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Executive Summary 

Purpose More than 50 percent of all fatal air carrier accidents are in some way 
attributable to weather. LVind shear -a rapid change in wind speed or 
direction-has been identified ;as a cause or factor in 18 accidents since 
1970, including the loss of 575 lives. Both the National Transportation 
Safety Board and the Federal Aviation Administration (FA4) have con- 
cluded that more accurate wind-shear detection and more timely 
weather warnings to pilots are needed, particularly during the critical 
takeoff and landing phases of flight. Thus, FAA'S $16 billion National 
Airspace System (INAS) plan includes $1.5 billion for new weather detec- 
tion and dissemination systems. 

The Chairman, House Committ,ee on Science, Space. and Technology, 
asked ~-40 to review FAA'S plan for new hazardous weather systems and 
determine, among other things, 

l how FAA plans to address the problem of detecting wind shear and other 
hazardous weather around airports and what unresolved issues remain, 

l whether hazardous weather information will be t.ransmitted to pilots in 
a more timely manner, and 

l when these new systems will be available and what their cost. is esti- 
mated to be. 

Background The existing aviation weather system has two major problems: inade- 
quate weather detection and an inadequate method for communicat.ing 
timely weather information to pilots. 

To improve the esisting system, ix4 plans, among other things, to inst.all 
five new, ground-based hazardous weather detection systems. FA;Z plans 
to have all of these systems installed by 1995. 

Three of the new systems-the enhanced low-le\,el wind-shear alert sys- 
tem (enhanced LLW~S), the terminal nesT-generation weather radar (ter- 
minal NENRAD). and the terminal Doppler weather radar-are fol 
detecting wind shear. Another-a new airport surveillance radar (XCR- 

9)-is for detecting phenomena associated with thunderstorms around 
airports, and the fifth-the NEICRAD- is to detect weather conditions 
between airports on FAA'S enroute system. The objective of these new 
systems is to improve weather detection. 

FAA also plans to install an automated ground-to-air communication sys- 
tem to relay some weather information directly to pilot,s. Its objective is 
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Executive summary 

to make weather information more timely by transmitting it automati- 
cally to pilots rather than transmitting it to pilots through controllers. 

Results in Brief FAA’S planned wind-shear detection systems will provide progressively 
better wind-shear protection than is presently available. However, FAA’S 

optimal ground-based wind-shear detection system--the terminal Dop- 
pler weather radar-has several unresolved technical issues that could 
reduce its anticipated effectiveness and/or increase its cost. 

Similarly, FAA’S ASR-9 radar provides improved weather detection over 
that of existing airport surveillance radars. The usefulness of the ASR-9 

data is clouded, however, because FAA is uncertain of how the radar is to 
be monitored by air traffic controllers and what information they are to 
disseminate to pilots. 

Finally, while FAA intends to improve the timeliness of weather informa- 
tion dissemination, its current. NAS plan states that hazardous weather 
information from the new debect.ion systems will not be sent directly to 
pilots for at feast a decade. Until its communication system is imple- 
mented, busy controllers wilI continue to disseminate this information, 
and FAA is not likely to be able to meet its objectiLre of providing timely 
hazardous weather information to pilots. 

Principal Findings 

Unresolved Technical 
Issues Remain for FAA’s 
Optimal W ind-Shear 
Detection System 

Although more effective than the existing wind-shear detection system, 
the enhanced LLWS cannot detect wind shears that occur abo\re or 
beyond its ground-based sensors. Such a situation occurred in August 
1985 when Delta Flight 191 crashed at Dalta?;;,iFt. Worth Internat.ionat 
Airport after encountering a wind shear. 

The terminal NEMUD radar system will have iI much greater range and 
will be able to more accurately determine the location of wind shears 
I.han the enhanced LLKW The terminal NEXRW is, however, only an 
interim system to protect. aircraft at 19 airports. It is to be repIaced 
when FAA’S optimal ground-based wind-shear detection system-the ter- 
minal Doppler weather radar-becomes available. 
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Executive summary 

FAA plans to award a procurement contract for 100 terminal Doppler 
weather radars in 1988. Some of the radar’s performance objectives 
have not been realized, and, according to FAA, several of the objectives 
will be difficult to achieve by that time. For example, FAA is not sure 
that the radar can forecast a wind shear early enough to give controllers 
and pilots adequate warning. Research on these unresolved technical 
issues is to continue in 1987 and 1988. 

FAA’S research contractors also have said that some of the objectives cre- 
ate competing siting and scanning demands that may require trade offs. 
For example, an on-airport siting may provide more accurate measure- 
ments of a wind shear’s strength while an off-airport siting may provide 
for earlier detection and warnings to pilots. 

How Best to I_Jse the 
Improved Precipitation 
Data Is Still Uncertain 

The ASR-9 radar will provide improved weather detection by distinguish- 
ing between six levels of precipitation. The higher the rate of precipita- 
tion. the more likely that it contains phenomena associated with 
thunderstorms, such as lightning, hail, or turbulence, which are hazard- 
ous to aviation. 

While FAA officials told us that they plan to provide some of the ASR-9 

weather informat.ion to pilots, the agency has not developed guidance 
for controllers on how the levels of weather are to be monitored and 
what information is to be disseminated to pilots. 

Automatic Dissemination FAA is beginning to research the feasibility of automatically transmitting 
of Hazardous Weather to hazardous weather data directly to pilots from it.s new detection sys- 

Pilots Will Not Occur for at terns, but such a communication system is at least a decade away, 

Least a Decade according to current N-G plan projections. Meanwhile, busy air traffic 
controllers will continue as the primary source of weather information 
to pilots. 

Aut,omatic transmission of weather data is an important challenge fac- 
ing FAA. On the basis of past G-VI reviews of controller activities, there 
will be times when controllers will be too busy performing their primary 
duty of separating aircraft during peak traffic periods to provide pilots 
with weather information. 

Recommendations GAO recommends that the Secretary of Transportation direct the Admin- 
istrator, F.LA, to 
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i Executive Summary 

. inform t,he Department and the Congress of any performance object.ives 
that the terminal Doppler weather radar cannot meet and their impact 
on safety and cost before commibting funds for a procurement contract; 
and 

. develop guidance on how air traffic controllers are to monitor the ASR-9 

weather display and what hazardous weather informat.ion they are to 
disseminate to pilots. 

Agency Comments GAO discussed the results of its review with agency officials who gener- 
ally agreed with the findings, conclusions, and recommendations. ,4s 
requested? ci.40 did not obtain official agency comments on this report. 

Page 5 GAO. RCED-87208 Iviation Weather Hazards 



contents 

Executive Summary 2 

Chapter 1 
Introduction FA4’s Existing Airport Weather System 

FA-4’s Weather Improvement Program 
Objectives, Scope. and Methodology 

Chapter 2 
Unresolved Issues F-U’s Performance Objectives for an Optimal Ground- 

Relating to FAA’s New Baed blind-Shear Detection System 

Hazardous Weather 
Research on Certain Terminal Doppler Weat her Radar 

Performance Objectives May Not Be Completed 
Detection and Before FAA’s Planned Production Contract Date 

Dissemination Systems The Terminal Doppler Weat her Radar’s Compet,ing 
Performance Objectives May Require Different Siting 
and Scanning Strategies 

I lncertainty Exisbs About How to llse the Airport 
Surveillance Radar’s \Yeather Data 

Status of FAA’s Efforts to Send Hazardous Weather Data 
Directly to Pilots 

Controllers Often Lack Time to Disseminate LVeathel 
Information 

Conclusions 
Recommendations to the Secretary of Transportation 
Views of F&4 Program Officials and GAO’s Response 

19 

Appendixes Appendix I: Estimated Cost of F&4’s Aviation \Veathel 
Syst.enis 

Table 

Figures 

Appendix II: Estimated Implementation Schedule of 
FA4’s Aviation \Veather Systems 

Appendix III: Major Contributors to This Report 

Table 2.1: NW Definition of Six Weather Levels 

Figure 1.1: Effects of Wind Shear on Landing Aircraft 
Figure 1.2: The Mode S Data-Link Weather System 
Figure 2.1: Radar Scanning Diagram 
Figure 2.2: Symmetrical and Asymmetrical Microbursts 

27 

28 

22 

9 
14 
20 
21 

Page 6 GAO RCED-87-208 A\iarion Weather Hazards 



Abbreviations 

Page 7 

airport surveillance radar 
Federal Aviation Administration 
General .4ccounting Office 
low-level wind-shear alert system 
National ,4irspace System 
next-generation weather radar 
National b’eather Service 
terminal Doppler weather radar 
weat her communications processor 

GAO~‘RCELM7-208 Aviation Weather H-ds 



chapter 1 

htroduction 

Hazardous weather has been a longstanding problem of aviation safety. 
The National Transportation Safety Board has identified weather as a 
contributing factor in more than 50 percent of all fatal air carrier acci- 
dents since 1975. In 1986 alone, hazardous weather was responsible for 
185 deaths in commercial aviation accidents in the United States. 

According to the National Transportation Safety Board, wind shear-a 
rapid change in wind speed or direction over a very short distance-has 
been a cause or factor in 18 accidents and 675 deaths since 1970. 
Included were 134 fatalities resulting from a wind-shear encounter at 
DallasjFt. Worth International Airport on August 2, 1985. 

As depicted in figure 1 .l, the most dangerous type of wind shear-the 
microburst-can have a disastrous impact on aircraft that are landing 
or taking off. A microbust creates highly divergent wind outflows over a 
very short distance (l,i4 to 2-l/2 miles). These wind outflows cause air- 
craft to encounter a sudden increase in headwind, followed by a sudden 
increase in tailwind. To compensate for the increase in headwind, pilots 
may reduce aircraft speed in an attempt to maintain an appropriate 
angle for landing. The sudden increase in tailwind reduces aircraft lift, 
which combined with reduced aircraft speed, can result in accidents 
when planes are landing or taking off. 

This report examines the Federal Aviation Administration’s (Fk4.S) 

efforts to improve hazardous weather detection at major airports’ and 
its efforts to make this information more timely. 

FAA’s Existing 
Airport Weather 
System 

Other federal agencies, including the National Transportation Safet,y 
Board, perform certain a\‘iatlon safety-related functions, but primary 
responsibility rests with F.&I. This includes providing weat,her informa- 
tion to pilots. F.u obtains weather informat,ion from its own weather 
detection systems as well as weather warnings from the National 
Weat,her Service ((NU’S). F-LA distributes this weather information to its 

’ M:gar- nirport~, a5 used III this report. ilre defmed xs those airports scheduled to receive FAA’s opci- 
mal ground-based wnd-shear detectlnm sgstvm and or its IWV airpu-t surveillance radar that is capa- 
hle of distinguishmg between le\~els of precipitation. .+I1 of these ;lirports have an F.4A control tnwer 
staffed by air traffir ccmtraller+ who provide w-vices to airborne aircraft operating m the vwnity of 
the airp.1r-t and IV aircraft opentting on the airport surface. In general, these airports p~x~rily ser- 
uce air carrwr pilots, incllrding dir taxis. ~:onunuters. ,uld air travel clubs. as opposed to private 
aircraft pilots 1 general dvixion I 
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Figure 1.1: Effects of Wind Shear on Landing Aircraft 
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air traffic controllers and flight service station specialistsq2 who dissemi- 
nate the information to pilots. 
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Chapter I 
Introduction 

Today’s airports have two weather detection systems: the low-level 
wind-shear alert system (:LLM!VS:) and the airport surveillance radar ( ASR). 

Both of these systems have weather detection limitations. 

Although capable of detecting some wind shears, FAA has found LLW~LS to 
be unreliable for det,ecting microbursts and plagued by false alarms. 
LLWM is unreliable because microbursts may be missed by Wting 
between or occurring outside the boundary of system’s ground-based 
sensors. False alarms occur when the system gives warnings that do not 
represent a true hazard to aircraft safety. Hence, the system has low 
credibility with pilots, who sometimes ignore its warnings and continue 
taking off and landing. Both, the National Transportation Safety Board 
and FAA have concluded that a more effective wind-shear detection sys- 
tem is needed. 

While the AIR can detect precipitation, it cannot distinguish between 
precipitation intensities or indicate the likelihood that the precipitation 
contains phenomena hazardous to aviation. such as hail, lightning, or 
turbulence. As a result7 the radar is ineffective for identifying areas of 
hazardous weather. 

At. major airports, FAA depends upon controllers to give weather infor- 
mation to pilots. This includes reading NU’S weather warnings, which are 
hand passed from controller to controller and read to pilots as time per- 
mits. On the basis of past G,\(j reviews of controller activities? we have 
found that controllers are sometimes too busy to disseminate weather 
information to pilots.:: 

FAA’s Weather 
Improvement 

To improve safety. FAA is implementing a $1.5 billion weather informa- 
tion improvement program. This program is designed to (1‘) provide 

l-Jrogram more accurat,e weather detection by installing new weather detection 
systems and (2) improve the timeliness of weather information 
disseminat,ion. 

To provide more accurate weather detection, FAA plans to install six new 
weather detection systems-five to detect hazardous conditions such as 
wind shear, hail. and lightning, and one to measure routine weather con- 
ditions such as temperature, dew point, and wind direction. To provide 

‘See Aviation Weather Hazards. F.&I System for ksenunating Severe H’eather U’arnings w Filers 
(QA~CEi3-S152BR. .4pr. 22. 1988). and Serious Problems Concetnuig the .\ir Traffitr Control 
Work Force I,CAO. RCED-86 I2 1. Mar. ti, 19% ). 
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more timely weather dissemination to pilots, FM plans to develop a com- 
munication system whereby pilots with the necessary on-board equip- 
ment can automatically access a ground data-base system and obtain 
certain weather information without the assistance of controllers. 

FAA’s Planned Weather 
Detection Systems 

The five hazardous weather detection systems FAA plans to install are 

l the enhanced low-level wind-shear alert system (enhanced LLWA!!), 

. the next-generation weather radar (NEUND), 

. the terminal NFXRAD, 

. t.he terminal Doppler weather radar, and 

. a new airport surveillance radar (ASR-9). 

Enhanced LLWAS 

Three of these sysbems-enhanced LL~S, terminal NENR~D, and terminal 
Doppler weather radar-are designed to improve det.ection of wind 
shear at airports. The UR-9 is designed to improve airport det.ection of 
hazards associated with precipitation, such as lightning, hail, and turbu- 
lence. The NESRAD will provide hazardous weather detect.ion between 
akp0l-t.S on F&I's enroute SyStHtI. 

In addition to the five hazardous weather detection systems, FAA is pro- 
curing an automated weather-observing system. Its objective is to mea- 
sure and automatically report airport weather conditions such as wind 
speed and direction, visibility, and temperature. It is being installed at 
general aviation airport.s,4 many of which do not have controllers. Pilots 
flying to t.hese airports, therefore, presently lack information on current 
weat.her conditions. 

The existing LL.IV.L~ is locat.ed at 87 airports across the IInitecl States. 
Each LLW~S consists of six ground-based wind sensors and a computer 
processor. Wh en more than a IS-knot difference in wind speed arises or 
a change in direction is measured by the sensors, an alarm sounds and 
controllers pass the warnings to pilots preparing for takeoffs OI 

landings. 

The enhanced LLWS is to be installed at 110 airports by August. 1992. 
The number of wind sensors will be increased from 6 to 11. and an 
improved computer processor will be added. In addition, some sensors at 
airports already having an LLWS will be relocated to reduce false 
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alarms. The objective of enhanced LLWA~ is to increase the number and 
density of sensors, thereby reducing the likelihood that microbursts will 
hit between t.he sensors without being detected. 

Although an improvement, the enhanced LLWXS is not viewed by FAA as 

the optimal solution to the wind-shear detection problem because, for 
the most part, the sensors are located on the airport and cannot detect 
wind shears that occur above ground or beyond the airport’s bounda- 
ries. For example, Delta Air Lines flight 191, which crashed at Dallas/ 
Ft. Worth International Airport on August 2, 1985, encountered a 
microburst beyond the airport’s LLWU sensors. This microburst was not 
detected by LLWA~ until some 10-12 minutes after the crash, when the 
microburst came closer to the airport and within range of the LLWAS sen- 
sors. Enhanced LLWA~, however, will remain a part of the total FAA wind- 
shear program t.o supplement the new Doppler radar systems. 

NEW and Terminal NESRAD The NEXRADS are part of an interagency NW, FM, and Air Force procure- 
ment. This procurement includes 113 NEXRMX that. are to replace the 
existing NWS conventional radar network by 1994. These radars will be 
located away from airports and will be used primarily to detect enroute 
rather than airport weather. 

In addition to participating in the interagency NENRAD network, F.M is 
procuring 16 NENRADS to provide weather informat.ion to enroute air 
traffic in Alaska, Hawaii, and the Caribbean. However, before going to 
their enroute locations, FAA plans to install these radars-known as ter- 
minal NE-s-near 19 of the nation’s busiest airports between 1990 
and 1992. at. a cost of $103 million. This cost includes $10 million for 
installing these 16 NILWADS in terminal areas and their subsequent rede- 
ployment to enroute locations when FAA’S optimal terminal system is 
available. 

The terminal NEXRL\DS will be sited away from the airports and will 
improve wind-shear detection by extending coverage beyond the area 
covered by the enhanced LLWU system. They will provide interim wind- 
shear coverage while the terminal Doppler weather radar is being 
developed. 

Terminal Doppler Weather Radar The terminal Doppler weather radar is F.u's opt,imal ground-based 
wind-shear detection system. F&I plans to award a procurement contract 
in late fiscal year 1988, and the terminal Doppler weather radar is to be 

Page12 GAO,'RCED-M-208 Aviation Weather Hazards 

” “1 



Chapter 1 
Intraduction 

installed at 100 airports het.ween 1992 and 1995, at a cost of $562 
million. 

The terminal NEWAD and terminal Doppler weather radars will change 
the method of detecting wind shear from LLNKS’ ground-based sensors to 
radars. These radars will use state-of-the-art Doppler technology to 
measure the intensity of winds. Existing FAA and KH’S radars do not have 
this capability. 

ASR-9 In addition to its wind-shear detection systems, FAA has developed a new 
airport surveillance radar, the ASR-9. This radar is to be installed at 101 
airports between 1988 and 1991, at an estimated cost of $575 million, 
which includes about $89 million for relocating existing airport surveil- 
lance radars to less busy airports. 

The ASR-9 will provide improved weather detection by distinguishing 
between six levels of precipitation. The higher the rate of precipitation, 
the more likely that it is associated with hazardous phenomena such as 
lightning! hail, or turbulence. 

FAA’s Planned Weather 
Dissemination System 

According to the Air Lines Pilots Association, its highest weather prior- 
ity is for real-time’ information on wind shear, thunderstorms, and run- 
way conditions at airports. To provide more timely weather information 
to pilots and reduce the work load of controllers, FAA is developing a 
ground-to-air communication system-called the Mode S data link-that 
will give pi1ot.s direct access to some weather data. To receive informa- 
tion via the data link, aircraft must be equipped with a Mode S t.ran- 
sponder (a piece of avionics equipment that can receive and transmit 
information by radio signals). an on-board computer. and a computer 
printer or display. 

FAA is also developing a ground-based weather communications proces- 
sor (:WCP) which will act as the interface between Mode S data-link- 
equipped aircraft and pilot.-desired weat.her information. It will receive 
pilot requests for weather data, decode the requests. format the replies, 
and return them to the pilot. (See fig. 1.2.) 
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Figure 1.2: The Mode S Data Link Weather System 

Weather 
Communicatw3n 

Processor 

Objectives, Scope, and The ob.iccti\res of this re\‘iew were to examine F-LA’S plan for improving 

Methodology 
Ilazardous weather detection and dissemination at major airports, par- 
ticularly during the critical takeoff and landing phases of flight. ,4s 
requested by the Chairman, House Committee cm Science, Space, and 
Technology, we determined 

. how FAX plans to address the problem of detect.ing wind shear and othet 
hazardous iveather around airports and what unresolved technical 
issues remain, 
whether hazardous weather information will be communicated to pilots 
in a more timely manner and 
when F.u’s new systems will be available and what their cost is esti- 
mated to be. (See app. 1 for systems cost and app. II for implementation 
schedule. 1 

\t’e determined how F.U plans to address the ivind-shear detection prob- 
lem by examining the wind-shear projects in FAA’S National Plirspace 
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System (NAS) plan. A goal of FAA's $16 billion NAS plan is to improve 
aviation safety. 

We were unable to compare actual equipment specifications between the 
terminal NEXRAD and terminal Doppler weather radars because the latter 
radar’s specifications have not been finalized and tests and evaluations 
of the former have not been completed because of schedule delays. 
Unresolved technical issues of the terminal Doppler weather radar were 
ascertained from the technical literature, reported test results, and 
interviews with researchers at Lincoln Laboratory and the National 
Center for Atmospheric Research, as well as FAA program officials. 

To determine how FAA plans to improve the detection of other hazardous 
weather around airports, we reviewed the airport surveillance radar 
program. To identify system capabilities and limitations involved with 
the radar and its expected performance in detecting hazardous weather 
phenomena, we interviewed FAA program officials as well as the pro- 
gram manager of the ASR-9 contractor. 

To determine whether hazardous weather information will be conveyed 
to pilots more quickly, we reviewed FM'S NAS plan and determined 
whether information from FAA'S new hazardous weather detection sys- 
tems will be disseminated directly to pilots via the Mode S data link. To 
identify the type of equipment needed on-board an aircraft to obtain 
informabion via the Mode S data link, we reviewed documents and inter- 
viewed officials in several FAA program offices and the Radio Technical 
Commission for Aeronautics. The commission is comprised of industry 
and FX~ representatives responsible for establishing on-board avionics 
standards. 

Our review focused on FA4'S five new hazardous weather detection sys- 
tems and the Mode S data link. Availability dates for the new technolo- 
gies were determined from FAA'S March 1987 National Airspace Sy.st.em 
Program Master Schedule. Costs of the new systems were obtained from 
FAA program managers and validated with FAA funding schedules in 
March 1987. 

Our work was performed at FAA'S headquarters, Washington, DC.; NW, 

Silver Spring, Maryland; the National Severe Storms Laboratory, Nor- 
man, Oklahoma; and the FAA Technical Center, Pomona, New Jersey. In 
addition, we visited FAA contractor facilities, including Martin Marietta, 
FAA'S NAS plan System Engineering and Integration Contractor; and Lin- 
coln Laboratory, Lexington, Massachusetts. We interviewed officials at 
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t.he NEXRAD Joint System Program Office and the National Center for 
Atmospheric Research concerning the terminal NEXRAD and terminal 
Doppler weather radars. We also intemiewed contract officials at West- 
inghouse Electric Corporation, manufacturer of the airport surveillance 
radar. We used information contained in prior ~40 reports and state- 
ments before Congressional Committees concerning E44 air traffic con-’ 
troller activit.ies and aviation weather systems capabilities and 
limitations. 

Our review was conducted primarily from June through December 1986, 
and we updated t,he syst.ems’ implementation schedules and costs as of 
hlarch 1987. We performed our review in accordance with generally 
accepted government auditing standards. 

DOT and FAA officials with whom we discussed this repotT, generally 
agreed with our findings, conclusions, and recommendations. At the 
request of the Chairman’s office, however, we did not obtain written 
agency comments on this report so that it could be issued before a 
scheduled September 1987 hearing before the Subcommittee on Trans- 
portation, Aviation, and Materials, House Committee 011 Science, Space, 
and Technology. 
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Unksolved Issues Relating to FAA’s New 
Hazardous Weather Detection and 
Dissemination Systems 

FM’S planned wind-shear detection systems will provide progressively 
better wind-shear protection than is presemly available with LLKU. 

However, F.L4’s optimal ground-based wind-shear detection system--the 
terminal Doppler weather radar-has several unresolved technical 
issues t.hat could reduce its anticipated effectiveness and/or increase its 
cost. 

Similarly, F&~‘S MR-9 radar provides improved weather detection over 
that of esisting airport surveillance radars. The usefulness of the ASK-9 

data is clouded, however, because FM is uncertain of how the radar is to 
be tnonitored by air traffic controllers and what information they are to 
disseminate to pilots. 

Finally, while FAA intends to improve the timeliness of weather informa- 
tion dissemination, its current. NM plan states that hazardous weather 
inform8tion from the new detection systems will not be sent directly to 
pilots for at least a decade. LInti its hazardous weather communication 
system is implemented, F.U will continue to use its busy controllers to 
disseminate this information. 

FAA’s Performance F-k\ and its wind-shear researchers have identified performance objec- 

Objectives for an 
t.ives that they believe an optimal ground-b(ased wind-shear detection 
system should meet. These objectives are formalized in FM’S May 28, 

Optimal Ground-Based 1987! Order 1812.9. System Requirements Statement for the terminal 

Wind-Shear Detection Doppler weat.her radar. They include ( 1 j accurately measuring a wind 

System 
shear’s head~vind-taiI\~ind component, (,2) forecasting the development 
of microbursts by detecting wind-shear precursors, (3) scanning all air- 
port runways and flight paths, (13) having at least a go-percent 
probability of detecting all microbursts while having a lo-percent or less 
false alarm rate, and (5) being fully automated whereby radar signals 
are automatically translated int,o useful information. The purpose of 
these performance objectives is to assure accurate detection and useful 
information to pilots. 

Accurately Measuring the The National Center for Atmospheric Research has identified the 
Headwind-Tailwind headwind-tailwind component of wind shear as the one most critical to 

Component. aircraft performance. The quick change from an increasing headwind to 
an increasing tailwittd is the single factor most likely to cause a wind- 
shear accident. YSrithout accurately measuring the headwind-t,ailwind 
component, pilots will not have the information they need to decide 
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Hazardous Weather Detwtion and 
Dissemination Systems 

whether to abort. a takeoff or landing, or what actions to t.ake to best 
recover from wind shear should one be encountered. 

Forecasting Microbursts 
Development 

An optimal ground-based wind-shear detection system should also be 
able to scan the area above an airport to detect clues or precursors of 
microbursts. The National Transportation Safety Board has urged posi- 
tive identification of conditions conducive to microbursts and FAA warn- 
ings to pilots when these conditions exist. Through earlier detection, 
pilots would have more time to avoid the wind shear, thereby possibl) 
reducing the number of wind shears encountered. Without such a capa- 
bility, the early warning that pilots need before taking off or landing 
will not be available. 

Scanning All Runways and According to the official in charge of FAA’S terminal Doppler weather 
Flight Paths radar research at Lincoln Laboratories, scanning all airport runways 

and flight pat.hs is important to maximize the area covered, thereby min- 
imizing the service disruptions created by potential wind-shear condi- 
tions. At most large airports, this objective creates siting problems for 
the radar because few locations have an unobstructed view of all run- 
way approaches. 

Detecting Most. The importance of the SKI-per-cent detect.ion and Ill-percent false alarm 
Microbursts While Having rates concerns the need for system credibility among pilots and control- 

a Low False Alarm Rate lers. Pilots must decide what action to t,ake on F.LA’S warnings. If the 
system fails to detect most microbursts or false alarms frequently, pilots 
are not likely to have faith in the system and may even ignore its warn- 
ings. System credibility has been a major probletn with the existing 
LLMS It could also become an issue with the terminal Doppler weathet 
radar. 

4 Fully Automated System Because of t,he rapidity with which wind shears develop, the detection 
and accompanying dissemination of warnings must also be rapid--there 
is no time for evaluations by a meteorologist. Accordingly, the wind- 
shear debection and dissemination systems must be completely auto- 
mated and generate a simple, easily understood message. The message 
must reliably indicate the existence, location, and severity of the wind 
shear. 
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Chapter 2 
Unresolved Issues Relating to FAA’s New 
Hazardous Weather Detection and 
Dissemination Systems 

Research on Certain 
Terminal Doppler 
Weather Radar 
Performance 
Objectives May Not Be 
Complet!ed Before 
FAA’s Planned 
Production Contract 
Date 

Even t.hough FAA is planning to award a procurement contract for 100 
terminal Doppler weather radars in 1988, research on certain perform- 
ance objectives will still be continuing. Thus? in 1988 FAA will not have 
determined whet.her the radar can meet all of its performance 
objectives. 

For example. FAA researchers have identified several weather features 
that are believed to be indicators of developing microbursts; but it is not 
known whether a reliable precursor detection technique is possible, and 
research on the detection of microburst precursors is to continue at the 
National Center for Atmospheric Research in fiscal years 1987 and 
1988. Similarly, IX\ researchers question whether the 90-percent. detec- 
tion and 1 O-percent false alarm rates are attainable? and further testing 
is planned through fiscal year 1988. 

As of now, an automated system for detecting wind shears and dissemi- 
nating warnings has not been developed, and until operationally tested, 
ifs success is unknown. Research officials at the National Center for 
Atmospheric Research have stated that. the development. of the final 
user product and its automated delivery system may be more difficult. 
than the development of the radar. Research on the development of an 
automated system is also to continue in fiscal years 1987 and 1988. 

The Terminal Doppler 
Weather Radar’s 
Competing 
Performance 
Objectives May 
Require Different 
Siting and Scanning 
Strategies 

When F.U’S research on all the performance objectives is completed, cer- 
tain trade-offs among the various performance objectives may have to 
be made. Different system siting and scanning strategies may meet some 
performance objectives while reducing the effectiveness of others. 

For esample, as illustrated in figure 2.1, FAA is considering both a full- 
circle scan in which the radar antenna rotates 360 degrees, and a sector 
scan in which the antenna rotates back and forth at a 120-degree angle. 
According to the official in charge of FAA’S terminal Doppler weather 
radar research at Lincoln Laboratories, the advantage of the sector scan 
is that it can make more scans and produce more data quicker than the 
3Wdegree scan, thereby increasing the probability and accuracy of 
wind-shear detection. The advantage of the %&degree scan is that the 
entire airport area can be observed. This could include t,he identification 
and location of incoming wind shears that have not yet, reached the air- 
port runways and flight paths. 

FAA is also considering various radar siting strategies. The National 
Center for Atmospheric Research has concluded that to best. mecasure 
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Figure 2.1: Radar Scanning Diagram 

I 1000 Ft. Altitude 

120” Sector scan 
(9 scans per minute) 

I 360’ Circular scan 
(3 scans per minute) 

Source GACI on Ihe bms of NCAR Uata 

the headwind-tailwind component, the radar should look straight down 
a particular runway to detect the speed of wind moving toward and 
away from the radar. This is particularly true when measuring asym- 
metrical microbursts, illustrated in figure 2.2, where the wind outflows 
are much greater on one side than the other. 

according to FM researchers, a radar that does not look straight down a 
particular runway may greatly underestimate or not detect the severity 
of asymmetrical microbursts. Conversely, that same radar looking 
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Unresolved Issues Relating to FAA’s New 
Hazardous Weather Detection md 
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Figure 2.2: Symmetrical and Asymmetrical Microbursts 

Symmetrical microburst 

Extreme wind 

Asymmetrical microburst 

Extreme wind 

v 

Outflow IS equal Outflow is unequal 

Source: T. Theordore Fqita, Mlcrobursr As An Awatlon Wtnd Shear Hazard,” Unwerslty of ChIcago. 

straight down a runway may miss weather movements or precursors 
aloft that will ultimately result in microbursts. 

Reliably measuring diverging winds along the flight path or detecting 
microbursts before t.hey enter t,he flight path will probably depend on 
the radar-scanning strategy FAN decides to use. On-airport siting may 
provide more accurate headwind-tailwind measurements for at. least one 
runway while off-airport siting may provide better detection of wind- 
shear precursors. Research on both the radar’s scanning and siting strat- 
egies is to continue at least through fiscal year 1988. 

Siting Two Radars at Each In reporting on test results from its Joint Airport Weather Studies pro- 
Airport May Be an ject in October 1984, the National Center for Atmospheric Research 

Effective but Costly found that t.he performance objectives of an optimal ground-based wind- 

Alternative shear detection system can best be met by installing two terminal Dop- 
pler weather radars at each airport. On the basis of its research, the 
Center found that a dual-Doppler radar system, using two radars placed 
at. SO-degree angles to the center of the airport, is the only way of pro- 
viding accurate measurements of all winds along all runways and flight 
paths. In addition, two Doppler radars could also facilitate the scanning 
for microburst precursors if a reliable detection technique can be 
developed. 
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Uncertainty Exists In addition to the terminal Doppler weather radar, FAA is also installing 

About How to Use the 
the ASR-9 radar capable of distinguishing between six levels of precipita- 
tion and. thus, the likelihood that the precipitation is associated with 

Airport Surveillance lightning. hail, or turbulence? which are hazardous to aviation. While 

Radar’s Weather Data FAA officials told us that they plan t,o provide some of t.he .uR-~ weather 
information to pilots, the agency has not de\relopecl guidance for control- 
lers on how the levels of weather are t.o be monit,ored and what informa- 
tion is to be disseminated t.o pilots. 

NW has categorized the six precipitation levels that, the XX-~ can distin- 
guish between and the phenomena that are likely to be associated with 
them as shown in table 2.1. FU and liu’s have determined that each of 
the six levels can contain phenomena strong enough to crash an aircraft. 

Table 2.1: NWS Definition of Six Weather 
Levels 

Level 1 IWEAK) Lrght to moderate turbulence IS possible wrh 
lrghtnlng 

Level 2 \MODERATE) Same as Lerel 1 

Level 3 (STRONG) Severe turbulence oossrble lrqhlnrng 

Level 3 (VERY STROM3j 

Leldel 5 (INTENSEi 

Severe turbu1enc.e Ilk.el~~ lrghtnrng 

Severe trurbulence tqhtnrng, organized 
~~lnd gust Hall Ilkely 

Le’.el 6 (EXTREMEi Severe rurbl.rlence large hall lrghtnlng 
and extensrve $rina gusl 

F.U has decided to disseminate the ASK-S weather information directly to 
air traffic controllers, who will relay the information to pilots. It may be 
difficult for controllers, however, to explain to pilots the airspace cov- 
ered by the different levels of precipitation. For example, it will be diffi- 
cult for a controller to explain to a pilot the airspace that. is covered by 
level-3 type weather versus the airspace t,hat is covered by level-5 type 
weather. This problem is compounded by the fact that only two of the 
six levels of precipitation can be displayed on a controller’s radar screen 
at one time. Thus, it will be particularly difficult to explain to a pilot the 
levels kvithin the same geographical boundary that appear on different 
channels, which would require the controller to switch fr0m channel to 
channel. 
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Status of FAA’s In a March 1987 hearing before the Subcommittee on Transportation, 

Efforts to Send 
Aviation, and Materials, House Committee on Science, Space, and Tech- 
nology, FAA stated that wind-shear information will be disseminated to 

Hazardous Weather pilots via the Mode S data link. However, current NAS plan projections 

Data Directly to Pilots indicate that automatic dissemination of hazardous weather data, such 
as wind shear, will not occur for at least a decade. FAA recently began 
research and development on how to send terminal NEXFUD wind-shear 
data directly to pilots. 

In October 1986 hearings before the Subcommittee on Aviation, House 
Committee on Public Works and Transportation, FAA officials said that 
ASR-9 precipitation data would be available in the cockpit via the Mode S 
data-link system by the early 1990’s. This does not. comport with FAA’S 

current intentions, which are t.o rely on controllers to provide pilots 
with .GR-9 data. FAA officials recently told us that the agency does not 
plan for in-flight aircraft to directly access ASR-Q’s precipitation data. 
According to program officials. uplinking such radar data would be an 
enormous undertaking requiring considerable dat.a processing. 

Controllers Often Lack Switching from channel t.o channel to monitor and disseminate ASR-9 

Time to Disseminate 
data as well as providing pilots with wind-shear information from FAA’S 

enhanced LLLVG, terminal NE.XRW, and/or terminal Doppler weather 
Weather Information radar takes time. On the basis of past GAO reviews of controller activi- 

ties. there will be times when controllers will not be able to monitor the 
radar displays or disseminate hazardous weather information to pilots. 

In our April 22! 1986, report on MA’S current system for disseminating 
hazardous weather information,’ we found that. two-thirds of the con- 
trollers at the nation’s five busiest airports occasionally delay or do not 
give weather information to pilots. In addition. when weather informa- 
tion is given, it may not be given as soon as possible because controllers 
are too busy performing their primary duty of separating aircraft. For 
example, we found that 19 percent of controllers responding to our 1985 
air traffic control work force survey! reported they often decline t,o pro- 
vide weather advisories while working daily traffic peak periods. 
Another 34 percent said they occasionally decline to give weather 
advisories. 

‘SW GAO~‘RCIEDHti-152BR. .4pr 22. 1986. 

SSreGA0.RCED-86-11?1. Mar. 6. 1PF16 
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Conclusions As planned, t.he terminal Doppler weather radar will improve wind- 
shear detection, but all research on the radar’s scanning and siting strat- 
egies, detection accuracy and reliability, automation, and wind-shear 
precursors will not be complet,ed by FAA’S planned fiscal year 1988 pro- 
duction contract date. While it is important for FAN to proceed as quickly 
as possible in developing and deploying an optimal ground-based wind- 
shear detection system? we believe it is also important that the system’s 
capability to perform effect.ively be demonstrated before it is purchased 
and that the effects of unmet performance objectives be clearly assessed 
before awarding a production contract. 

The new airport surveillance radar presents significant improven1ent.s in 
detecting airport-area weather hazards, but ~4-4 has not det.ermined how 
the 11SR-9 information is to be monitored by controllers or what. weat.her 
information is to be disseminat.ed to pilots. 

LInti F.&l can send information from its new ground-based hazardous 
weather detection systems directly to pilots via the Mode S data link, we 
believe that it will not be in a position to meet. its object,ive of providing 
timely hazardous weather information t,o pilots. Controllers will con- 
tinue being the primary source of hazardous weat,her information 
dissemination. 

Recommendations to We recommend that the Secretary of Transportation direct the Adminis- 

the Secretary of 
trator, F.43, to 

Transportation . inform the Department and the Congress of any performance objectives 
that the terminal Doppler weather radar cannot meet and their impact 
on safet.y and cost before committing funds for a procurement contract 
and 

l develop guidance on how air traffic controllers are to monitor the xx-9 
weather display and what hazardous weather information they are to 
disseminate to pilots. 

Views of FAA We discussed the content of this report, our findings, and recommenda- 

Program Officials and 
tions bvith senior FL4 program officials. including the Associate Admmis- 
trator for Development and Logistics. These officials agreed to inform 

GAO’s Response DOT and the Congress of any unmet performance objectives and their 
impact on safety and cost before committing funds t.o procure a terminal 
Doppler iveather radar. They expressed concern, howe\ver, that our COII- 

elusion and recommendation may understate the very positive progress 
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and safety improvements the system will achieve. The fact. that the sys- 
t.em cannot meet. all of its objectives at the time a procurement decision 
is made, they said, must not overshadow its very real accomplishments 
or suggest future solutions to unresolved problems will not be 
forthcoming. 

NJe agree that unresolved technical problems at the t.ime of procurement 
should not obscure what the radar can do. nor suggest that future solu- 
tions will not be forthcoming. Our recommendation seeks to achieve an 
informed decision by decision makers of a very expensive and important 
procurement by making them aware of what the system can ‘and cannot 
do at the time of their decision as well as the cost and safety implica- 
tions of any unmet performance objectives. 

FAN officials also agreed with our reconm~enclatiot~ to develop guidance 
for cont,rollers t.o monitor and disseminate ASR-9 weather data to pilots. 
They said such guidance will be developed by FAA before the first com- 
missioning of t,he AW-~ radar, now scheduled for .July 1988. 

FAA officials agreed with the importance of sending hazardous weather 
data directly to pilots. They emphasized that research is underway, but, 
cautioned that at the present time there is not sufficient information t.o 
know exactly how data links can be most effectively developed and 
implemented. We believe that uplinking hazardous weather information 
is an integral part of the usefulness of the Mode S data link and is 
important to the success of the detection systems. 

Page 26 GAO RCED-87-208 Aviation Weather Hazards 



Appendix I 

Estimated Cost of FAA’s Aviation 
Weather Systems 

Dollars In millions 

Cost 
DetectIon svstems: 
1. Automated weather observing system $208 5 

2. LLWAS 56.2 

3. NEXRAD 164.6 

4. Terminal NEXRAD 1030 

562 4 

(4 

1680 
98 6 

31 0 ~~ 
2.5 

5. Terminal Doppler weather radar 

6. ASK9 

Processing systems 
7. Central weather processor 
8. Weather communicallons processor 
9. Flight service data processing system 
10. Avlatlon weather processor 

Communication Systems. 
1 1. National airspace data Interchange network 83 6 

12 Weather swltchlng center message 22 9 

13. Mode S data link 47 8 

Total $1 s49.1 

aThe cost of the ASR IS 8575 mlllion We did not Include any of this cost In FAA’s weather systems 
because the radar’s pnmary purpose IS 10 monitor air traffic and FAA could not segregate the cost of the 
weather detection system from that of air traffic surveillance 

Source FAA’s March 1987 Prolect Resume Report and FAA program offlclals 
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Estimated Implementation Schedule of FAA’s 
Aviation Weather Systems 

Aviation Weather Svstsms 
Detection systems: 
1. Automated weather-observin’g Dec. 15, 1988 Apr. 21, 1993 
svstem 
2 Enhanced LLWAS Jan. 29,1988 Aun. 31, 1992 
3. NEXRAD June 30,1989 Jan. 31, 1994 
4 Terminal NEXRAD May 30,199O Mar. 31. 1992 
5 Terminal DoDDler weather radar Sept. 2. 1992 Mav 24.1995 
6 ASR-9 June 30,1988 May 30, 1991 

Processing systems 
7. Flioht service data processino svstem Feb 12.1986 Apr. 18. 1994 
8 Avratron weather processor 
9 Central weather processor 
10 Weather communications processor 

Communication systems 
11. National airspace data Interchange network 

12. Weather message swrtching center 
13. Mode S data knk 

May 2,199O 
Dec. 16, 1993 
Aug. 27, 1990 

Sept. 25 1990 
Aug. 15, 1991 
Mar. 5. 7990 

Apr. 18, 1994 
Mar. 22, 1995 
Apr. 28. 1992 

July 29, 1994 
Oct. 15, 1991 
Julv 29, 1994 

S~rce FAA’s March 1987 NAS Program Master Schedule Baseline Report 
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