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1. mTTRODUCTION 

American Airlines Flight 1420 crashed while landing at Little Rock National 

Airport at 11:51 PM CDT, 01 June 1999 (4-51 UTC 02 June). The aircraft approached 

the runway from the southwest, as a ‘%ow-echo” squall line system advanced toward the 

airport from the west-northwest. The pilot was unable to maintain control of the aircraft 

following touchdown on runway 04R. Heavy rain, hail, fkequent lightning, and gusty 

winds were observed over the airport following the time of the accident. The Low-Level 

Windshear Alert System (LLWAS) detected strong crosswinds prior and following the 

accident, and generated windshear advisories at times before and after the accident. Near 

the time of touchdown, the airplane may have been exposed to strong crosswinds. The 

center field LLWAS (located between runways 04L and 0 4 4  reported a 10 s average 

wind of 41 knots (21 m/s) fiom 300degrees at the time of the accident. The strongest 

gust was reported by the Automated Surface Observation System (ASOS), located near 

mid-field, with a peak wind fiom 320 degrees at 76 knots (39 m/s) at 4-56 UTC. 



Convective weather can generate wind hazards to aviation in the form of 

turbulence, windshear, and strong crosswind (see Table 1). The primary focus of this 

analysis is to examine the available observational weather data in order to ascertain 

potential weather factors that may have contributed to this accident. This analysis is 

supplemented with numerical cloud model simulations fiom the Terminal Area Simulation 

System (TASS). A definition of windshear and its hazard characterization is given in the 

Appendix for reference. 

2. ORSERVA TION.9 

A valuable source of data for analyzing this case is fiom the Little Rock WSR-88D 

weather radar, which is located approximately 14-km north-northwest of the Little Rock 

Airport. The radar was able to provide Doppler velocity along the radar-beam as well as 

radar reflectivity fields, as the storm progressed across central Arkansas. The position of 

the radar relative to the airport was ideally suited for detection of the crosswind 

component above runway 04R. The horizontal windshear along runway 04R, however, 

could not be measured due to the beam being nearly orthogonal to the runway. 

Low-level wind velocities within the terminal area were available fiom a six-sensor 

Phase-1 LLWAS. This system is capable of generating windshear advisories, although the 

crude spacing between sensors makes microburst windshear detection difficult (e.g . , 

Wilson and Gramzow 1991). In addition to these sensor, an ASOS provided continuous 

automatic surface weather measurements at mid-field. 
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Figure 1. Evolution of radar echoes associated with a bow echo that produces a 
strong persistant downburst (labled DB). The horizontal scale may range from 
about 10 to a few 100 km (from Fujita 1978). 

The radar data showed that the severe weather near the time of the accident was 

associated with a “bow echo” radar signature. Bow echo signatures are known harborers 

of severe weather. ‘Bow echo” was first termed by Fujita (1978) in reference to radar 

echoes that appeared to undergo a forward acceleration at its midpoint, thus forming a 

bulge in the radar signature (see Fig. 1). This signature is similar if not identical to the 

Line Echo Wave Pattern (LEWP) described by Nolen (1959). Strong “straight line” 

winds have been known to occur near the apex of the bulge in a bow echo (Fujita 1978, 

Lee et al. 1992). In addition, other severe weather, such as downbursts and tornadoes, 

may accompany bow echoes (e.g., Fujita 1978, Weisman 1993). 

The Little Rock radar data showed a bow echo developing west-northwest of 

Little Rock at 4-10 UTC. This feature was located at the northeast end of a squall l i e  

that stretched toward the southwest. The bow echo moved toward the east-southeast at 

about 32 knots (16 ds), initially reaching the Little Rock airport at about 4:30 UTC. The 

bow echo developed a deep bulge toward the southeast as the apex of the system moved 



just to the north and east of the airport. A large area of strong wind speeds in excess of 

36 knots (18 d s )  was associated with low-level outflow fiom the bow-echo feature. 

Radar reflectivity exceeded 45 dBZ over a broad area, with embedded cells exceeding 60 

dBZ. By 5:30 UTC, the squall lime and bow-echo system had moved well east of Little 

Rock. A depiction of the bow echo is shown in Fig. 2. 
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Figure 2. Depiction of bow echo system that moved across Little Rock on June 1, 

1999. 

Precipitation and strong wind gusts, associated with the southwestern edge of the 

bow echo, first reached the airport some 20 minutes prior to the time of the accident. The 
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southwestern edge remained near the airport as the system moved toward the east- 

southeast. An intense cell located at the southwestem end of the bow echo (depicted as 

the “W bookend cell” in Fig. 2) moved over the airport just following the time of the 

accident. This cell contained radar reflectivity factor greater than 65 dBc and was 

associated with strong winds, hail, frequent lightning, and high rainfall rates as it passed 

over the airport. A peak rainfall rate of 9 inchehr (0.15 Zdmin) was recorded by ASOS 

at 4-56 UTC with the passage of this cell. During this time, the strongest measured gust of 

76 knots was reported by the ASOS anemometer. The Doppler radar also showed strong 

winds from this cell. It measured winds over the airport in excess of 47 knots (24 mh). 

3 NUMi??RJCAI. MODEL S T M U T .  TTON 

Numerical simulation of this event using a numerical cloud model may be usefil 

for providing additional insight into the role weather might have played. The model that is 

used is called the Terminal Area Simulation System (TASS) (e.g., Proctor 1987a, 1996). 

TASS is a three-dimensional, Large-Eddy Simulation model and includes 

parameterizations for both liquid- and ice-phase microphysics. The model played an 

important role in NASA’s recent windshear program (Arbuckle et al. 1996; Airborne 

Windshear Detection and Warning Systems, 1988, 1990, 1991 , 1992, 1994), and has been 

applied to a diversity of microburst windshear cases (Proctor 1987b, 1988a,b, 1989, 1992, 

1993; Proctor and Bowles 1992). The model also was applied in a previous NTSB 

investigation (Proctor 1994, Proctor et al. 1995) and has supplied the FAA with a variety 

of model-generated data sets for use in industry certification of look-ahead windshear 

systems (Switzer et al. 1993). 



3.1 INITIAL CONDITIONS 

The time-dependent simulation is performed in three-dimensions assuming 55 

vertical levels with each level resolved by a I75 x I75 point grid mesh. The assumed grid 

size was 333.33 m in the horizontal and a stretched grid size in the vertical extending from 

the ground to an altitude of I 8  km. This grid size allows resolution of eddies and scales of 

motion that are larger than 333.33 m. 

Successful simulation of an observed event with the TASS model requires an input 

sounding representative of the local storm environment. The vertical profiles of ambient 

wind, humidity and temperature are quite crucial in determining both storm structure and 

storm intensity. The rawinsonde sounding launched at Little Rock at 0000 UTC was first 

examined as input for the simulation. However, it was believed unrepresentative due to the 

capping inversion and shallow depth of the moist layer. Since rawinsonde soundings are 

launched only every 12 hours, a forecast sounding was requested from the NOAA Forecast 

Systems Laboratory. This sounding (Fig. 3 and Table 2) was generated from the 

operational Mesoscale Analysis and Prediction System (MAPS) model (Benjamin et ul. 

1996) for 4:00 UTC at Little Rock. However, sustained convection could not be 

generated with this sounding. A subsequent sounding (Fig. 4) was produced by matching 

the MAPS sounding with observed surface conditions at Little Rock, and simulating the 

effect of evaporating snow and ice crystals as might be expected due to the over-running of 

clouds from mid- and upper-level storm blow-off (e.g. see, 

http://cimss. ssecwisc. edu/goedmisd~602.html). All simulation results described below 

are from the TASS simulation with ambient conditions represented by Fig. 4. 

http://cimss


Convection, which evolved into the simulated bow-echo system, was initiated by a 

thermal ellipsoid. No attempt, otherwise, was made to include horizontal variations of 

the ambient flow field and to simulate the squall-line cells adjacent to the southwestern 

end of bow echo (see Fig. 2). 

3.2 RESULTS 

Results fiom TASS with the initial conditions shown in Fig. 4 contain similarities 

to the observed case (Table 3), but also, important discrepancies (Table 4). The results do 

allow us to infer the potential for strong winds, windshear, and heavy precipitation within 

the Little Rock environment. However, a detailed and accurate reconstruction of the 

accident fiom the simulation was not possible. 

Plots of radar reflectivity and horizontal wind vector fiom the simulation are 

shown at three different simulation times in Figs. 5-10. [The simulation time is in reference 

to the start of the simulation.] In these plots, north is in the direction of the y-coordinate 

and east is in the direction of the x-coordinate. 

Figures 5 ,  7, and 9 show a horizontal cross section of the simulated low-level radar 

reflectivity field at 85, 95, and 110 min. A bow shaped echo is produced with a pair of 

strong “bookend cells” (e.g., Weisman 1993) on the NE and SW sides. These cells are 

apparent by their local values of high radar reflectivity. The precipitation cores within 

these cells are greater than 60 dBZ. The SWbookend cell was the most intense, and was 

accompanied by simulated rainfall rates of 8 inches per hour. The apex of the simulated 

bow echo is directed toward the southeast; but unlike the radar observations, a continuous 

band of strong reflectivity did not outline the southeastward bulge of the radar signature. 



In addition, the observation showed one or more intense cells near the apex, and a broad 

region of radar reflectivity greater than 45 dBZ. Because of the inability of this simulation 

to capture these features, the strong northwesterly surface outflow was not simulated 

under the bowing region of the radar signature (cf Figs. 6, 8, and 10.). Large-scale 

downbursts or macroburst, were associated with the simulated bookend cells. The 

simulated downbursts had horizontal scales of -10-20 km. Peak low-level winds 

exceeded 30 mh with the downbursts, but hazardous levels of windshear were confined to 

very small areas within the high precipitation cores of the bookend cells. Peak horizontal 

wind changes over any 4-km segment exceeded 32 d s ,  but the maximum 1-km averaged 

F-factor rarely exceeded 0.15 (as based on level flight paths with an air speed of 70 m/s , 

see appendix). The size, speed and direction of the bow-echo system were similar 

between simulation and observation (Table 3). Both observation and simulation indicated 

a significant temperature drop under the intense cells, even though a cool nocturnal stable 

layer was present. The simulation also revealed a strong mesocyclonic circulation 

(sometimes a predecessor for tornadoes) within the SW bookend cell, but this has not been 

verified from the observations. Little Rock and the surrounding area were under a 

tornado watch when the storm moved through. 

The simulation revealed that the environment had a propensity to produce a severe 

bow-echo system, with large-scale downbursts, strong outflow winds, heavy rainfall and 

hail. But due to the large scale of the downburst, the windshear was only marginally 

hazardous, and confined to the precipitation cores; i.e., regions of high reflectivity where 

aircraft usually avoid anyway, due to poor visibility and the threat of hail. The horizontal 

scale of the downbursts associated with this environment were generally much larger than 



those in windshear cases we had previously examined (e.g., Proctor 1988, 1988b, Proctor 

and Bowles 1992, Proctor et al. 1995). 

4. S U . Y  AND CONCLUSIONS 

A strong bow-echo event approached the airport during the time of the accident. 

This feature is a known harborer of severe weather and can be detected with conventional 

and Doppler radar. The bow-echo system produced strong crosswinds, which could 

hamper the safe landing and departing of aircraft. 

Although the system produced strong downburst with damaging winds, hazardous 

levels of windshear were probably confined to near the center of the precipitating cores. 

These areas would not be normally encountered by aircraft due to their high reflectivity 

level and potential for hail. Since the accident aircraft approached from the southwest, it 

may not have encountered the intense precipitation cores with their potential for 

hazardous windshear. 

5. SUGGESTTOhWOPTNTONS 

Based on the analysis of this case and my knowledge in this area: 

The hazardfiom crosswind and windshear sholrld not be treated as .rynunymm4s. 

The aflect of crosswind on aircraJf control is dflerent than Porn windshear (see 

Table I).  Also, regions of hazardm4.5 crosswinds do not overlay regions of 

hamr&4s windshear. Some meteorological conditions may produce either but 

nut both. 

i.) 



ii.) (In board, lmk-ahead windshear sensors do not detect hazardms crosswind on 

approach since these systems primari& detect the compnent of wind along the 

direction of the fright path. 

Terminal Doppler Radar Weather Radar (n>wR) and U W A S  may issue gust 

front advisories, but I am not aware of the dissemination of p r d x t s  for 

hazurdm~s crosswind. However, such products cmdd be developed. 

Advisories and alerts for hazardotrs crosswind cmdd be easi& developed and 

implemented into existing U WAS systems. 

iii.) 

iv.) 

A chow ledpents 

The atmospheric sounding fkom the Mesoscale Analysis and Prediction System 

(MAPS) forecast model was provided by Stan Benjamin of NOAA Forecast Systems 

Labs. All other weather and accident data was provided by NTSB. 
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Table 1. Comparison between turbulence, windshear, and crosswind threats to aircraft. 

Turbulence Threat 

Definition: 
intense, short-lived, raradom accelerations on the aircraft. 

encounter with man-made or atmospheric scales of motion that cause 

Hazard: I )  pmsengers and crew subject to unexpected and violent aircraft 
accelerations that cause injury or death; 
2) loss of control atui possible aircraft upset, resulting in uncontrolled flight 
into terrain; 
3) lack of control authority on touchhvn resulting in h g e  to aircraff; 
4) airborne damage to aircra3. 

Phase offlight: can occur at any altitude, and during all phases offlight. 

Windshear Threat 

Definition: encounter with atmospheric events that cause critical reduction in airspeed 
or altitude, such as to threaten the ability of an aircrafi to remain airborne. 

Huzard: flight into terrain. 

PIrase of flight: low altitude, during approaches and departures. 

Crosswind Threat 

Definition: strong crosswimh that may endalanger the control and course of the aircrafi 
during takeoff and M n g s .  

Hazard: collision with obstacles, lack of control authority on louchdown resulting in 
h a g e  to aircraft mtd injury to passengers, impired directional control on the runway. 

Phase offlight: on m a y  and at low altitude during approaches and departures. 
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Table 2. Tabulated data fiom M A P S  forecast sounding shown in Fig. 3. 

354 
426 
570 
7 90 

1085 
1532 
1984 
2444 
2585 
2910 
3382 
3858 
4340 
4829 
4986 
5328 
5830 
6345 
68 63 
7 3 9 1  
7929 
8474 
9025 
9589 

10160 
10357 
11555 
14580 
167 97 
18369 
19163 
19862 
22703 
24671  
26043 
28854 
31407 
32191  
34780 
35475 
36955 
39445 
42450 
44468 
46279 
48116 
54442 
55764 

999.0 A 159  7 77.5 25.3 22.3 
996.0 A 1 7 1  1 0  77.5 25.3 2 2 . 1  
991.0 A 178 1 3  77.0 25.0 21.6 
984.0 A 184 1 8  76.6 24.8 21.0 
974.0 A 192 23 76.6 24.8 20.2 
959.0 A 2 0 1  29  77.4 25.2 20.7 
944.0 A 207 32 75.7 24.3 20.2 
929.0 A 214 32 73.8 23.2 19 .4  
925.0 A 216 32 73.0 22.8 1 9 . 1  
914.0 A 219 3 1  71.2 21.8 18 .4  
899.0 A 223 3 1  69.6 20 .9  18.0 
884.0 A 228 32 67.6 19.8 17 .4  
869.0 A 234 32 65.5 18.6 16.7 
854.0 A 235 3 1  63.5 17.5 16 .0  
850.0 A 237 30  63 .1  17 .3  15.8 
839.0 A 242 29 62.4 16.9 15.5 
824.0 A 248 27 61.3 16.3 14 .3  
809.0 A 252 27 60.4 15.8 12.9 
794.0 A 249 26 59.0 15 .0  11.1 
779.0 A 247 25 57.4 1 4 . 1  9.2 
764.0 A 248 24 55.4 13.0 7 . 4  
750.0 A 253 24 53.4 11.9 5.5 
735.0 A 255 28 52.3 11.3 3.5 
720.0 A 254 34 50.4 10.2 0.8 
705.0 A 250 34 48.2 9.0 -2 .6 
700.0 A 252 34 47.5 8.6 -3 .6 
669.0 A 264 33  43.5 6.4 -10.5 
597.0 A 276 34 31 .1  -0.5 -19.3 
548.0 A 277 35 22.5 -5.3 -29.0 
515.0 A 279 32 17 .2  -8.2 -34.9 
500.0 A 282 34 14.9 -9.5 -36.8 
486.0 A 284 36  12 .4  -10.9 -38.7 
433.0 A 274 38 1.2 -17.1 -42.9 
400.0 A 273 34 -6.7 -21.5 -45.2 
378.0 A 272 32 -12.5 -24.7 -47.0 
335.0 A 272 28 -23.4 -30.8 -49 .1  
300.0 A 277 2 1  -34.1 -36.7 -50.4 
289.0 A 278 1 9  -37.5 -38.6 -50.9 
258.0 A 259 10  -47.6 -44.2 -54.4 
250.0 A 267 1 3  -49.5 -45.3 -55.9 
233.0 A 283 1 8  -54.4 -48.0 -59.3 
208.0 A 283 30 -60.7 -51.5 -66.5 
180.0 A 287 32 -67.7 -55.4 -71.0 
163.0 A 274 23 -68.8 -56.0 -78.6 
150.0 A 270 30  -72.6 -58.1 -81.4 
137.0 A 266 37 -76.9 -60.5 -84.5 
100.0 A 284 1 9  -90.4 -68.0 -81.9 

93.0 A 288 15  -93.5 -69.7 -81.5 
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66000 55.0 A 20 10 ***** -76 .6  -80.1 
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Table 3. Similarities between simulated and observed features of the bow-echo system. 

I 
Major Sbortcomings of Numerical Simulation 

Bow-echo comprised of a few broken cells rather than solid line of cells. 
Bow-echo is not sharply defined as in observations. Missing strong band of reflectivity 

Similarities of Bow-Echo System 

- 

along the edge of the bulge. 
Area covered by 45 dBZ reflectivity underestimated 

PlWrpmmeF Observed M a  
Movement 16 d s  at 300" I 18dsat282' 
Width -40 h I -5Okm 
Orientation of Apex or NWtoSE W t o  SE 
Bulge 
Horizontal Depth Along -4Okm 
Auex 
Peak Radar Reflectivity =.65 dBZ 73 dBz 
Peak Rainfall Rate 9 inchf i r  8 incks/hr 
Hail yes yes 
Peak Outflow Wind ASOS: 39 d s ,  RADAR: 30 mh (mean wind over 

greater than 35 mh 333.3 m grid) 
Minimum Surface Temp 19" C 17°C 
Duration Persistent. multi-cellular Persistent. multi-cellular 

Table 4. Major differences between simulation and observed event. 
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Appen&: M N D S H M  
(Fred H. Proctor and David A. Hinton) 

A. 1. D,?iFI.UON OF W M I S H U R  

In the context of aviation science, windshear refers to a wind speed or direction 

change experienced by an airplane over a particular distance or length of time. This 

definition covers an extremely wide range of meteorological phenomena, including 

convective turbulence, gust fronts, microburst, internal gravity waves, vertical shear (such 

as due to low-level atmospheric jetstreams), and terrain-influenced flow. Some of these 

events are merely nuisances, leading to poor ride quality, increased pilot-workload, or 

rough landings. However, an aired exposed to windshear of sufficient intensity and 

duration, may lose flight performance with a reduction of airspeed or flight altitude. 

Windshear is deemed hazardous when it has the potential to reduce an aircraft’s energy 

state at a rate faster than can be added back by engine thrust, and thus endangering the 

aircraft by either reducing its airspeed below stall speed or by diminishing its elevation 

above the ground. This danger is limited to departing and arriving aircraft, since at this 

phase of flight, aircraft carry minimal excess energy and are at low altitude and airspeed. 

Moreover, the potential hazard to departing and arriving aircraft is made more critical by 

the aircraft’s flight configuration of landing gear and flap settings, which require time to 

reconfigure in order to gain maximum thrust. 

A.2 WNDSHEAR HAZARD INDEX 

Before discussing the phenomenology that is associated with hazardous windshear? 

it is first instructive to d e h e  a general metric that quantifies the windshear threat. Such 

an index was developed by Bowles (1990a, 1990b), based on the fbndamentals of flight 

1Q 



mechanics and the current understanding of windshear phenomena. This index, known as 

the F-factor, incorporates observable atmospheric parameters, and scales with aircraft 

flight performance in such a way as to predict impending flight path deterioration. 

The concept employed in the derivation of the F-factor is the total aircraft energy 

and its rate of change. The total aircraft energy is simply the sum of the air-mass relative 

kinetic energy (airspeed) and the internal potential energy (altitude above the ground). 

where V, is airspeed, g is gravitational acceleration, and Z is altitude above ground. The 

above relationship uses air-mass kinetic energy, since airspeed, not ground speed, 

describes an airplane’s ability to climb and maintain altitude. Likewise, inertial potential 

energy is used since altitude above the ground is most important to an airplane. The time 

rate of change of ET (which is also the potential rate of climb of the aircraft), can be 

equated with the aircraft energy input fiom thrust and drag, as: 

where (TT- D) / W is the ratio of the aircraft thrust minus drag to weight; i.e. the excess 

thrust to weight capability of the aircraft. Note that when thrust equals drag the aircraft 

will maintain a constant speed and altitude, or the pilot may maneuver to exchange aircraft 

potential energy for kinetic energy. The above relationship is valid for a uniform airmass 

only. The effect of variable atmospheric wind fields can be included by combining 

Equation (1) with the appropriate aircraft equations of motion (e.g., Frost & Bowles 

1984). Neglecting second-order terms, the new relationship becomes: 



where U, is the component of atmospheric wind directed horizontally along the flight path, 

is the time rate of change of U.. experienced by the aircraft, and w is the updraft 

within the airmass. In Equation (Z), the wind-field terms constitute a nondimensional 

parameter defined by Bowles (1 990q 1 990b) as the F-factnr: 

Note from Equation (2) that a positive F-factor acts to decrease the energy state of an 

aircraft; the F-factor is positive for a descending air mass (w < 0)  and a wind field 

accelerating in the direction of the flight path (* 0). In the absence of airmass vertical 

motion, performance-decreasing shears (eb 0) act to decrease the energy state of the 

aircraft, while performance-increasing shear (ek 0) act to increase the energy state. 

The shear term, in Equations (2) and (3), is a hnction both of the 

meteorological event and the aircraft trajectory, e.g., 

Both horizontal and vertical shears contribute to the shear term. The first term in Equation 

(4) is the product of the horizontal shear directed along the flight path and the aircraft 

ground speed. This term is the primary contributor to aircraft performance loss during 

most accident encounters. The second term is the product of the vertical change of 

horizontal wind and the aircraft ascent rate. This term predominates when the aircraft 

climbs or descends through strong vertical shears, but has no contribution for level flight. 



The final term is the local rate-of-change of horizontal wind with time, which usually has 

only secondary importance during typical windshear encounters. Rearranging terms in 

Equation (2), the change in airspeed is: 

Note that a loss of airspeed in a 

( 5 )  

performance-decreasing shear (with F > 0), can be 

minimized by an increase in thrust and a reduction in altitude. For a strong shear that 

exceeds the thrust capability of the aircraft, i.e., F > (r, - D)/W, a pilot may either 

manage his flight so as to maintain altitude while decelerating, maintain airspeed while 

descending, or some compromise of the two. At low altitude during takeoff or landing, 

the speed margin above aerodynamic stall speed is minimal and the height is critical. 

Numerous studies have been conducted (e.g., Hinton 1990, 1992) on optimal and practical 

techniques for escaping a windshear encounter. The recommended procedure in use today 

(Federal Aviation Administration 1987) results in extracting the maximum performance 

fiom the aircraft and maximizing the likelihood of exiting the windshear event prior to 

stalling or making ground contact. 

The excess thrust-to-weight capability varies by aircraft type. For a 4-engine jet 

aircraft, the ratio may be about 0.10 at full thrust and maximum takeoff weight. Due to 

the thrust requirements for engine-out climb performance, 3- and 2-engined aircraft have 

higher performance than 4-engine aircraft. A typical 3-engine jet transport may have an 

excess thrust to weight ratio of 0.13 or more, while a twin-engine may exceed 0.17. 

Hence, by applying excess thrust, jet aircraft are capable of maintaining their energy state 

for conditions with F < 0.10. The situation becomes more critical for an unexpected 

3 1  



windshear encounter on landing approach. The excess thrust to weight ratio is about - 

0.05 for a typical approach on a 3-degree glide slope (as would be the case prior to 

detection of the windshear event). Upon an unexpected encounter, significant total energy 

can be lost from the aircraft during the 5 to 10 seconds of time required to recognize the 

threat and reach full thrust. 

Typical piston-engine general aviation aircraft have excess thrust to weight ratios 

of about 0.10 to 0.15, and can reach full thrust in a shorter time than jet aircraft. As is 

apparent from Equations (2) - (4), the slower airspeed of piston aircraft reduces the 

impact from horizontal and vertical shear, but increases the significance of vertical winds. 

Hence, an atmospheric event considered hazardous to jet aircraft may not be so for a 

piston-driven aircraft, and vice versa. 

A. 3 H A W  7ERESHOLLS 

Since Equations (2)-(5) only describe the instantaneous effect of shear on aircraft 

specific energy and airspeed, the equations must be integrated over an appropriate scale 

length to characterize the hazard of the event. For example, very large magnitudes of F 

may occur for brief moments fkom turbulence associated with the convective planetary 

boundary layer, but the positive values of F are over small length scales and are quickly 

followed by negative values. Such oscillations of F-factor result in perceived turbulence, 

with airspeed oscillations and little net trajectory change. Air motion associated with very- 

high frequency oscillations of F-factor may even exceed the ability of the aircraft to 

respond. Thus, in order for the F-factor to be useful as a hazard metric it must be 

averaged or computed in such a way, so as to represent a significant deterioration in flight 
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path. Such an effort was conducted by Lewis et al. (1994). They proposed that the F- 

factor be averaged over some given horizontal extent (L) as: 

1 a+L T - D  A(V2) Ah 1 so+L 

F(s , ,L)=-  L I F & = -  % L a  I (-)&-----I W 2gL L (7) 

where the right side of Equation (7) relates an average F-factor to the airplane 

performance capability lost over the spatial extent L. From (7) it is possible to determine 

the magnitude and spatial extent that the aircraft can survive, given specific initial energy 

conditions (speed and height) and allowable energy loss. Calculations were performed by 

Lewis et al. for a range of cases in order to identifjl a minimum hazard threshold for Fl 

and an appropriate minimum length scale (L) for windshear exposure. To perform this 

calculation, their assumptions included a profile of (Tr - D) /W for a specific aircraft type 

on approach as well as for departure. Each profile began with a value appropriate for 

either the take-off or landing phase of flight (maximum for the airplane for takeoff and - 

0.05 for landing approach), then a delay interval for pilot recognition of the shear (thrust 

does not change), followed by a thrust ramp up period (the excess thrust to weight ratio 

linearly increases to the maximum value). The pilot recognition delay period was assumed 

to begin at entry into the shear, and maximum (Tr - D)M was reached at the time 

indicated by the sum of the pilot delay and the engine ramp up. This calculation was done 

for a number of airplane types representing a range of conventional jet transport aircraft, 

and was based on realistic but conservative data. The limiting case, representing a worst 

case low-altitude encounter, required a 1-km length scale and an average F of 0.12 or 

greater. The Federal Aviation Administration (FAA) has adopted the I-km average F- 

factor as its hazard metric for windshear surveillance systems on jet transports, and 



considers windshear hazardous for F( > 0.2, and a must alert threshold at 0.23 (e.g., 

Hinton 1994). 

A. 4 A WOSPHERIC FWNDSHFA R PHENOMONA 

The threat from low-altitude windshear is limited to those atmospheric phenomena 

that maintain a significant level of shear over a particular range of scales. Phenomena with 

high levels of F, but over short distances (horizontal scales less than 400 m), are 

experienced as turbulence by jet aircraft. Phenomena with wind shear distributed over 

large length scales (of order 10 km and greater) are unlikely to have magnitudes of shear 

that would directly affect the safety of an aircraft. However, those events having a mid- 

range of scales, i.e. horizontal scales of approximately 400 to 4000 rn, are most likely to 

impact the performance of departing and arriving aircraft. The primary atmospheric 

phenomenon that can produce hazardous low-altitude windshear within this range of 

scales are microbursts. Since the late 1970’s when microburst phenomenon were first 

recognized as threat to aviation (e.g.7 Fujita and Byers 1977), the vast majority of 

windshear accidents and incidents involving jet transports have been attributed to 

microburst windshear. 

A.5 MCROBURSTS AND MACROBURSTS 

A microburst is loosely defined as an intense local downdraft with divergent 

surface outflow. Microbursts are always associated with precipitation from convective 

clouds, and may produce magnitudes of vertical velocity and horizontal shear that can 

threaten landing and departing aircraft. The winds from intense microbursts may even 

cause wind damage to ground structures (e.g.7 Fujita 1985). Radar meteorologists 

identifj surface outflows as microburst when their peak horizontal divergence exceeds IO 



d s  within a I-4 km segment (e.g. Wilson et a2 1984). Divergent outflows with horizontal 

scale greater than 4 km are termed mcrobursts (Fujita 1985), although they may contain 

one or more embedded microbursts. A “downburst” refers to either a microburst or a 

macroburst. 

Not all microburst may achieve intensities that are a hazard to commercial aviation. 

From a 251 microburst sample, Bowles (1990a) points out that approximately. half would 

not qualifjr as a threat, as based on an hazard threshold for average F-factor of 0.1. 

Values for average F-factor fiom microburst accident encounters range fiom about 0.2 to 

0.36 (Targ 62; Bowles 1988, Proctor et al. 1995). The magnitude of these values exceeds 

the performance capability of most aircraft, and indicates the severity of the windshear 

threat fiom intense microburst. 



MAPS soundin for Little Rk Adorns, AR 
4 uT2, Z-Jun-IdQ 

F rgure 5. 1 nermoaynamrc magram of sounding for Little Kock at 4:UU UTC on 2 
June 1999. Generated from the MAPS weather forecast model (sounding and data 
provided by N O M  FSL). 
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Figure 4. Modified MAPS sounding for Little Rock accident case. Assumed as 
input for Little Rock bow echo simulation. 
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T i r e  5. Horimntal cross Sectton of radar reflectivity from TP 
is at 900 m elevation and at 85 min. 
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Fire 6. Simulated horizontal wind vector field at 120 m elevation and at 85 min. 
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Figure 7. Same as Fig. 5, but for 95 min. 
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‘igure 8. Same 85 Fig. 6, but for 95 min. 
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‘igure 9. Same as Fcg. 5, but for 110 min. 

Figure 10. Same as Fig. 6, but for 110 min. 
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