, blowing dust and
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Figure 25. Infrared satelllte Imagery with MB enhancement for 06462,
11 August 1981, or 2246 PST, 10 August.
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where Callfornia Wash crosses the highway (Figure 21). To the south of
Glendale, in the Valley of Fire Wash (Figure 21), a streamflow rate of about
20,000 ft+3/s (566 m3/s) was calculated where the wash flowed under Nevada State
Highway 167. At this point a culvert was completely destroyed. Along the same
stream, the culverts on Nevada State Highway 169, in the Valley of Fire State
Park, were also totally destroyed. The USGS is assembling a separate report on
this storm. According to the National Weather Service (1981) "the flooding and
high wind caused 10's of milllons of dollars worth of damage to the Moapa area,
Lake Mead Recreation Area, and Las Vegas."

FioodIng was reported to the west of Kingman, Arizona, in the Kingman Dally
Miner. The newspaper reported that Arlzona Highway 68 was closed due o
flooding in the Sacramento and Twin Washes.

N. Dissipation

As the MCC continued moving southeastward, cloud tops began to warm after
0400z (2000 PST). Figures 24 and 25 clear!y demonstrate this thermal change.
In addition, the outflow winds from the storm system began to move out ahead of
the MCC cloud mass between 0100 and 0200Z (1700 and 1800 PST), The accompanying
gust front can be easily Identifled in Figures 24 and 25. As It moved out ahead
of the MCC, the gust front did not appear to Inltiate any significant new
convection. The gust front was Identiflable In the satel |1te imagery from 0446Z
(2046 PST) until nearly 0900Z (0100 PST)., It appears that as the outflow from
the MCC began to move away from the MCC, the MCC began to dissipate. Debris
clouds from the MCC were identifiable on satellite imagery until approximately
15002 (0700 PST) on 11 August.

111, CONCLUSIONS

A large, long~lived, mesoscale convective weather system developed over east
central Nevada on 10 August 1981. This storm system satisflied many of the
criteria associated with Mesoscale Convective Complexes (Maddox, 1980). These
criteria are rigid. Consequently, with some flexibility, an analysis of all
available meteorological data In conjunction with satelllte imagery and radar
data Indicate that this storm qualified for a B mesoscale (Orlanski, 1975)
system or an MCC. The only MCC characteristic not met was duratlion criteria B
(Maddox, 1980) which was met for only 5 hr not >6 hr.

MCC development occurred ahead of 2 southeastwardiy moving short-wave
trough. Rapid development took place In the early afternoon as an upper
tropospheric jet of westerly winds ahead of the itrough moved over low-level
warm, molist alr covering extreme southeastern Nevada. As the MCC generated it
moved south-southeastward at an average speed of 40 km/hr (25 mph). Strong
convergence occurred on the right flank (we.* side) of the MCC and along a tight
moisture gradient located slightly northeast urf Las Vegas. Strong mass conver=-
gence developed along this tight gradient where relatively dry southwesterly
flow of 5 to 10 m/s met strong (20 to 30 m/s’) and relatively cold northeasterly
outfiow air from the MCC. Very cold cioud tops (T, =~65°C) developed and
Intense rain fell to the northeast of this strong convergence zone.

Based on the 0000Z (1600 PST) winds-aloft data (see Table 2) and on the
assumption that cloud bases In the MCC were at or near the 10,000-ft level
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Confidence in the distribution and intensity of the rainfall amounts is
relatively high. The areal coverage of the heavy (x1.0 in) precipitation is
believed to be well formed. Not only was a bucket survey conducted to define
rainfall amounts, but also an assessment was made of the condition of the soll
and of numerous dry washes In the area of interest. Remember, no rain had
fallen in this area since mid July, Outside of the one-inch contour in
Figure 22, lifttle or no stream flow was noted and the ground was observed to be
relatively dry with a lack of marked rill cuts in the soil. In addition, there
were no muddy areas where water had puddied. Considerable soil and vegetation
damage was identified within the one-inch contour. A large area to the east of
Glendale and to the north of the Colorade River was surveyed for additional
heavy flocding. No signs of flooding were found; however, this area is sparsely
populated and difficult to access. Consequently, It Is not known with cerfainty
If any other areas of very heavy ( 23.0 in) rain occurred elsewhere, The
climatological data for northwestern Arizona did contain a rainfall total of
1.52 in (38.6 mm) at Tuweep. This station was located under a very cold cloud
top at 0146Z (1746 PST, Figures 9 and 20).

Rainfall rates with this storm were difficult to determine quantitatively
because of the lack of recording rain gauges. However, one station, the Logan-
dale University Experiment Farm, located on the eastern edge of the heaviest
rainfall, had a recording rain gauge. Data from this station indicated a rain=-
fall rate of 0.8 in (20 mm) of rain In 15 min (3.2 in/hr) between 0045 and 0100Z
(1645 and 1700 PST). A tfotal rainfall of 1.2 in (30.5 mm) was measured at this
station. This rainfall rate Is consistent with that estimated for the storm.

The isohyetal field in Flgure 22 was planimetered to obtain an estimate of
the total velume of water deposited on the ground and available for flooding
before infiltration. Within the 1.0 In (2.54 cm) contour, the total volume of
water was approxImately 5 X 10%m® (4 X 10° acre ft). To compare the rainfail
volume of thls storm with the Las Vegas storm of 3 July, 1975 (Randerson,
1976a), the position of the 0.5-in contour had to be estimated. For this
purpose, the 0.5-In contour was assumed to be concentric with the 1.0-in contour
and to have a gradient equivalent to that between the 1.0 and 2.0 in Isohyets.
Planimetry showed that within the 0.5-1n contour the total volume of water was
approximately 7 X 10%m® (6 X 10° acre ft), or, roughly 10°m® within the pre-
cision of the data and the isohyetal analysis. In the Las Vegas storm of
3 July, 1975, similar calculations showed that 2.3 X 107m® (1.9 X 10* acre ft)
of water were available to the natural drainage channels in a perlod of 2 to
4 hr (Randerson, 1976a). Consequentiy, based on the volume of rainfall water
produced, the storm of 10 August 1981, was 30 times larger than the 1975 storm.
Within the half-inch contour, the intense rainfall in the Ute area produced
approximately 5 X 10°m® (4 X 10° acre ft+) of water while roughly 2 X 10%m®
(1.6 X 10° acre ft) fell in the vicinity of the Valley of Fire State Park.

M. Streamfliow

According to calculations and measurements made by the USGS (Glancy, 1981),
streamflow rates of 5,000 to 10,000 f+3/s (142 to 283 m®/s) occurred in meny of
the dry washes to the southwest of the Logandale/Glendale area. Extensive
floeding occurred along the Callifornia Wash and in the vicinity of Ute. A maxI-
mum stream flow rate of about 50,000 f+3/s (1,557 m®/s) was estimated to have
occurred on the Callifornia Wash to the south of Moapa (Glancy, 1981). Flood
waters 2 to 4 f+ (0.6 to 1.2 m) deep were reported to have covered Interstate 15
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Figure 23, Comparative photographs of a damaged (top) and undamaged (bottecm)
Spanish Dagger plant located in the area of large hail near Ute,
Nevada (Figure 21).
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Figure 22.
the Intense rainfall from the MCC of 10 August 1981.

for this figure is that In Figure 21. Contours are In inches.
Station letters correspond to the bucket survey site letters

tabulated in Tabie 3.
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the MCC. Figure 19 shows that rainfall amounts in excess of 1 In (25.4 mm)
accompanied the storm. The area enclosed within this one inch contour is
approximately 25,000 km®*, Figure 20 heips to demonstrate +that this area
corresponds nicely with the occurrence of very cold cloud-top temperatures.

The large precipitation area shown in Figure 19 (and detailed In Figure 22) is
approximately 50 times laryer than the one generated by the heavy thunderstorms
that occurred over Las Vegas on 3 July, 1975 (Randerson, 1976a).

One area of extremely iieavy rainfall was identified. This area is enclosed
within The three-inch Isohyetal contour in Figures 19 and 20, Identification
of this area was tubstantiated by extenslve property damage due to flooding in
the Moapa/Overton area and to the disruption of vehicle traffic on Interstate
Highway 15 (see Figure 21 for geographic locations). Quantitative estimates of
the spatial distribution and total point rainfall amounts within this area are
based on bucket survey data, on interviews with local residents, on a survey cf
the occurrence of streamflow In the normally dry washes, and on an assessment of
property damage. Based on all the available Information, it appears that 3 to
6 in (75 to 150 mm) of precipitation could have fallen to the southwest of the
Logandale/Glendale area.

Field surveys conducted after the storm Indicated that Torrential rain
probably fell around Ute, Nevada, and over the Valley of Fire State Park
(Figure 21). Severe flooding occurred in these areas with water flowing over
several miles of Interstate 15. Most of this rainwater flowed north and east
Into the Muddy River. The heavy rain that fell on the Valley of Fire State Park
flowed eastward through Overton, Nevada, and east-southeastward Into Lake Mead.
Overton suffered extensive flood damage to homes and businesses. Farms along
the Muddy River between Moapa and Overton suffered heavy flood damage and loss
of livestock., Approximately 500 cows died In the flood waters (National Weather
Service, 1981), Bucket-survey data collected by the USGS Indicated that as much
as 6 In (152 mm) of raln may have fallen near Ute., This survey Is believed to
be reliable because it had not rained In the area of Interest since mid July.
One properly exposed raln gauge was located within the area of heavy rainfall at
the Valley of Flre State Park. A total of 3.05 In (77.5 mm) was collected In
this gauge, but a small amount of the rainwater was spiiled In the measurement
process. Consequently, slightly more than 3.05 in actually fell. An Isohyetal
analysis of the estimated distribution of the heavy rain is glven in Figure 22,
The Isohyetal pattern has an ellliptical shape with the major axis oriented
northwest-southeast. Thus, the axis of heaviest rainfall was oriented paral lel
to the storm +track.

Hall was observed along the storm track across southern Nevada. The only
official report of hail was from LSV, located northeast of downtown Las Vegas.
At 0035Z (1635 PST), LSV reported a severe (T+) thunderstorm with hail one-
fourth Inch In dlameter, visibility zero In blowing sand, and. surface wind gusts
of 58 kts (30 m/s). Larger hall, estimated to be 1 o 3 in (25 +0 76 mm) in
diameter was reported by residents in the Glendale area. Some of these
Indlviduals reported "large styrofoam-type balls floating In the flood water."
Approximately 12 km southwest of Glendale, near Ute, desert yucca plants
(Spanish Daggers) were damaged by large hall (Figure 23). These plants are
rugged and can withstand considerable abuse; consequently, the breaking of their
spears Is thought to be significant and Is belleved to have been caused by large
hallstones. -
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Figure 19. Analysis of the total precipitation In Inches for 10 August 1981 in
the vicinity of the MCC. To convert from Inches to millimeters,
multiply inches by 25.4.
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L. Preciplitation

Precipitation datu were extracted from the August 1981 climatological data

booklets for Arizona, Callfornia, Nevada, and Utah.

Appendix B.

Geological Survey (Glancy, 1981} for southern Nevada.

These data are tabulated in

Supplemental data came from a bucket survey conducted by the U.S.

are listed in Table 3.

These bucket survey data

An isohyetal analysis of the total preciplitation pattern resulting from the
storm of 10 August 1981 is shown In Figure 19, For consistency, the analytical
results are presented on a satell|ite-map beckground, thereby facilitating the
ease of comparison between satellite and precipitation data.

fall was not caused by the MCC.

Some of the rain-

For example, the large area enclosed in the

one-Inch contour in southwestern Utah, and +he small maximum in central Arizona,

were both contaminated by thunderstorm rainfall from early in the day.

However,

the analyzed field over southern Nevada and northwestern Arizona was due to

Table 3. Bucket Survey Precipitation Data for August 10, 1981%
Site Letter Precipitation
(See Fig, 22) Contalner Description in (mm)
A 52-cm dlameter vertically standing can 1.4 ( 36)
B 52-cm dlameter vertically standing can 0.7 ( 18)
c 15-cm dliameter vertically standing can 1.3 ( 33)
D Average of 8 vertically standing cans 0.7 (18)
E 6,7-cm verflcally standing cup 1.9 ( 48)
F Standard rain gauge; Valley of Fire State Park 3.0 ( 76)
G 9.8-cm vertically standing cans 4,0 (102)
H 12.2-cm vertically standing can 3.0 (76)
! 7.9-cm verT}cally standing glass Jar 1.9 ( 48)
J Distinct high-water Iine in vertically 6.5 (165)
standing 5-gallon can. Top of can was
squashed, suggesting that the catch area
was reduced.
K Logandale University Experiment Station 1.2 ( 30)

* Data provided by Pat Glancy, USGS, Carson City, NV.
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temperature decreased from a maximum of 39°C (103°F) prior to thunderstorm
activity to 28°C (83°F) during a thunderstorm. A minimum temperature of 23°C
(74°F) was observed during thunderstorm activity at+ DRA. Figure 1% demonstrates
that these sharp temperature falls were accompanied by marked rises In surface
pressure,

Randerson (1982) and others have related thunderstorm-induced surface-
temperature falls to tThe maximum observed speed of the surface wind gust from
the outflow. Pronounced temperature falls such as those observed at LSV and LAS
have been associated with outflow wind speeds of ‘26 +o 36 m/s (50 to 70 kts).
Peak wind gusts observed and estimated to have occurred with the MCC fell within
this range.

K. Satellite and Radar Data

Satel lite and radar plots are displayed separately in Figure 18. The
satellite data make up the top half of Figure 18 and Include some total rainfall
amounts which are |isted In the left-hand margin (see Appendix B for city name
codes). The radar analysis Is In the bottom half of the flgure. In general,
both data sets were produced once an hour on the half hour. After 0415Z
(2015 PST) the IR satellite Imagery was available at half=hour Intervals. The
temporal and spatial evolution of the central part of the storm is summarized by
the analysis In Figure 18. This figure was constructed by first identifying the
path of the center of the storm across the ground. Then, the width of the storm
cloud was noted for times corresponding to satellite and radar data collection
times. This procedure was accomplished by plotting the storm track line on each
satel | Ite or radar picture, overlaying the t+ime |Ine onto the newly plofted
storm track line, and marking the storm cioud boundaries and physical charac-
teristlcs onto the corresponding time Iine. This procedure was repeated for all
the available satellite and radar data. The plotted data were then analyzed,
producing the patterns shown in Figure 18. Pertinent surface observations and
radar intensity Information were added along the appropriate time |lines.,

Detalled analyses of the Infrared Imagery of the storm cloud-top
temperatures showed that the coldest black body temperatures occurred between
2300 and 0500Z (1500 and 2100 PST)., Cloud-top temperatures of =63 to -65°F
occurred over and near stations that reported the heaviest rainfall (see
Figure 20). Because of the poor resolution of the satelllte Imagery, it could
not be determined If "overshooting" occurred along the top of the storm cloud.

The radar data indicated significant thunderstorm activity occurred within
the storm cloud. Available radar charts are included in Appendix A, By 1935Z
(1135 PST), a very heavy (TRW++) thunderstorm was Indicated to the south of Ely.
By 2035Z (1235 PST), very heavy thunderstorms had developed In this evolving
storm system. At 2035Z (1235 PST) a cloud top of 46,000 f+ was reported by
radar observers, Very heavy to Intense thunderstorm (TRWX) actlivity was
detected between 2035 and 0135Z (1235 and 1735 PST) In southern Nevada. Later,
at both 0235 and 0335Z (1835 and 1935 PST), radar reports Indicated extreme
(TRWXX) thunderstorm actlivity over northwestern Arilzona.

A comparlson of the satellite and radar analyses In Figure 18 1l lustrates
several Important points. The most intense radar echoes appear to lie along or
Just ahead of the axis of coldest cloud tops. The area of heaviest ralnfall
appears to be under, or very near, the coldest cloud tops.
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moisture content appeared to be slightly to the west of that at the 850-mb level
(Figure 5) and extended northward across extreme southeastern Nevada. This
position difference may be an artifact of the analyses since the data are not
dense encugh to provide high resolution of the three-dimensional structure of
the moisture fieild. However, the available surface data show that in the Las
Vegas valley the surface dew-point reached a maximum of 16-C (62°F) at 1400Z
(0600 PST) at LSV while on the NTS it reached 12°C (55°F) at 1600Z (0800 PST) at
DRA. Afterwards, surface dew-points decreased (Figure i) to near 8°C (48°F) at
LAS, LSV, and DRA just prior fo the arrival of the stroag surface outflow
accompanying the MCC.

Mixing ratios associated with these changes in dew-point temperature were
calculated. Prior to the drying that accompanied the southwesterly flow across
southern Nevada, mixing ratios were 10 to 11 g/kg. With the development of
southwesterly flow, mixing ratios decreased to 7 to 8 g/kg within about one
hour. At 0000Z (1600 PST) the mixing ratio at LAS was 7.4 g/kg while 22,5 km
northeast at LSV it was 10.7 g/kg for a mixing ratio gradient of 0.15 g/kg/km.
Within one hour, from 0000Z to 0100Z (1600 to 1700 PST), the mixing ratio at LSV
decreased by 3.5 g/kg, corresponding to a 10°F drop in dew-point temperature.
More gradua! changes were observed at DRA, With the arrival of the outflow
from the MCC, mixIng ratlo values Increased rapidly to 11 to 12 g/kg in
precipitation.

Analyses of hourly surface data tend to show the development of a tight
dew~-point gradient across southern Nevada (Figures 15, 16, and 17). The role,
If any, played by this tight gradient is not clear. However, the relationship
between dry |ines and severe thunderstorms has been recognized for many years
(e.g., Beebe, 1958; Fujita, 1958; Henry and Thompson, 1963; Rhea, 1966; and
others), Schaefer (1974) demonstrated that the boundary between dry and moist
. air can be nearly vertical above the ground but It is not clear If this type
structure occurred with this storm.

The marked east-west gradient of elevated dew polnts across the NTS
(Figure 17) is based on satellite and radar observations of convective clouds.
Furthermore, the dew-point temperature at DRA decreased to 7°C (45°F) by 0100Z
(1700 PST) and then increased to 17°C (62°F) by 0300Z (1900 PST) as the moist
outfliow from thunderstorms spread southward across the NTS. Thunderstorm
activity began at DRA at 0130Z (1730 PST) and moved southeastward.

J. Surface Temperature

Pronounced temperature drops occurred at weather stations jocated under and
near the MCC. For example, at LSV the temperature dropped from 42°C (108°F) at
0000Z (1600 PST) to 26°C (79°F) at 0100Z (1700 PST), Shortly after the rain
began, the temperature dropped to 24°C (75°F) at 0255Z (1855 PST) for a total
temperature decrease of 18°C (33°F). A+ LAS the temperature fell from 42°C
(107°F) just prior to the arrival of the gust front to 28°C (83°F) one hour
fater, to 22°C (72°F) at 0350Z (1950 PST) after it started raining at 0301Z
(1901 PST). Therefore, at LAS, the total cooling caused by the outflow was
20°C (35°F)., At PRC the temperature fell from 22°C (72°F), 3 hours before the
arrival of the gust front, to 14°C (58°F) at 0400Z (2000 PST) in a moderate
thunderstorm. The gust front arrived at BLH at 0632Z (2232 PST). Between 0555Z
(2155 PST) and 0647Z (2247 PST) the temperature dropped 6°C (10°F). At DRA the
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The 0000Z, 11 August 1981 (or 1600 PST, 10 August) analysis of
surface dew=point temperature (°F). Surface data and the frontal
position are both plotted In the standard format. The leading edge

of the outflow from the MCC is also plotted In southern Nevada and
northwestern Arlzona.
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Figure 16, The 1800Z (1000 PST) analysis of surface dew-point temperature (°F)
for 10 August 1981. Surface data and the frontal poslition are both
plotted in the standard format.
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Flgure 15, The 1200Z (0400 PST) analysis of surface dew-point temperature (°F)
for 10 August 1981. Surface data and the frontal position are both
plotted In the standard format.
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Frescott, Arlzona, approximately 3 hr ilater with a peak wind gust from the north
of 25 m/s (48 kts). As the storm moved southward the gust front arrived at
Blythe, California, at 0632Z (2232 PST) where a peak gust of 23 m/s (45 kts) was
observed from the northeast. The outflow air continued fto spread southward and
wind speeds weakened (Figure 13), According fto available data, after 0800Z
(0000 PST, 11 August) the gust front became unidentifiable along a |ine from
south of Phoenix to south of Yuma, Arizona, or approximately along the route of
Interstate Highway 8.

Between 0100 and 0200Z (1700 and 1800 PST), the gust front moved out ahead
of the MCC cloud visible in the satellite imagery (Figure 18). This separetion
appears to have occurred as the MCC reached maximum intensity. Perhaps this
phenomenon marks the beginning of the dissipation phase of an MCC.

An unofficial report of the storm appeared con the front page of the Kingman
Daily Miner dated 11 August 1981. From this news report It appears that the
gust front arrived in the Kingman Area at about 0230Z (1930 PST). This time is
consistent with satellite and radar data. The strong surface winds were
accompanied by blowing dust. A thunderstorm occurred approximately "2 hours"
after the arrival of the gust front. The strong winds were reported to have
"caused only minor damage™ in the Kingman area. '

Based on satellite Imagery, radar data, and surface observations, hourly
positions of the leading edge of the gust front are shown in Figure 13, This
figure illustrates that the outflow from the MCC spread rapidly southward. [+
fraveled a total distance of nearly 575 km in approximately 12 hr for an average
speed of 48 km/hr (30 mph). 1In many places the strong surface winds were
accompanied by dense blowing dust and sand (Figures 3, 13 and 14) that reduced
surface visibilities o zero. For example, in Las Vegas the surface visibility
at LAS was <3 mi (4.8 km) for 45 to 60 min.

H. Station Pressure

A characteristic of intense thunderstorms is a pronounced pressure jump
accompanying the arrival of cold ouftflow air. Large pressure jumps were
detected at stations located near the path of the MCC. Figure 14 1l lustrates
the hourly changes in the statlon pressure at seven weather stations affected by
the storm. Maximum hourly pressure rises of 3 to 5 mb/hr were measured at LSV,
PRC, BLH, and DRA (not shown). Although large, these pressure jumps are less
than those reported by Hales (1975) who described an intense, long-lived
thunderstorm system that moved westward across Arizona. Figure 14 shows that
the strongest surface winds occurred at those stations experiencing the largest
pressure rises. Barometers located at stations near the edge of the dissipating
outflow air mass (FLG, PHX, YUM) detected very smail pressure increases with the
accompanying wind shift,

|. Surface Moisture

Changes in the surface-level moisture field are illustrated clearly by
comparing Figures 15 through 17. Figure 15 is an analysis of the observed
surface dew-point temperatures for 1200Z (0400 PST), Figure 16 is for 1800Z
(1000 PST) just prior to rapid cumulonimbus development, and Figure 17 is for
0000Z (1600 PST) just before the thunderstorm activity reached LAS, LSV, and
DRA. Figures 15 and 16 show that at the surface the axlis of maxImum atmospheric
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Figure 13, Estimated hourly positions of the leading edge of the strong outflow
winds from the MCC of 10 August 1981, Times are In GMT; subtract
8 hrs to get PST.
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Table 2. The 0000Z winds aloft from Desert Rock, NV (DRA), elevation
3,298 f+ MSL. The MCC cloud base Is assumed to be at an
altitude of 10,000 f+ (3050 m) MSL. All elevations (H) are
above mean seéa level., The tropopause was located just below
the 50,000-ft (15,240~-m) level.

Sub=cloud Winds Environmental Cloud=laver Winds
H DDD/SS H RDD/SS
f+(x10%) km deg/ms™* f+(x10°%) km deg/ms™?
Sfec 1.0 180/9 15 4,6 290/11
4 1.2 215/9 20 6.1 3210/14
5 1.5 215/10 25 7.6 305/16
6 1.8 215/12 30 9.1 300/15
7 2.1 215/12 35 10.7 310/13
8 2.4 215/11 40 12,2 305/11
9 2.7 210/10 45 13.7 285/7
10 3.0 240/9 50 15,2 015/4

pronounced enhancement of the flow of warm, moist air into the storm, thereby
helping vigorous updraft motion that might have been Initiated by strong thermal
instability. The large vertical wind shears observed In the environmental
cloud-layer winds near Intense mid-western states thunderstorms (e.g., see
Maddox, 1976) were not observed In this case.

G. Surface Wind

As Is typical with Intense thunderstorms, a well-deflned wind shift or gust
front accompanied the MCC. A gust front Is the leading edge of a thunderstorm
downdraft that spreads out horizontally near the ground. The gust front is the
Iinterface between the warm, moist alr flowing toward the storm and the cold,
moist downdraft air flowing out of the storm. The downdraft appears to have its
origin In the mid-troposphere where dry environmental alir can be drawn into the
storm. As this alr enters the rear of the storm It receives precipitation from
above and Is cooled further by evaporation. This cooling Increases the negative
buoyancy of the dry air, causing the chilled air to accelerate toward the
ground.

Strong outflow winds were detected along the storm track (Figures 3, 13
and 14), At 2355Z (1555 PST) the weather station closest to the MCC (Nellis
AFB, LSV) experienced a wind shift from the south-southwest at 7 m/s (14 kts)
to the north-northeast at 21 m/s (40 kts) with gusts to 26 m/s (51 kts) at 0007Z
(1607 PST). A peak wind gust of 30 m/s (58 kts) occurred at 0017Z (1617 PST).
Twenty-seven minutes after the gust front struck LSV It reached McCarran
International Alrport (LAS) at 0034Z (1634 PST), A peak wind gust of 30 m/s
(59 kts) was measured at LAS at 0040Z (1640 PST). The outflow arrived at
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Figure 12,
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The 200-mb chart for 0000Z, 11 August 1981 (1600 PST, 10 August).
Height contours In meters are the solid lines. The position of the
MCC is portrayed by the scalloped area. The scal loped contour

represents Ty, ==53.2° to -58.2°C, and the shaded area T,, =-59.2°
to =62.2°C.
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Figure 11, The 850-mb chart for 0000Z, 11 August 1981 (1600 PST, 10 August).

Helght contours In 10's of meters are soiid |ines. Data are plotted
In the standard format. The map background is the same as that for
all the satelllte images.
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Based on the above definitions and cbservations, it is concluded that the
storm of 10 August was an MCC. Indeed, it may have been a mini-MCC, but the
duration, size, and weather accompanying this large convective cloud cluster
were significant from a meteorological, hydrological, and societal perspective.

F. Upper-Air Analyses

Upper-air sounding data for 0000Z (1600 PST) heip portray the atmos,“aric-
flow regime asscciated with the developing MCC. The 0000Z (1600 PST), 850G-mb
chart (Figure 11) shows that the well-developed frontal wave present at 1200Z
(0400 PST, Figure 5) had maintained its intensity and moved slowly eastward
during the intervening 12-hr period. The cold front moved southward across
Nevada, bringing strong northeasterly flow to the eastern slopes of the
Sierras. These winds induced orographic cumulonimbus over the Sierras (see
Figures 8 and 9).

In the upper troposphere (Figure 12), at 0000Z (1600 PST), a deep closed low
was located just northwest of SLC at the 200-mb level. Figure 12 represents
the flow near the fop of the MCC. The contour analysis in this figure indicates
that the flow over Utah and Nevada was strong westerly with a region of
difluence located over the MCC generation area. Based on the contour analysis,
geostrophic wind speeds in the area between ELY and DRA are |ikely to have been
near 25 m/s (50 kts). Consequently, the MCC developed to the right of a small
Jjet and below an area of upper-tropospheric difluence.

A weak, low-level, southwesterly jet probably existed over southern Nevada
at 0000Z (1600 PST). The 0000Z winds-aloft sounding from DRA showed that below
12,000 f+ (4,000 m) MSL +the maximum wind speed was 12 m/s (23 kt+s) at both the
1,800- and 2,100-m (6,000- and 7,000-ft) levels MSL or approximately 900 to
1,200 m (3,000 to 4,000 ft+) above ground level (AGL). Wind fowers on high
(2,100-m MSL) terrain in the northern part of the NTS confirmed the existence of
such wind speeds. Wind directions were generally southwesterly. Prior to the
arrival of the strong surface outfliow from the thunderstorm, surface winds at
two weather stations in the Las Vegas valley were reported to be southwesteriy
5 to 13 m/s (10 to 25 kts). Boundary-layer theory predicts that above the
ground, wind directions should have been southwesterly at slightly faster speeds
(e.g. Randerson, 1984).

Vertical wind shear may have been a contributing factor In the development
and maintenance of the MCC. The only winds-aloft data near the MCC are those
from the 0000Z (1600 PST) DRA rawinsonde (Tablie 2)., Just prior to 0000Z, the
westward edge (Figure 8) of the MCC was 55 km east of DRA while the center of
the storm was at a distance of roughly 220 km. Based on ceiling observations
during the thunderstorm activity at DRA, LAS, and LSV, it can be assumed that
the base of the MCC was near 10,000-f+ (3050-m) MSL. Using this assumption, the
data in Table 2 indicate that the mean subcloud winds were approximately 215° at
10 m/s while the mean environmental cloud-layer winds were 300° at 12 m/s. The
difference between these two mean winds yields 85° of veering between the sub-
cloud winds and the environmental cloud-layer winds. Storm movement was from
345° at 15 m/s, or 45° to the right of the direction of the mean environmental
cloud-layer winds and at a speed approximating wind speeds in the middle
troposphere. Consequently, the subcloud air layer had a strong component
of relative motion toward the approaching storm. Such motion probably caused
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(Tyy regimes visible in the Infrared satellite images with MB
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Table ta.

Criteria for a Mesoscale Convective Complex (Maddox, 1980).

Physical Characteristics

Size:

Inltiate:
Duration:

Max Imum
extent:

Shape:

Terminate:

A - Cloud shleld with continuously low IR temperature <-32°C
must have an area >1,000,000 km?.

B -~ Interior cold cloud region with temperature <-52°C must
have an area >50,000 km?.

Size definitions A and B are first satisfied.
Size definitions A and B must be met for a period >6 hr.

Contiguous cold cloud shield (IR temperature <-32°C) reaches
max imum size,

Eccentricity (minor axis/major axis) 20.7 at time of maximum
extent.

Size definitions A and B no longer satisfied.

Table 1b. Mesoscale Convective System Criteria based upon the analysis of
enhanced [R satellite Imagery (after Bartels et al., 1984).
Characteristic Criterion
Length: Length scale of the <=52°C contiguous
' enhanced area on satellite Image is <250 km.
Duration: Minimum length scale is maintained for at
least 3 hr.
Initiation: The length scale criterion is first met.
Max Imum Extent: _ Contiguous cold cloud shield
(IR temperature <-52°C) reaches maximum size.
Termination: The length scale criterion is no longer met.

18
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Figure 9. Infrared satellite Imagery with MB enhancement for 0146Z,
11 August 1981, or 1746 PST, 10 August 1981,

17



J
v
<
J
L]
N

o
-

U1 36E-1ME 02

IH

|

1

2346

magery with MB enhancement for 2346Z (1546 PST),

i

infrared satellite

10 August 1981.

8.

Figure

16



Cumulonimbus development in eastern Nevada coincided with several important
developments In the atmosphere. |t appears to have occurred in a region of
positive vorticity advection, strong upward motion, and low-level moisture
- convergence., |t took place ahead of a surface wave on a cold front, and it
may have been enhanced by Infense surface heating. For example, The maximum
temperature in LAS before the thunderstorm was 42°C (107°F).

E. Mature Stage

Between 2000Z (1200 PST) and 0200Z (1800 PST), t+he convectlve, mesoscale
weather system continued to grow In horlzontal area and cloud~top temperatures
continued to cool. Based on these two measures, the storm appears ‘o have
reached maximum Intensity between approximately 0000Z (1600 PST) and 0400Z
(2000 PST). Figures 8 and 9 show the IR imagery for the storm at 2346Z and
0146Z (1546 and 1746 PST) respectively.

Maddox (1980) used size and duration criteria to identify a Mesoscale
Convective Complex or MCC (Table 1a). HIis requirement that a large part of MCC
cloud shields have a T, < -52°C indicates that the system Is active and that
precipitation is falllng over a large area. According to Maddox, the scale of
an MCC Is huge relative to individual thunderstorms. For example, mature air
mass ThundersTorms have a cold (Tpp < =32°C) cloud-shieid area of roughly
700 km? s Multicell thunderstorms have corresponding average cloud-top areas of
1400 km? (Reynolds and Vonder Hear, 1979), |In Table t1a, notice that the size of
an MCC clioud shield exceeds that of an individual thunderstorm by more than two
orders of magnitude.

Based on the criterla listed in Table 1a, the convective weather system of
10 August appears to quallfy marginally as a small MCC, Figure 10 chows that
size criteria A and Its dura+!on requirement are met. The area enclosed within
the -32°C Isotherm Is 10° km? or greater for at least 8 hr. Size criteria B Is
met for only 5 hr, one hour short of the minimum 6-hr duration criteria. The
conflguous cloud shield with Tpp < =32°C reached a maximum size of approximately
2.1 X 10° km? at 0300Z (1900 PST). At this time the shape criteria (Table 1a)
was met. Consequently, the only physical requirement not met was the duration
criteria for size category B which terminated one hour early.

Bartels ¢t al. (1984) proposed a different set of criteria for mesoscale
convective systems (Tabie 1b). The storm of 10 August appears to have satisfied
most of these criteria. The duration scale was satisfied, however, the length
scale of the < 52°C contiguous area was exceeded siightly.

Mesoscale space and Time scales were defined by Orlanski (1975). He
defined B scale phenomena as having characteristic times of 5 ¥o 24 hr and
horizontal scales of 20 to 200 km. The storm of 10 August had a duration of
approximately 15 hrs. The maximum horizontal extent of the IR Tpp < 52°C
a. ea was nearly 250 km from 0146 to 0246Z (1746 +c 1846 PST). Maddox (1980),
Bartels et al. (1984), and others have recognized that the < 52°C cumulonimbus
cloud-top isotherm Is often associated with deep, precipitating convective
clouds. Consequently, it Is selected here +o represent the spatial scale of the
storm system. For most of the storm lifetime the cross-sectional length of the
area enclosed within this isotherm was <200 km.

15



surface observations of the bases of the thunderstorms that developed in the Las
Vegas area (see paragraph F). Based on the 0000Z (11 August) sounding, the

| ifted Index over southern Nevada and northwestern Arizona could have veen -8
with 8 o =26°C. These conditions would have produced a very large area of
positive buoyancy throughout the middle and upper troposphere. The toos of the
t+hunderstorms would have been near the 13,500-m (45,000-ft) level with cloud-top
temperatures of -60° to -65°C. These values are consistent with satellite
observations (see paragraph K).

D. Storm Development

After 2000Z (1200 PST), thunderstorms started to develop rapidly and grow in
areal extent south of Ely. This development is portrayed neatly by changes in
the clouds shown in the Infrared satellite pictures of Figures 1 and 2. |In
Figure 1, the two large cumulonimbus clouds in eastern Nevada had cloud=-top
temperatures of -42° to -52°C, correspending to an altitude range of roughly
10,500 +o 11,700 m (34,000 to 38,000 ft) above mean sea level (MSL). One hour
later (Figure 2), the two individual cumulonimbus had consolidated intec one
large cloud mass and the cloud-fop temperature had cooled. The dark-gray
shading corresponds to equivalent black body temperatures of -53° to -58°C or
approximately 11,700 to 13,000 m (38,000 to 42,000 ft) MSL. Two very coild tops
are seen as black spots within the dark gray shading. These fwo points have a
Tpp of -63° to -80°C. Based on a computer analysis of cloud-top temperatures
and on the 0000Z (1600 PST) temperature sounding for DRA (Figure 7), the
T ,p was near =65°C.

The horizontal area of The cloud tops in Figure 1 (light-gray shading
Ty £ -32°C) Is nearly 10* km®.* One hour later this area grew to
2 X 10* km® and the new colder cloud tops (Tp, <=-52°C) covered an area of f
roughly 4 X 10° km**. The T,y <-32°C is near the 300-mb level (see Figure 7).
Mass dlivergence of the cloud top with this temperature can be calculated from
(AT! (dA/ZdD), ylelding 1.85 X 10-*s™! near the 300-mb level. This value
represents an approximate mass balance with the convergence derived for the
850-mb level (see Divergence section).

Radar data collected at approximately 2030Z (see Appendix A) corresponds
closely with the 2046Z (1246 PST) satellite picture (Figure 2). Radar
reflectivities Indlicated a "very heavy" thunderstorm (TRW++) below the cold
(Tbp==53° to -58°C) cloud tops. A TRW++ corresponds approximately to VIP level
4 or to 2.2 to 4.5 in/hr (56 +o 144 mm/hr) of precipitation at the ground
{Grebe, 1982). No such precipitation amounts were reported or measured belcw
this thunderstorm; however, one station under this echo, Key Pitiman, Nevada
(KEY), did receive a daily total of 1.5 in (38 mm). A post-storm weather
summary prepared by J. W. Corey, a Lead Forecaster at the Reno, Nevada, WSFO,
indicated that 0.7 in (17.8 mm) of rain fell at Key Pittman in 20 min for a
rainfall rate of 2.1 in/hr (53 mm/hr). Radar reports indicated that the maximum
cloud top of this TRW++ was 14,000 m (46,000 f+) MSL. This altitude is
consistent with that estimated from 0000Z (1600 PST) DRA sounding (Figure 7) and
with the coldest (~=65°C) cloud top estimated from the satellite Imagery.

¥  Not corrected for parallax.
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the axls of maximum molsture content (T-T j<5°C) extended from western Arizona
northward Into southwestern Utah. This positioning is based on the plotted
data, on satellite and radar data, and on observed low clouds and precipitation
occurring within the 5°C departure contour. Based on the plotted temperature
data and on the. position of the Iscdrosotherms over northwestern Arizona, mixing
ratios of 1V to 15 g/kg may have been avallable to the generating thunderstorm
system at the 850-mb level. Surface mixing ratios at Cedar City and in Las
Vegas wes > 10 to 12 g/kg prior to storm development.

Dlvergence

A computer-generated analysis of the 1200Z, 850-mb dlivergence field showed a
pronounced area of convergence (nearly =2 X 10™*s~!) centered just north of the
NTS and covering all the southern half of Nevada and southwestern Utah. A
similar analysis for the upper troposphere (200-mb ievel) showed an east-west
oriented axls of strong divergence (10~"s™') centered over southern Utzh and
southeastern Nevada. These divergence flelds along with the positive vorticity
advection at the 500-mb leve! (Figure 4) implies a well-developed area of upward
motion throughout most of the troposphere over southern Nevada and southwestern
Utah. In fact, computations of vertical motion based on the continuity equation
and on the calculated divergence flielid at the surface, 850-, 700-, 500-, and
200~-mb levels for 1200Z showed a deep layer (surface to 12,000 m) of upward
motion of 10 +¢ 15 cm/s located south of Ely, Nevada. Coupled with this upward
motion and the southward movement of the upper-air trough, surface heating
durlng the day, and the advection of low-level moisture into southwestern Utah,
the stage was set for the development of Intense thunderstorms.

Atmospheric Stabllity

The 1200Z vertical temperature sounding for DRA on the morning of 10 August
(Figure 6) shows that the atmosphere was conditionally unstable from near the
1500-m (5,000-f+) level to near the 11,000-m (35,000-f+) level. A small stable
layer was detected near 6,100 m (20,000 ff). The tropopause was near the
15,000-m (48,000-ft) level where the temperature was roughly -64°C. A region
of relatively stable air existed between the 11,000-m (35,000-ft) level and the
tropopause, In the 12-hour period between 1200Z and 0000Z (11 August) the DRA
temperature sounding changed |ittle (Figure 7). Below the 6,100-m level there
was essentially no change except for strong heating near the surface. Above
6,100 m there was a general warming of 2°C up to near the 12,000-m (40,000-ft)
level. The stabie layer near 6,100 m vanished and a relatively stable layer
existed between the 12,000-m level and the tropopause.

At 1200Z, 10 August 1981, the stability Indices calculated from the DRA
sounding (Figure 6) showed that the atmosphere was unstable. The K-factor
(George, 1960) was 26 and the |ifted Index (Stackpole, 1967) was =3. But the
low=level alr over southern Nevada was relatively dry (Figure 5). Instability
might have been increased by the advection of the low=level moist (and cooler)
alr over northwestern Arizona into southeastern Nevada during the morning
hours. Strong surface heating of this shallow moist layer could have created
a large negative |ifted index. Available data Indicate that mean, low-ievel
mixing ratlos as high as 14g/kg could have existed over northwestern Arizona.
In addition, surface heating could have raised tThe mean low-level potential
temperature t+o 45°C or more. Based upon these two assumptions, the |ifting
condensatlon level would have been near the 700-mb level; a value supported by
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Figure 4,
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C. Pre-storm Conditions
500-mb_Flow

On the morning of 10 August 1981, atmosnheric conditions over Utah, Arizona,
and eastern Nevada were favorable for thunderstorm development. The potential
for intense thunderstorms was present. Figures 4 and 5 il{ustrate the important
evolving meteorological situation. Figure &. the 500-mb chart, is representa-
tive of the pre-storm meteorological conditions in the mid and upper troposphere
at 1200Z (0400 PST) on 10 August 1981, The most Important feature in this
figure Is the sharp, southward-moving frough oriented east-west along the
Nevada-ldaho border. Accompanying the trough Is a strong cyclonic vorticity
field (dashed !ines). Notice, in particular, that the vorticity confours are
tightly packed between DRA and ELY with the axis of maximum relative vorticlty
advection oriented along a line from SLC to north of the NTS. Areas of positive
vorticity advection are normally associated with upward vertical motion
(Petterssen, 1956). Flow in the upper troposphere contained a smali jet stream
that was essentlally parallel to the 5880-m contour in Figure 4, Meximum wind
speeds accompanying this west-northwesterly jet were roughly 30 m/s (50 kts).
Intense thunderstorm development took place to the south of the jet stream axis
in early afternoon.

Low=Level_ and 850-mb Flow

Meteorological conditions in the lower ftroposphere are il lustrated by
Figure 5, the 850-mb chart for 1200Z. The height contour analysis shows a low
center between ELY and DRA. The contour field indicates that flow with a strong
southerly component should have existed over southwestern Utah, northwestern
Arizona, and southern Nevada. Surface winds at 1200Z (0400 PST) in the Las
Vegas area were southerly 7 to 11 m/s (15 +o 25 mph). Cedar City and Mil ford,
Utah, and Prescott and Grand Canyon, Arizona, all had surface winds driven by
local thunderstorm and rainshower activity, In general the 850-mb flow regime
appears to have been Imperfectiy balanced In the geostrophic sense. Both the
1200Z and 1800Z (0400 and 1000 PST) winds aloft observations from DRA (elevation
1,100 m) detected |ight (3 to 5 m/s) southerly flow from the ground to 1,300 m
(4,000 f+) above the ground. .

By late afternoon the low-level flow regime over Nevada, Uftah, and north-
western Arizona could be separated Into three distinctly different air masses.
Northern Nevada was covered by a polar alr mass located north of a frontal zone
that extended westward across central Utah into central Nevada (Figure 5). In
Nevada this frontal zone was moving slowly southward. A hot, dry continental
tropical alir mass was spreading eastward from southern California across
southern Nevada as maritime tropical air over extreme southeastern Nevada
receded slowly eastward. The boundary between these two fropical air masses
could be identified by a marked dew=-point temperature gradient at the surface.
This "dew-point front" extended north-south over southern Nevada.

low=l avel Mnaicture

Low-level molsture available to fuel thunderstorms is portrayed in Figure 5
by the dashed |Ines representing dew-point depression at the 850-mb level. The
most significant feature In this diagram Is the very tight moisture gradient
over southern Nevada. Very dry air was present over most of California while

8



Meteorological data were collected and analyzed for the 4-state area
consisting of California, Nevada, Utah, and Arizona. Within this area, the
upper-air stations (Flgure 4) are approximately 375 km apart. Surface weather
data are denser; however, the core of the thunderstorm system did not pass
directly over any first-order weather stations. Moreover, the storm developed
and traveled within an area lying between upper-air stations. Consequently,
surface and upper-air data from the vicinity of the thunderstorm system are
scarce; however, some valuable observatlons were oti=ained to supplement the
satel|1te Imagery and radar data.

Satellite imagery used In this study came from the Geostationary Operational
Environmental Satellite (GOES) that was located over the equator at 135°W and at
an altitude of nearly 36,000 km. Both visible and infrared (IR) plctures were
available for 10 August 1981. The visible sensors scanned the 0.55 o 0.70um
light region while the IR images sensed In the 10.5 to 12,6 ym band. At the
satel|ite subpoint (0.0ON, 135W) the best resolution was 1 km for the visible
imagery and only 9 km for the IR. One picture was recelved every 30 min,
alternating between visible and IR Images, so that the tIme Interval between
ITke plctures was 1 hr until sunset; after which an IR picture was received
every 30 min.

The IR imagery available was the MB enhancement which portrays specified
ranges of IR black body ftemperature (T,y,). Of particular importance were
the cloud top areas enclosed by Ty, <-32°C and by the area enclosed by
Tpp <~52°C. To estimate ralnfall rates by using satellite Imagery, Scofield
and Ollver (1977) assumed that precipitation starts to accumulate after Tph
reaches =32°C. A cloud shield having Ty, <-=52°C ensures that the system is
active and that precipitation Is falling over a signiflicant area (Maddox, 1980).
Convective clouds with Ty, <=58°C point to possible overshooting tops. Fujita
(1978) has used cloud—+op Temperafures to study the downburst phenomena.

Alr Route Traffic Control Center (ARTCC) radars detect thunderstorm
activity. In the western U.S., the National Weather Service compiles a summary
of this weather-related radar-echo actlivity once each hour on approximately the
half hour. The summarized data are transmitted over a RAFAX network 15 min
later. It Is important to emphasize that ARTCC radars were designed and sited
to provide the best possible detection of alrcraft. Furthermore, these radars
are equipped with special clrcultry, such as, sensitivity time control and
clrcular polarization, to speciflical ly remove most weather related targets.
Such design qualities do not provide for optimum detection of precipitation.
Despite these |imitations, the ARTCC radars are capable of providing much useful
weather data (Benner, 1965), However, Renne (1971) concluded tha+t some ARTCC
radars probably dispiay only moderate or greater precipitation Intensities.

High mountalnous terrain can restrict the detection of moist convection by
radar. However, the thunderstorm system of Interest develcped and moved through
an area where the probability of radar detection of surface precipitation during
summertime is 80 to 90 percent (e.g., see Randerson, 1976b). This probability
decreases to 70 percent In northwestern Arlzona.



been accompanied by a marked increase in urbanization with its concurrent
heightened risk of weather-related catastrophes. Some evidence is available fo
show that the impact of Intense thundersiorms on people and property has been
increasing (Randerson, 1976b).

Summer tourists add another dimension. Annually, millions of people visit
recreational attractions of the mountaincus desert southwest, with summertime
being an especially busy period. Many pe.~le |ike to visit, hike, and camp in
Isolated, sparsely popuiated areas of Arizona, Nevada, Utah, and southern
California. Communication of weather warnings to these individuals Is
difficult.

The level of experience and awareness of the potential dangers of desert
Thunderstorms may be minimal with many peoplie who have recently moved to the
desert. Upon seeing the dry desert, some may assume that heavy rain, strong
surface winds, flash flooding, and |ightning don't occur often, or, at least,
are not a serious threat. An educational program may be needed to raise
awareness.

To compound the developing probiem, there has been |ittle documentation of
the characteristics, behavior, and the spatial and temporal distribufions of
desert thunderstorms. Only recent studies, such as those by Sakamoto (1972),
Brenner (1974), Hales (1972, 1974, 1975), lIdso et al. (1975), and Randerson
(1976a, 1977, 1982) have provided information relating to the kinematics and
climatology of southwestern desert thunderstorms. Further documentation and
research Is essentlial to understand how these storms develop and move so that
their occurrence can be forecast more accurately and weafher warnings issued in
a more Timely and effective manner.

Il. METEOROLOGICAL ANALYSES
A. Charts

Most of the meteorological charts used have a map background and scale that
corresponds with that of the satellite imagery. Consequently, these charts can
be overlayed easily onto the satellite imagery so that satellite views of the
thunderstorms can be visuallzed relative to the meteorological analyses.

B. Data

Available meteorological data consists of the standard upper-air
observations taken at 0000Z and 1200Z daily as well as hourly and special
surface weather observations. Additional data includes hourly radar data,

visible and Infrared satellite imagery, surface-wind data from a wind tower
network on the NTS, detailed cloud-=top +empera+ure analyses*, and special
analyses of vorticity and divergence¥**,

¥  Provided by Mr. J. T. Young, Space Science and Engineering Cenfer,
University of w;sconsin, Madison, Wisconsin,

*% Provided by Dr. James E. Arnold, Afmospheric Sciences Division, Marshall
Spacefi ight Center, NASA, Huntsville, Alabama.
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been identifled over the central United States by Maddox (1980). Indeed, this
type of weather system [s so important it has been named Mesoscale Convectlive
Complex or MCC (e.g., see Maddox, 1980). Little effort has been expended to
determine If MCC's occur over the western United States. Limited data point fo
the formation of MCC's over the desert southwest in July through September. The
storm of 10 August 1981 appears to satisfy most of the physical characteristics
of an MCC.

B. The Thunderstorm

In the early afternoon of 10 August 1981, thunderstorm activity over east
central Nevada started to organize into one large cloud mass. This development
can be seen in the infrared satellite Imagery in Figures 1 and 2. For 4 hr
(1946 to 2346Z or 1146 to 1546 PST) the cloud mass continued to consolidate
and grow in areal extent as cloud-top temperatures cooled. Based on these two
characteristics, the southeastwardly moving storm system reached its maximum
Intensity between 0000Z and 0400Z on 11 August (1600 and 2000 PST, 10 August).
As fthe storm moved southeastward Into central Arizona, It slowly dissipated,
furned eastward, and became Indistinguishable as an Individual thunderstorm
system at the surface and aloft by approximately 0946Z (0146 PST, 11 August).
Between 0946Z and 1446Z (0146 and 0646 PST) the remaining debris clouds moved
eastward and evaporated quickly over extreme east-central Arizona.
Consequently, the thunderstorm system remained an identifiable feature In the
sateil ite Imagery for approximately 15 hr.

C. Area Affected

During its lifetime, this thunderstorm traveled approximately 500 km and
affected an area of nearly 2 X 10° km? (see Figure 3). This area includes all
of southern Nevada, most of western Arizona, extreme southwestern Utah, and that
part of California bordering the Colorado River valley. Contained in this area
are numerous indian reservations, Grand Canyon National Park, the Lake Mead
National Recreational Area, some national forests, several wildlife refuges,
state parks, the Nevada Test Site (NTS), parts of the U.S. Air Force Gunnery
Range in Nevada, the city of Las Vegas, and several smaller communities.

D. Demographics and Thunderstorms

The affected area contains a population of roughly one milllion peopile
(excluding Phoenix, Arizona, and adjacent suburbs; 1.5 million people). The
largest city near the path of the storm was Las Vegas, Nevada, with a standard
metropol itan statistical area population of nearly 500,000 people. The storm
appears to have reached its maximum intensity over the sparsely populated areas
of extreme northwestern Arizona and those parts of Nevada near the Colorado and
Virgin Rivers. Available data shows that the greatest damage to property
occurred In the area from Moapa to Overton, Nevada (see Figure 3). Local
flooding and wind-related damage occurred along much of the storm track.

People seeking new |ife styles have been moving to the mild, dry ciimate of
the desert southwest. For this and other reasons, the population of the south-
western U.S. has been increasing rapidly. For example, the total number of
persons In Clark County, Nevada, increased by 70% from 1970 +o 1980. During the
50-year period from 1930 fto 1980, the population of Clark County increased from
8500 people to nearly 500,000 people. This phenomenal population growth has
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A MESOSCALE CONVECTIVE COMPLEX TYPE
STORM OVER THE DESERT SOUTHWEST

Darryl Randerson
Nuclear Support Offlice
Natlional Weather Service

ABSTRACT. On 10 August 1981 a mesoscale convective compiex (MCC)
developed over extreme east-central Nevada and moved south-
southeastward into northwestern Arizona. This storm affected a
total area of nearly 200,000 km?, traveled approximately 500 km,
and lasted nearly 15 hr. Strong surface winds, hall, heavy rain,
and dense blowing dust and sand were reported on the right flank
of the MCC. Estimated rainfall rates of 3 to 4 in/hr produced
total rainfall amounts of 3 to 6 in over a large area to the
northeast of Las Vegas, Nevada. ln+egra+ion of Tthe Isohyetal
analysis showed that approximately 10°m® (8 X 10° acre ft) of
water was available before infiltration. In terms of the volume
. of raln water produced, this storm was 30 t+imes larger than the
one that struck Las Vegas, Nevada, on 3 July, 1975. Severe
flooding occurred, causing much property damage and loss of
I Ivestock in the Logandale/Glendale, Nevada, area. The MCC
developed ahead of a southward moving short wave trough as the
trough moved into an area of unstable moist air. MCC generation
may have been enhanced by the presence of a developing east-west
moisture gradient and by Intense surface heating. The heavy
weather produced by the MCC was closely related to very cold
(-65°C) cloud-top temperatures and to strong surface convergence.

l. INTRODUCTION
A. Overview

Large cumulonimbus can develop over the desert southwest during the
summertime. These storms can be accompanied by locally heavy rain, strong
surface winds, and hail. Over desert areas, strong outflow winds from thunder-
storms frequently cause dense blowing dust and/or sand that may |imit horizontal
visibility to less than 1 mile. |Idso ef al. (1972) reported that dust clouds
generated by desert thunderstorms have been observed to extend upward to near
the 8,000~foot level above sea level. Such conditions are not only hazardous to
alrcraft operations but also to vehicles traveling on the ground. These storms
can produce and maintalin mesoscale surface high (and low) pressure systems.
Consequently, except for blowing dust, the surface weather features accompanying
these storms are quite similar to those of severe thunderstorms commonly
associated with the midwestern states. . e :

Intense thunderstorms are not uncommon In the desert southwest and
northwestern Mexico during the summer. Occurrences of intense desert thunder-
storms have been documented by Blake (1923), Reed (1937), Balley (1966), Hales
(1975), Randerson (1976a), and others. Some of these thunderstorms appear to
organize into mesoscale storm systems with cold ( £-52°C) cloud tops and long
duration times ( 26 hr). Convectively driven weather systems of this type have

1
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