7N

NOAA Technical Memorandum NWS WR-204

PRELIMINARY ANALYSIS OF CLOUD-TO-GROUND LIGHTNING
IN THE VICINITY OF THE NEVADA TEST SITE

Carven Scott
National Weather Service Nuclear Support Office
Las Vegas, Nevada :

November 1988

‘U.S. DEPARTMENT OF Natioﬁal Oceanic and National Weather
COMMERCE Atmospheric Administration Service



NOAA TECHNICAL MEMORANDA '
National Weather Service, Western Region Subseries ;

The. National Weather Service (NWS) Western Region (WR) Subseries provides an informal

for the

riot yet ready, for formal publication.

tation and quick dissemination of results not .appropriate, or
The series is used to report on work in progress,

to describe technical procedures and practices, or to relale progress to a limited

audience.

These Technical Memoranda will report on investigations devoted primarily

to regional and local problems of interest mainly to personnel, and hence will not be
widely distributed.

Px;pcrs 1 to 256 are in the former series, ESSA Technical Memoranda, Western Region
Technical Memoranda (WRTM); papers 24 to 59 are in the former series, ESSA Technical
Memoranda, Weather Bureau Technical Memoranda (WBTM). Beginning with 60, the papers

are part of the series, NOAA Techinical Memoranda NWS.

Out-of-print memoranda are

not listed.

Papers 2 to 22, except for 5 (revised edition), are available from the National Weather
Service Western Region, Scientific Services Division, P.O. Box 11188, Federal Building,

125 South State Street, Salt Lake City, Utah 84147,

Paper 5 (revised edition), and all

others beginning with 25 are available from the National Technical Information Service,
U.S. Department of Commerce, Sills Building, 5285 Port Royal Road, Springfield, - Virginia

22161,
number shown in parentheses at end of each entry.

@ w N

17
21
22

25
26
© 28

30

31
32

37
39
40
43
44
46
47

48
49

50
51

54
55
56
57

58
59
60
63
64
66
69
7

Prices vary for all paper copies; microfiche are $3.50. Order by accession

) ESSA Technical Memoranda (WRTM)
Climétological Precipitation Probabilities, ~ Compiled by Lucianne Miller, December
1965.

Western Region Pre- and Post-FP-3 Program, December 1, 1965, to February 20,
1966, Edward D. Diemer, March 1966, '

Station Descriptions of Local Effects on Synoptic Weather Patterns. Philip Williams,
Jr., April 1966 (Revised November 1967, October 1969), (PB-17800)

Interpreting the RAREP. Herbert P, Benner, May 1966 (Revised January 1967).

Some Electrical Pr in the Atmosphere. J. Latham, June 1966. . .
A Digitalized Summary of Radar Kchoes within 100 Miles of Sacramento, Califor-
nia. J. A. Youngberg and L. B, Overaas, December 1966.

An Objective’ Aid for Forecasting the End of East Winds in the Columbia Gorge,
July through October. D. John Copgmnis, April 1967,

Derivation of Radar Horizons in Mountainous Terrain. . Roger G. Pappas, April

1967,
ESSA Technical Memoranda, Weather Bureau Technical Memoranda (WBTM)

Verification of Operation Probability of Precipitation Forecasts, April 1966-March
1967. W, W. Dickey, October 1967. (PB-176240)

A Study of Winds in the Lake Mead Recreation Area. R. P. Augulis, January
1968. (PB-177830)

Weather Extremes. R.J. Schmidli, April 1968 (Revised March 1986). (PB86 177672/AS)
Small-Scale Analysis and Prediction: Philip Williams, Jr., May 1968, (PB178425)

Numerical Weather Prediction and Synoptic Meteorology. CPT Thomas D. Murphy,
USAF, May 1968. (AD 673365)

Precipitation Detection Probabilities by Salt Lake ARTC Radars. Robert XK. Belesky,
July 1968. (PB 179084} -

Probability Forecasting--A Problem Analysis with Reference to the. Portland Fire =

Weather District. Harold S. Ayer, July 1968. (PB 179289)
Temperature, Trends in Sacramento--Another Heat Island.
February 1969. (PB 183055) n

Disposal of Logging Residues Without Damage to Air Quality.
March 1969. (PB 183057)

Upper-Air Lows Over Northwestern United States.
184296)

The Man-Machine Mix in Applied Weather Forecasting in the 1970s.
August 1969. (PB 185068)

Forecasting ‘Maximum Temperatures at Helena, Montana.
1969. (PB 185762)

Estimated Retwrn Periods for Short-Duration Precipitation in Arizona.
Kangieser, October 1969. (PB 187763) _ .

Applications of the Net Radiometer to Short-Range Fog and Stratus Forecasting
at Eugene, Oregon. L. Yee and E, Bates, December 1969. (PB 190476)

Statistical Analysis as a  Flood Routing Tool. Robert J.C. Burnash, December
1969. (PB 188744)

Tsunami. Richard P. Augulis, February 1970. (PB 190157)

Predicting -Precipitation Type.  Robert J.C. Burnash and Floyd E. Hug, March
1970. (PB 190962)

Statistical Report on Aeroallergens (Pollens and Molds) Fort Huachuca, Arizona,
1969. Wayne S. Johnson, April 1970. (PB 191743)

Western Region Sea State and Surf Forecaster’s Manual.
Gerald B. Burdwell, July 1970, (PB 193102)
Sacramento Weather Radar Climatology.
1970. (PB 193347)

A Refinement of the Vorticity Field to Delineate Areas of Significant Precipi-
tation. Barry B. Aronovitch, August 1970,

Anthony‘ D. Lentini,
Owen P. Cramer,
AL. Jacobson, April 1969, PB
L.W. Snellman,
David E. Olsen, October
Pauvl C.

Gordon C. Shields and
RG. Pappss and C. M. Veliquette, July

- Application of the SSARR Model to a Basin without Discharde Record.  Vail

Schermerhorn and Donal W. Kuehl, August 1970. (PB 194394)
Areal Coverage of Precipitation in Northwestern Utah.
Werner J. Heck, September 1970. (PB 194389)

Preliminary Report on Agricultural Field Burning vs. Atmospheric Visibility in the
Willamétte Valley of Oregon. Earl M. Bates and David O. Chilcote, September
1970. (PB 194710)

Air Pollution by Jet Aircraft at Seattle-Tacoma Airport. |
October 1970. (COM 71 00017)

Application of PE Model Forecast Parameters to Local-Area Forecasting.
W. Snellman, October 1970. (COM 71 00016)

An Aid for Forecasting the Minimum Temperature at Medford, Oregon, Arthur W.
Fritz, October 1970. (COM 71 00120)

700-mb Warm Air Advection as a Forecasting Tool for Montana and Northern
Idaho. Norris E. Woerner, February 1971, (COM 71 00349)

Wind and Weather Regimes at Great Falls, Montana. Warren B, Price, March 1971,

Climate of Sacramento, California. Tony Martini, January 1988. (PB88 206370/AS)

A Preliminmy Report on Correlation of ARTCC Radar Echoes and Precipitation.
Wilbur K. Hall, June 1971. (COM 71 00829)

Naticnal Weather Service Support to Soaring Activities.
1971. (COM 71 00956)

Western Region Synoptic Analysis-Problems and Methods.
February 1972. (COM 72 10433}

Wallace R. Donaldson,

Leonard

Ellis Burton, August
Philip Williams, Jr.,

Philip Williams, Jr., and

74
75
76
77
78

"79

80

© 81

82

83
86
87
89

91
92

93
94
95
96
97
98
99
102
108
10

h4

105

107

108
109

110

112
113

114
116
17
118

119

121
122
124

126

127

128

129
130

13

et

132
133

134
135

136
137

138
139

Clarence M. Sakamoto,

Ronald A.

Thunderstorms and Hail Days Probabilities in Nevada.
April 1972. (COM 72 10554) s : i
A Study of the Low Level Jet Stream of the San Joaquin Valley.
Willis and Philip Williams, Jr., May 1972, (COM 72 10707) .

Monthly Climatological Charts of the Behavior of Fog and Low Stratus at Los
Angeles International Airport. Donald M. Gales, July 1972. (COM 72 11140)

A Study of Radar Echo Distribution in Arizona During July and August. John E.
Hales, Jr., July 1972. (COM 72 11136) .
Forecasting Precipitation at Bakersfield, California, Using Pressure Gradient
Vectors. Earl T. Riddiough, July 1972, (COM 72 11146)

Climate of Stockton, California. Robert C. Nelson, July 1972. (COM 72 10920)
Estimation of Number of Days Above or Below Selected Temperatures.
Sakamoto, October 1972, (COM 72 10021) . .
An Aid for Forecasting Summer Maximum Temperatures at Seattle, Washington.
Edgar G. Johnson, November 1972. (COM 73 10150) . .
Flash Flood Forecasting and Warning Program in the Western Region. Philip
Williams, Jr., Chester L., Glenn, and Roland L. Raetz, December 1972, (Revised
March 1978). (COM 73 10251) o R
A comparison of Manual and Semiautomatic Methods of Digitizing Analog Wind
Records. Glenn E. Rasch, March 1973. (COM 73 10869) )
Conditional Probabilities for Sequences of Wet Days at Phoenix, Arizona. Paul C.
Kangieser, June 1973, (COM 73 11264) X

A Refinement of the Use of K-Values in Forecasting Thunderstorms in Washington
and Oregon. Robert Y.G, Lee, June 1973, (COM 173 11276) ;

Objective Forecast Precipitation Over the Western Region of the United States.
Julia N. Paegle and Larry P, Kierulff, September 1973, (COM 73 11946/3AS)

Arizona "Eddy" Tornadoes; Robert S. Ingram, October 1973, (COM 73 10465)

Clarence M.

Smoke Mansgement in the Willamette Valley, Earl M. Bates, May 1974 (COM 74
11277/AS) |
An O/perational Evaluation of 500-mb Type Regression Equations. Alexander E.

MacDonald, June 1974, (COM 74 11407/AS)

Conditional Probability of Visibility Less than One-Half Mile in Radiation Fog at
Fresno, California. John D. Thomas, August 1974, (COM 74 11555/AS)

Climate of Flagstaff, Arizona. Paul W. Sorenson, and updated by Reginald W.
Preston, January 1987, (PB87 143160/AS) -

Map type Precipitation Probabilities for the Western Region. Glenn E. Rasch and
Alexander E. MacDonald, February 1975. (COM 75 10428/AS)

Eastern Pacific Cut-Off Low of April 2128, 1974. William J. Alder and George
R. Miller, January 1976. (PB 250 711/AS) ) .

Study on a Significant Precipitation Episode in Western United States.
Brennet, April 1976. (COM 75 10719/AS) X

A Study of Flash Flood Susceptibility-A Basin in Southern Arizona. Gerald Williams,
August 1975. (COM 75 11360/AS) .

A Set of Rules for Forecasting Temperatures in Napa and Scrioma Counties.
Wesley L. Tuft, October 1975. (PB 246 802/AS)

Application of the National Weather Service Flash-Flood Program in the Western
Region. Gerald Williams, January 1976. (PB 253 053/A8) . .
Objective Aids for Forecasting Minimum Temperatures at Reno, Nevada, During the
Summer Months. Christopher D. Hill, January 1976. (PB 252 866/AS)
Forecasting the Mono Wind,  Charles P. Ruscha, Jr, February 1976, (PB 254
650) - :
Use of MOS Forecast Parameters in Temperature Forecasting. John C. Plankinton,
Jr., March 1976. (PB 254 649)

Map Types as Aids in Using MOS PoPs in Western United States.
August 1976. (PB 259 594) !

Other Kinds of Wind Shear. Christopher D. Hill, August 1976. (PB 260 437/AS)

Forecasting North Winds An the Upper Sacramento Valley and Adjoining Forests.
Christopher E. Fontana, September 1976. (PB 273 677/AS)

Cool Inflow as a Weskening Influence on Bastern Pacilic Tropical Cyclones.
William J. Denney, November 1976. (PB 264 655/AS) !

The MAN/MOS Program. Alexander E. MacDonald, February 1977. (PB 265 941/AS)
Winter Season Minimum Temperature Formula for Bakersfield, California, Using

Ira 8.

Ira S. Brenner,

Multiple Regression. Michael J. Oard, February 1977, (PB 273 694/AS)

Tropical Cyclone Kathleen, James R, Fors, February 1977. (PB 273 676/AS)

A Study of Wind Gusts on Lake Mead. Bradley Colman, April 1977. (PB 268 847)

The Relative Frequenty of Cumulonimbus Clouds at the Nevada Test Site as a
Function of K-Value, R.F. Quiring, April 1977. (PB 272 831)

Moisture Distribution Modification by Upward Vertical Motion.
April 1977. (PB 268 740)

Relative Frequency of Occurrence of Warm Season Echo Activity as a Function of
Stability Indices’ Computed from the Yucca Flat, Nevada, Rawinsonde. Darryl
Randerson, June 1977. (PB 271 290/AS)

Climatological Prediction of Cumulonimbus Clouds in the Vicinity of the Yucca
Flat Weather Station. R.F. Quiring, June 1977. (PB 271 704/AS) i

A Method for Transforming Temperature Distribution to Normality. Morris S.
Webb, Jr,, June 1977. (PB 271 742/AS)

Statistical Guidance for Prediction of Eastern North Pacific Tropical Cyclone
Motion - Part I. Charles J, Netmann and Preston W. Leftwich, August 1977. (PB
272 661) ' ;

Statistical Guidance on the Prediction of Eastern North Pacific Tropical Cyclone
Motion - Part II.  Preston W. Leftwich and Charles J. Neumann, August 1977.
(PB 273 155/AS) ~ B ‘

Climate of San Francisco. E. Jan Null, February 1978.
Pericht, April 1988, (PB88 208624/AS)

Development of a Probability Equation for Winter-Type Precipitation Patterns in
Great Falls, Montana. Kenneth B. Mielke, February 1978. (PB 281 387/A8)

Hand Calculator Program to Compute Parcel Thermal Dynamics. Dan Gudgel, April
1978. (PB 283 080/AS) '

Firve whirls, David W, Goens, May 1978. (PB 283 866/AS)

Flas/}xgood Procedure. Ralph C. Hatch and Gerald Williams, May 1978,
014,

Automated Fire-Weather Forecasts.
1978. (PB 289 916/AS)

Estimates of the Effects of Terrain Blocking on the Los Angeles WSR.74C Weather
Radar. R.G. Pappas, R.Y, Lee, B.W. Finke, October 1978. (PB 289767/AS)

Spectral Techniques in Ocean Wave Forecasting. John A. Jannuzzi, October 1978.
(PB201317/AS) i

Solar Radiation. John A. Jannuzzi, November 1978. (PB291195/AS)

Application of a Spectrum Analyzer in Forecasting Ocean Swell in Southern California
Coastal Waters, Lawrence P. Kierulff, January 1979. (PB292716/AS)

Basic Hydrologic Principles. Thomas L. Dietrich, January 1979, (PB292247/AS)

LFM 24-Hour Prediction of Eastern Pacific Cyclones Refined by Satellite Images.
John R. Zimmerman and Charles P. Ruscha, Jr., January 1979. (PB294324/AS)

A Simple Analysis/Diagnosis System for Reéal Time Evaluation of Vertical Motion.
Scott Heflick and James R. Fors, February 1879, (PB294216/AS)

Aids for Forecasting Minimum Temperature in the Wenatchee Frost District.
Robert S. Robinson, April 1979. (PB298339/AS)

Ira 8. Brenner,

Revised by George T.

(PB 286
Mark A. Mollner and David E. Olsen, September



NOAA Technical Memorandum NWS WR-204

PRELIMINARY ANALYSIS OF CLOUD-TO-GROUND LIGHTNING
IN THE VICINITY OF THE NEVADA TEST SITE

Carven Scott

National Weather Service Nuclear Support Office
- Las Vegas, Nevada

November 1988

UNITED STATES National Oceanic and National Weather
DEPARTMENT OF COMMERCE Atmospheric Administration / Service
C. William Verity, Secretary William E. Evans, Administrator Eibert W, Friday, Jr., Director




This publication has been reviewed
and is approved for publication by
Scientific Services Division,
Western Region.

Wtk
Ken Mielke, Acting Chief

Scientific Services Division
Salt Lake City, Utah

if



TABLE OF CONTENTS

Table of Contents

List of Tables

List of Figures

Abstract

I. Introduction

II. Lightning Detection Network Accuracy and Efficiency
III. Lightning Climatological Data

A. Lightning Flash Rate

B. Lightning Flash Data Versus-Terrain
IV. Positive Cloud-to-Ground Flashes
A. Vertical Wind Shear

B. Nocturnal Maximum

V. Summary

VI. References

1ii

PAGE

iii

iv

11

11

11



LIST OF TABLES

PAGE

Table 1. Statistics of Cloud-to-Ground Lightning from the NTS for
July 23, 1986 through August 26, 1987. 4

iv



LIST OF FIGURES

Figure1. NTS ALDS Network

Figure 2. Network Configuration for the NTS Lightning Location System
Figure 3. NTS/ALDS System Accuracy (50% Probability Ellipsis)

Figure 4. NTS/ALDS System Accuracy (Contour Plot Showing Lines of Equal
Accuracy). Values are the Length of the Semi-Major Axis of the 50%

Probability Ellipses.

Figure 5. Number of CG Flashes Measured by the NTS ALDSasa
Function of Time

Figure 6. CB Activity on the NTS for May-September (After Quirling, 1986).

Figure 7. Total Number of Hours of Echo Activity for June through
September 1971 and 1972 (Adjusted for Detectability). (After Randerson, 1976).

Figure 8. Total CG Flashes vs. Terrain
Figure 9. Positive CG Flashes vs. Terrain

Figure 10. Percent Positive CG Flashes as a Function of Time.

PAGE

10

10



PRELIMINARY ANALYSIS OF CLOUD-TO-GROUND LIGHTNING
IN THE VICINITY OF THE NEVADA TEST SITE

ABSTRACT

Cloud-to-ground lightning (CG) constitutes a severe hazard to both personnel and sensitive equipment.
The Weather Service Nuclear Support Office (WSNSO) operates an Automatic Lightning Detection Net-
work to ensure maximum protection on the Nevada Test Site (NTS). This study describes the lightning
network in some detail. The accuracy and detection efficiency of the system is also investigated.

Lightning data were collected and analyzed for the period July 1986 through August 1987. Of particular

interest in this data set was the temporal variation of both positive and negative CG flashes. In addition,
factors that may influence the character and distribution of lightning flashes were studied.

vi



PRELIMINARY ANALYSIS OF
CLOUD-TO-GROUND LIGHTNING
IN THE VICINITY OF THE NEVADA TEST SITE

I. INTRODUCTION

Recent development of equipment that can ac-
curately locate and_detect certain pro%erties of
lightning on a real-time basis has been beneficial
to the operational meteorologist as well as to the
researcher. National Weather Service (NWS)
Western Region meteorologists are especially
familiar with the Automatic Lightning Detection
1%}}fstem (ALDS) ogfrated_ by the Bureau of Land

anagement (BLM) (Krider, gt. al., 1980). The
NWS Western Region has been involved with col-
lecting and disseminating this real-time lightning
data from the BLM since 1982. The data are
processed at the NWS Forecast Office in Boise, ID,
where various products are created for dissemina-
tion via the S communications loop (Rasch
and Mathewson, 1984).

However, real-time lightning products are onlg
available via AFOS, at a minimum, every 3
minutes. This interval is unsatisfactory to provide
timely support of operations at the Nevada Test
Site ng. To ensure the maximum protection of
ersonnel and e(%ul ment, the Weather Service
uclear Support Office (WSNSO), under the

auspices of the Department of Ener% é(313OE), ac- .

tivated an ALDS at the NTS in July

This system represents an o&glgrtunig in the West
to assess the viability of the NTS/ALDS configura-
tion. Utilizing lightning data gathered during the
period July 1986 @hrough August 1987, this study
attempts toinvestigate factors that might influence
the character and distribution of cloud-to-ground
(CG) flashes. The accuracy of flash placement pos-
sible with the NTS system (explained in the next
section), in conjunction with other resources avail-
able, makes the NTS an ideal location to undertake
this investigation.

II. LIGHTNING DETECTION NETWORK AC-
CURACY AND EFFICIENCY

The NTS network consists of four Direction
Finders (DFs) manufactured b Ligl.tmng Loca-
tion and Protection, Inc. (LLPX, (Krider, et. al.
1980). Figure 1 shows that currently one DF is lo-
cated in each of the corners of the NTS. The
rectangular shape of the NTS leads to east-west
baselines of aapi[prommately 40km, and north-south
baselines of almost 75 km. As seen in Figure 2
lightning information from the DFs is multiplexe
from the NTS to the Position Analyzer (PA) at the
Nevada Operations Office in Las Vegas.

The PA processes the raw DF data and automati-
cally computes the locations of the lightning flashes
by friangulation, utilizing input from at least two

of the DF's (LLP /PA Manual, 1984). Since bearing
angles from the DFs have an estimated anggular ac-
curacy of +1 degree (Krider, et. al.,, 1980), the
trigonometric calculations lead to a decrease in the
confidence of flash placement as the distance to the
flash increases. This uncertainty is expressed in
the probabﬂnﬁ' or error ellipse (Figure 3). If one as-
sumes that a flash occurs at the center of an ellipse,
the probablhg elhgse is defined as a region within
which a flash has a 50 percent or greater probability
of being placed by the calculations of the PA.

From the PA, the processed lightning data are
routed to various display devices in the DOE fami-
ly of operations (see Figure 2). Additionally, flash
information such as flash polarity, number of
return strokes, and all raw DF information, is
transmitted to an archive device, The archival
capability allows WSNSO meteorologists access to
detailed flash data for system analysis'and research
applications.

For the NTS/ALDS, with an average baseline of
about 56 km between DF's, the confidence in the
flash location outside of about 170 km is quite low.
This fact is Saphmally portrayed in contour plot of
lines of equal accuracy of the flash location, derived
from the probability ellipse chart. Careful study of
Figure 4 indjcates especially low confidence in flash
location to the southeast and northwest, outside of
170 km, no doubt attributable to the short east-
west baseline (40 km).

With the mission of the WSNSO in mind (support
of DOE operations on the NTS), the sensor gain
was _lowered to be more compatible with the
baseline len§‘th of the NTS network. Lowering the

ain reduced the nominal range (nominal range is

efined loosely as the range at which the detection
efficiency starts to fall off) of the DF from ap-
proximately 370 km to 90 km. This eliminated
most of the flashes that occurred beyond the point
where the PA can process lightning flashes ac-
curately.

Presently, onlya curso% %round-truth analysis has
been conducted on the NTS/ALDS. A preliminary
estimate of flash locations inside the designed
nominal range indicates the multi-site detection ef-
ﬁmenc%r of the NTS/ALDS (approximately 80

ercent) is in line with data from 1prev1ous studies
?Mach 1984, MacGorman et. al., 1984). Locations
of CG flashes were pinpointed on several occasions
on and near the NTS by WSNSO and Los Alamos
National Laboratory (LANL) personnel during the
summer of 1986. Comparison of the limited
ground-truth data with the NTS/ALDS locations
indicates a very close agreement (1 km or less from
their true position).
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A more elaborate ground-truth program, the
Lightning Identification and Verification Evalua-
tion Study (LIVES) Project, was attempted during
the summer of 1987. WSNSO ersonnel were
deployed in and around the NTS atlocations where
closed-circuit television cameras were located.

These individuals communicated with a command

post via two-way radios to coordinate camera
aiming and to keep an event log for cross-reference
11;)111’pose.s. In addition, the lightning warning sys-

em maintained by LANL onthe NTS was closely
monitored.

The LANL system (described in Buset and Price,
1974)isa 11% tning warning system manufactured
by Meteorology Research, Inc., Coupled to the at-
mosphere by means of a radioactive probe, the
instrument measures the slow varying electric
field as well as the faster changing electrostatic
component due to a lightning discharge. When a
lightning discharge occurs, the distance to the dis-
charge is computed and then transmitted to a stri

- recorder. Though differentin principle, the LAN
sKstem is similar to the field mill in the parameters
that one attempts to measure. Unfortunately, like
the field mill, the LANL system is unable to dis-
criminate among_cloud-to-ground, cloud-to-cloud,
and intra-cloud discharges.

However, by comparing data sets from the LANL
system, the NTS/ALDS and ground observers, es-
timates can be made of the percentage of CG
flashes versus total lightning discharges as well as
other useful relationships. This may be ac-
complished through the correlation ot ground
reports with flash locations from the NTS/ALDS,
These correlations, in turn, can also be compared
with output from the LANTL system.

The lack of thunderstorm activity on the NTS
during the summer of 1987 resulted in a lightning
flash data set too small to allow any definite con-
clusions_to be drawn, However, some ground-
truth validation utlhzmﬁ a limited set of observa-
tions from LANL will hopefully be incorporated
into a subsequent report.

III. LIGHTNING CLIMATOLOGICAL DATA

Durin%the period July 23, 1986 through August
26, 1987, the NTS network detected a total of
45,092 CG flashes (Table 1). Of these, 1377 (or 3
%ercent) were positive cloud-to-ground flashes,
onsequently, nearly 97 percent of the detected
flashes were negative, very close to the percentage
other investigators (Fuquay, 1982 and Mielke,
1986) have found in the western United States.

Using only sunset-sunrise as a discriminator, the
percentage of positive flashes increased to 4.5 per-
cent after sunset (Table 1). This figure is nearly
twice the perceptage of positive flashes received
durin%)the daylight hours. This is phenomenon
noted by other investigations (Orville, et, al,, 1988
and Mielke, 1986), is developed further in a later
section.

However, the hour of maximum CG lightning ac-
tivity was very close to the time of maximum
cumulonimbus (CB) activity as %(Jaported in obser-
vations taken at the Yucca Weather Station
(1962-1975) summarized %y Quiring (1976) in his
study on the NTS, Figure 5 is a plot of the number
of C( flashes as function of time as measured bg
the ALDS. Figure 6 represents the number of C
occurrences versus time on the NTS, Both curves
Feak at approximately 2300Z (1700 PDT), certain-
y not unexpected given the relationship between
lightning and CB activity.

Table 1

Statistics of Cloud-to-Ground Lightning
from the NTS for July 23, 1986 through
August 26, 1987

Total cloud-to-ground flashes - 45092
Total positive cloud-to-ground flashes - 1377
Percent positive cloud-to-ground flashes - 3.1%
Cloud-to-ground flashes (daytime) - 33697

Positive cloud-to-ground flashes (daytime) - 861

Percent positive cloud-to-ground flashes - 2.6%
11395
Positive cloud-to-ground flashes (nighttime)-516

Cloud-to-ground flashes (nighttime) -

Percent positive cloud-to-ground flashes - 4.5%
A, Lightning Flash Rate

Lightning flash rates were studied in some detail.
The flash rate, as well as the number of CG flashes
detected by the NTS/ALDS, pales in comparison
to results from the National Severe Storm
Laboratory network in Oklahoma and the Nation-
al Aeronautics and Space Administration network
in southern Florida. Goodman and MacGorman
(1985) found that mesoscale convective complexes
in Oklahoma often have flash rates in excess of
3000 hr*. The most active lightning day measured
by the NTS/ALDS was August 8, 1987, when al-
most 2,200 flashes were detected.

Interesting to note, however, was the comparison
of flash rates detected from individual airmass
thunderstorms. CG flash rates measured by the
NTS/ALDS for individual thunderstorms were 1
to 2 min™ This figure is in close agreement with
flash rates in air mass thunderstorms measured by
I()féclgll%\daler and Krider (1983), and Rust, et. al,,

Although no severe thunderstorms were identified
on the NTS during the 13-month period, two
thunderstorms did produce surface wind gusts ap-
proaching severe criteria (50 kt), Flash rates of 7
min™* (consistent with the flash rates of severe
thunderstorms from the studies cited in the pre-

vious paragraph) were detected by the NTS/ALDS
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with both of these storms. However, several other
thunderstorms also produced flash rates of 6-7
min™, but were not observed to produce severe
weather.

As Mielke (19886) stated, flash flooding is an impor-
tant problem for the NWS Western Region. " He
reported evidence of a relationship between nega-
tive CG clusters and flash flood events. Four
events were documented this %)as_t summer where
the NTS/ALDS indicated clustering of CG flashes,
and "heavy" rainfall could be documented through
the NTS rainfall network (heavy rain being defined
asin excess of .75 inch in 1to 2 hours). Atleast one
heavy rainfall event occurred, though, where the
flash data did not indicate clustering. 'fhp implica-
tion is that clustering of strikes may indicate flash
flood potential, but lack of clustering does not
necessarily mean heavy rains are not possible.

B. Lightning Flash Data Versus Terrain

Lightning flash density studies by Buset and Price
(1974) conducted over the NTS indicate that
thunderstorms tend to develop over high terrain.
A climatology of radar echoes in part of the south-
western United States (Randerson, 1976) also
pointed to this preference (Figure 7). However, a
summary plot of lightning flashes in the vicinity of
the NTS for the period June 15 through August 26,
1987, overlaid with a terrain m.a{fl (Figure 8), indi-
cates that this preference for high terrain may not
extend as strongly to CG flashes as one might in-
tuitively believe.

In contrast, a recent study by Reap (1986) indicates
a very hlgh. correlation between the location of
lightning strikes and terrain. The discrepancy be-
tween the NTS study and the Reap study may lie
in the scale within which each study was con-
ducted. Without §o;ng into a detailed comparison,
the NTS study utilized a terrain map at least an
order of magnitude finer in detail. Additionally,
though no definitive study has been done on the ac-
curacy of the BLM/ALDS, the spacing average
between the BLM/ALDS DFs (350 km) natural
leads tolarger error ellipses than are produced wit
the NTS/ALDS over the region in which the NTS
study was conducted. Thus, direct comparison of
the results of the two studies is not possible.

Figure 8 (representing about one month’s data) for
example, demonstrates that although CG lightning
flashes do strike higher ground, there are
anomalies apparent. One such anomalous area is
atthe western edge of the NTSwhere a %onounced
concentration of flashes was detected. Most of the
flashes in that area occurred during one
thunderstorm that remained nearly stationary
away from the high terrain that prevails over a
large part of the northwestern NTS. Another
anom C[Y is located in the south-central part of the
NTS. Though indeed the lack of correlation with
the highest terrain may be a function of the limited
data set, lightning flash maps from other months
show this same tendency.

Based on the available data, positive CG flashes
show the same tendency for str_lkin% away from the
highest terrain. Figure 9 depicts the locations of
the positive CG flashes around the NTS for the

eriod July 23, 1986 through May 9, 1987. After

avmiLstudled many thunderstorms with the
NTS/ALDS, most of the positive CG flashes that
do occur on the high terrain, generally flash either
in the wake of or ahead of the thunderstorm. This
conclusion was ascertained via a detailed, time-
lapse analysis of many thunderstorms that

roduced positive CG flashes in the vicinity of the

VTS. This observation has been confirmed by pre-
‘{19081115) studies (Fuquay, 1982, and Rust, et._al,

IV. POSITIVE CLOUD-TO-GROUND FLASHES

Hardware improvements in the LLP/ALDS allow
the detection of J)ositive as well as negative CG
flashes. As stated previously, negative CG flashes
comprise the vast majority of CG lightning.
However, recent studies indicate that positive
flashes differ from their negative counterpartsinat
least two ways. The positive CG flash (which
lowers positive charge to ground) aﬁ)parently trans-
fers many times the amount of charge to ground
than the negative CG flash, and with a peak return
stroke current many times the average negative
flash (Brook, et, al., 1983). Continuing current fol-
lowing the return stroke of the positive CG flash
has also been documented by several investigators

- (Fuquay 1982, Rust, et, al,, 1985a). |

The destructive dpotential of positive CG flashes has
been recognized by the electrical power industry
and the United States Forest Service, as well as the
research community. Working conditions at the
NTS often put personnel and electrically sensitive
equipment in vulnerable positions with respect to
hgh_tpm% Thus, the ability to physically relate the
positive CG flash to certain parameter(};) isanim-
portant research topic.

A. Vertical Wind Shear

Recent studies by Rust, et. al. (1985b) and Brook,
et. al. (1982), have both indicated a correlation be-
tween moderately strong 850-300 mb wind shear
and the number of positive CG flashes. The inten-
sity of the vertical wind shear through the
electrically active portion of the thundercloud does
seem to play an important factor in differentiating
storms more prone to positive CG flashes.

Several thunderstorm systems were_studied in
detail utilizing information from the NTS/ALDS.
Preliminary results indicate that the percentage of
positive flashes increases under the influence of
strong vertical wind shear. However, toolittle data
are presently available over Nevada to draw any
firm conclusions relating vertical wind shear to
positive CG flashes.
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B. Nocturnal Maximum

Positive CG flashes also exhibit a diurnal peak at
approximately 0600Z, or roughly local midnight in
the western United States (Figure 10). Data for the
graph were derived bgr selectm%all thunderstorm
ays from the NTS/ALDS data base where
thunderstorm activity that began during the
daylight hours continued after sunset by at least 2
hours. This data set was then broken into hourly
intervals, and the percenta;;e of ]
total flashes was computed for each time interval.
The graph, thus, represents a composite of lightn-
ing flashes that occurred on thunderstorm days
that spanned local sunset.

The nocturnal maximum phenomenon can Pax_'t;ly
be attributed to the End-of-Storm-Oscillation
(EOSO) (Moore and Vonnegut, 1977). EOSO is
commonly observed in a dissipating thunderstorm
when downdrafts predominate. As the cell collap-
ses, downdrafts displace the negative charge in the

lower cloud outward and expose the ground to the
Positive_ charge in the upper, cloud, Normally, by
ocal midnight, convection is diminishing (more

storms are diminishing than are building); thus,
the ratio of positive CG flashes can increase.

An additional source of positive CG flashes in
diminishing thunderstorms is the cirrus anvil
Positive CG flashes are often observed emanating
from the anvil during the mature and later stages
of severe thunderstorms (Rust, gt. al., 1981). The
positive charge concentrated on ice crystals in the
spreading anvil has an unobstructed path to the
earth’s surface, facilitating the production of posi-
tive CG flashes.

Some research indicates that the "nocturnal maxi-
mum' is not real, but a misidentified negative CG
waveform signature (Orville, et al,, 1983). In
theory, the misinterpretation is due to the reflec-
tion of a distant negative CG _waveform off the
stronger, nocturnal F-layer in the ionosphere that
inverts the waveform. There is also the possibili
that non-vertical channels of the intra-cloud or C
flash could cause waveform distortion, enough so
that the DF could misidentify the received
wayveform. However, in the cases studied in detail
utilizing the NTS/ALDS, the majority of the posi-
tive CG flashes were located inside or within 35 km
of the NTS boundary which negates the reflection
problem. Thisfact, combined with recent improve-
ments in DF technology and increased signal
strength thresholds for positive CG flashes, make
both of these scenarios highly unlikely.

Indeed, at least two storm days studied over the
past 18 months utilizip%lthp NTS/ALDS showed
peak convection and lightning activity after local
sunset (23-24 July 1986, 25-26 August 1986). In
these cases, the percentage of positive CG flashes
was higher than "normal” while lightning activity
was either increasing, or at least remaining at a
eak level. Neither the anvils of dissipatin
hunderstorms nor the EOSO phenomenon woul

ositive CGs to’
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be adequate to explain the anomalously high posi-
tive CG percentages observed in the above
situations.

There is little literature addressing this aﬁparent
nighttime maximum of positive CG flashes.
Speculation would lead one to believe that, if this
effectisindeed real, electricfield changesthat occur
after sunset (both internal and external to the
thundercloud) may somehow be responsible. Cer-
tainly more research needs to be done on this effect
and on the cloud electrification processes that could
cause a nighttime maximum of positive CG flashes.

V. SUMMARY

Preliminary analysis of the data set from the period
Jule 23, 1986 throuﬁh Avugust 26, 1987 from the
N S/ALDS reveal the following:

1. For southern Nevada, approximately 97 percent
of CG flashes lower negative charge to the ground.
The remaining 3 percent lower positive charge to
the ground.

2. Inthe majoritg
were observe
thunderstorm.

of the cages, positive CG flashes
to strike away from the

3. The CG flash rate maximizes at around 23002
inthe afternoon, coinciding approximately with the
time of maximum cumulonimbus activity.

4. The ratio of positive to negative flashes, as well

as the number of positive CG flashes, increases

after sunset, maximizing at about 0600Z. The ratio

of positive to negative flashes rises from about 2

Eerce_nt during the afternoon to nearly 10 percent
y midnight.

5. As noted by other authors, the vertical wind
shear plays a role in the evolution of the positive
CG flash. Positive CG flashes were observed to
occur inareas of higher shear in three cases studied
in detail. However, the data are too limited to draw
firm conclusions.
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