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Anthony 0. L e n t i n i ,  February 1969. (PB-183055) 
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L. W. Snellman, August 1969. (PB-185068) 
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An A i d  f o r  i n r e c a s t i n g  t h e  Minimum Temperature a t  Medford, Oregon. A r t h u r  W .  F r i t z ,  October 1970. 
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i l e s t e r n  Re? ion  Synopt ic  Analysis-Problems and Methods. b l i p  W i l l i a m s ,  J r . ,  February 1972. (COM-72.10433) 
Thunderstorms and H a i l  Days P r o b a b i l i t i e s  i n  Nevada. Clarence M. Sakamoto, A p r i l  1972. (COM-72-10554) 
4 Ztudy u f  the Low Level  J e t  Stream o f  t h e  San Joaquin Val - ,ey.  Ronald A .  W i l l i s  and P h i l i p  W i l l i a m s ,  J r . ,  May 1972. (COM-72-10707) 
Month ly  C l i m a t o l o g i c a l  Char ts  o f  t h e  Behavior  o f  Tog and L o w  S t r a t u s  a t  Los Anqeles I n t e r n a t i o P a l  A i r p o r t .  Donald M. Gales, J u l y  1972. (COM-72-11140) 
A Study of  Padar Echo D i s t r i b u t i o n  i n  A r i z m a  Our ing J u l y  iand August. John E .  Hales, J r . ,  J u l y  1972. (COM-72-11136) 
F o r e c a s t i n g  P r e c i p i t a t i o n  a t  B a k e r s f i e l d .  C a l i f o - n i a ,  Usin!] Pressure Gradient  Vectors .  E a r l  T. Riddiouqh. J u l y  1972. (COM-72-11146) 
Cl imate o f  Stockton,  C a l i f o r n i a .  Robert C .  Nelson, J u l y  1'372. (COM-72-10920) 
E s t i r a t i o n  of Number of Days Above o r  B?lod Selected Temperatu-es. Clarence M.  Sakamoto, October 1972. (CON-72-10021) 
A r  a i d  f@r F o r e c a s t i n q  Summer Maiimum Temperatures a t  S e a t t l e ,  Washington. Edgar G.  Johnson, November 1972. 
Flasn Flood F o r e c a s t i n g  and Warning Program i n  t h e  Westerr Region. 
( r e v i s e d  March 1978). (COM-73-10251) 
A  Comparison o f  Manual and Semiautomatic Method$ o f  3 1 g i t : r i n g  Analoq dind Records. Glrnn E. Rasch, March 1?73. (COY-73-10669) 
C o n d i t i o n a l  F r o b a b i l i t i e s  f o r  Sequences of  Wet Days a t  Phoenix, Ar izona.  Paul C .  Kanqieser. June 1973. (COM-73-11264) 
F. Refinement o f  t h e  Use o f  L V a l u e s  i n  F o r p c a s t i n q  i n u n d e r j t o r m s  i n  Washington and Oreqcn. Robert Y .  G .  Lee, June 1973. (COM-73-11?76) 
O b j e c t i v e  Forecast  P r e c i p i t a t i o n  over  t h e  l i e s t e r n  Reqion o f  t h e  U n i t e d  S t a t e s .  J u l i a  N .  Paegle and L a r r y  P .  K i e r u l f f ,  Sept. 1973. (COM-73-11946/3AS] 
A r i z m a  Eddi ' Tdrnadoes. ' lobert 8. I rgram, OctooPr 1973. (COM-73-10465) 
Swcke Manzqewnt  i n  t h e  W i l l a m e t t e  V a l l e y .  E a r l  M. Bates,  Nay 1474. 
An 9per.t i o n a l  F v a l u a t i o n  of  500-mb Type Regression F o u a t i m s .  Alexander E .  MacOonald, June 1974. (COM-74-11407JAS) 
C o n d i t i o n a l  I ' r o b a b i l i t j  o f  V i s i b i l i t y  Less than I lne-Half M i l e  i n  R a d i a t i o n  Fog a t  Fresno, C a l i f o r n i a .  John 0.  Thomas, Augur.t i374.  (COM-74-11555/AS) 
Map Type F r r c i p i t a t i o n  P r o b a b i l i t i e s  f o r  t h e  Western Region. Glenn E .  Rasci- and Alexander E. MacDonald, February 1975. (COM-75-10428JAS) 
E a s t e r n  P a c i f i c  Cut-Off L o w  o f  A p r i l  21-2C, 1974. W i l l i a m  J .  A l d e r  and George R .  M i l l e r ,  January 1976. (PB-?50-711/AS) 
Study on a  S i g n i f i c a n t  P r e c i p i t a t i o n  Episode i n  'destern U n i t e d  S t a t e s .  
A  Study o f  F l a s h  F lood S u s c e p t i b i l i t y - - A  Edsin i n  Southern Ar izona.  
A  Set o f  Rules for F o r e c a s t i n g  Temperatures i n  Napa arid Sonoma Count ies.  Wesley L .  T u f t ,  October 1975. 
t p o l i c a t i o n  o f  t h e  N a t i o n a l  Weather 8ervic.e F lash-Flood Proqram i n  the Westt,rn Region. Gera ld W i l l i a m s ,  January 1976. (P5-253-1)53/AS) 

(COM-71-00120) 

!COM-71-00829) 

(COM-73-10150) 
P h i l i p  W i l l i a m s ,  J r . ,  Chester I.. Glenn, and Roland L. Raetz. December 1972, 

(COM-74-11277/kS) 

I r a  8. BrPnner, A p r i l  1976. (COM-75-10719/AS) 
Gera ld W i l l i a m s ,  August 1975. (Cr?M-75-11360/AS) 

(PB-246-902/AS! 

Objt.ctivt3 Aids f o r  Fcpecast ing Minimum Temperatures a t  Reno, Nevada, Dur ing t h e  Sumner Ponths.  C h r i s t o p h e r  0.  H i l l  Janbarv 1476. (PB-;'52-866/AS) 
105 F o r e c a s t i n g  t h e  Yono d i n d .  Char les P.  Ru!.cha. J r . .  February 1976. (PB-254.650) 
106 Use o i  NOS Forecast  Parameters i n  Temperature F o r e c a s t i n g .  dohn C .  P l a n k i n t o n ,  J r . ,  March 1976. 
IC17 Map Types as Aids i n  Using MOS POPS i n  Western U n i t e d  S t a t e s .  I r a  5 .  Brenner, August 1976. (PB-259-594) 
1 0 t  Other K i n d s  o f  Wind Shear. L h r i s t o D n e r  0. t i i l l ,  August 1976. (PR-260-437JAS) 
1J9 F o r e c a s t i n g  lvor tn  Winds i n  t h e  l lp jwr  Sacramento V a l l e i  and A d j o i n i n q  F o w s t s .  Chr is tophPr E F m t a n a ,  September 1476. (P8-273-677/AS) 
i:O Cool Inflow a i  a Weakening I n f l u e n c e  on EasEern P a c i f i c  T r o p i c a l  Cyclones. W i l l i a m  2. Denney, :member 1976. (PB-264-655fAS) 

(PB-254-649) 

2 The MANlfWS Prmram. Alexander E .  MacDonald, February 1977. (PB-265-?41/1\!,: 
3 A ' n t e r  5eason Minimum iemperdture Formula f o r  B a k e r s f i e l d .  C a l i f o r n i a ,  Uslniri M u l t i p l e  Pegress ion.  H i c h a c l  J. Oard, Februar:/ 1977. (PB-273-69C/AS) 

I 1 4  T f o p i c a l  Cyclone Kath leen.  .lames R.  Fors. February 1977. (P6-273-576/CS) 
116 A Study of  k ' i n d  Gusts on Ldk" Mead. B r a d l e y  Colman, A p r i !  1977. (PB-268-847) 
i i 7  ?he R e l a t i v e  Frequency of Curnulonimbds Clouds a t  the Nevaca - e s t  S i t e  as a 1-unction of  K-Value. R .  F .  g u i r i n q ,  A p r i l  :977. (PB-272-8311 
i i 8  M o i s t u r e  D i s t r i b u t i o n  V o f l i f i c a t i o n  by Upwdrd ' V e r t i c a l  M o t i o r .  I r a  8 .  Brenner, A p r i l  1977. (PB-269-740) 
119 R e l a t i v e  Frequency of Occurrl?nce o f  Warm !ieason Echo A c t i r l t y  as a Funct ion of  S t a b i l i t y  I n d i c e s  Computed from t h e  Yucca F l a t ,  Nevada, Rawinsonde. 

D a r r y l  qanderion, June 1977. (Pb-271-240./AS) 
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121 C1iniatol i igica1 P r e d i c t i o n  of  Cumulonimbus Clouds i n  t h e  'J!cinity o f  t h e  yucca F l a t  Weather S t a t i o n .  
122 A l lethoo f o r  Transforming Temperature D i s t r i b u t i o n  t o  Normal i ty .  M o r r i s  S. Webb, Jr., June 1977. 
124 S t a t i s t i c a l  Guidance f o r  P r c d i c t i o n  of Eastern Nor th P a c i f i c  T r o p i c a l  Cyclone Mot ion - P a r t  1. 

125 S t a t i s t i c a l  Guidance on the P r e d i c t i o n  o f  Eastern Nor th P a c i f i c  T r o p i c a l  Cyclone Mot ion - P a r t  Ii. 

127 Development of a P r o b a b i l i t y  Equation f o r  Winter-Type P r e c i p i t a t i o n  Pattc!rns i n  Great F a l l s ,  Montana. 
128 Mind C a i c u l a t o r  Program t o  Compute Parcel  Thermal Dynamics. (PB-283-080/AS) 
129 F i r e  W h i r l s .  David W. Goens, May 1978. (PO-283-8WAS) 
130 Flash-Flood Procedure. Ralph C. Hatch and Gerald Wi l l iams,  May 1978. (PB-286-014/AS) 
131 Automated Fire-Weather Forecasts. Mark A. M o l l n e r  and David E. Olsen. September 1978. 
132 Estimates of  t h e  E f f e c t s  o f  T e r r a i n  Block ing on t h e  Los Angeles WSR-74C Weather Radar. 
133 Spectra l  Techniques i n  Ocean Wave Forecasting. John A. Jannuzzi , October 1978. 
134 Solar  Radiat ion.  John A. Jannuzzi, November 1978. (PBZ91195/AS) 
135 A p p l i c a t i o n  o f  a Spectrum Analyzer i n  Forecast ing Ocean Swel l  i n  Southern C a l i f o r n i a  Coastal Waters. 
136 Rasic Hydro log ic  P r i n c i p l e s .  Thomas L. O i e t r i c h .  January 1979. (PB292247/AS) 
137 LFM 24-Hour P r e d i c t i o n  o f  E a s t e r n . P a c i f i c  Cyclones Ref ined b y  S a t e l l i t e  Images. 
138 A Simple Analysis/Diagnosis System f o r  Real Time E v a l u a t i o n  o f  V e r t i c a l  Motion. 
139 Aids f o r  Forecast ing Minimum Temperature i n  t h e  Wenatchee F r o s t  D i s t r i c t .  
140 I n f l u e n c e  of  Cloudiness on S u m r t i m e  Temperatures i n  t h e  Eastern Washington F i r e  Weather D i s t r i c t .  
141 Comparison of  LFM and MFM P r e c i p i t a t i o n  Guidance f o r  Nevada Dur ing Doreen. 
142 The Usefulness o f  Data from Mountaintop F i r e  Lookout S t a t i o n s  i n  Determining Atmospheric S t a b i l i t y .  
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146 i h e  BART Experiment. M o r r i s  5 .  Webb, October 1979. (PB80-155112) 
147 f i-rr irrence and D i s t r i b u t i o n  o f  F lash Floods i n  t h e  Western Region. 
145 M i s i n t e r p r e t a t i o n s  o t  r r e c l p i c a t i u n  ProbaLi: i: j  r a : c G s t ; .  ?,??z- !!. MnTh?. Sarah L l r h t e n s t e i n .  Darcc:, F i s c h h o f f .  and Robert L. Wink ler .  Fehruary 

1980. (PRBO- 174576) 
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A MESOSCALE CONVECT I VE COMPLEX TYPE 
STORM OVER THE DESERT SOUTHWEST 

Darry I Randerson 
Nuclear Support O f f i c e  

Nat ional  Weather Serv ice 

ABSTMC'i. On 10 August 1981 a mesoscale convect ive complex (MCC) 
developed over extreme east -centra l  Nevada and moved south- 
southeastward i n t o  northwestern Arizona. Th is  storm a f fec ted  a 
t o t a l  area of  near ly  200,000 km2, t r a v e l e d  approximately 500 km, 
and lasted near ly  15 hr. Strong sur face winds, h a i l ,  heavy ra in ,  
and dense b lowlng dus t  and sand were repor ted on t h e  r i g h t  f l a n k  
o f  t h e  MCC. Estimated r a i n f a l l  r a t e s  of 3 t o  4 i n / h r  produced 
t o t a l  r a i n f a l l  amounts of 3 t o  6 i n  over a la rge  area t o  t h e  
nor theast  of Las Vegas, Nevada. l n t e  r a t i o n  of t h e  isohyeta l  
ana lys is  showed t h a t  approximately 10gm3 (8  X l o 5  acre f t )  o f  
water was a v a i l a b l e  be fore  i n f i l t r a t i o n .  I n  terms o f  t h e  volume 
of r a i n  water produced, t h i s  storm was 30 t imes la rge r  than t h e  
one t h a t  s t ruck  Las Vegas, Nevada, on 3 July, 1975. Severe 
f l ood ing  occurred, causing much proper ty  damage and loss of 
l i ves tock  i n  t h e  Logandale/Glendale, Nevada, area. The MCC 
developed ahead of a southward moving s h o r t  wave t rough as t h e  
t rough moved i n to  an area o f  unstable mois t  a i r .  MCC genera t ion  
may have been enhanced by t h e  presence o f  a developing east-west 
mois ture g r a d i e n t  and by in tense sur face  heating. The heavy 
weather produced by t h e  MCC was c l o s e l y  r e l a t e d  t o  very c o l d  
(-65OC) c loud-top temperatures and t o  s t rong sur face convergence. 

1 .  INTRODUCTION 

A. Overview 

Large cumulonimbus can develop over  t h e  deser t  southwest du r ing  t h e  
summertime. These storms can be accompanied by l o c a l l y  heavy ra in ,  s t rong 
sur face winds, and h a i l .  Over deser t  areas, s t rong ou t f l ow  winds from thunder- 
storms f requen t l y  cause dense blowing dus t  and/or sand t h a t  may l i m i t  ho r i zon ta l  
v i s i b i l i t y  t o  less  than 1 mile. ldso  at  aL. (1972) repor ted t h a t  dus t  c louds 
generated by deser t  thunderstorms have been observed t o  extend upward t o  near 
t h e  8,000-foot leve l  above sea level .  Such cond i t i ons  a r e  n o t  o n l y  hazardous t o  
a i r c r a f t  opera t ions  b u t  a l s o  t o  veh ic les  t r a v e l i n g  on t h e  ground. 
can produce and main ta in  mesoscale sur face  h igh  (and low) pressure systems. 
Consequently, except f o r  blowing dust, t h e  sur face  weather features accompanying 
these storms a re  q u i t e  s i m i l a r  t o  those o f  severe thunderstorms commnly 
associated w i t h  t h e  midwestern s tates.  

These storms 

Intense thunderstorms a re  n o t  uncommon I n  t h e  deser t  southwest and 
northwestern Mexico du r ing  t h e  summer. Occurrences of in tense dese r t  thunder- 
storms have been documented by Blake (19231, Reed (19371, Bai  ley ( 1  9661, Hales 
(19751, Randerson (1976a1, and others. Some of these thunderstorms appear t o  
organize i n t o  mesoscale storm systems w i t h  c o l d  ( L-5Z°C) c loud tops  and long 
d u r a t i o n  t imes ( 2 6  h r ) .  Convect lve ly  d r i v e n  weather systems o f  t h i s  t ype  have 



been i d e n t i f  ied over t h e  cen t ra l  IJnited States by Maddox (1980). Indeed, t h i s  
type  o f  weather system Is so important it has been named Mesoscale Convective 
Complex o r  MCC (e.g., see Maddox, 1980). L i t t l e  e f f o r t  has been expended t o  
determine l f  MCC's occur over t h e  western Unlted States. L lmi ted  da ta  p o l n t  t o  
t h e  formation o f  MCC's over t h e  deser t  southwest i n  Ju l y  through September. 
storm of 10 August 1981 appears t o  s a t i s f y  most o f  t h e  phys ica l  c h a r x t e r i s t i c s  
o f  Fn MCC. 

The 

B. The Thunderstorm 

I n  t h e  e a r l y  a f ternoon o f  10 August 1981, thunderstorm a c t i v i t y  over eas t  
c e n t r a l  Nevada s t a r t e d  t o  organize i n t o  one la rge  c loud mass. T h i s  development 
can be seen i n  t h e  i n f ra red  s a t e l l i t e  imagery i n  F igures  1 and 2. For 4 h r  
(1946 t o  23462 or 1146 t o  1546 PST) t h e  c loud mass continued t o  conso l ida te  
and grow i n  areal  e x t e n t  as cloud-top temperatures cooled. Based on these two 
c h a r a c t e r i s t i c s ,  t h e  southeastwardly moving storm system reached i t s  maximum 
l n t e n s l t y  between OOOOZ and 04002 on 1 1  August (1600 and 2000 PST, 10 August). 
As t h e  storm moved southeastward l n t o  c e n t r a l  Arlzona, It s low ly  d iss ipated,  
turned eastward, and became lnd i s t i ngu lshab le  as an l n d l v i d u a l  thunderstorm 
system a t  t h e  sur face  and a l o f t  by approxlmately 09462 (0146 PST, 1 1  August). 
Between 09462 and 14462 (0146 and 0646 PST) t h e  remaining d e b r i s  c louds moved 
eastward and evaporated q u i c k l y  over  extreme east -centra l  Arlzona. 
Consequently, t h e  thunderstorm system remained an l d e n t l f i a b l e  f e a t u r e  i n  t h e  
s a t e l l i t e  imagery for approximately 15 hr. 

C. Area Af fec ted  

Dur ing I t s  I l f e t i m e ,  t h i s  thunderstorm t r a v e l e d  approximately 500 km and 
a f f e c t e d  an area of nea r l y  2 X lo5 km2 (see F igu re  3). 
o f  southern Nevada, most of western Arlzona, extreme Southwestern Utah, and t h a t  
p a r t  of C a l i f o r n l a  border ing  t h e  Colorado R lve r  va l l ey .  
a re  numerous lnd ian  reservat ions,  Grand Canyon Nat lonal  Park, t h e  Lake Mead 
Nat ional  Recreational Area, some na t iona l  fo res ts ,  several w i l d l i f e  refuges, 
s t a t e  parks, t h e  Nevada Tes t  S i t e  (NTS), p a r t s  o f  t h e  U.S. A l r  Force Gunnery 
Range i n  Nevada, t h e  c l t y  of Las Vegas, and several smal ler  comrnunitles. 

T h i s  area includes a l l  

Contained i n  t h i s  area 

D. Demographics and Thunderstorms 

The a f fec ted  area conta lns  a popu la t l on  o f  roughly  one m i  I I i o n  peop e 
(exc lud lng  Phoenlx, Arlzona, and adjacent  suburbs; 1.5 m l l l l o n  people). The 
la rges t  c l t y  near t h e  path of t h e  storm was Las Vegas, Nevada, w i t h  a s andard 
me t ropo l i t an  s t a t l s t l c a l  area popu la t lon  of nea r l y  500,000 people. The storm 
appears t o  have reached i t s  maximum i n t e n s i t y  over  t h e  sparse ly  populated areas 
of extreme northwestern Arizona and those p a r t s  of Nevada near t h e  Colorado and 
V i r g l n  Rivers. Ava i l ab le  da ta  shows t h a t  t h e  g rea tes t  damage t o  p roper t y  
occurred I n  t h e  area from Moapa t o  Overton, Nevada (see F igu re  3 ) .  Local 
f l o o d i n g  and wlnd-related damage occurred along much of  t h e  storm t rack .  

People seeking new l i f e  s t y l e s  have been movlng t o  t h e  mild, d r y  c l i m a t e  o f  
t h e  deser t  southwest. For t h i s  and o the r  reasons, t h e  popu la t i on  o f  t h e  south- 
western U.S. has been increas ing rap id l y .  For example, t h e  t o t a l  number of 
persons I n  C lark  County, Nevada, increased by 70% from 1970 t o  1980. Dur ing t h e  
50-year per iod  from 1930 t o  1980, t h e  popu la t l on  of C lark  County increased from 
8500 people t o  near l y  500,000 people. T h i s  phenomenal popu la t l on  growth has 
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Figure 3. Overview of s i g n i f i c a n t  sur face  weather t h a t  accompanied t h e  
mesoscale storm system of  10 August 1981. 
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been accompanied by a marked increase i n  u rban iza t ion  w i t h  i t s  concurrent  
heightened r i s k  o f  weather-related catastrophes. Some evidence i s  a v a i l a b l e  t o  
show t h a t  t h e  impact o f  ,ntense thunderstorms on people and proper ty  has been 
increas ing (Randerson, 1976b). 

Summer t o u r i s t s  add another dimension. Annuslly, m i l l i o n s  o f  people v i s i t  
r ec rea t i ona l  a t t r a c t i o n s  of t h e  mountainous deser t  southwest, w i t h  summertime 
being an e s p e c i a l l y  busy ;sriod. Many people l i k e  t o  v i s i t ,  hike, and camp i n  
iso la ted,  sparse ly  popuiated areas o f  Arizona, Nevada, Utah, and southern 
C a l i f o r n i a .  Communication o f  weather warnings t o  these i n d i v i d u a l s  i s  
d i f f i c u l t .  

The leve l  o f  experience and awareness o f  t h e  p o t e n t i a l  dangers o f  deser t  
thunderstorms may be minimal w i t h  many people who have r e c e n t l y  moved t o  t h e  
desert.  Upon seeing t h e  d ry  desert, some may assume t h a t  heavy ra in ,  s t rong 
sur face  winds, f l a s h  f looding,  and l i g h t n i n g  don ' t  occur often, or, a t  least, 
a re  n o t  a ser ious  t h r e a t .  
awareness. 

An educat ional  program may be needed t o  r a i s e  

To compound t h e  developing problem, t h e r e  has been l i t t l e  documentation o f  
t h e  c h a r a c t e r i s t l c s ,  behavior, and t h e  s p a t i a l  and temporal d i s t r i b u t i o n s  of 
deser t  thunderstorms. 
Brenner (19741, Hales (1972, 1974, 19751, ldso e t  a l  . (19751, and Randerson 
(1976a, 1977, 19821 have prov ided in fo rmat ion  r e l a t i n g  t o  t h e  k inemat ics  and 
c l imato logy  o f  southwestern deser t  thunderstorms. Fu r the r  documentation and 
research i s  essen t ia l  t o  understand how these storms develop and move so t h a t  
t h e i r  occurrence can be fo recas t  more accura te ly  and weather warnings issued i n  
a more t i m e l y  and e f f e c t i v e  manner. 

Only recent  studies, such as those by Sakamoto (19721, 

1 1 .  METEOROLOGICAL ANALYSES 

A. Charts 

Most of t h e  meteoro log ica l  c h a r t s  used have a map background and sca le  t h a t  
corresponds w i t h  t h a t  o f  t h e  sa te l  I i t e  Imagery. Consequently, these cha r t s  can 
be over layed e a s i l y  on to  t h e  s a t e l l i t e  imagery so t h a t  s a t e l l i t e  views of t h e  
thunderstorms can be v i s u a l i z e d  r e l a t i v e  t o  t h e  meteoro log ica l  analyses. 

B. Data 

Ava i l ab le  meteoro log ica l  da ta  c o n s i s t s  o f  t h e  standard upper-air 
observat ions taken a t  OOOOZ and 12002 d a i l y  as we l l  as hour ly  and spec ia l  
sur face  weather observations. Add i t i ona l  da ta  inc ludes hour ly  radar  data, 
v i s i b l e  and i n f r a r e d  s a t e l l i t e  imagery, surface-wind data from a wind tower 
nelwork on t h e  NTS, d e t a i l e d  cloud-top temperature analyses*@ and spec ia l  
analyses o f  v o r t i c i t y  and divergence**. 

* Provided by Mr .  J.  T. Young, Space Science and Engineering Center, 
Un i v e r s  i t y  of  W iscons i n, Mad ison, Wisconsin. 

** Provided by D r .  James E. Arnold, Atmospherlc Sciences D iv l s lon ,  Marshal I 
Space f l i gh t  Center, NASA, Hun tsv i l l e ,  Alabama. 
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Meteorological data were c o l l e c t e d  and analyzed f o r  t h e  4-s ta te  area 
cons is t i ng  o f  Ca l i f o rn ia ,  Nevada, Utah, and Arizona. W i th in  t h i s  area, t h e  
upper-Zir sta?-ions !F!gl,trs 4 )  ere approximately 375 km apar t .  Surface weather 
data a re  denser; however, t h e  core  o f  t h e  thunderstorm system d i d  n o t  pass 
d i r e c t l y  over any f i r s t - o r d e r  weather s ta t i ons .  Moreover, t h e  storm developed 
and t rave led  w i t h i n  an area l y i n g  between upper-air s ta t i ons .  Consequently, 
sur face and upper-air data from t h e  v i c i n i t y  o f  t h e  thunderstorm system a r e  
scarce; however, some valuable observations were obtained t o  supplement t h e  
s a t e l l i t e  imagery and radar  data. 

Sate1 I i t e  imagery used i n  t h i s  study came from t h e  Geostationary Operat io  i a l  
Environmental S a t e l l l t e  (GOES) t h a t  was located over t h e  equator a t  135OW and a t  
an a l t i t u d e  of near ly  36,000 km. Both v i s i b l e  and i n f r a r e d  ( I R )  p i c t u r e s  were 
a v a i l a b l e  f o r  10 August 1981. The v i s i b l e  sensors scanned t h e  0.55 t o  0.70um 
l i g h t  reg ion  wh i l e  t h e  I R  images sensed l n  t h e  10.5 t o  12.6 p m  band. A t  t h e  
s a t e l l i t e  subpoint  (O.ON, 135W) t h e  bes t  r e s o l u t i o n  was 1 km f o r  t h e  v i s i b l e  
imagery and on ly  9 km f o r  t h e  IR. 
a l t e r n a t i n g  between v i s i b l e  and I R  images, so t h a t  t h e  t ime i n t e r v a l  between 
l i k e  p i c t u r e s  was 1 h r  u n t i l  sunset, a f t e r  which an I R  p i c t u r e  was received 
every 30 min. 

One p i c t u r e  was received every 30 min, 

The I R  imagery a v a i l a b l e  was t h e  MB enhancement which po r t rays  s p e c i f i e d  
ranges of  I R  black body temperature (Tbb). O f  p a r t i c u l a r  importance were 
t h e  c loud t o p  areas enclosed by Tbb <-3ZoC and by t h e  area enclosed by 
Tbb I-52OC. 
and O l i v e r  (1977) assumed t h a t  p r e c i p i t a t i o n  s t a r t s  t o  accumulate a f t e r  Tbb 
reaches -32OC. A c loud s h i e l d  having Tbb 5-5ZoC ensures t h a t  t h e  system i s  
a c t i v e  and t h a t  p r e c i p i t a t i o n  i s  f a l l i n g  over  a s i g n i f i c a n t  area (Maddox, 1980). 
Convective clouds w i t h  Tbb 5-58°C p o i n t  t o  poss ib le  overshoot ing tops. 
(1978) has used cloud-top temperatures t o  study t h e  downburst phenanena. 

To est imate r a l n f a l  I r a t e s  by us ing  sa te l  I i t e  Imagery, Sco f ie ld  

F u j i t a  

A i r  Route T r a f f i c  Control Center (ARTCC) radars de tec t  thunderstorm 
a c t i v i t y .  I n  t h e  western U.S., t h e  Nat ional  Weather Serv ice compiles a summary 
of t h i s  weather-related radar-echo a c t l v l t y  once each hour on approximately t h e  
h a l f  hour. The summarlzed da ta  a re  t ransmi t ted  over a RAFAX network 15 min 
l a t e r .  it i s  Important t o  emphasize t h a t  ARTCC radars were designed and s i t e d  
t o  p rov ide  t h e  bes t  poss ib le  de tec t i on  o f  a i r c r a f t .  Furthermore, these radars 
a re  equipped w i t h  spec ia l  c i r c u l t r y ,  such as, s e n s i t i v i t y  t ime c o n t r o l  and 
c i r c u l a r  po la r i za t i on ,  t o  s p e c i f i c a l l y  remove most weather r e l a t e d  ta rge ts .  
Such deslgn q u a l i t i e s  do n o t  p rov ide  for optimum de tec t i on  of p r e c i p i t a t i o n .  
Despi te  these l i m i t a t i o n s ,  t h e  ARTCC radars a re  capable o f  p rov id ing  much usefu l  
weather dat? (Benner, 1965). H S X S V ~ ~ ,  Rmns ( 1  971 1 m n c  I uded t h a t  some ARTCC 
radars probably d l s p l a y  on ly  moderate or g rea te r  p r e c i p i t a t i o n  i n t e n s l t i e s .  

High mountainous t e r r a i n  can r e s t r i c t  t h e  de tec t i on  of mo is t  convect ion by 
radar. However, t h e  thunderstorm system o f  I n t e r e s t  dg\.e! cped 2nd moved through 
an area where t h e  p r o b a b i l i t y  o f  radar  de tec t i on  o f  sur face  p r e c i p i t a t i o n  d.uring 
summertime Is 80 to 90 percent  (e.g., see Randerson, 1976b). Th is  p r o b a b i l i t y  
decreases t o  70 percent i n  northwestern Arizona. 
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C. Pre-storm Cond it ions 

500-mb F loy  

On t h e  morning o f  10 August 1981, atmospheric c o n d i t i o n s  over  Utah, Arizona, 
and eastern Nevada were favorab le  for thunderstorm development. The p o t e n t i a l  
f o r  in tense thunderstorms was present. F igures 4 and 5 i l l u s t r a t e  t h e  important 
evo lv ing  meteoro log ica l  s i t u a t i o n .  F igu re  4, t h e  500-mb char t ,  i s  represe l f+  
t i v e  o f  t h e  pre-storm meteoro log ica l  c o n d i t i o n s  i n  t h e  m i d  and upper troposphere 
a t  12002 (0400 PST) on 10 August 1981. The most important fea ture  i n  t h i s  
f i g u r e  i s  t h e  sharp, southward-moving t rough o r ien ted  east-west along t h e  
Nevada-Idaho border. Accompanying t h e  t rough i s  a s t rong c y c l o n i c  v o r t i c i t y  
f i e l d  (dashed l i n e s ) .  Notice, i n  p a r t i c u l a r ,  t h a t  t h e  v o r t i c i t y  contours a re  
t i g h t l y  packed between DRA and ELY w i t h  t h e  a x i s  of maximum r e l a t l v e  v o r t i c i t y  
advect ion o r ien ted  along a l i n e  from SLC t o  no r th  o f  t h e  NTS. Areas o f  p o s i t i v e  
v o r t i c i t y  advection a re  normal ly  associated w i t h  upward v e r t i c a l  motion 
(Petterssen, 1956). Flow I n  t h e  upper troposphere contained a small j e t  stream 
t h a t  was e s s e n t i a l l y  p a r a l l e l  t o  t h e  5880-m contour i n  F igure  4. Maximum wind 
speeds accompanying t h i s  west-northwesterly j e t  were roughly  30 m/s (50 k t s ) .  
Intense thunders to ra  deve!qment  +c?& p lace  t o  t h e  south of t h e  j e t  stream a x l s  
i n  e a r l y  afternoon. 

bktA.meJ_and 85 O-mb Flow 

Meteoro log ica l  c o n d i t i o n s  i n  t h e  lower troposphere a re  1 1  l us t ra ted  by 
F ! g ~ r e  5, the 850-rnb c h a r t  f e r  12Cll)Z. The he igh t  contour ana lys i s  shows a low 
contor  between ELY and DRA. The contour  f i e l d  i nd i ca tes  t h a t  f low w i t h  a s t rong 
souther ly  component should have ex i s ted  over southwestern Utah, northwestern 
Arizona, and southern Nevada. Surface winds a t  12002 (0400 PST) i n  t h e  Las 
Vegas area were souther ly  7 t o  11  m/s (15 t o  25 mph). Cedar C i t y  and M i l f o rd ,  
Utah, and Presco t t  and Grand Canyon, Arizona, a l l  had sur face  winds d r i v e n  by 
loca l  thunderstorm and rainshower a c t i v i t y .  I n  general t h e  850-mb f low regime 
appears t o  have been Imper fec t ly  balanced i n  t h e  geost rophic  sense. Both t h e  
12002 and 18002 (0400 and 1000 PST) winds a l o f t  observat ions from DRA ( e l e v a t i o n  
1,100 m )  detected I l g h t  (3  t o  5 m/s) sou the r l y  f low from t h e  ground t o  1,300 m 
(4,000 f t )  above t h e  ground. 

By l a t e  a f te rnoon t h e  low-level flow regime over  Nevada, Utah, and nor th-  
western Arizona could be separated i n t o  t h r e e  d i s t i n c t l y  d i f f e r e n t  a i r  masses. 
Northern Nevada was covered by a p o l a r  a i r  mass located n o r t h  of a f r o n t a l  zone 
t h a t  extended westward across c e n t r a l  Utah i n t o  c e n t r a l  Nevada (F igure  5). I n  
Fievada t h i s  f r o n t a l  zone was moving s lowly  southward. 
t r o p i c a l  a i r  mass was spreading eastward from southern C a l i f o r n i a  across 
southern Nevada as mar i t ime t r o p i c a l  a i r  over  extreme southeastern Nevada 
receded s lowly  eastward. The boundary between these two t r o p i c a l  a i r  masses 
could be i d e n t l f i e d  by a marked dew-point temperature g r a d i e n t  a t  t h e  surface. 
Th is  "dew-point f r o n t "  extended north-south over southern Nevada. 

A hot, d r y  con t inen ta l  

Low-level mols ture a v a i l a b l e  t o  f u e l  thunderstorms i s  por t rayed i n  F igu re  5 
by t h e  dashed l i n e s  represent ing  dew-point depression a t  t h e  850-mb leve l .  The 
most s i g n i f i c a n t  f ea tu re  i n  t h i s  diagram Is t h s  very t i g h t  m l s t u r e  g r a d i e n t  
over southern Nevada. Very d ry  a i r  was present  over most o f  C a l i f o r n i a  wh i l e  
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Figure 4. The 500-mb chart for 12002 (0400 PST), 10 August 1981. Height 
contours i n  10's of meters - are sol id l ines and the r e l a t i v e  
vor t ic i ty  f i e l d  ( X  s '1 Is portrayed by the  dashed lines. 
Data are plotted i n  the standard format. The map background 
is  the same as t h a t  i n  a l l  the  s a t e l l i t e  images. 
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Figure 5. The 850-mb chart for  12002 (0400 PST), 10 August 1981. Helght 
contours I n  meters are sol id  l ines and the dashed l ines represent 
dew-point depression (OC). Data are  p lot ted in the standard 
format. The map background Is the  same as t h a t  for  a l l  the  
s a t e l l i t e  images. 
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t h e  a x i s  o f  maximum moisture conten t  ( T - T ~ L ~ ~ C )  extended from western Arizona 
northward i n t o  southwestern Utah. Th is  p o s i t i o n i n g  i s  based on t h e  p l o t t e d  
data, on sa te l  l i t e  and radar  data, anci olt observed low c louds and p r e c i p i t a t i o n  
occur r ing  w i t h i n  t h e  5OC depar ture contour. 
data and on t h e  p o s l t i o n  o f  t h e  isodroso+herms over  northwestern Arizona, mix ing  
r a t i o s  of 10 t o  15 g/kg may have been a v a i l a b l e  t o  t h e  generat ing thunderstorm 
system a t  t h e  850-mb level .  Surface mix ing  r a t i o s  a t  Cedar C i t y  and i n  Las 
Vegas were 10 t o  12 g/kg p r i o r  t o  storm i.-velopment. 

Based on t h e  p l o t t e d  temperature 

A computer-generated ana lys i s  of t h e  12002, 850-mb divergence f i e l d  showed a 
pronounced area of convergence (nea r l y  -2 X 10-4s- ’ l  centered j u s t  n o r t h  o f  t h e  
NTS and coverfng a l l  t h e  southern h a l f  o f  Nevada and southwestern Utah. A 
s i m i l a r  ana lys i s  f o r  t h e  upper troposphere (200-mb l e v e l )  showed an east-west 
o r i en ted  a x i s  of s t rong divergence ! 1 C 4 s - ’  1 centered cver  southerr! L’tah and 
southeastern Nevada. These divergence f l e l d s  along w i t h  t h e  p o s i t i v e  v o r t i c i t y  
advcct!cn st t h e  5C)O-mS levo,! !Figure 4 )  imp1 ies B we1 I-developed area o f  upward 
motion throughout most o f  t h e  troposphere over southern Nevada and southwestern 
Utah. I n  fac t ,  computations o f  v e r t i c a l  mot lon based on t h e  c o n t i n u i t y  equat ion 
and on t h e  ca l cu la ted  divergence f i e l d  a t  t h e  surface, 850-, 700-, 500-, and 
200-mb leve ls  for 12002 showed a deep layer  (sur face t o  12,000 m )  o f  upward 
motlon cf IC! t c  ! 5  cm/s located south cf  Ely, Nevada. Coupled w i t h  t h i s  upward 
motion and t h e  southward movement of t h e  upper-air trough, sur face  heat ing  
dur ing  t h e  day, 2nd t h e  advection o f  low-level mois ture i n t o  southwestern Utah, 
t h e  stage was s e t  f o r  t h e  development of in tense thunderstorms. 

The 12002 v e r t i c a l  temperature sounding for DRA on t h e  morning of 10 August 
(F igure  6)  shows t h a t  t h e  atmosphere was c o n d i t l o n a l l y  uns tab le  from near t h e  
1500-m (5,000-ft) leve l  t o  near t h e  11,000-m (35,000-ft) leve l .  A small s t a b l e  
layer  was detected near 6,100 m (20,000 f t ) .  
15,000-m (48,000-ft) leve l  where t h e  temperature was roughly  -64OC. A reg ion  
of r e l a t i v e l y  s t a b l e  a i r  ex i s ted  between t h e  11,000-m (35,000-ft) leve l  and t h e  
tropopause. I n  t h e  12-hour per iod  between 12002 and OOOOZ ( 1 1  August) t h e  DRA 
temperature sounding changed l i t t l e  (F igure  7). Below t h e  6,100-m leve l  t h e r e  
was e s s e n t i a l l y  no change except for s t rong heat ing near t h e  surface. Above 
6,100 m t h e r e  was a general warmlng o f  2OC up t o  near t h e  12,000-m (40,000-ft) 
leve l .  The s t a b l e  layer  near 6,100 m vanished and a r e l a t i v e l y  s t a b l e  l aye r  
ex i s ted  between t h e  12,000-m leve l  and t h e  tropopause. 

The tropopause was near t h e  

A t  12002, 10 August 1981, t h e  s t a b i l i t y  ind ices  ca l cu la ted  from t h e  DRA 
soundlng (F igure  6)  showed t h a t  t h e  atmosphere was unstable. The K- fac tor  
(George, 1960) was 26 and t h e  l i f t e d  lndex (Stackpole, 1967) was -3. B u t t h e  
low-level a i r  over southerr! !!ov2d3 ::as r e l a t i v e l y  d ry  (F igure  5) .  l n s t a b i  I i t y  
might  have been increased by t h e  advect ion of t h e  low-level mo is t  (and c o o l e r )  
a i r  over northwestern Arlzona i n t o  southeastern ?!evada du r ing  t h e  morning 
hours. Strong surface heat ing of t h i s  shal low mo is t  l aye r  could have created 
a la rge  negat lve l i f t e d  index. Ava i l ab le  data i nd i ca te  t h a t  mean, low-level 
mix fng r a t l o s  as h igh  as 14g/kg could have ex i s ted  over  northwestern Arizona. 
I n  addi t ion,  sur face heat ing could have ra i sed  t h e  mean low-level p o t e n t i a l  
temperature t o  45OC or more. Based upon these two assumptions, t h e  l i f t i n g  
condensation leve l  would have been near t h e  700-mb level ;  a value supported by 
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sur face observat ions o f  t h e  bases o f  t h e  thunderstorms t h a t  developed i n  t h e  Las 
Vegas area (see paragraph F).  
l i f t e d  index over southern Nevada and northwestern Ar'zona could have been -8 
w i t h  6,=26OC. 
p o s i t i v e  buoyancy throughout t h e  middle and upper troDosphere. 
thunderstorms would have been near t h e  13,500-111 (45,0OO-~i) l eve l  w i t h  cloud-top 
temperatures of -6OO t o  -65°C. These values a r e  cons is ten t  w i t h  s a t e l l i t e  
observat ions (see paragraph K ) .  

Based on t h e  OOOOZ ( 1 1  August) sounding, t h e  

These cond i t i ons  would have produced a very la rge  area o f  
The tops  o f  t h e  

D. Storm Development 

A f t e r  20002 (1200 PST), thunderstorms s t a r t e d  t o  develop r a p i d l y  and grow i n  
a rea l  ex ten t  south o f  E ly .  Th i s  development i s  por t rayed n e a t l y  by changes i n  
t h e  c louds shown i n  t h e  i n f r a r e d  s a t e l l i t e  p i c t u r e s  o f  F igures  1 and 2. I n  
F igure  1,  t h e  two la rge  cumulonimbus c louds i n  eastern Nevada had cloud-top 
temperatures o f  -42' t o  -5ZoC, corrsspcnd!ng tc EI? a l t i t u d e  range of roughly  
10,500 t o  11,700 m (34,000 t o  38,000 f t )  above mean sea leve l  ( M S L ) .  One hour 
l a t e r  (F igure  21, t h e  two ind i v idua l  cumu!cnlmbus h d  ccmsa!!d~tsd !!?to on? 
la rge  c loud mass and t h e  cloud-top temperature had cooled. 
shading corresponds t o  equ iva len t  b lack  body temperatures o f  -53' t o  -58°C or 
approxlmately 11,700 t o  13,000 m (38,000 t o  42,000 f t )  MSL. Two very c o l d  tops  
are seen as b lack  spots  w i t h i n  t h e  dark gray shading. 
Tbb of -63' t o  -8OOC. Based on a computer ana lys i s  of cloud-top temperatures 
and on t h e  00002 (1600 PST) temperature sounding for DRA (F igure  71, t h e  
Tbb was near -65OC. 

The dzrk-grzy 

These two p o i n t s  have a 

The ho r i zon ta l  area of t h e  c loud tops  i n  F igu re  1 ( I i gh t -g ray  shading 
One hour l a t e r  t h i s  area grew t o  ~ b b  ~ - 3 2 ~ ~ )  is near l y  I O ' +  km2.* 

2 X l o4  km2 and t h e  new c o l d e r  c loud tops  (Tbb L-5Z°C) covered an area of  
roughly  4 X l o3  km2*. 
Mass divergence of t h e  c loud t o p  w i t h  t h i s  temperature can be ca l cu la ted  from 
( A T '  (dA/dt), y i e l d l n g  1.85 X ~ O - ' + S - ~  near t h e  300-mb level .  This value 

The Tbb 5-32"C is near t h e  300-mb leve l  (see F igu re  7). 

represents  an approx imate mass ba I ance w i t h  t h e  convergence 
859-mb ! eve ! ( see 9 I vergence sect ion 1. 

der ived  for t h e  

Radar da ta  c o l l e c t e d  a t  approximately 20302 (see Append x A )  corresponds 
c l o s e l y  w i t h  t h e  20462. (1246 PST) s a t e l l i t e  p i c t u r e  (F igure  2 ) .  Radar 
r e f  I e c t  i v  it ies  Ind i c a t d  3 "very heavyt1 thundsrstcrm (TRW++ below t h e  c o l d  
(Tbb=-53' t o  -58OC) c loud tops. A TRW++ corresponds approx mately t o  VIP leve 
4 or  t o  2.2 t o  4.5 i n / h r  (56 t o  144 mm/hrl of p r e c i p l t a t l o n  a t  t h e  ground 
(Grebe, 1982). No such p r e c i p i t a t i o n  amounts were repor ted  o r  measured below 
t h i s  thunderstorm; however, one s t a t i o n  under t h i s  echo, Key Pittman, Nevada 
(KEY),  d i d  rece ive  a d a i l y  t o t a l  o f  1.5 i n  (38 mm). A post-storm weather 
summary prepared by J. W. Corey, a Lead Forecaster  a t  t h e  Reno, Nevada, WSFO, 
ind ica ted  t h a t  0.7 i n  (17.8 mm) of r a i n  f e l l  a t  Key Pi t tman i n  20 min for a 
r a i n f a l l  r a t e  o f  2.1 i d h r  (53 mm/hr). Radar r e p o r t s  ind ica ted  t h a t  t h e  maximum 
c loud t o p  of t h i s  TRW++ was 14,000 m (46,000 f t )  MSL. T h i s  a l t i t u d e  is 
cons is ten t  w i t h  t h a t  est lmated from OOOOZ (1600 PST) DRA sounding (F igure  7 )  and 
w i t h  t h e  c o l d e s t  (-65OC) c loud t o p  estimated from t h e  s a t e l l i t e  imagery. 

* Not cor rec ted  for para1 lax. 
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Cumulonimbus development i n  eastern Nevada co inc ided w i t h  several important 
developments i n  t h e  atmosphere. I t  appears t o  have occurred i n  a reg ion  o f  
p o s i t i v e  v o r t i c i t y  advect ion, s t rong upward mot ion, and low-level mois ture 
convergence. It took  p lace ahead of a sur face  W B V ~  on a cold f ron t ,  and It 
may have been enhanced by intense sur face  heating. 
temporatore !n LAS before t h e  thunderstorm was 42OC (107OF). 

For example, t h e  maximum 

E. Mature Stage 

Between 20002 (1200 PST) and 02002 (1800 PST), t h e  convective, mesoscale 
weather system continued t o  grow i n  ho r i zon ta l  area and cloud-top temperatures 
continued t o  cool. Based on these two measures, t h e  storm appears t o  have 
reached maximum i n t e n s i t y  between approximately OOOOZ (1600 PST) and 04002 
(2000 PST). 
01462 (1546 and 1746 PST) respec t ive ly .  

F igures 8 and 9 show t h e  I R  imagery for  t h e  storm a t  23462 and 

Maddox (1980) used size and d u r a t l o n  c r i t e r i a  t o  i d e n t i f y  a Mesoscale 
Convective Complex o r  MCC (Table l a ) .  
c loud sh ie lds  have a Tbb 5 -52OC ind i ca tes  t h a t  t h e  system i s  a c t i v e  and t h a t  
p r e c i p i t a t i o n  i s  f a l l l n g  over a la rge  area. According t o  Maddox, t h e  sca le  of 
an MCC i s  huge r e l a t i v e  t o  ind i v idua l  thunderstorms. For  example, mature a i r  
mass thunderstorms have a c o l d  (Tbb I -32 'C)  c loud-sh ie ld  area of roughly  
700 km2. Mu I t  i c e  I I thunderstorms have correspond ing average c loud-top areas of 
I400 km2 (Reynolds and Yonder Haar, 1979). 
an MCC c loud s h i e l d  exceeds t h a t  of an . ind iv idua l  thunderstorm by more than two 
orders o f  magnitude. 

H i s  requirement t h a t  a la rge  p a r t  o f  MCC 

!n  Table la, n o t i c e  t h a t  t h e  s i z e  o f  

Based on t h e  c r i t e r i a  l i s t e d  i n  Table la, t h e  convec t ive  weather system c>f 
10 August appears t o  qual i f y  marginal l y  2s a smsl ! MCC. 
s i z e  c r i t e r i a  A and i t s  d u r a t i o n  requirement a r e  met. 
t h e  -32OC isotherm i s  l o 5  km2 or g rea te r  for a t  l eas t  8 hr. 
met for on l y  5 hr, one hour sho r t  of t h e  minimum 6-hr d u r a t i o n  c r i t e r i a .  
contiguous c loud s h i e l d  w i t h  Tbb I -32OC reached a maximum s i z e  of approximately 
2.1 X l o 5  km2 a t  03002 (1900 PST). A t  t h i s  t ime  t h e  shape c r i t e r i a  (Table l a )  
was met. Consequently, t h e  o n l y  phys ica l  requirement n o t  met was t h e  d u r a t i o n  
c r i t e r i a  for s i z e  category B which terminated one hour ear ly .  

Fima*re Y "  I!! shews t h a t  
The area enclosed w i t h i n  

Size c r i t e r i a  B i s  
The 

B a r t e l s  e t  aL. (1984) proposed a d i f f e r e n t  s e t  of c r i t e r i a  f o r  mesoscale 
convect ive systems (Table l b ) .  The storm of  10 August appears t o  have s a t i s f i e d  
most o f  these c r i t e r i a .  The d u r a t i o n  sca le  was s a t i s f i e d ,  however, t h e  length 
scale of t h e  1.52OC contiguous area was exceeded s l i g h t l y .  

Mesoscale space and t ime scales were de f ined by Or lansk i  (1975). He 
def ined B sca le  phenomena as having c h a r a c t e r i s t i c  t imes of 5 t o  24 h r  and 
ho r i zon ta l  sca les o f  20 t o  200 km. 
approximately 15 hrs. The maxlmum hor iLu .+a I  ex ten t  o f  t h e  I R  Tbb L 52OC 
area was near ly  250 km from 0145 t o  02462 ! . ? 4 5  t c  1846 PST). Maddox (19901, 
E a r t e l s  e t  aL. (19841, and o the rs  have recognized t h a t  t h e  < 52OC cumulonimbus 
cloud-top isotherm i s  o f t e n  associated W I  

clouds. Consequently, t i s  selected here +e reprsssnt  t h e  s p a t i a !  sca!e e! tho 
storm system. For most o f  t h e  storm l i f e t i m e  t h e  cross-sect ional  length of t h e  
area enclosed w i t h i n  t h  s isotherm was <ZOO km. 

The storm o f  10 August had a du ra t i on  o f  

deep, p r e c i p i t a t i n g  con\.ect!ve 
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F igu re  8. I n f r a r e d  s a t e l l i t e  imagery w i t h  ME3 enhancement for 23462 (1546 PST), 
10 August 1981. 
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Figure  9. I n f ra red  s a t e l l i t e  imagery w i t h  MB enhancement fo r  .0146Z, 
1 1  August 1981, or 1746 PST, 10 August 1981. 
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Table la .  C r i t e r l a  f o r  a Mesoscale Convective Complex (Maddox, 1980). 

Phvs ica l  C h a r a c t e r i s t i c s  

Size: A - Cloud s h i e l a  w i t h  cont inuously  low I R  temperature 1-32'C 
must have an area 21,000,000 km2. 

B - I n t e r i o r  cola c loud reg ion  w i t h  temperature 1-52'C must 
have an area 150,000 km2. 

I n  it la te :  S ize d e f i n l t i o n s  A and B a r e  

Durat  lon: S ize d e f i n i t l o n s  A and B must 

Max 1 mum Contiguous c o l d  c loud s h i e l d  
ex ten t :  maxlmum size. 

i r s t  s a t i s f  led. 

be met for  a pe r iod  2 6  hr. 

I R  temperature L-32OC) reaches 

Shape: E c c e n t r i c i t y  (minor axis/major a x l s )  20.7 a t  t ime  of maximum 
extent .  

Terminate: S ize d e f i n i t i o n s  A and B no longer s a t i s f i e d .  

Table l b .  Mesoscale Convective System C r i t e r i a  based upon t h e  ana lys i s  of 
enhanced I R  s a t e l l l t e  imagery ( a f t e r  B a r t e l s  e t  al., 1984). 

C h a r a c t e r i s t i c  C r  1 t e r  ion . .  

Length : 

Durat ion:  

Length sca le  of t h e  (-52°C contiguous 
enhanced area on s a t e l l i t e  image Is (250 km. 

Mlnimum length sca le  i s  maintained for  a t  
l e a s t  3 hr. 

I n i t i a t i o n :  The length sca le  c r i t e r i o n  i s  f i r s t  met. 

Max lmum Extent :  Contiguous c o l d  c loud  s h i e l d  
( I R  temperature <-5ZoC) reaches maximum size. 

Termination: The length  sca le  c r i t e r i o n  i s  no longer met. 
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Figure  10. Graphical representa t ion  o f  t h e  temporal change i n  t h e  t o t a l  area 
enclosed w i t h l n  t h r e e  separate equ iva len t  b lack body temperature 
(Tbb)  regimes v i s i b l e  i n  t h e  l n f r a r e d  s a t e l l i t e  lmages w i t h  MB 
enhancement. 
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Based on t h e  above d e f i n i t i o n s  and observations, it i s  concluded t h a t  t h e  
storm o f  10 August was an MCC. Indeed, it may have been a mini-WCC, bu t  t h e  
durat ion,  size, and weather accompanying t h i s  la rge  convect ive c loud c l u s t e r  
were s i g n i f i c a n t  from a meteoro log ica l ,  hydro log ica l ,  and soc ie ta l  perspect ive.  

F. Upper-Air Analyses 

Upper-air sounding da ta  f o r  OOOOZ (1600 PST) he lp p o r t r a y  t h e  atmospheric- 
f low regime associated w i t h  t h e  developing MCC. The OOOOZ (1600 PST), 850-mb 
c h a r t  (F igure  1 1 1  shows t h a t  t h e  well-developed f r o n t a l  wave present  a t  12002 
(0400 PST, F igure  51 had maintained i t s  i n t e n s i t y  and moved s lowly  eastward 
dur ing  t h e  in te rven ing  12-hr period. The c o l d  f r o n t  moved southward across 
Nevada, b r i n g i n g  s t rong no r theas te r l y  f low t o  t h e  eastern slopes of t h e  
Sier ras.  These winds induced orographic  cumulonimbus over  t h e  S ie r ras  (see 
F igures 8 and 9). 

I n  t h e  upper troposphere (F igure  121, a t  OOOOZ (1600 PSI ) ,  a deep closed low 
was located j u s t  northwest of SLC a t  t h e  200-mb leve l .  F igu re  12 represents  
t h e  f low near t h e  t o p  o f  t h e  MCC. The contour  ana lys i s  i n  t h i s  f i g u r e  i nd i ca tes  
t h a t  t h e  flow over Utah and Nevada was s t rong wester ly  w i t h  a reg ion  o f  
d i f l u e n c e  located over t h e  MCC generat ion area. Based on t h e  contour analysis, 
geost rophic  wind speeds i n  t h e  area between ELY and DRA a r e  l i k e l y  t o  have been 
near 25 m/s (50 k t s ) .  
j e t  and below an area o f  upper-tropospheric d i f luence.  

Consequently, t h e  MCC developed t o  t h e  r i g h t  of a small 

A weak, low-level, southwesterly j e t  probably ex i s ted  over  southern Eievada 
a t  OOOOZ (1600 PST). The OOOOZ w inds-a lo f t  sounding from DRA showed t h a t  below 
12,000 f t  (4,000 m )  MSL t h e  maximum wind speed was 12 m/s (23 k t s )  a t  both t h e  
1,800- and 2,100-m (6,000- and 7,000-ft) l eve l s  MSL or approximately 900 t o  
1,200 m (3,000 t o  4,000 f t )  above ground leve l  (AGL). Wind towers on h igh  
(2,100-m MSL) t e r r a i n  i n  t h e  nor thern  p a r t  o f  t h e  tsTS confirmed t h e  ex is tence of 
such wind speeds. Wind d i r e c t i o n s  were genera l l y  southwesterly. P r i o r  t o  t h e  
a r r i v a l  o f  t h e  s t rong sur face  ou t f l ow  from t h e  thunderstorm, sur face  winds a t  
two weather s t a t i o n s  i n  t h e  Las Vegas v a l l e y  were repor ted t o  be southwesterly 
5 t o  13 m / s  (10 t o  25 k t s ) .  
ground, wind d i r e c t i o n s  should have been southwester ly  a t  s l i g h t l y  f a s t e r  speeds 
(e.g. Randerson, 1984). 

Boundary-layer theory  p r e d i c t s  t h a t  above t h e  

V e r t i c a l  wind shear may have been a c o n t r i b u t i n g  f a c t o r  i n  t h e  development 
and maintenance o f  t h e  MCC. The o n l y  w inds-a lo f t  data near t h e  MCC a r e  those 
from t h e  OOOOZ (1600 PST) DRA rawinsonde (Table 21. J u s t  p r i o r  t o  OOOOZ, t h e  
westward edge (F igure  8 )  o f  t h e  MCC was 55 km eas t  o f  DRA wh i l e  t h e  center  o f  
t h e  storm was a t  a d is tance of roughly  220 km. Based on c e i l i n g  observat ions 
du r ing  t h e  thunderstorm a c t i v i t y  a t  DRA, LAS, and LSV, it can be assumed t h a t  
t h e  base of t h e  MCC was near 10,000-ft (3050-m) MSL. Using t h i s  assumption, t h e  
data i n  Table 2 i nd i ca te  t h a t  t h e  mean subcloud winds were approximately 215' a t  
70 m/s wh i le  t h e  mean environmental c loud- layer  winds were 300' a t  12 m/s. 
d l f f e r e n c e  between these two mean winds y i e l d s  85' o f  veer ing between t h e  sub- 
c loud winds and t h e  environmental c loud- layer  w?nds. Storm movement was from 
345' a t  15 m/s, o r  45' t o  t h e  r i g h t  of t h e  d i r e c t i o n  o f  t h e  mean environmental 
c loud- layer  winds and a t  a speed approximating wind speeds i n  t h e  middle 
troposphere. Consequently, t h e  subcloud a i r  layer  had a s t rong conponent 
of r e l a t i v e  motion toward t h e  approaching storm. 

The 

Such mot ion probably caused 
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Figure 11 .  The 850-mb chart for  00002, 1 1  August 1981 (1600 PST, 10 August). 
Height contours I n  10's of  meters are sol id lines. 
i n  the standard format. 
a l l  the s a t e l l i t e  images. 

Data are plotted 
The map background i s  the same as t h a t  for  
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Figure 12. The 200-mb chart for  00002, 1 1  August 1981 (1600 PST, 10 August). 
Height contours i n  meters are the sol id lines. The posit ion of the 
MCC i s  portrayed by the scal loped area. The scal loped contour 
repr0SentS Tbb =-53.2O t o  -58.2OC, and the shaded area Tbb =-59.2O 
to -62.2OC. 

22 



Table 2. The 00002 winds a l o f t  from Desert Rock, NV (DRA), e leva t i on  
3,298 f t  MSL. The MCC c loud base i s  assumed t o  be a t  an 
a l t i t u d e  o f  10,000 f t  (3050 m )  MSL. A l l  e l e v a t i o n s  ( H I  a re  
above mean sea level .  The tropopause was located just below 
t h e  50,000-ft (15,240-rn) leve l .  

- ud WTnds Fnv i ronmental C I oud- I aver W i ndq 

f t ( x l 0 3  1 km deg/rns" ft ( X l O  3 ,  km deg/rns' 

Sfc 
4 
5 
6 
7 

9 
10 

a 

1 .o 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 
3.0 

180/9 
21 5/9 
21 5/10 
21 5/12 
21 5/12 
21 5/11 
21 0/10 
240/9 

15 
20 
25 
30 
35 
40 
45 
50 

4.6 
6.1 
7.6 
9.1 

10.7 
12.2 
13.7 
15.2 

290/11 
310/14 
305/16 
300/ 15 
31 0/13 
305/11 
285/7 
01 5/4 

pronounced enhancement o f  t h e  f low o f  warm, mo is t  a l r  i n t o  t h e  storm, thereby 
he lp ing  vigorous updra f t  motion t h a t  might  have been i n i t i a t e d  by s t rong thermal 
i n s t a b i l i t y .  The la rge  v e r t i c a l  wlnd shears observed I n  t h e  environmental 
c loud- layer  wlnds near Intense mid-western s t a t e s  thunderstorms (e.g., see 
Maddox, 1976) were n o t  observed i n  t h i s  case. 

G. Surface Wind 

As i s  t y p i c a l  w i t h  in tense thunderstorms, a wel l -def ined wlnd s h l f t  or gus t  

The gus t  f r o n t  i s  t h e  
f r o n t  accompanied t h e  MCC. A gust  f r o n t  Is t h e  leadlng edge of a thunderstorm 
downdraft t h a t  spreads o u t  h o r i z o n t a l l y  near t h e  ground. 
I n t e r f a c e  between t h e  warm, mois t  a l r  f l ow lng  toward t h e  storm and t h e  cold, 
mo is t  downdraft a i r  f l ow ing  o u t  of t h e  storm. The downdraft appears t o  have i t s  
o r l g l n  In t h e  mid-troposphere where d ry  environmental a i r  can be drawn i n t o  t h e  
storm. As t h i s  a i r  en ters  t h e  r e a r  of t h e  storm It rece ives  p r e c i p i t a t i o n  from 
above and i s  cooled f u r t h e r  by evaporation. Th is  c o o l l n g  lncreases t h e  negat lve  
buoyancy o f  t h e  dry  a i r ,  causing t h e  c h i l l e d  a i r  t o  acce le ra te  toward t h e  
ground. 

Strong ou t f l ow  winds were detected along t h e  storm t r a c k  (F lgures 3, 13 
and 14). A t  23552 (1555 PST) t h e  weather s t a t l o n  c l o s e s t  t o  t h e  MCC (Ne1 11s 
AFB, LSV) experlenced a wind s h i f t  from t h e  south-southwest a t  7 m/s (14 k t s )  
t o  t h e  nor th-nor theast  a t  21 m/s (40 k t s )  w i t h  gusts  t o  26 m/s (51 k t s )  a t  00072 
(1607 PST), A peak wind gus t  of 30 m/s (58 k t s )  occurred a t  00172 (1617 PST). 
Twenty-seven minutes a f t e r  t h e  gust  f r o n t  s t ruck  LSV it reached McCarran 
In te rna t i ona l  A i r p o r t  (LAS) a t  00342 (1634 PST). A peak wind gus t  of 30 m/s 
(59 k t s )  was measured a t  LAS a t  00402 (1640 PST). The ou t f l ow  a r r i v e d  a t  
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Figure 13. Estimated hourly posit ions of t h e  Ieadlng edge of the  strong outflow 
wtnds from the MCC of 10 August 1981. 
8 hrs t o  get  PST. 

Times are  In  GMT; subtract 
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Figure 14. P l o t s  of hou r l y  and specia l  r e p o r t s  of s t a t l o n  pressure and extreme 
weather cond i t i ons  a t  se lected s t a t i o n s  along t h e  path of t h e  MCC o f  
10 August 1981 . 
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Frescot t ,  Arizona, approximately 3 h r  i a t e r  w i t h  a peak wind gust frcm t h e  n o r t h  
o f  25 m/s (48 k t s ) .  As t h e  storm moved southward t h e  gust  f r o n t  a r r i v e d  a t  
Blythe, C a l i f o r n i a ,  a t  06322 (2232 PSI) where a peak gus t  o f  23 m/s (45 k t s )  was 
observed from t h e  northeast. The ou t f l ow  a i r  continued t o  spread southward and 
wind speeds weakened (F igure  13). According t o  a v a i l a b l e  data, a f t e r  08002 
(0000 PST, 1 1  August) t h e  gust  f r o n t  became u n i d e n t i f i a b l e  along a l i n e  from 
south o f  Phoenix t o  south of Yuma, Arizona, o r  approximately along t h e  r o u t e  o f  
i n t e r s t a t e  Highway 8.  

Between 0100 and 02002 (1700 and 1800 PST), t h e  gus t  f r o n t  moved o u t  ahead 
o f  t h e  MCC c loud v i s i b l e  i n  t h e  s a t e l l i t e  imagery (F igure  18). Th i s  separa t ion  
appears t o  have occurred as t h e  MCC reached maximum i n t e n s i t y .  
phenomenon marks t h e  beginning o f  t h e  d i s s i p a t i o n  phase o f  an MCC. 

Perhaps t h i s  

An u n o f f i c i a l  r e p o r t  of t h e  storm appeared on t h e  f r o n t  page o f  t h e  K i n g u m  
D a i l v  M1-n-e-r dated 11 August 1981. From t h i s  news r e p o r t  it appears t h a t  t h e  
gus t  f r o n t  a r r i v e d  i n  t h e  Kingman Area a t  about 02302 (1930 PST). Th is  t lme i s  
cons is ten t  w i t h  s a t e l l i t e  and radar  data. The s t rong sur face  winds were 
accompan led by b lowing dust. 
a f t e r  t h e  a r r i v a l  o f  t h e  gus t  f r o n t .  The s t rong  winds were repor ted  t o  have 
I'caused on ly  minor damage" i n  t h e  Kingman area. 

A thunderstorm occurred approximately "2 hours" 

Based on s a t e l l i t e  imagery, radar  data, and sur face  observations, hour ly  
p o s i t i o n s  of t h e  leading edge of t h e  gus t  f r o n t  a re  shown i n  F igu re  13. Th is  
f i g u r e  i l l u s t r a t e s  t h a t  t h e  ou t f low from t h e  MCC spread r a p i d l y  southward. I t  
t r a v e l e d  a t o t a l  d is tance of nea r l y  575 km i n  approximately 12 h r  f o r  an average 
speed of 48 km/hr (30 rnph). 
accompanied by dense blowing dus t  and sand (F igures 3, 13 and 14) t h a t  reduced 
sur face  v i s i b i l i t i e s  t o  zero. 
a t  LAS was 1 3  m i  (4.8 km) for 45 t o  60 min. 

I n  many p laces t h e  s t rong  sur face  winds were 

For example, i n  Las Vegas t h e  sur face  v i s i b i l i t y  

H. S t a t i o n  Pressure 

A c h a r a c t e r i s t i c  of in tense thunderstorms i s  a pronounced pressure jump 
accompanying t h e  a r r i v a l  of c o l d  ou t f l ow  a i r .  
detected a t  s t a t i o n s  located near t h e  pa th  of t h e  MCC. F igu re  14 i l l u s t r a t e s  
t h e  hour ly  changes i n  t h e  s t a t i o n  pressure a t  seven weather s t a t i o n s  a f fec ted  by 
t h e  storm. 
PRC, BLH, and DRA ( n o t  shown). Although large, these pressure Jumps a r e  less 
than those repor ted by Hales (1975) who described an intense, long- l ived 
thunderstorm system t h a t  moved westward across Arizona. F igure  14 shows t h a t  
t h e  s t ronges t  sur face winds occurred a t  those s t a t i o n s  exper ienc ing t h e  l a rges t  
pressure r i ses .  Barometers located a t  s t a t i o n s  near t h e  edge o f  t h e  d i s s i p a t i n g  
ou t f l ow  a i r  mass (FLG, PHX, YUM) detected very small  pressure increases w i t h  t h e  
accompanying wind s h i f t .  

Large pressure jumps were 

Maximum hour l y  pressure r i s e s  o f  3 t o  5 mb/hr were measured a t  LSV, 

I. Surface Mois tu re  

Changes I n  t h e  sur face- level  mo is tu re  f i e l d  a re  i l l u s t r a t e d  c l e a r l y  by 
comparing F igures 15 through 17. F igu re  15 i s  an ana lys i s  o f  t h e  observed 
sur face dew-point temperatures f o r  12002 (0400 PST), F igu re  16 i s  f o r  18002 
(1000 PST) Jus t  p r i o r  t o  r a p i d  cumulonimbus development, and F igu re  17 i s  f o r  
00002 (1600 PST) j u s t  be fore  t h e  thunderstorm a c t i v i t y  reached LAS, LSV, and 
DRA. F lgures 15 and 16 show t h a t  a t  t h e  sur face  t h e  a x i s  o f  maximum atmospheric 
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Figure 15. The 12002 (0400 PST) analysis of surface dew-point temperature (OF) 

for  10 August 1981. Surface data and the frontal posit ion are both 
plotted i n  the standard format. 
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Figure 16. The 18002 (1000 PST) analysis o f  surface dew-point temperature ( O F )  

fo r  10 August 1981. Surface data and the frontal posttion are both 
plotted In the standard format. 
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Figure 17. The 00002, 1 1  August 1981 (or 1600 PST, 10 August) analysis of 
surface dew-point temperature (OF). 

position are both plotted in the standard format. 
of the outflow from the MCC Is also plotted i n  southern Nevada and 
northwestern Arizona. 

Surface data and the frontal 
The leading edge 
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moisture conten t  appeared t o  be s l i g h t l y  t o  t h e  west o f  t h a t  a t  t h e  850-mb level  
(F igure  5 )  and extended northward across extreme southeastern Nevada. Th is  
p o s i t i o n  d i f f e r e n c e  may be an a r t i f a c t  o f  t h e  analyses s ince  t n e  da ta  a re  n o t  
dense enough t o  prov ide  h igh  r e s o l u t i o n  o f  t h e  three-dimensional s t r u c t u r e  o f  
t h e  mois ture f i e l d .  However, t h e  a v a i l a b l e  sur face  da ta  show t h ? t  i n  t h e  Las 
Vegas v a l l e y  t h e  sur face  dew-point reached a maximum o f  16OC (62OF) a t  14002 
(0600 PST) a t  LSV w h i l e  on t h e  NTS i t  reached 12OC (55OF) a t  16002 (0800 PST) a t  
DRA. Afterwards, sur face  dew-polnts decreased (F igure  17) t o  nea, 8°C (48OF) a t  
LAS, LSV, and DRA j u s t  p r i o r  t o  t h e  a r r i v a l  o f  t h e  s t rong  sur face  ou t f l ow  
accompanying t h e  MCC. 

M ix ing  r a t i o s  associated w i t h  these changes i n  dew-point temperature were 
ca lcu la ted .  
southern Nevada, mix ing  r a t i o s  were 10 t o  1 1  g/kg. With t h e  development o f  
southwester ly  flow, mix ing  r a t i o s  decreased t o  7 t o  8 g/kg w i t h i n  about one 
hour. A t  OOOOZ (1600 PST) t h e  mix ing  r a t i o  a t  LAS was 7.4 g/kg w h i l e  22.5 km 
nor theas t  a t  LSV i t was 10.7 g/kg f o r  a mix ing  r a t i o  g r a d i e n t  of  0.15 g/kg/km. 
Wi th in  one hour, from OOOOZ t o  01002 (1600 t o  1700 PST), t h e  mix ing r a t i o  a t  LSV 
decreased by 3.5 g/kg, corresponding t o  a 10°F drop i n  dew-point temperature. 
More gradual changes were observed a t  DRA. With t h e  a r r i v a l  o f  t h e  ou t f l ow  
from t h e  MCC, mix ing  r a t i o  values increased r a p i d l y  t o  11 t o  12 g/kg i n  
p r e c i p i t a t i o n .  

P r i o r  t o  t h e  d r y i n g  t h a t  accompanied t h e  southwester ly  f low across 

Analyses o f  hou r l y  sur face  da ta  tend t o  show t h e  development of a t i g h t  
dew-point g rad len t  across southern Nevada (F igures 15, 16, and 17). The ro le ,  
i f  any, played by t h i s  t i g h t  g r a d i e n t  i s  n o t  c lea r .  However, t h e  r e l a t i o n s h i p  
between d ry  l i n e s  and severe thunderstorms has been recognized f o r  many years 
(e.g., Beebe, 1958; F u j i t a ,  1958; Henry and Thompson, 1963; Rhea, 1966; and 
o thers ) .  Schaefer (1974) demonstrated t h a t  t h e  boundary between d ry  and mois t  
a i r  can be near l y  v e r t i c a l  above t h e  ground b u t  it i s  n o t  c l e a r  i f  t h i s  ype 
s t r u c t u r e  occurred w i t h  t h i s  storm. 

The marked east-west g r a d i e n t  o f  e levated dew p o i n t s  across t h e  NTS 
(F igure  17) i s  based on s a t e l l i t e  and radar  observat ions o f  convect ive c ouds. 
Furthermore, t h e  dew-point temperature a t  DRA decreased t o  7°C (45OF) by 01002 
(1700 PST) and then increased t o  17OC (62OF) by 03002 (1900 PST) as t h e  mois t  
ou t f low from thunderstorms spread southward across t h e  NTS. Thunderstorm 
a c t i v i t y  began a t  DRA a t  01302 (1730 PST) and moved southeastward. 

J .  Surface Temperature 

Pronounced temperature drops occurred a t  weather s t a t i o n s  located under and 
near t h e  MCC. For example, a t  LSV t h e  temperature dropped from 42OC (108OF) a t  
OOOOZ (1600 PST) t o  26OC (79OF) a t  01002 (1700 PST). 
began, t h e  temperature dropped t o  24OC (75OF) a t  02552 (1855 PST) f o r  a t o t a l  
temperature decrease o f  18OC (33OF). A t  LAS t h e  temperature f e l l  from 42OC 
(107OF) Jus t  p r i o r  t o  t h e  a r r i v a l  o f  t h e  gust  f r o n t  t o  28°C (83°F) one hour 
l a te r ,  t o  22OC (72OF) a t  03502 (1950 PSTI a f t e r  it s t a r t e d  r a i n i n g  a t  03012 
(1901 PST). Therefore, a t  LAS, t h e  t o t a l  c o o l l n g  caused by t h e  ou t f l ow  was 
20°C (35OF). A t  PRC t h e  temperature f e l l  from 22OC (7Z0F), 3 hours be fore  t h e  
a r r i v a l  of t h e  gus t  f ron t ,  t o  14OC (58OF) a t  04002 (2000 PST) i n  a moderate 
thunderstorm. The gus t  f r o n t  a r r i v e d  a t  BLH a t  06322 (2232 PST). Between 05552 
(2155 PST) and 06472 (2247 PST) t h e  temperature dropped 6°C (10OF). A t  DRA t h e  

S h o r t l y  a f t e r  t h e  r a i n  
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temperature decreased from a maximum o f  39OC (103OF) p r i o r  t o  thunderstorm 
a c t i v i t y  t o  28OC (83OF) dur ing  a thunderstorm. 
(74OF) wiis observed dur ing  thunderstorm a c t i v i t y  e t  DRA. 
Thsj these sharp temperature f a l l s  were accompanied by marked r i s e s  i n  sur face 
pressure. 

A minimum temperature o f  23OC 
F igu re  14 demonstrates 

Randerson (1982) and o thers  have r e l a t e d  thunderstorm-induced surface- 
temperattr, + f a l l s  to t h e  maximum observed speed o f  t h e  sur face  wind gus t  from 
t h e  out f iow.  Pronounced temperature f a l l s  such as those observed a t  LSV and LAS 
have been associated w i t h  ou t f l ow  wind speeds o f  26 t o  36 m/s (50 t o  70 k t s ) .  
Peak wind gusts  observed and estimated t o  have occurred w i t h  t h e  MCC f e l l  w i t h i n  
t h i s  range. 

K. S a t e l l i t e  and Radar Data 

S a t e l l i t e  and radar  p l o t s  a re  d isp layed separate ly  i n  F igu re  18. The 
s a t e l l i t e  data make up t h e  t o p  h a l f  o f  F igure  18 and inc lude some t o t a l  r a i n f a l l  
amounts which are  l i s t e d  i n  t h e  left-hand margin (see Appendix B f o r  c i t y  name 
codes). The radar  ana lys i s  i s  i n  t h e  bottom h a l f  o f  t h e  f l gu re .  I n  general, 
both da ta  se ts  were produced once an hour on t h e  h a l f  hour. 
(2015 PST) t h e  I R  s a t e l l i t e  imagery was a v a i l a b l e  a t  ha l f -hour  i n te rva l s .  The 
temporal and s p a t i a l  e v o l u t i o n  o f  t h e  c e n t r a l  p a r t  o f  t h e  storm i s  summarized by 
t h e  ana lys is  i n  F igure  18. Th is  f i g u r e  was const ructed by f i r s t  i d e n t i f y i n g  t h e  
path o f  t h e  center  o f  t h e  storm across t h e  ground. Then, t h e  w id th  o f  t h e  storm 
c loud was noted f o r  t imes corresponding t o  s a t e l l i t e  and radar  data c o l l e c t i o n  
times. Th is  procedure was accomplished by p l o t t i n g  t h e  storm t r a c k  l i n e  on each 
s a t e l l i t e  o r  radar  p ic tu re ,  over lay ing  t h e  t ime l i n e  on to  t h e  newly p l o t t e d  
storm t r a c k  l ine ,  and marking t h e  storm c loud boundaries and phys ica l  charac- 
t e r i s t l c s  on to  t h e  corresponding t ime l ine .  Th is  procedure was repeated f o r  a l l  
t h e  a v a i l a b l e  s a t e l l i t e  and radar  data. The p l o t t e d  da ta  were then analyzed, 
producing t h e  pa t te rns  shown i n  F igu re  18. 
radar i n t e n s i t y  in fo rmat ion  were added along t h e  appropr ia te  t ime  l ines .  

A f t e r  04152 

P e r t i n e n t  sur face  observat ions and 

De ta i l ed  analyses of t h e  i n f r a r e d  imagery of t h e  storm cloud-top 
temperatures showed t h a t  t h e  c o l d e s t  b lack  body temperatures occurred between 
2300 and 05002 (1500 and 2100 PST). 
occurred over  and near s t a t i o n s  t h a t  repor ted t h e  heav ies t  r a i n f a l l  (see 
F igure  20). Because of t h e  poor r e s o l u t i o n  of t h e  s a t e l l i t e  imagery, it could 
no t  be determlned i f  "overshooting" occurred along t h e  t o p  of t h e  storm cloud. 

Cloud-top temperatures o f  -63 t o  -65OF 

The radar  data ind ica ted  s i g n i f l c a n t  thunderstorm a c t i v i t y  occurred w i t h i n  
t h e  storm cloud. Ava i l ab le  radar  c h a r t s  a re  included i n  Appendix A. By 19352 
(1135 PST), a very heavy (TRW++) thunderstorm was ind ica ted  t o  t h e  south of Ely .  
By 20352 (1235 PST), very heavy thunderstorms had developed I n  t h i s  evo lv ing  
storm system. A t  20352 (1235 PST) a c loud t o p  o f  46,000 f t  was repor ted  by 
radar observers. Very heavy t o  intense thunderstorm (TWX) a c t i v i t y  was 
detected between 2035 and 01352 (1235 and 1735 PST) i n  southern Nevada. Later ,  
a t  both 0235 and 03352 (1835 and 1935 PST), radar  r e p o r t s  ind icated extreme 
(TRWXX) thunderstorm a c t i v i t y  over northwestern Arizona. 

A comparison of  t h e  s a t e l l i t e  and radar  analyses i n  F igu re  18 i l l u s t r a t e s  
several Important po in ts .  The most in tense radar  echoes appear t o  l i e  along or 
j u s t  ahead o f  t h e  a x i s  of  co ldes t  c loud tops. 
appears t o  be under, or very near, t h e  co ldes t  c loud tops. 

The area of  heav ies t  r a i n f a l l  
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Figure 18. Composite o f  t h e  t ime changes i n  t h e  c loud-top temperatures ( t o p )  
and radar  echoes (bottom) along t h e  t r a c k  o f  t h e  MCC. To ta l  

along t h e  storm track ( top  l e f t  margfn). The length sca le  
represents d i s tance  east  or west of  t h e  storm t r a c k  f o r  t h e  
I o c a t  ions o f  t h e  p rec  I p i t a t  ion data. 

. p r e c i p i t a t i o n  amounts i n  inches are p l o t t e d  for s t a t i o n s  located 
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L. P r e c i p i t a t i o n  

P r e c i p l t a t i o n  data were ex t rac ted  from t h e  August 1981 c l  imato log ica l  da ta  
book le ts  f o r  Arizona, Ca l i f o rn ia ,  Nevada, and Utah. These da ta  a re  tabu la ted  i n  
Appendix B. Supplemental datp came from a bucket survey conducted by t h e  U.S. 
Geological Survey (Glancy, 1981) tor  southern Nevada. These bucket survey d a t a  
a re  l i s t e d  i n  Table 3.  

An isohyeta l  ana lys i s  of t h e  t o t a l  p r e c i p i t a t i o n  pa t te rn  r e s u l t i n g  from t h e  
storm o f  10 August 1981 i s  shown i n  F igure  19. For consistency, t h e  a n a l y t i c a l  
r e s u l t s  a re  presented on a sa te l l i te -map background, thereby f a c i l i t a t i n g  t h e  
ease of comparison between s a t e l l i t e  and p r e c i p i t a t i o n  data. Some o f  t h e  r a i n -  
f e l l  was n o t  caused by t h e  MCC. For example, t h e  la rge  area enclosed i n  t h e  
one-inch contour i n  southwestern Utah, and t h e  smal I maximum i n  cen t ra l  Arizona, 
were bol-h contaminated by thunderstorm r a i n f a l l  from e a r l y  i n  t h e  day. However, 
t h e  analyzed f i e l d  over  southern Nevada and northwestern Arizona was due t o  

Table 3. Bucket Survey P r e c i p i t a t i o n  Data f o r  August 10, 1981" 

Prec i p  l t a t i o n  
(See Fia. 22 1 Confa i ner Descr i D t  ion i n  (mm) 
S i t e  L e t t e r  

A 52-cm diameter v e r t i c a l l y  s tandlng can 1.4 ( 3 6 )  

B 52-cm d iameter v e r t  i c a  I l y  stand ing can 0.7 ( 18) 

C 15-cm diameter v e r t i c a l l y  s tandlng can 1.3 ( 33)  

D Average of 8 v e r t i c a l l y  s tanding cans 0.7 ( 18) 

E 6.7-crn v e r t i c a l l y  s tanding cup 1.9 ( 48) 

F Standard r a i n  gauge; Va l ley  of F i r e  S t a t e  Park 3.0 ( 76) 

G 9.8-crn v e r t i c a l l y  s tanding cans 4.0 (1 02) 

H 12.2-cm v e r t  i c a  I I y stand i ng can 3.0 ( 76) 

I 7.9-cm v e r t i c a l l y  s tanding g lass  j a r  1.9 ( 48) 

J D i s t i n c t  high-water l i n e  i n  v e r t i c a l l y  6.5 (165) 
s tanding 5-gal lon can. 
squashed, suggesting t h a t  t h e  ca tch  area 
was reduced. 

Top of can was 

K Logandale U n i v e r s i t y  Experlment S t a t i o n  1.2 ( 30) 

* Data provided by Pat  Glancy, USGS, Carson Ci ty ,  NV. 
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Figure 19. Analysls of the total preclpltatlon In Inches for  10 August 1981 In 
the vlclnlty of the MCC. To convert from Inches to mil Ilmeters, 
multiply Inches by 25.4. 
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t h e  MCC. Figure  19 shows t h a t  r a i n f a l l  arcounts i n  excess of  1 i n  (25.4 m m l  
accompanied the  storm. The area enclosed w i t h i n  t h i s  one inch contour i s  
approximately 25,000 km'. F igure  20 helps t o  denonsirate t h a t  t h ! s  area 
corresponds n i c e l y  w i t h  t h e  Occurrence o f  very c o l d  cloud--top tetxperatures. 
The la rge  p r e c i p i t a t i o n  area shown i n  F igure  19 (and d e t a i l e d  i n  F igu re  22) i s  
approximately 5G t imes la rge r  than t h e  one generated by t h e  heavy thunderstorms 
t h a t  occurred over Las Vegas on 3 July, 1975 (Randerson, 1976a). 

Cne area o f  extremely heavy r a i n f a l l  was i d e n t i f i e d .  Th is  area i s  enclosed 
w i t h i n  t h e  three- lnch isohyeta l  contour i n  F igures 19 and 20. I d e n t i f i c E t i o n  
o f  t h i s  area we5 subs tan t ia ted  by ex tens ive  proper ty  damage due t o  f lood i r ,g  i n  
t h e  Moapa/Overton area and t o  t h e  d i s r u p t i o n  o f  v e h i c l e  t r a f f i c  on I n t e r s t a t e  
Highway 15 (see F igure 21 f o r  geographic l oca t i ons ) .  Q u a n t i t a t i v e  est imates c f  
t h e  s p a t i a l  d i s t r i b u t i o n  and t o t a l  p o i n t  r a i n f a l l  amounts w i t h i n  i h i s  area a r e  
based on bucket survey data, on in te rv iews w i t h  loca l  res idents ,  on a survey c f  
t h e  occurrence o f  streamflow i n  t h e  normally d ry  washes, and on an assessment o f  
p roper ty  damage. Based on a l l  t h e  a v a i l a b l e  Information, it appears t h a t  3 t o  
6 i n  (75 t o  150 mm) o f  p r e c i p i t a t i o n  could have f a l l e n  t o  t h e  southwest o f  t h e  
Loganda I e/G I enda I e area. 

F i e l d  surveys conducted a f t e r  t h e  storm ind icated t h a t  t o r r e n t i a l  r a i n  
probably f e l l  around Ute, Nevada, and over t h e  Va l ley  o f  F i r e  S ta te  Park 
(F igure  21). Severe f l ood ing  occurred i n  these areas w l t h  water  f l ow ing  over  
several m i l es  of I n t e r s t a t e  15. Most o f  t h i s  ra inwater  flowed n o r t h  and eas t  
i n t o  t h e  Muddy River. 
flowed eastward through Overton, Nevada, and east-southeastward i n t o  Lake Mead. 
Overton su f fe red  extens ive f l ood  damage t o  homes and businesses. 
t h e  Muddy R lver  between Moapa and Overton su f fe red  heavy f l o o d  damage and loss 
o f  I l ves tock .  Approximately 500 cows d ied  I n  t h e  f l ood  waters (Nat ional  Weather 
Service, 1981). Bucket-survey data c o l l e c t e d  by t h e  USGS ind ica ted  t h a t  as much 
as 6 i n  (152 mm) o f  r a i n  may have f a l l e n  near Ute. Th is  survey i s  be l ieved t o  
be r e l i a b l e  because it had n o t  ra ined In  t h e  area o f  i n t e r e s t  s ince  mid Ju ly .  
One p roper l y  exposed r a l n  gauge was located w i t h i n  t h e  area o f  heavy r a i n f a l l * a t  
t h e  Val ley of F i r e  S ta te  Park. A t o t a l  of 3.05 i n  (77.5 mm) was c o l l e c t e d  i n  
t h i s  gauge, b u t  a small amount o f  t h e  ra inwater  was s p i l l e d  i n  t h e  measurement 
process. Consequently, s l i g h t l y  more than 3.05 i n  a c t u a l l y  f e l l .  An isohyeta l  
ana lys i s  o f  t h e  estimated d i s t r i b u t i o n  of t h e  heavy r a i n  i s  g iven  i n  F igu re  22. 
The isohyeta l  p a t t e r n  has an e l l l p t i c a l  shape w i t h  t h e  major a x l s  o r i e n t e d  
northwest-southeast. Thus, t h e  a x i s  of heav ies t  r a i n f a l l  was o r ien ted  p a r a l l e l  
t o  t h e  storm t rack .  

The heavy r a i n  t h a t  f e l l  on t h e  Va l ley  o f  F i r e  S t a t e  Park 

Farms along 

H a i l  was observed along t h e  storm t r a c k  across southern Nevada. The on ly  
o f f i c l a l  r e p o r t  of h a i l  was from LSV, located nor theas t  o f  downtown Las Vegas. 
A t  00352 (1635 PST), LSV repor ted a severe (T+) thunderstorm w i t h  h a i l  one- 
f o u r t h  inch I n  diameter, visibility zero  i n  b lowing sand, and sur face  wind gusts 
of 58 k t s  (30 m/s). Larger  h a i l ,  est imated t o  be 1 t o  3 i n  (25 t o  76 mm) i n  
diameter was repor ted  by res iden ts  i n  t h e  Glendale area. Some of  these 
l n d l v l d u a l s  repor ted " l a rge  styrofoam-type b a l l s  f l o a t i n g  i n  t h e  f l ood  water." 
Approximately 12 krn southwest of Glendale, near Ute, deser t  yucca p l a n t s  
(Spanish Daggers) were damaged by l a rge  h a l l  (F igure  23). These p l a n t s  a re  
rugged and can w it hstand cons iderab I e abuse; consequent I y, t h e  break I ng o f  t h e  i r 
spears Is thought  t o  be s l g n i f l c a n t  and 1s be l leved t o  have been caused by la rge  
hal ls tones.  
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ENHANCEMENT SCALE 
(ME, 1981) 

4: -32.2 to -41.2OC 
5: -42.2 to -52.2OC 
6: -53.2 to -58.2OC 
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8: -63.2 to -80.2OC 

TOTAL 
0-5, \ 0.5 RAINFALL 
! 

01 462 
m 4 5  

00462 
L 5  

TUWEEP 

Flgure 20. Composite of hourly s a t e l l i t e  infrared temperature measurements for  
the period of  the  most lntense surface weather condltlons. The 
to ta l  preclp l ta t lon analysis from Figure 19 Is reproduced i n  the 
middle for  easy reference. 
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Figure 21. Geographlcal locatlons of key points of in terest  for the 
flooding produced by the  heavy r a i n f a l l  generated by the  
MCC of 10 August 1981. 
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Figure 22. Isohyetal analysis of  the  t o t a l  p rec ip i ta t ion  pattern produced by 
the intense r a i n f a l l  from the MCC of  10 August 1981. The background 
for t h i s  f igure  Is t h a t  In Figure 21. Contours are in Inches. 
Station l e t t e r s  correspond t o  the bucket survey s f t e  l e t t e r s  
tabulated i n  Table 3. 
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Figure  23. Comparative photographs of  a damaged ( t o p )  and undamaged ( b o t t a )  
Spanish Dagger- p l a n t  located i n  t h e  area of  la rge  h a i l  near Ute, 
Nevada (F igure  21). 
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Confidence i n  t h e  d i s t r i b u t i o n  and i n t e n s i t y  o f  t h e  r a i n f a l l  amounts i s  
r e l a t i v e l y  high. The areal  coverage o f  t h e  heavy ( 2 1 . 0  i n )  p r e c i p i t a t i o n  i s  
be l ieved t o  be we l l  formed. ?lo+ on ly  was a bucket survey conducted t o  d e f i n e  
r a i n f a l l  amounts, b u t  a l s o  an assessment was made of t h e  c o n d i t i o n  o f  t h e  sol1 
and o f  numerous dry  washes I n  t h e  area o f  I n te res t .  Remember, no r a i n  had 
f a l l e n  i n  t h i s  area s ince  mld Ju ly .  Outside o f  t h e  one-inch contour i n  
F igu re  22, l i t t l e  o r  no stream f low was noted and t h e  ground was observed t o  be 
r e l a t l v e l y  d ry  w l t h  a lack o f  mL-ked r i l l  c u t s  I n  t h e  s o i l .  I n  add l t ion ,  t h e r e  
were no muddy areas where water hac; puddled. Conslderable s o i l  and vegeta t ion  
damage was i d e n t i f i e d  w l t h i n  t h e  one-inch contour, A l a rge  area t o  t h e  eas t  o f  
Glendale and t o  t h e  n o r t h  ( f  t h e  Colorado R iver  was surveyed for add i t i ona l  
heavy f loodlng.  No s igns  o f  f l o o d i n g  were found; however, t h i s  area i s  sparsely  
populated and d l f f l c u l t  t o  access. Consequently, it i s  n o t  known w i t h  c e r t a i n t y  
I f  any o the r  areas o f  very heavy ( 1 3 . 0  i n )  r a l n  occurred elsewhere. The 
c l l m a t o l o g l c a l  data for northwestern Arizona d l d  conta in  a r a i n f a l l  t o t a l  o f  
1.52 i n  (38.6 mm) a t  Tuweep. Th is  s t a t i o n  was located under a very c o l d  c loud 
t o p  a t  01462 (1746 PST, F igures 9 and 20). 

R a i n f a l l  r a t e s  w l t h  t h i s  storm were d i f f i c u l t  t o  determlne q u a n t i t a t i v e l y  
because of t h e  lack of record ing  r a i n  gauges. However, one s ta t i on ,  t h e  Logan- 
da le  U n l v e r s l t y  Experlment Farm, located on t h e  eastern edge of t h e  heav ies t  
r a l n f a l l ,  had a record ing  r a i n  gauge. Data from t h i s  s t a t i o n  ind lca ted  a r a i n -  
f a l l  r a t e  o f  0.8 I n  (20 mm) o f  r a l n  I n  15 min (3.2 i n / h r >  between 0045 and GlOOZ 
(1645 and 1700 PST). A t o t a l  r a l n f a l l  of 1.2 I n  (30.5 mm) was measured a t  t h i s  
s ta t i on .  Th is  r a i n f a l l  r a t e  Is c o n s i s t e n t  w l t h  t h a t  est imated f o r  t h e  storm. 

The Isohyeta l  f i e l d  I n  F lgure  22 was planlmetered t o  o b t a i n  an est imate o f  
t h e  t o t a l  volume o f  water deposlted on t h e  ground and a v a i l a b l e  f o r  f l o o d i n g  
be fore  l n f i l t r a t l o n .  W i th ln  t h e  1.0 I n  (2.54 cm) contour, t h e  t o t a l  volume o f  
water was approxlmately 5 X 10em3 (4  X l o 5  acre  ft). To compare t h e  r a i n f a l  I 
volume of  t h i s  storm w l t h  t h e  Las Vegas s torm of 3 July, 1975 (Randerson, 
1976a1, t h e  p o s l t l o n  o f  t h e  0.5-111 contour  had t o  be estimated. For t h i s  
purpose, t h e  0.5-ln contour was assumed t o  be concen t r l c  w l t h  t h e  1.0-in contour 
and t o  have a g r a d i e n t  equ iva len t  t o  t h a t  between t h e  1.0 and 2.0 i n  Isohyets. 
P lan lmetry  showed t h a t  w i t h i n  t h e  0.5-in contour t h e  t o t a l  volume o f  water was 
approxlmately 7 X 10em3 (6  X l o 5  acre  f t) ,  or, roughly  109m3 w i t h i n  t h e  pre- 
c i s i o n  of t h e  data and t h e  isohyeta l  analys ls .  I n  t h e  Las Vegas storm of 
3 July, 1975, s i m i l a r  c a l c u l a t i o n s  showed t h a t  2.3 X 107m3 (1.9 X l o 4  acre f t )  
o f  water were a v a i l a b l e  t o  t h e  na tu ra l  drainage channels I n  a pe r lod  of 2 t o  
4 h r  (Randerson, 1976a). Consequently, based on t h e  volume o f  r a l n f a l l  water 
produced, t h e  storm o f  10 August 1981, was 30 t imes la rge r  than t h e  1975 storm. 
Wl th in  t h e  h a l f - l n c h  contour, t h e  in tense r a i n f a l l  I n  t h e  Ute area produced 
approxlmately 5 X 108m3 (4 X l o 5  acre ft) of  water w h i l e  roughly  2 X 108m3 
(1.6 X l o 5  acre  f t )  f e l l  i n  t h e  v i c l n i t y  of t h e  Va l ley  of F i r e  S t a t e  Park. 

M. Streamf low 

According t o  c a l c u l a t l o n s  and measurements made by t h e  USGS (Glancy, 19811, 
streamflow r a t e s  of 5,000 t o  10,000 f t 3 / s  (142 t o  283 m3/s)  occurred i n  many o f  
t h e  dry  washes t o  t h e  southwest o f  t h e  Logandale/Glendale area. 
f l o o d l n g  occurred a long t h e  C a l l f o r n l a  Wash and I n  t h e  v l c i n l t y  of Ute. 
mum stream f low r a t e  of about 50,000 f t 3 / s  (1,557 m3/s> was estimated t o  have 
occurred on t h e  C a l l f o r n l a  Wash t o  t h e  south o f  Moapa (Glancy, 1981). Flood 
waters 2 t o  4 ft (0.6 t o  1.2 m)  deep were repor ted t o  have covered I n t e r s t a t e  15 

Extenslve 
A m a x i -  
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where C a l i f o r n i a  Wash crosses t h e  highway (F lgure  21). 
Glendale, I n  t h e  Val ley of F i r e  Wash (F lgure  211, a streamflow r a t e  of about 
20,000 f t 3 / s  (566 m3/s) was ca l cu la ted  where t h e  wash flowed under Nevada S t a t e  
Highway 167. A t  t h i s  p o l n t  a c u l v e r t  was completely destroyed. Along t h e  same 
stream, t h e  c u l v e r t s  on Nevada S ta te  Highway 169, I n  t h e  Val ley o f  F l r e  S t a t e  
Park, were a l s o  t o t a l l y  destroyed. The USGS i s  assembling a separate r e p o r t  on 
t h i s  storm. According t o  t h e  Nat ional  Weather Serv ice (1981 1 V h e  f l ood  ing and 
h igh  wind caused 101s of m i l l i o n s  of d o l l a r s  worth of damage t o  t h e  Moapa area, 
Lake Mead Recreation Area, and Las Vegas.n 

To t h e  south of 

Flood lng was repor ted t o  t h e  west o f  Kingman, Arizona, I n  t h e  m a n  D a l l y  
m. 
f l ood ing  i n  t h e  Sacramento and Twin Washes. 

The newspaper repor ted t h a t  Arlzona Highway 68 was c losed due t o  

N. D i s s i p a t l o n  

As t h e  MCC contlnued moving southeastward, c loud t o p s  began t o  warm a f t e r  
04002 (2000 PST). F igures 24 and 25 c l e a r l y  demonstrate t h i s  thermal change. 
I n  add i t ion ,  t h e  ou t f l ow  winds from t h e  storm system began t o  move o u t  ahead o f  
t h e  MCC c loud mass between 0100 and 02002 (1700 and 1800 PST). The accompanying 
gus t  f r o n t  can be e a s l l y  l d e n t l f l e d  i n  F igures  24 and 25. As it moved o u t  ahead 
o f  t h e  MCC, t h e  gust  f r o n t  d i d  n o t  appear t o  l n l t l a t e  any s l g n i f l c a n t  new 
convection. The gus t  f r o n t  was I d e n t i f i a b l e  I n  t h e  s a t e l l i t e  imagery from 04462 
(2046 PST) u n t i l  nea r l y  09002 (0100 PST). I t  appears t h a t  as t h e  ou t f l ow  from 
t h e  MCC began t o  move away from t h e  MCC, t h e  MCC began t o  d l ss lpa te .  
clouds from t h e  MCC were i d e n t i f i a b l e  on s a t e l l i t e  Imagery u n t i l  approximately 
15002 (0700 PST) on 11 August. 

Debr ls  

I I I .  CONCLUSI ONS 

A large, long-llved, mesoscale convect lve weather system developed over eas t  
c e n t r a l  Nevada on 10 August 1981. T h l s  storm system s a t i s f i e d  many of t h e  
c r i t e r l a  associated w i t h  Mesoscale Convective Complexes (Maddox, 1980). These 
c r i t e r i a  are r l g i d .  Consequently, w i t h  sane f l e x i b i l i t y ,  an ana lys i s  o f  a l l  
a v a i l a b l e  meteoro log ica l  data I n  conJunction w i t h  s a t e l l i t e  imagery and radar  
data i n d i c a t e  t h a t  t h i s  storm q u a l l f i e d  for  a 13 mesoscale (Orlanski,  1975) 
system o r  an MCC. 
(Maddox, 1980) which was met f o r  on l y  5 h r  n o t  2 6  hr. 

The o n l y  MCC c h a r a c t e r i s t i c  n o t  met was d u r a t i o n  c r i t e r i a  B 

MCC development occurred ahead o f  a southeastwardly moving short-wave 
trough. Rapid development took p lace I n  t h e  e a r l y  a f te rnoon as an upper 
t ropospher ic  j e t  of wes ter ly  winds ahead o f  t h e  t rough moved over low-level 
warm, mo is t  a i r  cover ing extreme southeastern lu'evsda. As t h e  MCC generate i  it 
moved south-southeastward a t  an average speed of 40 km/hr (25 mph). Strong 
convergence occurred on t h e  r i g h t  f l ank  (west s ide )  o f  t h e  MCC and along a t i g h t  
mois ture g rad ien t  located s l i g h t l y  nor theas t  of Las Vegas. Strong mass conver- 
gence developed along t h i s  t i g h t  g rad ien t  where r e l a t i v e l y  d ry  southwesterly 
f low o f  5 t o  10 m/s met s t rong (20 t o  30 m / s )  and r e l a t i v e l y  co ld  no r theas te r l y  
ou t f low a i r  from t h e  MCC. 
intense r a i n  f e l l  t o  t h e  nor theas t  o f  t h i s  s t rong convergence zone. 

Very c o l d  c loud tops  (Tbb =-65"C> developed and 

Eased on t h e  OOOOZ (1600 PST) w inds-a lo f t  da ta  (see Table 2 )  and on t h e  
assumption t h a t  c loud bases i n  t h e  MCC were a t  o r  near t h e  10,000-ft leve l  
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Figure  24. I n f ra red  s a t e l l i t e  imagery w i t h  MB enhancement fo r  04462, 
1 1  August 1981, o r  2046 PST, 10 August. 
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above mean sea level ,  t h e  f o l l o w i n g  conclus ions were made: 

1. Below t h e  c loud bases t h e  mean in f l ow  wind was from 215' a t  10 m/s 
w i t h  e s s e n t i a l l y  no d i r e c t i o n  o r  speed shear i n  t h e  v e r t i c a l .  

L.  Mean environmental c loud- layer  winds were from 300' a t  12 m/s w i t h  
very l i t t l e  d i r e c t i o n  o r  speed shear through t h e  layer. 

-. Storm movement was from 345' a t  15 m/s o r  45' t o  t h e  r i g h t  o f  t h e  
d i r e c t i o n  of t h e  mean environmental c loud- layer  winds. 

4. Sub-cloud layer  a i r  t h e r e f o r e  had a s t rong component o f  r e l a t i v e  
motion toward t h e  approaching storm. Consequently, a zone o f  
s t rong enhancement o f  v e r t i c a l  mot ion ex i s ted  along and t o  t h e  
r i g h t  (west s ide )  o f  t h e  MCC. The co ldes t  c loud t o p s  and heav ies t  
r a i n f a l l  occurred along and t o  t h e  eas t  o f  t h i s  convergence zone. 

To ta l  r a i n f a l l  amounts o f  3 t o  6 i n  (76 t o  152 mm) occurred t o  t h e  southwest 
of Glendale. As much as 6 t o  6.5 i n  (152 t o  165 mm) appears t o  have fa1 len near 
Ute, w h i l e  3.05 i n  (77.5 mm) f e l l  i n  a r a i n  gauge located i n  t h e  Val ley o f  F i r e  
S ta te  Park. R a i n f a l l  r a t e s  were estimated t o  be 3 t o  4 i n / h r  (76 t o  102 mm/hr) 
or more. Th is  in tense r a i n f a l l  caused ex tens ive  f l o o d i n g  i n  t h e  Moapa area. 
Ca lcu la t i ons  made from f i e l d  survey measurements by t h e  USGS showed t h a t  manJy 
normal l y  d ry  stream beds experienced streamf low r a t e s  of 5,000 t g  10,000 f t  4s  
(142 t o  283 m3/s).  A maximum streamflow r a t e  of about 50,000 f t  /s  (1,560 m /SI 
i s  est imated t o  have occurred near t h e  mouth of t h e , C a I i f o r n i a  Wash. 
p roper ty  damage and loss o f  l i v e s t o c k  was a t t r i b u t e d  t o  t h e  f lood ing .  

Much 

On t h e  r i g h t  f l ank  of t h e  MCC, s t rong  sur face  ou t f l ow  winds of 50 t o  70 k t s  
(26 t o  36 m/s) caused proper ty  damage, power blackouts, and i n j u r i e s  from f l y i n g  
debris. Many boats were damaged by s t rong  winds on Lake Mead. I n  addi t ion,  
dense clouds o f  blowing dus t  and sand were generated, I i m i t  ing v i s i b i  I i t y  t o  
less than 3 m i  (4.8 km) for 45 t o  60 min i n  Las Vegas. 

MCC t ype  storms have important s o c i e t a l  consequences i n  t h e  deser t  
southwest. 
f l oods  i f  t h e  storm passes over  a populated area. Much p roper t y  damage and loss 
o f  l i f e  can occur (Randerson, 1976a). The s t rong  sur face  winds can dest roy 
bu i ld lngs ,  cause f l y i n g  debris, and r a i s e  dense c louds o f  blowing dus t  and sand, 
thereby reducing loca l  v i s i b i l i t i e s  t o  zero. Blowing dus t  and sand and s t rong 
winds are  hazardous t o  a i rp lanes,  t o  boats, and t o  veh icu la r  t r a f f i c .  The 
s t rong winds, heavy ra in ,  and cloud-to-ground l i g h t n i n g  can d i s r u p t  e l e c t r i c  
power supp l ies  i n  an area where many homes and businesses a re  ' * a l l  e l e c t r i c t t .  

The accompanying heavy p r e c i p i t a t i o n  can cause devas ta t ing  f l a s h  

The leve l  of experience and awareness o f  t h e  p o t e n t i a l  dangers of MCC type  
storms i n  t h e  dese r t  southwest may be low because many people have moved i n t o  
t h i s  area recen t l y .  Upon seeing t h e  deser t  condi t ions,  some may erroneously 
assume t h a t  heavy ra in ,  s t rong sur face winds, f l a s h  f looding,  and l i g h t n i n g  
don ' t  occur o f t e n  and a re  n o t  ser ious  problems. 
needed t o  r a i s e  awareness. 

An educational program may be 

I t  i s  important t o  no te  t h a t  a very s i m i l a r  t y p e  storm developed no r th  o f  
Glendale on June 30, 1984 (Cylke, 1984). L o c a l l y  heavy ra in ,  blowing dus t  and 
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sand, and sur face wind gusts o f  25 t o  30 m/s (50 t o  60 k t s l  accompenied t h i s  
storm. Maximum r a i n f a l l  t o t a l s  were probably 1.5 t o  3.0 i n  (38 t o  76 mm) i n  t h e  
Caliente/Ploche area. R a i n f a l l  t o t a l s  i n  t h e  Las Vegas Val ley were i n  t h e  0.1 
t o  0.5 i n  (2 .5 t o  12.7 mm) range. Some s t r e e t  f l ood ing  d i d  occur i n  Las Vegas 
and e l e c t r i c  power supp l ies  were d isrupted.  

The c l imato logy  o f  MCC t ype  storms over  t h e  southwestern t in i ted States and 
northwestern Mexico i s  unknown. Based on personal review of  s a t e l l i t e  imagery 
of t h e  t h e  past 10 y r  and on l i m i t e d  wri, t ten documentation (Cylke, 1984 and 
Hales, 19751, it appears t h a t  these large, we l l  organized thunderstorms may 
occur more f requen t l y  than expec+ed over  t h e  southwestern Uni ted States. Fore 
complete documentation of  these storms i s  needed by hyd ro log i s t s  who a re  
assigned t h e  task of  designing flood c o n t r o l  systems and by meteoro log is ts  who 
must forecast  t h e i r  Occurrence and a l e r t  t h e  general pub l i c .  
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APPENDIX A. A I R  ROUTE T R A F F I C  CONTROL RADAR CHARTS FOR 10 AUGUST 1981 
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APPENDIX B. TOTAL RAINFALL AMOUNrS FOR AUGUST lG, 1981 

Tota l  r a i n f a l  I amounts i n  inches for August 10, 1981 from Nat ional  C I  imato log ica l  
Data Center Records f o r  August 1981. Data l i s t i n g  i s  chrono log ica l ,  from s t a t i o n s  
f i r s t  exper ienc ing t h e  storm t o  t h e  l a s t .  

-_I---- . . ~. . . ~ - .  --- - ---_ . - . . _ .  ~ . . . . _ .  - - _ . .  . . .  . . . . . . .  _ _  
Approx. Tot. Tot. 

Time Map Amt.  Map A m t .  
l!BIL- -_._ Ne.v.a.d.a7 .(.Utah.)- ~ - - . I D L n  . . . . . . . J rr i zona _ _ _ _  J- . .R.a.in , . 
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Chino Val ley 
Alamo Dam 
H i l l s i d e  (4 m i  NNE) 
Jerome 
Presco t t  
Beaver Creek 
Walnut Grove 
Cordee 

BD M 

PRF 
TWP 

RS 

PSS 

I GM 
SEL 
SLG 

w NT 

PRC 

0.55 
1.57 

0.98 
1.16 
1.52 
1.34 
0.83 
0.80 
0.55 
0.38 
0.47 
0.89 
0.80 
0.01 
0.71 
0.50 
0.1 1 
0.28 
0.47 
1.72 
0.22 
0.39 
1.32 
0.03 
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