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SUMMARY 

This report discusses the frequency and types of Low-Level Wind Shear 
Alert System (LLWAS) wind shear alarms for the period of the JAWS experiment 
during the thunderstorm season of 1982, reviewing distributions of wind speed 
and wind shear measurements. Over 2 million observations from the Stapleton'! 
LLWAS system form the basis for statistics developed in this report. We pre..:. 
sent examples when the LLWAS data were valuable in helping aircraft avoid 
hazar'dous wind shear situations. Conversely, some wind shear alarms occurr'ed 
on days with few microbursts, and the flows causing many of these alarms, we 
find, are unlikely to be a hazard to aircraft. 

Comparing LLWAS alarms with meteorological data from an array of surface 
stations and other sources we found that: 

• 101 (16.3%) alarms were related to microhursts, 

• 75 (12.1%) were related to gust fronts, 

• 145 (23.3%) were related to isolated gusts, 

• 300 (48.3%) were related to other sources. 

It is this last group of alarms (clearly not related to gust fronts or micro~ 
bursts) that need to be characterized in terms of meteorological sources and 
wind shear severity. Because we lack detailed meteorological data covering 
the lowest 300 meters for most alarms, we cannot perform a complete charac
terization in this report. An important observation is the large number 
(145) of alarms involving isolated gusts (one or two isolated triggers near 
the 15 kt threshold level). Our study suggests that a large number of false 
alarms could be eliminated by requiring an alarm to consist of 3 or more con
secutive triggers. The FAA is currently testing this concept. 

The data set indicates that denser sensor spacing and timely detection 
and dissemination are critical needs. Recommendations range from software 
changes (e.g., an additional processing path will increase the effectiveness 
of the centerfield sensor) to applications of advanced array processing 
theory. We recommend recording of LLWAS data at all operational sites to 
permit not only monitoring and evaluation of operating systems, but also the 
development of statistics on microburst frequency-of-occurrence. A key 
recommendation is that LLWAS systems be improved and these improvements 
installed at all major airports. 

' ,' 
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EXECUTIVE SUMMARY 

This report discusses the frequency and types of Low-Level Wind Shear 
Alert System (LLWAS) wind ehear alarms for the period of the JAWS experiment 
during the thunderstorm season of 1982, reviewing distributions of wind speed 
and wind shear measurements. Over 2 million observations from the Stapleton 
LLWAS system form the basis for statistics developed in this report. We pre
sent examples when the LLWAS data were valuable in helping aircraft avoid 
hazardous wind shear situations. Conversely, some wind shear alarms occurred 
on days with few microbursts, and the flows causing many of these alarms, we 
find, are unlikely to be a hazard to aircraft. 

Comparing LLWAS alarms with meteorological data from an array of surface 
stations and other sources we found that: 

• 101 (16.3%) alarms were related to microbursts, 

• 75 (12.1%) were related to gust fronts, 

• 145 (23.3%) were related to isolated gusts, 

e 300 (48.3%) were related to other sources. 

It is this last group of alarms (clearly not related to gust fronts or micro
bursts) that need to be characterized in terms of meteorological sources and 
wind shear severity. Because we lack detailed meteorological data covering 
the lowest 300 meters for most alarms, we cannot perform a complete charac
terization in this report. An important observation is the large number 
(145) of alarms involving isolated gusts (one or two isolated triggers near 
the 15 kt threshold level). Our study suggests that a large number of false 
alarms could be eliminated by requiring an alarm to consist of 3 or more con
secutive triggers. The FAA is currently testing this concept. A summary of 
the limitations of the LLWAS include the following: 

• There are temporal and spatial resolution limitations restricting 
the reliable and timely detection of microbursts. 

e Vertical motions are not sensed directly, and there is no prior 
warning of the descending downdraft until the hazardous, strong 
horizontal flows already exist. 

• A variety of mechanisms (such as shallow temperature inversions near 
the surface) can prevent the horizontal winds from penetrating to 
surface-based wind sensors. 

• Wind shear events outside of a 3 km radius of the airport are not 
covered, which may be a deficiency if a wind shear encounter occurs 
along the glide slope or departure path outside of this 3 km radius 
or if wind shear systems are translating from outside the covered 
region into the lower portions of the glide slope. 

The data set indicates that denser sensor spacing and timely detection 
and dissemination are critical needs. Some of the key recommendations for 
improving the system are: 
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• Add an additional processing path to increase the effectiveness of 
the centerfield anemometer. 

• Consider the application of signal processing techniques ranging 
from alternative algorithms to an exhaustive re-examination of 
sampling theory concepts providing improvements in wind shear detec
tion and identification as well as reducing false alarms. 

• Investigate the benefits of increasing the number of sensors and 
reducing the spacing between them. 

• Investigate the effects of averaging on the detection of gust fronts 
and microbursts. 

• Recommend recording of LLWAS data at all operational sites to permit 
not only improved monitoring and evaluation of operational systems, 
but also the development of nationwide statistics on microburst 
frequency-of-occurrence. 

o Apply remote sensing technology to provide earlier warnings. 

Tht:_ LLWAS ..!!_ the only currently available system ~ detecting wind shear 
on a regular basis. It is recommended that the LLWAS system be substantially 
Improved and th~ imProvements installe<finexisting LLWAS systems at all 
major airports • 
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ABSTRACT 

The LLWAS system operated from May through September 1982 as a 
part of the JAWS experiment. The data base obtained provided sta
tistics and case studies permitting evaluation of the LLWAS system 
and comparisons with other low-altitude measuring systems. Analyses 
of the data set indicate LLWAS capabilities requiring improvements. 
These include better spatial resolution, improved detection algo
rithms, and application of internal system checks for maintenance 
and evaluation. There is a great need to record and analyze exist
ing LLWAS at airports not only to evaluate specific system opera
tion, but also to develop detailed climatologies of airport wind 
shear• 

1. INTRODUCTION 
I 

During the stimmer of 1982, the Join¢ Airport Weather Studies (JAWS) 
I , 

Project was conducted near Denver's Stapleton International Airport. The 
exp~riment had tnree major objectives: basic scientific examination of the 
convectively driven microburst, investigation of various aspects of aircraft 
performance in microburst situations, and examination of a number of detec
tion and warning systems for low-altitude wind shear. The experiment was 
performed jointly by the National Center for Atmospheric Research (NCAR) and 
the University of Chicago, under grants, contracts, and agreements with the 
National Science Foundation (NSF), the Federal Aviation Administration,(FAA), 
the National Aeronautics and Space Administration (NASA), and the National 
Oceanic and Atmospheric Administration (NOAA). 

Details regarding the scientific background of the JAWS Project can be 
found in Fujita and Byers (1977), Fujita and Caracena (1977), Fujita (1981), 
Bedard (1982), and McCarthy et al. (1982). Recent scientific results from 
the project are presented in McCarthy et al. (1983), Wilson and Roberts 
(1983), Kessinger et al. (1983), Frost et al. (1983), Caracena et al. (1983), 
and Fujita and Wakimoto (1983). The JAWS Project operational planning docu
ment and the data summary (see JAWS, 1982; 1983) are ava'ilable from the JAWS 
Project at NCAR. 

The capabilities of arrays of anemometers to detect and warn of 
approaching gust fronts are well documented in the literature [e.g., Goff 
(1980), Bedard et al. (1979)]. However, similar evaluations have not been 
made for anemometer detection of microbursts. Hence, an important focus of 

i 
/ 
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~ hi.s n~p0rt is a comparison between LLWAS and micro burst stat is tics. 
AlthoiJiT,h the T.LWAS system wns not designed to detect microhursts, we wilt 
attempt to identify strengths anrl wt~aknesses of the LLWAS for providing 
mtcrnh11rst warnings. 

1.1 The Context of the Experiment 

One of the three major objectives of the JAWS Project is the evaluation 
of a number of detection and warning systems for low-altitude wind shear, 
including the FAA's low-level wind shear alert detection system (LLWAS), a 
terminal Doppler radar concept, the NOAA pressure jump array system, and 
several airborne systems. The JAWS Project is testing as many of these 
systems as is feasible using a broad set of convective mioroburst data. By 
collecting complete details on such events from a large number of sensors, we 
can compare the full capabilities of the systems. 

Ideally, any technological solution to wind shear detection and warning 
must provide the following to the users, presumably controllers and pilots: 

(l) A high probability of detection 
(2) A low number of false alarms 
(3) Accurate measurement of the level of hazard 
(4) A high degree of automation of the hazard information 
(5) A clear, direct transfer of the hazard information to the 

aviation users. 

The JAWS Project has investigated many but not all of these characteris
tics individually and comparatively. For example, many of the above quali
ties are addressed in Wilson and Roberts (1983) for a terminal Doppler radar 
as a remote detection and warning system. 

1.2 Objectives of the Study 

This is an interim report on the statistics of the LLWAS system using 
data from LLWAS recorded by the FAA at Stapleton International Airport 
during the JAWS Project. This report addresses the following subjects from a 
statistical point of view: 

(1) General statistics of the LLWAS in JAWS: 

• Statistical summary of wind speed events 

• Statistical summary of wind shear events 

• Statistical summary of triggers 

• Statistical summary of alarms 

• Summary statistics 

(2) Comparison of LLWAS alarms with microburst statistics 
obtained with PAM system 

(3) Preliminary discussion of simple algorithm improvements 

(4) Suggestions for creating batch statistics .on a routine 
basis as a means of checking operation and guiding 
maintenance 
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(5) Preliminary recommendations from this study regarding the 
future of the LLWAS. 

A parallel effort is under way to evaluate the LLWAS operation using 
case study comparisons with NCAR's Portable Automated Mesonet (PAM) and other 
supporting meteorological data. The results of that study will be reported 
separately. Furthermore, an additional effort is underway to examine 
improved station geometry and detection algorithms, also to be reported 
separately. 

2. A DESCRIPTION OF THE LLWAS SYSTEM 

2.1 Basic Technical Description 
and the Mode of Operation in JAWS 

The LLWAS was developed following the airline crashes of the mid-1970's 
and as a response of the FAA's Wind Shear Office. Initially recommended by 
NOAA's National Severe Storms Laboratory, the system is designed as a surface 
in situ wind measuring array centered on and around the airport. 

A report by Goff (1980) reviews the bases for the design of the LLWAS 
and provides details of the hardware and software. Reports by Goff et al. 
(1977), Lee et al. (1978), and Bedard et al. (1979) provide more background 
on the use of surface sensors for the detection of low-altitude wind shear. 
In this section we review operational characteristics of the LLWAS to aid in 
understanding the statistics presented in this report. 

A typical system consists of a centerfield sensor and five boundary sen
sors usually located about 3 km from the center site and situated to favor 
the instrument landing system middle marker location of each airport runway. 
The sensors are propeller/vane anemometer systems, sited at various heights 
from 6 to approximately 20 m AGL, to obtain clear airflow measurements above 
terrain and obstructions. 

The LLWAS is controlled by a central miniprocessor (usually located in 
the control tower), which performs the following calculations: 

(1) It maintains a 15 scan (~2 min) running average of the centerfield 
wind. This information .is continuously displayed in the tower and is used by 
controllers and pilots. Standard gust component is also calculated and 
displayed for this site. 

(2) Once every 7-10 s the miniprocessor compares the ~8 s RC low-pass 
filtered wind from each boundary site with the lS.scan (~2 min) average wind 
at centerfield. The filter is determined by values of a resistor (R) and 
ca~acitor (C) network connected to the anemometer output. A vector dif
ference computation is made; and if a 15 kt threshold is reached or exceeded, 
an alert is given to the tower controller. Normally only the centerfield 
average wind, plus gust component if appropriate, is displayed; but if the 
wind shear threshold is exceeded, then the wind velocity at the appropriate 
boundary anemometer is displayed. The controller may, however, choose to 
display any or a,ll sectors at one time. 



BOUNDARY 

o~ 

RADIO 
LINK 

/ 
CENTRAL 

MINI PROCESSOR 

BOUNDARY SITE 
SCAN RATE 7-IOS (-liS) 

SITE 

0 7.5 S RC 
LOW PASS 
ELECTRONIC 
FILTER 

CENTERFIELD · 
SITE 

0 

SOFTWARE RUNNING 
AVERAGE FOR 15 SCANS 
OR- 2 MIN. (2.75 MIN.) 

PEAK GUST 'DISPLAYED 
IF SCAN EXCEEDS 
RUNNING AVERAGE 
BY> 9KNOTS 

Figure 1. Summary of t~~ operational characteristics of the LLWAS system. Changes for the LLWAS system as 
operated during the JAWS <?>x.periment are illustrated in brackets. 

.;:.. 



5 

Figure 1 summarizes the operational characteristics of the LLWAS system. 
In this figure the characteristics listed in brackets are those for the 
LLWAS system as operated during the JAWS Project. Normally data are not 
recorded for LLWAS systems. The addition of data recording to the Stapleton 
LLWAS during JAWS increased the scan interval from 7-10 s to ~11 s, with a 
consequent increase of the centerfield 15 scan running average to about 2.75 
min. 

When any given peak wind from the centerfield anemometer exceeds the cen
terfield 15 scan mean wind by 9 kts, the peak wind value appears on the con
trol tower display. This peak wind value is displayed for 15 scans unless: 

(a) on a new scan the old value is exceeded. If this happens the new 
scan value replaces the old; 

(b) the centerfield mean wind increases to a value that is within 9 kts 
of the peak gust. 

The wind shear calculation is based on a gust front advection hypothesis, 
which detects tbe sudden on~et of a discrepancy between the wind from a boun
dary site and that from the centerfield site. The LLWAS was designed for the 
detection of advecting wind-shift lines occurring on scales of the size of the 
anemometer array (-6 km) or larger. The present system was not designed to 
detect microbursts. However, we will proceed to evalaute LLWAS potential for 
providing microburst warnings. 

The LLWAS system used at Stapleton during the JAWS Project applied two 
software modlfications (patches) intended to reduce the number of alarms 
under certain meteorological condit.ions. Data processed were subjected to 
the additional cr.iteria described below. 

Mod.ifi.cation 1 

Denver is frequently subjected for periods of many hours to strong winds 
during chinook or foehn w.ind cond.itions. The turbulence associated with 
these winds can cause sporadic triggers and aud.ible alarml:l over long periods 
of time. This modificAtion is intended to suppress the and.ible alarm dur.ing 
such downslope wind con<Htions. When the centerf.ield wind speed exceeds 35 
knots all remote outputs are turned on for cont.inuous display. A shear con
dit.ion is registered by flash.ing digits but no audible alarm is sounded. 
This display pers.ists until the centerfield wind speed falls below 25 knots. 
At that point normal operation resumes. 

Modification 2 

This modification is intended to reduce spur.ious alarms caused by random 
wind fluctuations. Sporadic wind speed and d.irection changes can be caused 
by obstructions or complex terrain and not represent the hazard posed by 
coherent wind-shift lines. The purpose of this ~odification is to reduce the 
sensitivity of the system to sporadic w.ind vector changes wh.ile retaining 
system sensitiv.ity to gust fronts. 

This is accomplished by making the trigger wind vector difference 
threshold a Function of the wind direction difference between the center-
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The modification is summarized by the 

Vector difference for trigger 
threshold 

> 15 knots 
> 20 knots 
> 25 knots 

Because of the complexity of the flow fields during daytime weak convec
t ion, it is unlikely that either of these two modifications would signifi
cantly reduce false alarms during these conditions. 

Fifty-nine LLWAS arr~ys are now operational at selected airports and 51 
additional syst~ms will be installed by 1985. 

2.2 Definition of Terms 

Before describing the data from the LLWAS, it is necessary to define a 
number of terms: 

THUNDERSTORM GUST FRONT (Figure 2a,b): The leading edge of the cold air 
outflow from a thunderstorm is termed a gust front. These density currents 
can occur at large distances (>20 miles) from downflow regions and are 
characterized by a wind-shift line, pressure jump, gust surge, and temperature 
drop. Figure 2b indicates qualitatively the form of the wind speed, tem
perature, and pressure chances accompanying a thunderstorm gust front. 

THUNDERSTORM MICROBURST (Figure 2a): When the region of downflow is less 
than~-km in width with the peak winds lasting usually from 2 to 5 minutes 
the system is called a microburst. In contrast to the thunderstorm gust 
front, the microburst is short lived, spatially concentrated, and exhibits 
complex near-surface effects. Figure 2b indicates qualitatively the form of 
the wind speed, temperat11re, and pressure changes accompanying a thunderstorm 
microburst. 

Wl~A._~_<_:<2._~VEC'~l0~ (Figure 2a): Solar heati.ng of the surface of the Earth 
produces regions of buoyant ai.r whlch rise in the form of thermal plumes. 
The local convergence of air associ.ated with a plume is responsible for the 
complex pattern of winds on a typical summer day. 

AIRCRAFT WAKE VORTICES (Figure 2a): An airfoil producing lift generates 
a vortex pai-;-inTts wake.- The vortex pairs associated with heavy aircraft 
movin)l; at slow speeds in landing and takeoff are especially strong and long 
lived. The motion and decay processes can be quite complex and flows in 
excess of 40 knots occur frequently. The fact that the vortex core diameter 
i.s several meters or less tends to make the duration of a wind surge quite 
short (<10 seconds). 

D~~-!_NAGE j::_LOWS (Figure 2a): Near-surfaee cooling caused by nocturnal 
radiat !.on loss can result in complex local flow patterns as the colder air 



7 

------------------·------

THUNDERSTORM GUST FRONT 

TYPICAL 
HEIGHT 
-lkm 

THUNDERSTORM MICROBURST 

SOL~ nCONVECn ~~=~:L 
RADIATION y ( J 1 J't ~ 

711/l!/lllll/1/l/1!71/ll!/Jjfl/ 
I I I I I/ I /SEVERAL KILOMETERS (km)/ 11/ 

I... .,I 
SCALE SIZE 

AIRCRAFT WAKE VORTICES 

I I 
----' 1---- AIRCRAFT SPAN 

CORE I I S 
DIAMETER I 1 
SEVERAL I I 
METERS / \ 

~-'=- ~ ...... _'Q s, 

· !llffll!l!ll/17111 mJr;) 
NOCTURNAL 
COOLING 

DRAINAGE FLOWS 

Figure 2a. Schematic views 
illustrating the processes 
involved in thunderstorm 
gust fronts, microbursts, 
thermal plumes, aircraft 
wake vortices, and drain
age flows. 



EVENT 
TYPE 

8 

NEAR SURFACE 
FLOW FIELD 

SURFACE 
PRESSURE FlELO 

THUNDERSTORM GUST FRONT 

u ___f:S_' 
20min 

1mb p-{-
t t 

TRANSLATING MICROBU~ST 

40 kts 

u _M_ 
2mb 

p_L 
) 

t t 

GUST FRONT /SURF"ACE BASED INVERSION 

~} .. 
f;;Jf!J)fjj)jf)!J 

u~ 

t 

MICROBURST /INVERSION 

u }\ 
t 

t 

p 

t 

Figure 2b. Qualitative illustrations of the wind speed, temperature, and 
pressure changes accompanying thunderstorms and microbursts. 



9 

moves towards ;!;~wer topography. Such currents are usually significantly 
wea~Tr (<8 m s ) than thunderstorm gust front or microburst flows (often )20 
m s ). However, the effects of several interacting drainage flows could 
produce vector differences large enough to exceed thresholds for gust front 
or microburst algorithms. 

SCAN: LLWAS sampling interval. For the system examined in JAWS, the 
computer polled each remote site once each 11 s, so the scan interval was 11 
s. The normal 7-10 s scan interval was increased to 11 s because of the 
requirement to record all data. 

BAQ. DATA: Any scan listing a wind speed of 99 kts. This value is listed 
when system checks for valid data are unsuccessful. 

TRIGGER: When the vector difference between the centerfield running 
average and a boundary site equals or exceeds 15 kts and a trigger flag 
appears for a given scan. 

ALARt-!.: An isolated trigger or a group of triggers occurring wi.thin three 
consecutive scans of any trigger in the group. Thus a trigger is a s9litary 
threshold crossing event, which becomes an alarm if it is not followed within 
three scans by another trigger. However, if a trigger is followed by another 
trigger from the same site within three subsequent scans, the collection of 
triggers (from the same site) is an alarm. This definition of an alarm is . 
used to simulate the fact that in the control tower alarms are held for three 
consecutive scans unless a larger shear value appears. This helps to reduce 
the intermittency that often occurs from atmospheric variability. 

3. GENERAL STATISTICS OF THg LLWAS IN .JAWS 

During the JAWS Project the system operated continuously. In spite of 
some problems with hardware in early May and sporadic outages related to 
power line surges, an excellent data set was recorded. Recordi11g was 
extended beyond the JAWS experimental period so that we obtained data disks 
between 20 May and 11 September 1982, covering about 1440 hours of system 
operation. Figure 3 and Table 1 summarize the intervals for which we were 
able to retrieve data. The data recovered from the disks included wind speed 
and wind direction for all outlying sites as well as a running numerical (15 
scan) average for the centerfield with peak gust information. The scan 
interval with the particular software used was increased slightly to about 
ll s between scans. Also the output of the detection algorithm (if the vec
tor difference between an outlying site and centerfield average exceeded 15 
kts) triggered an event that was recorded and processed. 

3.1 Wind Speed Data 

The fundamental data collected by the LLWAS are the wind speed and 
direction at each site, including the centerfield where the data are approxi
mately 2 min running average values, anti the boundary remote sites (south
west, southeast, northeast, northwest, and north) where the data are 8 s RC 
filtered values, taken every ll s. Figure 4 is a histogram of all data suc
cessfnlly recorded during JAWS for each site as a function of wind speed. 
The graphs show the number of values that occurred, displayed Jn 2.5 kt clivi-
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Table 1. List of LLWAS data recorded in JAWS 

Date (1982) Julian Day Start (MDT) Stop (MDT) 

5/20 DAY: 140 START: 1500 STOP: 2359 
5/21 DAY: 141 START: 0000 STOP: 1540 
6/2 DAY: 153 START: 0000 STOP: 1840 
6/4 DAY: 155 START: 1442 STOP: 2359 
6/5 DAY: 156 START: 0721 STOP: 1438 
6/5 DAY: 156 START: 1439 STOP: 2324 
6/11 DAY: 162 START: 1325 STOP: 1356 
6/11 DAY: 162 START: 1400 STOP: 2359 
6/12 DAY: 163 START: 0000 STOP: 1447 
6/13 DAY: 164 START: 2000 STOP: 2359 
6/14 DAY: 165 START: 0519 STOP: 2125 
6/16 DAY: 167 START: 1445 STOP; 2359 
6/17 DAY: 168 START: 0000 STOP: 1605 
6/21 DAY: 172 START: 0715 STOP: 2359 
6/22 DAY: 173 START: 0000 STOP: 0837 
6/22 DAY: 173 START: 1508 STOP: 2359 
6/23 DAY: 174 START: 0000 STOP: 1630 
6/24 DAY: 175 START: 0720 STOP: 2359 
6/25 DAY: 176 START: 0000 STOP: 0842 
6/26 DAY: 177 START: 0719 STOP: 2359 
6/27 DAY: 178 START: 0000 STOP: 0836 
6/28 DAY: 179 START: 0731 STOP: 2359 
6/29 DAY: 180 START: 0000 STOP: 1221 
6/30 DAY: 181 START: 0711 STOP: 2359 
7/1 DAY: 182 START: 0000 STOP: 0830 
7/1 DAY: 182 START: 0903 STOP: 2359 
7/2 DAY: 183 START: 0000 STOP: 1021 
7/3 DAY: 184 START: 0715 STOP: 2359 
7/4 DAY: 185 START: 0000 STOP: 1114 
7 I 4 DAY: 185 START: 1445 STOP: 2359 
7/5 DAY: 186 START: 0000 STOP: 1609 
7/6 DAY: 187 START: 0837 STOP: 2359 
7/7 DAY: 188 START: 0000 STOP: 1003 
7/7 DAY: 188 START: 1103 STOP: 2359 
7/8 DAY: 189 START: 0000 STOP: 1225 
7/8 DAY: 189 START: 2216 STOP: 2359 
7/9 DAY: 190 START: 0000 STOP: 2339 
7/11 DAY: 192 START: 0906 STOP: 2359 
7/12 DAY: 193 START: 0000 STOP: 1026 
7/12 DAY: 193 START: 1208 STOP: 2359 
7/13 DAY: 194 START: 0000 STOP: 1331 
7/14 DAY: 195 START: 1239 STOP: 2359 
7/15 DAY: 196 START: 0000 STOP; 1402 
7/17 DAY: 198 START: 1456 STOP: 2359 
7/18 DAY: 199 START: 0000 STOP: 1623 
7/18 DAY: 199 START: 2212 STOP: 2359 
7/19 DAY: 200 START: 0000 STOP: 2335 
7/20 DAY: 201 START: 0741 STOP: 2359 
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Date (1982) Julian Da~ Start (MDT) StoE (MDT) 

7/21 DAY: 202 START: 0000 STOP: 0904 
7/21 DAY: 202 START: 1518 STOP: 2359 
7/22 DAY: 203 START: 0212 STOP: 1303 
7/22 DAY: 203 START: 1307 STOP: 2359 
7/23 DAY: 204 START: 0000 STOP: 1430 
7/24 DAY: 205 START: 0740 STOP: 2359 
7/25 DAY: 206 START: 0000 STOP: 0905 
7/25 DAY: 206 START: 1500 STOP: 2359 
7/26 DAY: 207 START: 0000 STOP: 1625 
7/27 DAY: 208 START: 0953 STOP: 2359 
7/28 DAY: 209 START: 0000 STOP: 1119 
7/28 DAY: 209 START: 1735 STOP: 2359 
7/29 DAY: 210 START: 0000 STOP: 1905 
7/30 DAY: 211 START: 1227 STOP: 2359 
7/31 DAY: 212 START: 0000 STOP: 1412 
7/31 DAY: 212 START: 1605 STOP: 2359 
8/1 DAY: 213 START: 0000 STOP: 1758 
8/1 DAY: 213 START: 2101 STOP: 2359 
8/2 DAY: 214 START: 0000 STOP: 2314 
8/3 DAY: 215 START: 0806 STOP: 2359 
8/4 DAY: 216 START: 0000 STOP: 0959 
8/4 DAY: 216 START: 1614 STOP: 2359 
8/5 DAY: 217 START: 0000 STOP: 1749 
8/6 DAY: 218 START: 1443 STOP: 2359 
8/7 DAY: 219 START: 0000 STOP: 1619 
8/7 DAY: 219 START: 1933 STOP: 2359 
8/8 DAY: 220 START: 0000 STOP: 2132 
8/9 DAY: 221 START: 0933 STOP: 2359 
8/10 DAY: 222 START: 0000 STOP: 1108 
8/11 DAY: 223 START: 1012 STOP: 2359 
8/12 DAY: 224 START: 0000 STOP: 1141 
8/12 DAY: 224 START: 1259 STOP: 2359 
8/13 DAY: 225 START: 0000 STOP: 1408 
8/13 DAY: 225 START: 1412 STOP: 2359 
8/14 DAY: 226 START: 0000 STOP: 1425 
8/14 DAY: 226 START: 1429 STOP: 2359 
8/15 DAY: 227 START: 0000 STOP: 1546 
8/15 DAY: 227 START: 2043 STOP: 2359 
8/16 DAY: 228 START: 0000 STOP: 2201 
8/17 DAY: 229 START: 1946 STOP: 2359 
8/18 DAY: 230 START: 0000 STOP: 2101 
8/22 DAY: 234 START: 1640 STOP: 2359 
8/23 DAY: 235 START: 0000 STOP: 1759 
8/24 DAY: 236 , START: 1446 STOP: 2359 
8/25 DAY: 237 START: 0000 STOP: 1506 
8/25 DAY: 237 START: 1516 STOP: 2359 
8/26 DAY: 238 START: 0000 STOP: 1655 
8/27 DAY: 239 START: 1328 STOP: 2359 
8/28 DAY: 240 START: 0000 STOP: 1449 
8/30 DAY: 242 START: 1819 STOP: 2359 
8/31 DAY: 243 START: 0000 STOP: 1936 
8/31 DAY: 243 START: 2200 STOP: 2359 
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p8 ~-j_l 982) Julian Day Start (MDT) Stop (MDT) 

9/1 DAY: 244 START: 0000 STOP: 2317 
9/2 DAY: 245 START~ 0718 STOP: 2359 
9/3 DAY: 246 START: 0000 STOP: 0835 
9/3 DAY: 246 START: 0904 STOP: 2359 
9/4 DAY: 247 START: 0000 STOP: 1019 
9/4 DAY: 247 START: 2224 STOP: 2359 
9/5 DAY: 248 START: 0000 STOP: 2348 
9/6 DAY: 249 START: 0723 STOP: 2359 
9/7 DAY: 250 START: 0000 STOP: 0844 
9/7 DAY: 250 START: 2202 STOP: 2359 
9/8 DAY: 251 START: 0000 STOP: 2323 
9/9 DAY: 252 START: 1524 STOP: 2359 
9/10 DAY: 253 START: 0018 STOP: 1459 
9/10 DAY: 253 START: 1504 STOP: 2359 
9/11 DAY: 254 START: 0000 STOP: 1626 
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sions, with any value 40 kts or greater grouped at the right side of the 
histograms. A count of the bad values (shown afl 99 kts) is given at the 
extreme right. Above 20 kts, the actual number of events per division is 
shown directly on the graph as a line or number. The general distributions 
of wind spe2ds are similar, with peaks in the 2.5-5 kts range. The obvious 
exception to this pattern is in the north boendary remote .sensor, where the 
wind speed is consistently low. In faci:, o~ the average thia site is 8 kts 
lower than the other remote sites. This error went undetect<:d by routine FAA 
maintenance from 20 May until 23 July, when the problem was c:orrected. ·The 
Anemometer was apparently defective and consistently read low. 

Another observation from Figure 4 is tte i.ndicatior. that the centerfielc 
site observed consistently fewer higher wind speeds than the remote sites 
(except, of course, fot the defective north site). This is certainly ex
pected because of the much longer averaging pe:.iod of the center site. For 
example, the center site had no wind re:adings in excess of 30 kts in contrast 
with the other sites. 

There were 4~758 bad values out of 2,656,828 recorded (0.18% bad data), 
(99.82% good data), with essentially all at the northeast and north sites. 
We believe these values are due primarily to failures in the communications 
link from the sites to the computer base station. There is an existing 
"housekeeping" computer output from LLWAS which provides technicians with a 
means for assessing communications efficiency. In addition a simple examina
tion of batch wind speed statistics euch as those of Figure 4 could provide 
early indications of system malfuncticns to system·engineers and technicians. 

So that the wind speed statistics for each site could be better compared, 
we arranged them in an alternative presentation (see Fig. 5). The fewer high 
wind speed values for the centerfield site are most obvious here. All of the 
wind speed data for all sites have been grouped into a single graph presented 
in Figure 6. The axes are the same as in Figure 5. This graph is useful in 
identifying the total number of wind speed events for the LLWAS. For ex
ample, approximately 10,000 events exceeded 20 kts, while about 20 singular 
events exceeded 40 kts. 

3.2 Wind Shear Summary 

The LLWAS system addresses "~ind shear" by computing the vector dif
ference between each boundary remote site and the centerfield site. If on 
any single computer sampling scan th~ vector difference between afiy two com
parisons equals or exceeds 15 kts, that compared scan is identified as a 
trigger event. By convention, this tr.igp.;Pr event is termed wind shear, but 
in fact is in the units of wind difference (units of knots). For the sake of 
consistency with those who use the LIMAS, we will cont.inue the useful conven
tion of calling the units of a trigger event "wind shear." 

Figure 7 is a histogram of the LLWAS wind shear data, where the vector 
difference between the centerfield and each boundary remote site has been 
calculated for each scan (each ll's). Although the actual calculation is 
wind velocity (speed and direction) vector difference, only the wind vector 
difference m;rgnitndl' f.s shown in Figure 7. The consequences of various 
trlgg.·r- thn•shotds ;tre obvious; clearly, the number of wind Hhear eventH 
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falls drastically with increasing threshold. The malfunc::ion of the r.::Jrth 
boundary remote site appears &gain in the form of an excessively large number 
of wind difference (center-north) readings in excess of 5 knots. The number 
of large shear values is significantly higher for the cer..terfield-to-north 
comparison partly because of the system's sporadic interpretation of the low 
response of the north site as a wind shear event when the wind is strc,nger at 
the centerfield. For example, if the centerfield site were to show a mean 
wind from the north at 20 kts, the low response of the north site might indi-
cate a mean wind of 12 kts. Sporadic gusts causing readings from 4-14 kts at 
the north site would produce sporadic triggers. In effect, this defective 
sensing at the north sitt causes an inversion of the normal wind shear calcu
lation if strong mean winds occur at the centerfield site (i.e., interprets 
weak winds at north site as wind shears). 

Figure 8 is an alternate form of the same wind shear statistic. Figure 9 
depicts the cumulative wind shear statistic for all comparisons. Again, the 
effect of thresholding can be examined in this figure. For example, for a 15 
kt threshold 3907 triggers occur. If the threshold were changed to 20 or 25 
kts, the number of measurements would decrease to about 1000 and 400, respec
tively. Thus, such data can be used to predict the impact of an algorithm 
threshold change in terms of number of triggers. However, until we examine 
the presence of wind shear events independently it is not meaningful to 
adjust the LLWAS threshold. At first we thought such a high number of 
events would saturate the LLWAS warning system. However, as we will see 
later, the number of alarms (grouped triggers) was much lower. 

Figure 10 shows the distribution of triggers by time of day (MDT) for all 
boundary remote sites, while Figi1re 11 shows the same temporal dis tri but ion 
for all sites combined. The himodal distribution is similar to that seen in 
the distribution of microburst statistics reported in McCarthy et al. (1983) 
using Doppler radar data from JAWS, and to that reported by Fujita and 
Wakimoto (1983) using PAM data. In general, the variability in the occurren
ces of triggers as a function of time from site to site is quite similar, 
with most occurring between about 1200 and 2000 MDT. All sites indicate a 
peak near 1600 MOT related to late afternoon convection. Although almost all 
of the wind shear events identified by the LLWAS occurred in the afternoon, 
and early evening, a number of events were not related to convection. Note 
that several peaks occur at unusual times. One at 0100 MDT on the southeast 
site is probably related to nocturnal drainage flows associated with a 
terrain depression (creek bed). The other peak (0900-1100) on the southwest 
site may be caused by aircraft wake vortices. The combination of atmospheric 
stability and hir,h aircraft traffic in the early morning may increase the 
probability of a wake vortex impact. Detailerl investigations will be 
nt:>cessary to identify the actual causes of unusual peaks. 

As mPnlintlPd l'arlier, tlH' total number of triggers seemed excessive. In 
the dt'sign of tlw l.LWAS, the FAA clearly recognized the sporadic nature of 
low-l~vel wind she<lr and therefore had the system group triggers into alarms 
(see def!.nltion t)f lt~rms, section 2.2). When a trigger occurs at a boundary 
remote site, the alert light in the control tower remains on for three con
secutive scans. Then it goes out, unless in one of the three scans a shear 
of 15 kts or greater magnitude is seen in the same remote-centerfield com
parison. Essent tally, the alert light may stay on because of a single 
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triggering event, or may stay on for a group of triggering events, according 
to the nhove concept. An alarm is defined as such a group of triggers~ fr.:>m 
one to mAny. 

When the basic LLWAS data set is examined in terms of groups of triggers, 
or alarms, some intriguing statistics emerge. (1) The total number of alarms 
was 631, while the total number of triggers was 3,907. So the alarms repre
sent a more realistic picture of wind shear events, in that separate shear 
events are better identified by alarms than by triggers. (2) From Figure 12~ 

the northwest and north sites recorded the greatest number of alarms con
sisting of groups of more than 10 triggers. (3) Figure: 13 shows the distri
bution of alarms as a function of number in the group. Single triggers 
account for a large number (23o) of the total alarms (631), and the one and 
two-tiigger events (340 events) account for over half of the alarms. (4) The 
physical differences between wind shear events are clearly identified in 
Figures 12 and 13. Events seen on the left side of the figures (one or two 
triggers per alarm) represent short-lived and small-scale wind shear events, 
while events seen on the right side of the figures (9, 10, or )10 triggers 
per alarm) represent longer-lived and larger-scale wind shear events. We 
would like to assume that microbursts are indicated on the left and gust 
fronts at the right. However, a~ we will see in the next section, that is 
probably an incorrect assumption. 

4. COMPARISON OF LLWAS ALARMS WITH MICROBURST STATISTICS 

Throughout the JAWS Project, the NCAR Portable Automated Mesonet (PAM) 
was deployed in the Stapleton Airport area, as shown on Figure 14a. This 
system provides 27 surface weather stations that automatically record dry 
bulb temperature, wet bulb temperature, wind speed and direction, station 
pressure, and rainfall. These data are sampled once each second, and a one
minute block average recorded, along with the peak one-second windspeed gust 
that occurred during the one-minute block. The wind measurements are made 4 
meters above ground. A more complete description of the PAM system can be 
found in Brock and Govind (1977). 

The PAM system was deployed in a manner which coincided with the LLWAS. 
since we were uncertain that the latter would be recorded during .JAWS. 
However, the availability of both measuring systems made it possible to con
duct a suitable comparison. Figure 14b shows the locations of the LLWAS 
measuring sites relative to the airport. 

Fujita ( 1983) has scrutinized the PAM data set during JAWS, for the pur
pose of identifying the number of microbursts that occurred there. He made 
the assumption that a nti.croburst produces a short-lived windspeed maximum, 
which lasts less than 4 minutes at a single station. 

Figure 15 shows a hypothetical microburst profile for a single station 
hit, and tl1is figure demonstrates the basis of Fujita's algorithm for micro
hurst detection. 

Fi.rst, the pre- and post-peak ml'<IIlR are defined by 

,/ 
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-7 min 
w 1 I w =6 

-2 min max •••• pre-peak mean spee;.:l (a1) 

1 +7 min 
w+ = 

6 +2 
I w 
min max •••• post-peak mean speed (a2) 

which are the mean wind speeds on both sides of a given tirr,e (see Fig-ure 15). 

Then a computer listing of the time (day, hr, min) of the winds which 
satisfied simultaneously the following six conditions was obtained: 

Condition 1' w ) 10 m/sec = 19.4 kts 
c ... 

Condition 2, w ) w + 5 m/sec c 
Condition 3, w ) w+ + 5 m/sec 

c 
Condition 4, w ) 1.25 w c 
Condition 5, w ) 1.2s w+ c 
Condition 6, w+ ~ 1.5 w 

Condition 1 specifies that the center wind W must be faster than 10 
m/sec (19.4 kt) in order to be identified as a mtcroburst. Every maximum 
wind measured by PAM was used as the center wind. 

(a3) 

(a4) 

(aS) 

(a6) 

(a7) 

(a8) 

Conditions 2 and 3 state that the center wind must be at least 5 m/sec 
faster than the mean speeds before and after the center wind. 

Conditions 4 and 5 specify that the center wind must be at least 25% 
faster than the mean wind speed before and after the center wind. 

Condition 6 excludes the gust fronts which are often characterized by 
1ong~lasting post-frontal winds. 

Using this algorithm, 436 peak winds in JAWS, throughout the PAM 
rationale, were identified using a computer as candidates for microburst 
winds. This very large number of "spike" winds was believed by Fujita to be 
excessive, and a detailed case-by-case hand analysis reduced the total number 
to 186 for the full PAM station domain, and to 123 microbursts within 8 
nautical miles of Stapleton. 

This count is believed to be an approximation of micro burst counts, with 
the possibility of wake vortices, some double station counting, and other 
unkno~1 contamination present in the statistics. In addition it should be 
clear that other fot:"ms of wind shear at the Earth's surface, such as gust 
fronts (meeting condition 6), have been eliminated. 

We compared the daily totals of alarms for the LLWAS system during the 
test period with the daily counts of micro bursts identified by Fujita ( 1983); 
and Fujita and Wakimoto (1983) as occurring within the PAM array, located 
within an 8 nautical mile radius of Stapleton Airport (Fip;. 14b). Figure 16 
is a histogram showing the comparison. This figure also appeared in Townsend 
(1983). On two important microburst days, 14 and 15 July 1982, a large 
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nccurred. However, many days with many alarms were not '"microburst days." 
Remember, however, the LLWAS system includes microburst wind shear with other 
forms of wind shear, whereas results of Fujita are based upon an algorithm 
designed to suppress gust fronts. Thus one word of caution is.necessary when 
making this comparison: , the micrdburst 'statistics shown in Figure 16 do not 
indicate the presence of larger-scale events such as gust fronts. A parallel 
~tudy in progress (to be published separately) e:?Cam1nes case studies thQ.t 
document the effective operation of the LLWAS system during strong t~ind shear 
events. However, a purpose here is to examine the types of flows related to 
the alarms that occurred on days with apparently only weak convective acti
vity. We are looking for the sources of alarms during weak flow events. 
Figure 17 is an alternate presentation of LLWAS alarJ'ls by day, extending into 
September 1982. 

During the JAWS experiment there were 631 alarms. Comparing LLWAS alarms 
with meteorological data from PAM and other sources we ·;~T:i"ted 101(16.3%) -
-;-farms to m(<i:toburits;-i5(12.Tf.) to -gust f:r::_onts, 145 -(23.3%) -to -isolated
!.t'!_St~ and 300 (4A.3%) .!:._~other ~ces. It is this last group of alarms 
that need to be characterized in terms of meteorological sources ancl 
wind shear severity. Because we lack detailed meteorological data covering 
the lowest 300 meters for most alarms, we cannot address such a charac
terization in this report. However, following sections provide examples for 
some alarms and the associated meteorology derived from PAM and/or radar 
data. An important observation is the large number (145) of alarms involving 
isolated ~1sts (one or two isolated triggers near the 15 kt threshold level). 
Our study suggests that a large number of false alarms could be eliminated by 
requiring an alarm to consist of 3 or more consecutive triggers. 

Several days with high numbers of LLWAS alarms and few detected micro
bursts were examined to investigate the nature of the system alarms. Table 2 
summarizes the results, and Figures 18a through lAg present the actual data 
for segments of each of the intervals for each day presented in the table. 
The few observed microbursts indicated in Figure 16 are more significant 
since they are based upon a larger area covered within 8 nautical miles of 
the airport by the PAM array. We chose o days for study each of which showed 
a significant number of LLWAS alarms and no or few microbursts on the PAM 
array. After reviewing the LLWAS data for each day we identified intervals 
representative of the types of flow causing the alarms. On each of the days 
weak wind gusts marginally near the l'> kt threshold caused sporadic triggers. 
An example on 22 June 82 (Fig. l8a) shows the north site low sensitivity 
interpreted as a wind she<lr relative to the centerfield site, thus producing 
triggers (in this case false alarms). Another example on 30 June 82 (Fig. 
l8c) indicates how a localized gust occurring in a convectively disturbed 
situatil'111 C;:tn cause a trigger. Such p;usts probably occur over small scale 
si:>:es. Such local gusts and weak flows causing marginal triggers may not 
pre~H·nt a signi ftcant hn7.ard to aircrnft. The following section discusses 
the mctenro logy for each of the cases described in Figures l8a through 1Af. 
JAWS Doppler radar scans are used to help identify flow fe::~.tnres. 
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Table 2. Summary of the nature of LI..WAS alarms for selected days when the 
LLWAS indicated many alarms but few microburst wind shear .events were seen on 

· the PAM system. 

Date 

22 June 82 

30 June 82 

20 July 82 

21 .July B2 

2 August 82 

7 August 82 

Number of LLWAS 
Alarms 

37 

31 

23 

29 

Number of 
Hicrobursts 

3 

3 

0 

2 

Nature of Alarms 

(a) Weak flows (no gusts ovez 
20 kts) causing sporadic 
alarms 

(b) 1609 MDT weak microburst 

(c) North site triggers be
cause of equipment 
problem (Fig. 16a) 

(a) Marginal sporadic wind
shear from SE site much 
of the day (Fig. 16b) 

(b) Event at 1810 MDT 

(c) 1757 MDT example of 
trigger from localized 
gust (Fig. 16c) 

Marginal 15 kt vector 
difference triggers 
occur sporadically 
(Fig. 16d) 

Marginal 15 kt vector 
difference triggers 
occur sporadically 
(Fig. 16e) 

Marginal 15 kt vector 
difference triggers 
occur sporadically 
(Fig. l6f) 

Marginal 15 kt vector 
difference triggers 
occur sporadically 
(Fig. 16g) 
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There were no triggers associated with the initial motion of a weak gu~;t 

front moving from south-to-north over the LLWAS array. However, when two 
northern sites (Nand NW) were not,as yet in the cold outflow air, triggers 
occurred because the outflow caused the centerfield mean wind to exceed the 
15 knot vector difference relative to the N and NW sites. FigurE:! 18a.2 shows 
this situation. Although a microburst occurred to the n()rth of the airport 
at 1547, it was too far away (~10 km) to influence flows over the airport. 
This case is notable in that it represents an "inverse" detectiort of a gust 
front. The leading edge of the gust front did not cause triggers as it 
entered the airport boundary; but the absence of the gust front at two north 
LLWAS locations did cause triggers. 

30 June 19R2 (1535-1545 MDT) (Figs. 18b.1 and 18b.2) 

Between 1530 and 1600 MDT there was a flow from SE to NW measured on the 
surface sites to the east of the airport. A boundary between a weak flow 
from west to east and this flow from the southeast occurred over the airport. 
Figure 18b.2 shows the wind vector fields at 15:42:28 MDT. The fact that the 
southeast (SE) LLWAS site was not in the west-to-east flow caused that site 
to initiate an LLWAS trigger marginally above the 15 knot vector difference. 

30 June 19~2 (1750-1800 MDT) (Figs. 18c.1 and 18c.2) 

A convective boundary developed over the airport oriented NE to sw. No 
precipitation was measured and there was no radar evidence of diverging flows 
or microbursts. The simple gust and associated trigger on the NW site could 
not be related to any specific meteorological event. Figure 18c.2 indicates 
that the mean flow was from NW to SE on the northern LLWAS sites. Such 
flows (in excess of 10 ~tots) should have prevented the advection of wake 
vortices from the N-S runways to the NW LLWAS site. 

Marginal triggers'occurred for the NE and SE LLWAS sites from about 1812 
to 1Rl6. There is no evidence of a thunderstorm gust front or the small 
scale divergence that would indicate a microburst. Radar indicated a cyclo
nic flow across the airport and a line of virga was observed over the air
port. A display of the wind vector fields (Fig. 18d.2) at 18:15:28 MDT 
indicate a complex pattern of surface flows probably caused by a combination 
of we.'lk convective flows interacting with a mesoscale eddy. 

1_1_ ..:-!_l_l_l.:X___!_?_~~( 2040-2049 MDT) (Figs. 18e. 1 and 18e. 2) 

The height contours across Stapleton International Airport range from 
about 5300 ft near the south boundary to 5200 ft north of the airport~ The 
land rises to the east and north to typically 5300 to 5400 ft within 1 to 2 
miles of the airport. Triggers marginally above the 15 knot vector rlif
ference threshold occurred with the NW LLWAS site from 2040 to 2050 MDT. 
FlgurP l8e.2 shows the complex pattern of surface flows that occurred at 
20:1.1:26 MDT. The flow patterns are typical of nocturnal drainage flows, 
strengthening nnd weakening at sporadic intervals during the evening hottrs. 
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Figure 18a.1. Ten-minute segment of LLWAS data for 22 June 1982 (1540 to 1550 
MDT). The winds at each site are shown, with the ordinate indicating speed 
magnitude in .knots. The origin of each vector indicates the wind speed magni
tude and the arrow indicates wind direction. An arrow pointing directly down 
indicates a wind from the north. * refers to an LLWAS trigger. Triggers on 
the north site are in part related to the low-sensitivity problem. 
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Figure 18b.1. Ten-minute segment of LLWAS data for 30 June 1982 (1535 to 1545 
MDT). The winds at each site are shown, with the ordinate indicating speed 
magnitude in knots. The origin of each vector indicates the wind speed magni
tude and the arrow indicates wind direction. An arrow pointing directly down 
indicates a wind from the north. * refers to an LLWAS trigger. Note that 
the LLWAS triggered at times that are obviously not related to thunderstorm 
gust fronts or mic.robursts. 
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Figure 18c.l. Ten-minute segment of LLWAS data for 30 June 1982 (1750 to 1800 
MDT). The winds at each site are shown, with the ordinate indicating speed 
magnitude in knots. The origin of each vector indicates the wind speed magni
tude and the arrow indicates wind direction. An arrow pointing directly down 
indicates a wind from the north. * refers to an LLWAS trigger. Note that 
the LLWAS triggered because of a localized gust. 
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Figure 18d.l. Ten-minute segment of LLWAS data for 20 July 1982 (1810 to 1820 
~IDT). The winds at each site are shown, wit:1 the ordinate indicating speed 
magnitude in knots. The origin of each vector indicates the wind speed magni
tude and the arrow indicates wind direction. An arrow pointing directly down 
indicates a wind from the north. * refers to an LLWAS trigger. Note that 
the LLWAS triggered at times that we could not relate to thunderstorm gust 
fronts or microbursts. 
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Figure 18e.l. Ten-minute segment of LLWAS data for 21 July 1982 (2040 to 2050 
MDT). The winds at each site are shown, with the ordinate indicating speed 
magnitude in knots. The origin of each vector indicates thewind speed magni
tude and tht:! arrow indicates wind direction. An arrow pointing directly dovm 
tl\;lt•'::\1 "'" ;\ wlll•.l f\<)1\\ llw *''"th. * refexs to an LUlAS trigger. Sate th~t 
the tLWAS triggered at times that are obviously not related to tbunaerstrJrm 
gust fronts or microbursts. 
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We found no evidence of thunc!erstorm gust fr;)llt ::r mkrnhurHt act 1 vf.ty 
cauRing these flows. 

2 August 1982 (13~~~1400 MDT) (Figs. 18f.l and 18f.2) 

A radar scan of the region at 1357 indicated no signiticant returns. 
Sporaclic triggers occurred during this interval with the N and NW LLWAS 
sites. A vector plot of the winds at 1.3:51:33 MDT (Figs. 18f.2) indicates 
the complex pattern of surfac~ winds occurring. We find no evidence of thun
derstorm gust front or mictoburst induced flows •. We deduce that the triggers 
were caused by the variable pattern of relatively weak flows in a convective 
boundary layer. 

A radar scan detected a strong flow from NE to SW also shown by the PAM 
array with no indication of significant divergence. Figure 18g.2 shows evi
dence of small scale convergence over the airport. The sporadic triggers on 
the N, NW, NE, ancl SE sites seem to be related to this region of weak con
vergence and not directly to the stronger flows occurring outside the airport 
boundary. The centerfield anemometer was in the region between the north~rly 
flow south of the airport and the N-NW flow north of the airport. The low 
centerfield wind speed values (~1 kts from the south) produced the marginal 
15 knot vector- differ-ence values causing the triggers. 

We can conclurle from Figures 16, 17, and 18, and Table 2 that the LLWAS 
system can have alarms from relatively weak or marginal wind shear situations 
that are not thunderstorm gust front or microburst events. This should then 
be addressed in making improvements to the system. Our general perspective 
is to guard against "quick fix" algorithms that may not deal with the physics 
of accurate sampling of low-altitude wind shear. However, in Section 5 we 
explore several points made at the end of the last section, and illustrl:lte 
the value of a particular ~quick fix." We have attempted to illustrate that 
it should be possible to improve the system significantly using alternate 
algorithms, based upon annlysis of available data, without radical changes in 
basic system concept and design. 

5. EVALliATlON OF A GUST MAGNITUDE ALGORITHM 

The current LLWAS operating algorithm is based on an advective concept 
that appears to favor gust front features, on detection of wind-shift lines 
advecting into the system from afar, by using a 2 min running average at cen
terfield as a reference. Case studies of strong microburst events typically 
show sudden wind magnitude changes togel:her with complex direction changes. 
This is especially true 11ear a microburst impact region. These observations 
suggest that a gust magnitude change might provide a means of preferentially 
dt~tecting spatially concentrated microbursts when a reference based upon the 
winds fl)r the tottil system is nsecl. 

As ;l refen•nct> ror t·ta• nt>w al.gori thm we used the nverage of the wincl 
sp.-ed rt•;tdings ar boundnry sites for approximately a 2 min periocl (10 scans). 
Tlw centet·field mwmometer was exclndPd from these calculations. The newest 
H s RC :wenl)it~ wind reading from each site was compared with this running 
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Figure 18f.1. Fifteen-minute segment of LLWAS data for 2 August 1982 (1345 to 
1400 MDT). The winds at each site are shown, with the ordinate indicating 
speed magnitude in knots. The origin of each vector indicates the wind speed 
magnitude and the arrow indicates wind direction. An arrow pointing directly 
down indicates a wind from the north. * refers to an LLWAS trigger. Note 
that the LLWAS triggered at times that are obviously not related to thun
derstorm gust fronts or microbursts. 
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Figure 18g.l. Ten-minute segment of LLWAS data for 7 August 1982 (1550 to 1600 
MDT). The winds at each site are shown, with the ordinate indicating speed 
magnitude in knots. The origin of each vector indicates the wind speed magni
tude and the arrow indicates wind direction. An arrow pointing directly down 
indicates a wind from the north. * refers to an LLWAS trigger. Note that 
the LLWAS triggered at times that are obviously not related to thunderstorm 
gust fronts or microbursts. 
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areal average. If any new value exceeded the average by 15 kts or greater, 
it was defined as a trigger. Note that this new algorithm is based upon a 
speed difference only, in contrast with the standard LLWAS algorithm which 
is based upon a vector difference. Hence we call alarms from this new 
algorithm magnitude alarms. The entire JAWS/LLWAS data set was processed in 
this manner. Triggers were then grouped together as alarms in the same way 
as the standard LLWAS triggers. "' 

Figures 19a and 19b show daily histograms similar in form and scale to 
Figures 16 and 17. Notice that the distribution of alarms is greatly reduced 
by this new algorithm. In fact, when we compare the Fujita and Wakimoto 
(1983) microburst distribution, the original LLWAS alarm distribution, and 
this new alternative algorithm distribution, we can see that the new calcula
tion produces results that are much closer to the microburst distribution. 
We can summarize the trigger and alarm algorithm variations as follows: 

LLWSAS (shear) NEW (Magnitude) ALGORITHM 

TRIGGERS 3907 179 

ALARMS 631 80 

Triggers were significantly reduced and yet the new algorithm identified 
significant events that occurred at the airport. 

Figure 20 is an example of this algorithm processing a microburst event, 
using both LLWAS and new algorithms. Figure 21 is a histogram for all sites 
showing the distribution of all triggers by time of day using the new 
running-mean algorithm; and Figure 22 is a histogram of LLWAS alarms by 
number of triggers per alarm (groups of triggers). These data, derived from 
the new algorithm, are much more consistent in their various distributions 
when compared to Fujita and Wakimoto (1983) microburst distributions than was 
the original LLWAS alarm distribution seen in Figure 16. If the surface 
system density is increased sufficiently, this algorithm will be a good can
didate to test for use with operational systems. However, we feel that even 
this obvious improvement represents a quick fix, and we would urge caution 
against using any new scheme too quickly. Such algorithms that preferen
tially detect one type of meteorological event (in this case microbursts), 
may not detect, or may even surpress other events (such as gust fronts). One 
concept for possible operational uRe of such algorithms is to operate several 
algorithm types ln parallel and provi<ie outputs that indicate the probable 
event typt~ encounter-ed after processing of combined algorithms. 

6. USE OF LLWAS STATISTlCS AS A GUIDE FOR 
MAINTENANCE AND SYSTEM !':VALUATION 

Data from the LLWAS cnn he applied so that the operation of the system 
can be "self checked." As indicated previously in Section 3. l summaries of 
operations in the form of listings of communication failure statistics are 
presently collected for use by system technicians. In addition the main
tenance problems and meteorological statistics can be addressed by using 
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Figure 19a. Distribution of number of magnitude algorithm alarms by day 
during the period 20 May to 8 August (during which time the NCAR PAM was 
operating) compared with the distribution of number of microbursts by day as 
determined by Fujita and Wakimoto (1983) within 8 mi of the Stapleton runways. 
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Figure 20. Examr-1e of LLWAS data for 14 July 1982 (1405 to 1415 MDT). Two 
versions of a running mean algorithm (shear and magnitude threshold) are 
shown. 
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internal tests to determine the system integrity and local properties such as 
(1) detection of wind speed measurment errors, (2) detection of wind direction 
measurement errors, (3) analysis of bad data points, (4) identification of 
anemometer siting effects and problems, and (5) development of wind sta
tistics depicting local meteorology. Following sections provide details and 
examples of these. 

We recommend that the capabilities outlined in Sections 6.1, 6.2, and 6.3 
be applied as a part of a daily maintenance routine. The LLWAS minipro
cessor could provide similar summary data on a daily basis. Other statistics 
(outlined in Sections 6.4 and 6.5) dealing with siting problems or meteorolo
gical phenomena are more appropriate for analysis by some central facility• 

6.1 Detection of Errors in the Measurement of Wind Speed 

A histogram showing the distribution of wind speed for each anemometer 
site of an LLWAS system (e.g., Fig. 4) can detect problems with a wind sen
sor. Slow deterioration of an anemometer bearing (although not causing a 
complete lack of sensor response) 

1
could be detected by inspection of site 

statistics. The degraded response of the anemometer at the north LLWAS site 
during the JAWS experiment is evident when Figures 4 and 23 are inspected• 

6.2 Detection of Errors in the Measurement of Wind Direction 

An anemometer could develop errors in measuring wind direction because of 
mechanical or electronic problems. The statistics of the direction measure
ments of a site compared with the centerfield can indicate such systematic 
direction errors in a vivid manner. These comparisons can be especially use
ful when a large-scale flow (which can be expected to produce relatively uni
form winds spatially) has occurred over a 24 h period. An example of a 
useful display of directional data is shown in Figure 24. An x,y array was 
created for the southwest and centerfield sites using bins of wind direction 
in 15° increments. The number of measurements (z values) falling in each bin 
can be counted with little impact on microprocessor memory. The final x,y,z 
array of data can be fed to a line printer. On 2 August 1982 a wide range of 
wind directions occurred. Figure 24 shows that the counts cluster near a 
diagonal (indicating agreement between the southwest and centerfield wind 
directions). A consistent offset from the diagonal would indicate an equip
ment or terrain obstruction problem. 

6. 3 Analysis of Bad Data Points Typically Arising 
from Transmission Errors 

Listing of bad data points by site as a function of time of day could 
permit identification of the source of the problem. Also there would be a 
clear indication of the impAct of these prohlems upon system operations. 
Inspect lon of the data shown in ~·ignre 4 shows that there were great dif
ferenc~s in the numhers of bad data points obtained from the various LLWAS 
sites d11ring the JAWS experiment. For example the northeast and north sites 
each had over 2000 bad data intervals while the total for the other three 
sites was less than 100 bad points. RRdio interference problems or marginal 
transmission paths could be the sources of these bad data at certain times of 
day. 
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Figure 23. Histogram of LLWAS wind speed data for 3 July 1982 (0715-2359 
MDT) comparing three sites. The low-sensitivity problem with the north site 
becomes quite evident. 
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6.1~ Identification of Location or Terraln l'roblcmR 

Comparisons between the various sites using wind direction and speed sta
tisticH can identify a variety of siting problems. A combination of time-of
day histograms (Fig. 10) and studies of the mean wind speeds and directions 
under different conditions can indicate problems related to runway proximity 
or local terrain featutes. In this way the frequencies of local disturbances 
such as wake vortex impacts or drainage flows can be compared for the various 
sites. Consideration of statistics comparing wind speed and direction data 
can also indicate conditions when local winds are underestimated by the 
influences of local buildings or vegetation. Figure 25 is an example of a 
display that could be used to study siting effects. 

In this display the x values are the centerfield wind direction in 15° 
increments. The y values are the difference in wind speed between the south
west and centerfield sites. The number of measurements falling in each bin 
are counted and the x,y,z array is presented in Figure 25 for 2 August 82. 
For large-scale flows the values should be distributed symmetrically about 
the center line (zero difference). A consistent bias with the centerfield 
wind speeds consistently above or below the site values would indicate an 
equipment calibration problem. If such consistent differences occurred only 
for a range of directions, terrain effects are the probable cause. 

6.5 Development of Wind Statistics Depicting Local Meteorology 

The statistics of the meteorological processes influencing a given air
port can be invaluable for operational planning. Specifically, the time-of
year and time-of-day statistics of wind shears above some threshold level for 
an airport could be used as a basis for scheduling hours of peak activity. 
Certainly, cautionary information could be provided to pilots concerning 
times when heightened awareness is indicated. Examples of meteorological 
processes that could be specified using data recorded on LLWAS systems are: 

• sea breezes 

• nocturnal drainage flows 

• frontal passages 

• time-of-day wind shear extreme statistics 

• microbursts 

• thunderstorm gust fronts. 

In addition more representative data on airport mean wind speed and direction 
could be provided as a function of time of year. 

7. LIMITATIONS OF THE SYSTEM 

The following are limitations of the system: 

(1) LLWAS is clearly a surface-wind measurement system: horizontal winds 
above the sensors are not detected. This may not be a significant problem in 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SOUTH WEST 

TO CENTER 

DIFFERENCE 

<KNOTS> 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-23 TO -24 

-21 TO -22 

-19 TO -20 

-17 TO -18 

-15 TO -16 

-13 TO -14 

-11 TO -12 

-9 TO -10 

-7 TO -8 

-5 TO -6 

-3 TO -4 

-1 TO -2 

----------------------- c E'' N< T E R F: I E L o- o r R E c T I o r~_ ----,----.,,..-------=------- , c. 

o- 15- 3o- 45- 60- 75'- 9Q-105-l2o-l35~150-165-180-195-210-225'-240-255-27Q-285-300-3ts-330-345-
14 29 44 59 74 89 104 119134- 149' 164 179 194 209 224 239 254- 269 284 299·- 314' 329 344 3:59 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 3 2 1 

6 5 5 14 14 6 

20 23 21 18 7 19 

102 61 81 29 19 23 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

4 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

o o o- o o o o 

0 0 0 0 0 0 0 

0 0 3 12 5 0 8 

5 10- 32 46 174 0 57 

9 36 161 472 67 33 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 

0 0 6 6 

3 2 11 6 

8 8 19 24 

0 0 0 0 0 

0 0- 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

o o·o o o 

0 0 0 3 0 

0 0 1 7 0 

0 0 22•. 3S'· 0 

0 0 42 75 

3 0' 57 73 9 

0 ! 

0 I 
' 0 I 
i 

0· ! 
0 

0 

0 

0 

0 

3 

I 
I 
I 
! 
I 

l 
8 4- 70 16$ _- 9? 63 

9 22:'' 78' ~-213- 12& 

0 TO 0-205- 45- 50-20-12-7-19- O- 0-12-121-,-269-102-15 -1-S- 12- 12~11-12--29~--94-73 

1 TO 2 240 75 79 42 39 65 32' 4 7 18 114 322 165 11 0 0 6 20 8 10 26< .44· U9 116 

3 TO 4 187 65 59 37 16 78 5 2 11 

5 TO 6 45 41 27 19 15 27 0 0 0 

7 TO 8 23 13· 11 8 5 2 0 0 0 

9 TO 10 5 1 9 3 0 0 0 0 0 

11 TO 12 0 0 1 0 2 0 0 0 

13 TO 14 0 0 0 0 0 0 0 0" 0 

15 TO 16 0 0 0 0 0 0 0 0 0 

17 TO 18 0 0 0 0 0 0 0 0 0 

19 TO 20 0 0 0 0 0 0 0· 0 0 

21 TO 22 0 0 0 0 0 0 0 0 0 

23 TO 24 0 0 0 0 0 0 0 0' 0 

12 21 54 54 . 3 0 

0 4 11 0 0 

0- 0 0 3 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

o o a o· o o 

0 0 0 ()._ .. 0 - 0 

o o o o' o 

0 0 0 0 0 

o o o o- ~ 

0 0 '0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

o o o a o 

0 0 0 0 0 

0 0 0 0 0. 

0 0 O· 0 0 

0" . 6.- 36. 56 

0:''' ' 1, - l - ' 7 

o- o-:o o 

o.;. o•. o: o 

o o· o o 

0 0 0 0 

0 0 0 0 

o· O·- o o 

o o o- o-

0 ·o: 0 0' 

0. '0 0 0 . ,.;._. 

';~!:Z.: 

Figure 25. Wind speed difference between the southwest and centerfield site asa 
measured at the centerfield site. These data are shown for several wind regimes •. 
li.zed flows would show as a deviation from a symmetrical distribution centered at 

function of direction 
Siting problems or locac 

0 kts difference. 

0' ..... 



a gust front or sea breeze front situation, but it is a serious limitation 
when there are strong wind shears that are not present at the surface; as in 

.many frontal and low-level jet situations. 

(2) LLWAS has temporal and spatial resolution limitations which may 
present serious problems for the detection of the smaller scale events. 
Appendix A (Bedard and McCarthy, 1984) describes a case study documenting the 
small time and spatial scales that can occur. The qistances between anemome~ 
ters are a measure of the scale of event which can be detected with con
fidence. The average spacing between the centerfield and the boundary sites 
is about 3 km for a typical LLWAS. Because of the averaging done at the cen
terfield, short-lived microbursts may not be detected there; consequently the 
effective wind shear resolution for short-lived microbursts is greater than 3 
km and perhaps more nearly 6 km. Although a brief gust at the centerfield 
will be registered as a gust (if it is of sufficient magnitude), abrupt wind
shift lines may be flagged with a delay as a shear alert by the centerfield 
aneJrtometer. Therefore, although effective. for gust fronts, the spatial reso
lution scale i.s not appropriate for the detection of microbursts, which can 
occur on scales of 1 to 3 km (Wilson and Roberts, 1983). Likewise, the tem
poral resolution is compromised by the long averaging at the centerfield 
site; a brief high wind encounter at centerfield would not be identified 
unless it were of large enough magnitude. This effectively eliminates the 
centerfield site as a high-resolution wind shear sensor. However, decreasing 
the centerfield averaging time would of necessity result in larger and more 
rapid variations, increasing the probability of false alarms. Compensation 
might be achieved by increasing the threshold value at the expense-of missing 
some events, or by revisions of the overall detection algorithm strategy. 

An alternate approach would be to create another analysis path using the 
centerfield data while retaining the averaging system now in use. The 8-10- s 
grab samples from the centerfield sensor could be compared with the running 
average in the same manner as the outlying sites. In this way the spatial 
and time resolution can be improved with no hardware changes required. This 
would seem a desirable first step in improving the LLWAS. Since events can 
appear over time scales shorter than 30 s, failure to detect an event over 
one or. two scans or failure to apply the information can be critical to 
operations. 

(3) Surface wind events outside of the 3 km radius of the airport are 
not sensed, which represents a possible deficiency if an aircraft low alti
tude encounter with wind shear were to occur outside of this radlus. 

(4) Vertical motlons are not sensed directly; only horizontal ones, 
which tn<~y have been initiated by downdrafts, are sensed. There f.s no warning 
provide,i of descendin1i downdrafts. Although the resulting outflows may be 
detected, the hazard may already have hef'n present for tens of seconds or 
even minutes. For example, a descending downdraft produces divergence near 
the surfac.e when the downward moving nir has moved to within about one diame
ter's scale length of the surface of the Earth. Thus, downburst vertical 
speeds from smaller scale downbursts can be expected to occur closer to the 
surface than larger scale downflows. In addition if an anemometer is located 
directly beneath a down flow (at or near the stagnation point), no horizontal 
flows may be detected unless the system i.s translating. 
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(5) LLWAS does not directly meast1re the wind along the flight paths, 
and thus can report events not traversed by an aircraft, which the pilot 
could perceive as a false alarm. 

(6) Although downdrafts are converted to horizontal winds near the sur
face, the diverging horizontal flows often may not occur at or near surface 
sensors because of a variety of meteorological factors, such as shallow tem
perature inversions close to the surface. 

8. PRELIMINARY RECOMMENDATIONS REGARDING THE LLWAS 

The LLWAS is a useful system, particularly for the detection of certain 
wind shear situations such as gust fronts, frontal passages, and sea-breeze 
fronts, which have dimensions of many kilometers, have durations of tens of 
minutes or more, and travel across the ground. With modifications that 
improve the spatial resolution and time resolutions of the surface wind 
measurements, the LLWAS should be capable of detecting a high fracti.on of 
the dangerous wind shear conditions in the vicinity of airports including 
microbursts that have reached the surface. Such an investigation of up
grading of the LLWAS has been initiated by the FAA. 

Figure 26 is a schematic view of the various stages of a microburst. 
Microbursts typically take longer than 2 minutes to descend from the source 
region (near cloud base) to the surface. At the lower portions of the 
descending region (<300 meters) the microburst flows can pose a hazard to 
aircraft since divergence causes a horizontal area of increasing/decreasing 
lift to rapidly evolve as the Earth's surface is approached. At the base of 
the descending region the flows have not reached the surface and therefore 
are not detectable by anemometers. As the system continues to descend strong 
winds will typically occur at the Earth's surface outside of the stagnation 
region. Although anemometers can readily detect this atea of high winds) 
they provide no advance warning. Therefore, remote sensing techniques must 
be developed and installed to detect the microburst in the generation ahd 
descending stages, where neglig.ible horizontal components occur. Such tech
niques using Doppler radar for providing earlier warnings of the impending 
microburfJt hazard are currently beinr; developed (Roberts and Wilson, 1984). 
At the present time, Doppler radars are most successful in detecting micro
bursts during the hazardous, diverging stage. There is a great need to con
tinue the development of remote sensing techniques to provide earlier 
warnings. 

The LT.WAS is the only currently available system for detecting wind 
shear on <l regular bas.is. It is recommenc!ed that the LLWAS system be 
~lbS t~n_tict ~!x_ improve<!_ and_ thes'=- impr-o_veme_nt_s in_~tallec!_ in existing LLWAS 
systems at all major airports. In any future installations consideration 
should -begiveni:Oensure that the system can be adapted or retrofitted to 

i permit the integration of improvements in hardware,· software, and recording 
capabilities. Every effort should be made to assess and improve its perfor..;. 
mance. Possible approaches include, but are not limited 'to, the following: 

(l) Examine signal processing techniques from simple approaches to an 
exhaustive re-examination of sampling 'theory concepts. Consider the applica
tion of alternate algorithms such as the one described in this report that is 
sensittve to wind maRTlitude changes. 
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(2) Investigate the benefits that might be derived by increasing the 
numher of sensors and reducing the spacing between them. Methods should be 
used to increase the effectiveness of the centerfield anemometer as suggested 
ln Section 2.1. Figure 26 shows the influence of the centerfield averaging. 
In this figure higher time resolution data measured on the SE site on 14 July 
1982 is used to illustrate the impact of centerfield 15 scan averaging on an 
impulsive microburst wind surge. The original data at approximately 11 s 
intervals was processed with a 15 scan averaging to simulate the centerfield 
response. The original data and the averaged data both appear in Figure 27. 
The largest wind speed passed through the filter is smaller by a factor of 
two than the original time series. The appearance of the wind maximum is 
also delayed by about one minute in this simulation. 

(3) Analyze and revise the current method for displaying wind data. It 
is technically feasible to provide this information directly to pilots. Use 
of a computer synthesit~d voice system should be examined. In fact, we have 
tested the concept of passing data from a LLWAS wind shear file to a voice 
synthesizer. Data processed in this manner showed vividly the advantages of 
the prompt and accurate infor.mation transfer. Controllers could also be 
relieved of the unnecessary burden of transferring this information. 

(4) Analyze and revise, if appropriate, the current criteria for issuing 
a wind shear warning. For example, the use of one threshold for issuing a 
caution and a second, higher threshold for issuing a warning would help 
ensure that warnings were heeded. 

(5) Further study the use of complementary sensors to augmE;1nt wind shear 
information yielded by the LLWAS. 

(6) Record and analyze wind measurements by the LLWSAS installations 
nationwide ~ o~tain ~tic propertie.s .9.!. grou"il(f.:ba~ wind shear. We 
strongly recommend this improvement. Not only could the climatology of low
altitude wind shear be obtained, but routine, long-term batch statistics 
would vastly improve ongoing maintenance as described in Section 6. A forth
coming report based upon the results of detailed case studies of wind shear 
events durinp; the JAWS Project will provide recommendations for further 
research and detail additional areas in which the LLWAS can be improved. 
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Abstract 

A microburst event on 14 July 1983 illustrates 
the short t lme scales involved in responding tn 
this type of wind shear. The event also illus
trates how a controller used information from 
several sources in helping a number of aircraft 
avoid a dangerous wind shear situation. We discuss 
the itnpl lest ions of this event for the design of 
future wind shear detection systems and we relate 
these observations to data obtained during the JAWS 
experiment. 

Introduction 

On 14 Jl.l,ly 1982 during the Joint Airport Wea-

i~:~ 1 )S,tu!iesser~:~e~ite~; rc~~~~S) pr~~~~~:th:el:~edal ~~ 
wind shear occurred during a 20 minute interval 
from about 1400 to 1420 MDT. We use this case to 
illustrate the operation of the Low Level Wind 
Shear Alert System (Lt..WSAS) as well as to illus
trate the small spatial and temporal scales charac
terizing some microbursts. 

Fortunately, during this interval the com
munication tapes for air traffic control were 
transcribed by the Transportation Systems Center as 
part of a special study. The Automatic Terminal 
Information Service (ATIS) rt!l~ordin)ols were also 
available becduse of this study. Thus, we are able 
to reconstruct the operational sequence of events 
during this wind shear episode and emphasize both 
the time scales involved and the interplay between 
the meteorology, aircraft, and the aircraft control 
system. This summary indicates the need for quick 
response systems at every level when encountering a 
mtcrohnrHt hazard (detection, dissemination, and 
nlrrrnft reMponse), 

Wind Shear Event of 14 July \982 Measured 
by Surface Sensors 

The LLWSAS functioning as
2 

a component of the 
JAWS experiment (Bedard et al. ) detected an abrupt 
windshear event on 14 July 1982. The Portable 
Automated Mesonet (PAM) of the Nat iona1

3 
Center for 

Atmospheric Research (Brock and Govind ) operdted 
in a region lnclurling the airport and alsn provirled 
<lata. Figur"'" I, 1, an.! '\ lilllftlllilrl~r tht'llt' dat;1 <llhl 

1'1\1\<i.l~> i,,r,q;~~t i1•11 '''' I h~> ,,,,•all."'" •'~' th.
mPA,.II\'111!' •<lt<'<l t·<>I:H IV<' l•l tiW :,\t'l'<ll'l, 

FigurE's la, lh, 1\nt_\ \c d<'illct wind spet'd and 
direction Information ohtaincrl by the LLWSAS for 
three i;1tervals ( 140';-141 '; MilT), lid ';-142'; MilT, anrl 
142 5-1435 MDT). Figures 2 anrl 3 present data from 
both the LLWSAS and PAM arrays at the times ~f the 
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peak wind surges for the southeast LLWSAS site 
( -14: 10) and the peak wind gust measured at the 
nearest PAM stte ( 14: 12:26). There wu no evidence 
of the disturbance at any other measurement sitl! 
although some sensors were within 3 km. The peak 
wind surge measured at the PAM site lagged the 
LLWSAS measurement time by more than 1-min. This 
delay could have been caused by advection or some 
physical process causing the leading edge of the 
microburst to be not represented at the PAM sHe. 
The ti.me delay (>60 s) involved with a separation 
distance of -1/2 km ot with siting effects is im
portant compared with the operational times in-' 
valved with this partacular microburst. Also, if 
the mictoburst had occurred in a different area of 
the airport it could easily have gone undetected as 
a significant event. 

Table 1 summarizes important portions of pilot/ 
controller communications for the period between 
1407 and 1415 MDT. There were three go arounds in 
less than 10 min; one aircraft (F244) had to go 
almost to takeoff power. In our view, this situa
tion was well handled by the pilots and local 
control. Information concerning windshear encoun
tered by the pilots and detected by the LLWSAS was 
communicated promptly. A microburst apparently 
occurred just to the east of the east-west runway 
and was encountered by an aircraft on approach 
dnrtng the time the _wind sut"ge was first evident on 
the LLWSAS (1409:54). Although the LLWSAS pt"ovided 
at most seconds of warning in this instance, sub
sequent LLWSAS information provided valuable guid
ance concerning conditions around the E-W runway. 
The southeast LLWSAS site did provide Information 
at a critical juncture concerning a 38 kt wind, 
which guided flight Al7 in making a decision to go 
around. However, the wind shear danger was fi ret 
reported by the pilot of flight F244. At about 
1414 a region of blowing dust was no.ted. Pilots 
and control used all available information in this 
situation. 

Another aspect of the operational communication 
system is illustrated in Table 2. Transcripts from 
the ATIS communication tapes broadcast before and 
after this series of windshear problems do not warn 
of the meteorological windshear hazards being en
countered in the terminal area. 

The aessage previous to those appearlng tn 
Table :: was at 13)0 MST. The 'olinds descri~<l tr, 
message KILO (1406 MST) just prior to the event do 
not 11gree with those recorded by the LLWSA$. At 
l he time of the message the LLWSAS centerfield 
winds were 089 at 4 kt. No significant gusts were 
measured during the previous lS min at any LLWSAS 
site. The reason is that an additional anemometer 
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Table I, Pilot/controller communtcati.onR between l40i and ! .. 1 'i MDT 

Local Control # 2 (E-W) 

Time (MDT) Flight 
min s 

07 50 [F244] 

09 10 [AI7] 

09 54 

10 00 [F244] 

[AI7) 

[F244] 

10 2R 

10 40 [AI7) 

11 20 [AI7) 

[F244] 

II \I) [l!A4fd] 

12 37 

14 20 

I ~·2441 

I- = H~~t C - Controller 

Details 3E site Alarm 
LLWSAS winds ~A) 

c - wind calm 072 @ 9 kt 

c - wind calm 067 @ II kt 

054 @ 17 kt 

p - quite a shear @ 300 ft 
c - plus or minus 
p - minus 

c - wind shear reported 
loss of air speed at 
100 feet 

p - copy 

p - going around 
c - how much did you lose? 
p - had to go almost to take 

off power to catch it 

040 @ 38 kt 

p - wind check 
c - CF wind 130° @ 4 and 039 @ 33 kt 

EW wind where you are 
040 @ 38 

p - we Are going to have 
to go around 

p - we are going to have 046 @ 
to r,et a stabilized 
wind to land 

c - worst one we got is out 
there on the east-right 
now it is down to 070 (<l Ill 

p - we are going to try it 
again. We would like to 
have a - ??? - this time 
and give you an idea 
where it is 

c - CF wind ISO @ 4, EW wind 
050 (cl 20 want to try it or 
go around? 

p - 20 knots, no we can't do 
that 

057 (il 

c - F244 got some pretty good 
dust ahout 2 out; you can 
prohahly see it; rf)(ht h!~re 

it 1.P. showing 100 (il '• CF and 
r:-w 010 (il 9 knots 

P- Thats what got us awhile ago 
C - Think so; about ttme you re

ported it, I got it here; tt 
got up to 18 knots real quick 

P - We had to go to takeoff to 
stop that sinker 

12 kt 

II kt 

--~-, 
(A) ' 

I 
' I 
' I 
' I 
' I 
' I 
' I 
' I 
' I 
' I 
' I 
' (A) I 
' I 
' (A) I 
' I 
' I 
' I 
' 

(A) 
I 
' I 
' I 
' I 
' I 
' I 
' I 
' I 

' I 
(A) ' ____ J 

Dashed ltne indicates that continuous LLWSAS alarms for the SE site appeared in the control 
tower between 09 min 54 s and 12 min 37 s. 

·' ~· . 
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Table 2. Transcripts from the Air Traffic 
Information System Messages 

14o6 MDT 

1654 MDT 

Stapleton arrival information KILO 
2006 Greenwich weather VFR tempera
ture 87, wind 360 at 14 gusts to 25, 
altimeter 29.99. Expect profile 
descent vectors for visual approach. 
Landing runways 35L 35R VFR.Arriv
als landing Stapleton contact ap
proach north 120.5 south 120.8 for 
TCA clearance. Advise you have KILO. 

Stapleton arrival information LIMA 
1054 Greenwich weather VFR tempera
ture 84, wind 360 at 16, altimeter 
30,00, Expect profile to clear vec
tors approach runway 35 VFR. Arri
vals landing at Stapleton contact ap
proach north 120.5, south 120,8 for 
TCA clearance• Advise you have LiMA. 

located near the north LLWSAS site is used with an 
analog readout in preparing ATIS messages. This 
non LLWSAS anemometer is preferred by controllers 
beeause of its "faster update rate". The pre
ference for use of this independent anemometer may 
also reflect the fact that the north LLWSAS stte 
had instrument f,roblem!l which caused it to read low 
(Bedard et al. ), These transcripts indicate that 
the ATIS is not presently configured to respond to 
rapidly changing systems such as microbursts, and 
times of increased work loads do not permit manual 
up-dating to ensure that current information is 
available, We direct these c ri. t teal remarks to
wards the basic capabilities of the present ATIS 
system which require time for an operator to ini
tialize, It is technically feasible to make a 
large segment of the ATIS message automatic either 
through the use of a voice synthesizer and"/or a 
data link with graphics display. Designs for the 
Automated Weather Observing System (AWOS), now 
being tested for small, unmanned airports use voice 
synthesizers to update messages essentially in real 
time. Similar technology should be applied to 
update ATIS information transfer capabilities. 

Summary 

The microburst occurring off the east end of 
the F.-W runway at Stapleton Tnternational Airport 
on I'• .July \982 prov.tdes p,uidance concernin~ tlu~ 
temporal and spatial scales required for providing 
detPctlon ancl warning. The important features of 
the mlcroburRt and associated operational responses 
are the following: 

(a) The lt fet ime of the gust surge at the S~~ LT.WSAS 
site was about 60 s; the surge evolved at the 
surface sitP in less than 30 s. 

(b) The peak gust measured at the closest PAM sta
tion, locatP<l leRs than ahout 1/2 km from the 
SE I.I.WSAS, l."f:f<ed the Sf\ LI.WSAS station by more 
l ho~n btl s lthll call n~ thP lmpnrLmce of advec
t ton t l•n<' or phys teal pn>ct>sses de 1 ayi ng the 
appearance of the gust surge. 

(c) The microhurst was not detected at any other 
surface sites, although several sites were less 
than 3 km from the SE LLWSAS site. Thus, the 

micro burst could easily have occurred within 
the LLWSAS array and gone undetected. 

(d) Three go arounds on the E-w approach occui!red 
within 10 min, all associated with strong shear 
to the east of the runway, This series of 
events underlines. the value of executing go 
arounds during potentially dangerous wind shear 
situations. 

(e) Tl\e use of pilot reports, LLWSAS measurements 
of shear, and visible · indications (blowirtg 
dust) helped aircraft avoid the region of 
dangerous shear. 

(f) The fact that the AT!S tapes made no mention of 
the hazardous conditions indicates the need for 
upgradiog the system to provide more current 
information, 

(g) There is a need to use cleat term:l.nol6gy irt 
making pilot reports, The recommended method 
for wiod shear reporting is to state the loss 
or gain of airspeed, the altitude at which tt 
occurred, and the location and type of air
craft. Such pilot repor~s can be critical t6 
helping following aircraft avoid dangerous wind 
shear. 

Windshear detection systems, either improved 
LLWSAS or remote senslng approaches, need to pro
vide for rapid distribution of hatard information. 
This case 11tudy describing an evolving system and 
associated aircraft problems indicates that time 
scales of 10's of seconds can be critical to opera
tions 0 There is a great need to determine if there 
exists precursor· information (which would, e.g., 
permit Doppler radar detection of a downb\rst at or 
near cloud base). Fujita and wakimoto suggest 
that upper level circulations may be. associated 
with downbursts. Existing data bases should be 
carefully examined (e.g., analysis of the JAWS data 
base is now proceeding), to detect correlations 
between downbursts and the preceding meteorological 
conditions. 
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