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INTRODUCTION 

Purpose 

The comparison of the airborne Doppler radars with a ground-based Doppler 

was initiated by the Weather Modification Program Office (WMPO) of the 

National Oceanic and Atmospheric Administration•s Environmental Research 

Laboratories, with the Federal Aviation Administration (FAA) as a sponsoring 

agency, to investigate specific needs of the commercial air carriers: (1) im

prove the margin of operational safety to both man and equipment, and (2) ini

tiate new equipment designs that will promote energy conservation. The design 

of the turbulence-indicating radar (Doppler techniques) can contribute to 

filling both of the above needs. The radars to be tested were designed by 

private companies. All companies, who had an operational Doppler radar at the 

time of the test, were welcomed to be part of the test group. Basic questions 

to be answered from the results of the test are the following: can the radars 

be used to detect some of the hazards associated with turbulence in thunder

storms, and can the radars be used to avoid these detected hazards without 

flying long distances around the storms or convective cells? It is important 

to remember that the radars being tested require the presence of hydrometeors 

to give an indication of turbulence. Therefore, clear-air turbulence would 

not be detected by the equipment. 

Systems Descriptions 

When dealing with Doppler radar equipment, one often encounters terms 

having to do with spectral moments. The moments normally encountered are the 

zeroth moment (intensity estimate), the first moment (velocity estimate), 
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and the second moment (spectrum width estimate). For this test, the second 

moment estimates are of primary interest. The width of the velocity spectrum 

can give a direct indication of the degree of turbulence within the sampled 

volume. An exact measure of the moments is difficult because of the inac-

curacies in the measuring equipment and the randomly varying signa'! in the 

sample volume being measured. The statistical uncertainty of the moments can 

be reduced by taking large numbers of measurement samples of the volume and 

averaging the resultant measurements. 

The radar systems involved in this test have, as part of thei1~ designs, 

processors that will determine the average width of the velocity spectrum. 

That width is used as an indication of turbulence. The theory and design of 

the equipment was not provided by the vendors. Therefore, the information on 

detailed system description will be limited to the information contained in 

Table 1. 

Table 1. Radar Characteristics 

NSSL Radar Manufacturer Radar ~1anufacturer 
Number One Number Two 

S-Band X-Band C-Band 

Beamwidth 0.9° Pencil 3.1° Pencil 60 Pencil 

Polarization Vertical Vertical Hor'i zonta 1 

Scan Rate 9o/s 45°/s 45°/s 

PRF 768 PPS 1600 PPS 1446 PPS 

Pulse Width 1 J.!S 6 J.!S 5. 7~i J.!S 

Frequency 2850 MHz 9345 MHz 5440 MHz 

Processor Correlation Correlation Estimate of 
Estimator Estimator Me em Ve 1 oci ty 

Input S.D. 
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SUMMARY OF THE RESULTS 

During the time period of July 1981 to July 1982, two commercially manu

factured airborne radars, designed to indicate turbulent areas in radar 

weather returns, were flight tested in the Oklahoma City, Oklahoma, area. 

The observations resulting from the test are made taking at face value the 

data from the tests as presented by the radar manufacturers. All equipment 

installation and calibration and all data recording were made by the 

individual manufacturers. 

Additionally, no attempt was made to try to operate under identical geo

graphic or meteorological conditions when testing the two radars. The common 

elements in the tests consisted of requiring measuring and recording instru

mentation that could be installed on and interfaced with the normal DC-9 

avionics and of using the same ground radar to compare against the airborne 

radars. It should also be emphasized that no attempt was made to compare the 

signal processing/product display techniques between the airborne and ground 

based radar to try to make a scientific comparison. The tests performed on 

the radar systems therefore produced a subjective analysis rather than an 

objective, scientific analysis. The equipment tested were installed in the 

Federal Aviation Administrations DC-9, tail number N29. For discussion pur

poses, the radars tested will be called Radar Number One and Radar Number Two, 

from the order of the systems tested. 

Airborne data were compared with ground radar data in four areas: 

1. Radar return location 

2. Radar return size and strength--reflectivity 
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3. Radar return second moment--magnitude and location within the radar 

return 

4. Change in second-moment magnitude with changes in look angle 

relative to radar return. 

Second-trip echoes and ground clutter contamination are two additi'onal areas 

for comment. These features are peculiar to the individual radar design and 

cannot be compared with the ground-based Doppler radar. 

Radar Number One 

The spatial position of the radar return was easily reconstructed from 

both the airborne and ground-based radar data. The return size and shape from 

the two data sets were in good agreement. The distribution and mean of the 

spectrum width data (turbulence) for the airborne radar were lowe1~ than the 

data from the ground-based radar. The data processor for the airborne radar 

included no velocity correction techniques for look-angle changes.. Conse

quently, there were indications of spectrum width changes of as much as 4 m/s 

between head-on returns and the same returns appearing at 90° off heading. 

When the turbulence mode was selected, a substantial number of second-trip 

echoes existed on the radar display. The appearance of ground clutter on the 

radar display was shown as additional areas of turbulence. The d·isplay con

tamination with ground clutter was more evident at lower altitudes. 

Radar Number Two 

The spatial position of the radar weather returns for both the airborne 

and ground radars was easily located from recorded data. Agreement between 
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the spatial positions of the ground and airborne radar returns was satis

factory. The target areas and reflectivity for both data sets compared well 

with each other. The spectrum width data (turbulence) of the two radars com

pared quite well when the airborne radar was looking at the target from head 

on to approximately 30° off the aircraft heading. As the look angle to the 

target increased to greater than 30°, the area where turbulence exceeded the 

threshold level decreased when compared with the same target at a head-on look 

angle. No second-trip echoes were observed on the radar display. At alti

tudes of 20K ft ASL, no appreciable amount of ground clutter contamination of 

the radar display was observed. However, at lOK ft ASL ground clutter contam

ination increased significantly. 
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CONDUCT OF TEST 

Chronology 

Formal preparation for the flight testing of the turbulence-indicating 

radars started in January 1981. The initial planning involved per·sonnel from 

the FAA, WMPO, and the National Severe Storms Laboratory (NSSL). 

In April 1981, a meeting was held in Oklahoma City, with repr·esentatives 

from FAA, WMPO, NSSL and three equipment manufacturers. The meeting was to 

lay the following foundations for the equipment to be tested and the tests 

themselves. A DC-9 aircraft would be made available for the tests by the FAA 

Flight Training Center on a non-interference basis. The only FAA-furnished 

equipment for the test other than the aircraft would be a gyro for stablilza

tion signals for the radar antenna, and a VOR and DME for aircraft position. 

All recording and processing equipment would have to be furnished by the 

equipment manufacturers. The aircraft would have one wiring configuration 

installed to be used by all manufacturers. The test of each manufacturer•s 

equipment would be in three phases. In the first phase, the radar equipment 

would be tested on the ground at NSSL (Norman, Oklahoma) to compare the air

borne radar•s velocity spectrum width (turbulence) measuring capability with 

that of NSSL 1 s ground-based Doppler radar. The ground tests would be for the 

sole purpose of establishing whether the designs of the airborne radars were 

sufficiently advanced to proceed to an actual flight test. The second phase 

of the test would be the installation and flight worthiness test on the DC-9, 

to ensure that the equipment would operate in the airborne environment. The 
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third phase would be the actual flight test using the NSSL radar as a baseline 

for comparison. 

The ground test of the equipment was conducted during June and July 1981. 

Only two of the three equipment manufacturers had equipment available for 

ground test. Those were identified as Radar Number One and Radar Number Two 

in the Summary of Results section. 

In August 1981, Radar Number One an X-band radar, was installed on the 

FAA DC-9. The first flight to verify system performance in an airborne 

environment was on August 26, 1981. A second system check flight was needed 

and was flown on September 9, 1981. On September 24, 1981, the first data 

acquisition flight was made. Little usable data were recorded during this 

flight. The expectation was that no suitable weather would be available for 

test work, so the tests were postponed until spring of 1982. Radar Number One 

was removed from the DC-9 in November 1981, and a preliminary installation of 

Radar Number Two, a C-band radar, was initiated. No tests were made using 

Radar Number Two, after this preliminary installation. 

A second meeting was held in Oklahoma City on March 19, 1982. Again, the 

three equipment manufacturers were present as well as representatives from 

FAA, WMPO and NSSL. The discussion centered around the flight patterns to be 

flown for the tests and time available for the tests. The tests were sched

uled to start on May 3, 1982, and terminate on June 11, 1982. Each equipment 

manufacturer would be given a 2-wk period, or until a good data set was ac

quired, to test its equipment. The installation of Radar Number Two, was 

completed on May 3, 1982, and on May 5, 1982, its first data flight was made. 
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One hour into the flight, the flight conditions required instrument 

flight rules (IFR) and some turbulence was encountered. The pilot•s decision 

was to cancel the flight. No data were taken. During the second flight on 

May 11, 1982, three comp 1 ete data runs were made. On the fourth r·un, tur

bulence was encountered, and the pilot terminated the flight. On May 20, 

1982, Radar Number Two equipment was removed from the DC-9 and Radar Number 

One was installed, but the aircraft was then unavailable for test use until 

June 7, 1982, due to classes and scheduled maintenance. 

On June 7, a local flight was made to check out the aircraft and the 

installation of Radar Number One. June 9, 1982, was the first data flight. 

Three complete data runs were made before a failure in the airborne radar 

terminated the mission. A review of the data set showed it adequate for an 

evaluation. Radar Number One was to have been removed June 11, 1982, however, 

FAA let the equipment remain on the DC-9 until June 18, 1982. The test pro

gram was extended until the last of June. 

The manufacturer of Radar Number Two installed a second radar· from its 

product line, an X-Band radar, on the DC-9 on June 21, 1982. On June 24, 

1982, a data flight was made; however, an internal switch in the radar equip

ment was incorrectly positioned and the data set was invalid. On June 30, 

1982, the aircraft was again down for maintenance until July 7, 1982. It was 

decided to continue the test until July 23, 1982. No suitable weather was in 

the test area during the extended period. The test was terminated on July 23, 

1982, with no data being recorded for evaluation. 

The basic flight pattern flown during each data run is shown in Figure 1. 

Slight modifications to the pattern were made so that the existing weather 

patterns could best be accommodated. 
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A 

- POINT A is 40 miles to E. 
- POINT 8 is 20 miles to E. 
- Time from POINT 8 to C is 4 minutes. 
- Time from POINT 8 to D is 4 minutes. 

- PATTERN REPETITION 
- At 30K ft. two runs at 470 knots TAS 
- At 30K ft. two runs at 240 and at 

350 knots T AS 

Vectors AE and 80 will be supplied by 
NSSL's radar. 

Fig. 1 

Basic Flight Pattern for Test Runs. 
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·~·· -·----------

Procedure 

The everyday conduct of the test was established to be as routine as pos

sible. Each day started when the Test Manager called NSSL for the daily fore

cast. The forecast for the afternoon was usually made by 1100 COT.. If suit

able weather was anticipated for the afternoon or evening, a call-·in update 

procedure was initiated. The aircraft was usually not available before 1600 COT 

because of FAA training classes. As the afternoon hourly updates progressed, 

all personnel were on a standby basis. The standby continued unti'l weather 

suitable for the tests was predicted to enter the area or until tht~ forecast 

dictated cancellation. If the weather was suitable, a takeoff time was set. 

Shortly before takeoff, a call to NSSL was made to confirm the forecast. 

Once the aircraft was airborne, NSSL vectored the aircraft to the weather 

target and suggested a heading to fly the initial leg of the pattern in 

Figure 1. Coordination between NSSL and the aircraft pilot established 

turning points and located any weather in the area that made modification of 

the flight track necessary. A requirement established and maintained by the 

DC-9 pilots was that all test flights be under visual flight rules (VFR). 

This one requirement negated many chances to obtain a data set, either because 

the weather was too deep or the turning paths were blocked off. Prior to each 

flight a request was made for the FAA control center to record the DC-9 posi

tion for its entire flight. Only one flight position plot was recorded by the 

control center. Aircraft position was recorded by using the VOR and DME in

struments. The flight continued until weather conditions or equipment failure 

caused termination, or until a complete data set was obtained. Data acquired 

during the flight test were reviewed immediately after the airplant~ landed to 

determine the acceptability of the data and success of the flight. 
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DATA ACQUISITION AND EVALUATION 

Radar Number One 

Data for the evaluation of this radar were acquired on June 9, 1982, from 

1739 to 1832 COT. The weather system was located approximately 43.2 nmi 

(80 km) south-southeast of Will Rogers World Airport at Oklahoma City, 

Oklahoma. Figure 2 shows the flight track of the aircraft with respect to the 

Oklahoma City VOR and NSSL. Only one flight track during a data acquisition 

time is shown; the other tracks are similar to it. 

Data from run number one show that the RF returns from the airborne radar 

were comparable in size and shape with those of the ground-based radar. The 

target spatial correlations between the NSSL data and the airborne data were 

very good. 

The velocity spectral width data from NSSL indicate velocities of 4 to 

10 m/s. See Figures 3A-30. The velocities indicated by the airborne radar 

for corresponding times are from 2 m/s to greater than 8 m/s (Figures 3E-3H). 

Table 2 provides the color representation for turbulence (levels) for both 

airborne Radar Number One and Radar Number Two. The head-on look at the 

target (Figure 3E) by the airborne radar should have a minimum of contamina

tion from radar beam width and aircraft ground speed. Yet over half of the 

velocities as measured by the airborne radar are less than 6 m/s. The ground 

radar indicates that most of the velocities are greater than 6 m/s (see Figure 

3A). The ranges of velocities are in agreement, but the velocity distributions 

are not. As the target moves from the head-on position to 90° off the aircraft 

heading (Figure 3F-3H), a severe change occurs in the velocity distribution. 
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Fig. 2 

Flight Track During Test of Radar Number One. 

12 

e 



Ground 
Radar 
Data 

A E 

B F 

G 

Radar Number One, run number one. 
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Color 

Green 

Yellow 

Red 

Magenta 

* Dependent on 

Table 2. Turbulence Color Chart 

Radar Number One 
Velocity (m/s) 

2 

4 

6 

8 

aircraft ground speed. 

Radar Number Two 
Velocity (m/s) 

5 or 5.8* 

A change in the presented velocity spectral width data should be expected 

if no corrections were applied to the second-moment data as a function of 

antenna position and ground speed. The velocity spectral width distribution 

determined for a head-on look at a meteorological target from an aircraft 

would not be the same as that for a look at the same target when that target 

is located 90° off the aircraft ground track. Major factors that contribute 

directly to the spreading of the velocity spectrum must be considered. First 

is the prevailing wind velocity relative to the center of the transmitted RF 

beam. Second is the aircraft ground velocity relative to the center of the RF 

beam. Third is the antenna scan rate and range to the target in question. 

All of the above items have a varying degree of influence on the width of the 

velocity spectrum and therefore on the velocity number used as an indicator 

for turbulence. The predominant effects come from the translational motion of 

the aircraft and the scanning motion of the radar antenna. 

The equation for velocity spectrum spreading due to the scanning motion 

of the antenna is (Nathanson, 1969) 
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(m/s) 

where a = rotational rate of antenna (rad/s) 

A = wavelength of transmitted frequency (m) 

e = two-way half-power beam width (rad). z 

Values for these parometers are given in Table 3. 

Table 3.--Values for the Equation for Velocity Spectrum 
Spreading Due to Anteana Scanning Motion 

Radar No. One 

a= 0.785 rad/s 

A= 0.032 m 

ez = 0.039 rad 

as= 0.060 m/s 

Radar No. Two 

a= 0.785 rad/s 

'A= 0.055 m 

ez = 0.074 rad 

as= 0.054 m/s 

The effect of the antenna scanning motion is small for both airborne 

radars. 

The effect of the translational motion of the aircraft combined with the 

mean wind speed is (Trotter et al., 1981) 
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where V = mean wind speed (m/s) w 

~ = angle of wind relative to RF beam· center 

Vac = ground speed of the air~raft 

y = angle of beam relative to the aircraft ground trac:k. 

V will be very small compared with V and can be assumed to be zero. w ac 
Therefore, crb = 0.42e

2 
Vac sin y. When Vac = 225 m/s and y varies between 0° 

and goo, crb will vary between 0 m/s and 3.7 m/s. 

It is obvious that if no correction is made to the measured velocity 

spectrum the indicated spectrum spread at goo look angles will be higher than 

at 0° look angles. This change on the radar display will show as an increase 

in velocity (spectrum spread) as a target area goes from 0° (head on) to goo. 

This effect is very obvious in the ground clutter pattern shown in Figure 4. 

It is of interest to return to Figure 3E, to point out some other intrigu

ing features. The picture shows a target echo starting at the origin and 

going out 11 km in range, on a 2goo radial. This target echo is possibly due 

to either a fault in the receiving system or to a second-trip echo. Similar 

echoes are shown in Figure 50-SF. In all cases these echoes can dlo nothing 

but confuse the aircraft radar operator, since the target indicated is either 

not real or is not at its actual range. 

Figure 3H shows targets that are either noise or ground clutter. In 

either case the targets would inject an element of uncertainty in the inter

pretation of the radar display. 

16 



FIG.4 

Airborne radar ground clutter pattern effects of uncorrected air
craft translational motion on measured velocities. Radar Number 
One. 

The sequence of photos for run number two is shown in Figures 6 and 7. 

The aircraft was still at 31K ft ASL, and the ground speed was approximately 

188 m/s. The flight track was essentially the same as shown in Figure 2, but 

was shifted to the east-northeast by 13 km. Observation of the ground radar 

and airborne radar photographs reveals the following: The airborne radar 

shows a target whose estimated spectral velocities are predominantly 4 to 
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Data for crossing leg, Radar Number One, run number one. 
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Radar Number One, run number two. 
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A: 
Ground 
Radar 
Run 2, 
Continued 
From 
Figure 6 

B, C: 
Ground 
Radar 
Run 2, 
Crossing 
Leg 

B 

c 

F 

FIG. 7 G 

D, E: 
Airborne 
Run 2, 
Continued 
From 
Figure 6 

F, G: 
Airborne 
Radar 
Run 2, 
Crossing 
Leg 

Radar Number One, run number two continued; and crossing leg of run number two. 
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6 m/s (yellow). The ground radar shows the same target, with predominant 

velocities of 6 to 9 m/s. The discrepancy in the velocities continues with 

the airborne and ground radar sequential picture~. When the airborne target 

is located between 60° and 90° (Figures 70 and 7E) the predominant velocities 

are shown to be greater than 8 m/s. This is the same velocity increase cor

related with off-heading angle that was noted on the first run. Again when 

the target was off the the right side of the aircraft (Figures 7F and 7G), on 

the crossing part of the run, the increase in measured velocity with increased 

look angle is shown. Comparison of Figures 7F and 7G shows targets ahead of 

the aircraft, with velocities of 8 m/s, and closing in range. The reflec

tivity photograph (Figure 8) shows no targets at the ranges indicated on the 

two photographs of turbulent areas. It can only be concluded that the targets 

ahead of the aircraft are second-trip echoes (echoes originating at a range 

other than the range indicated). 

For run number three the ground speed was approximately 400 kn, and the 

altitude was 16K ft ASL. The geometry of the target position and the loca

tions of NSSL and the aircraft are shown in Figure 2, but for run number three 

offset to the northeast. The airborne radar target distributions of spectral 

width velocities are shown in Figures 9 and 10. The predominant estimated 

velocity spectral width in the airborne radar data (Figure 90) is less than 

6 m/s (yellow). The ground radar has a predominant velocity of 6 to 7 m/s. 

Both radars indicate areas where the spectral width is greater than 6 m/s. 

The airborne radar in Figures 90 and 9E show an increase in ground returns 

with the lower operating aircraft altitude. The ground returns do not appear 

in the reflectivity photograph (Figure 10). The difference in the weather 

(reflectivity) and turbulence modes appears to be receiving system sensitivity. 
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FIG. a 
Radar Number One airborne reflectivity (Wx) corresponding to 
turbulence in Figure 7G. 

The return in the turbulence mode always covers a larger area than the same 

target in the weather mode. This was observed on all runs with this radar. 

Again, present during this run were the second-trip-type echoes, (Figures llE

llH). These echoes produce a hazard by indicating areas of turbulence when 

nothing exists at that range in space to produce a radar return. 
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Radar Number One, run number three. 
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FIG.10 

Airborne reflectivity, Radar Number One, run number three, corresponding 
to Figure 90. 
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Radar Number Two 

The scheme used by Radar Number Two to display turbulent areas is some

what different from that of Radar Number One. Instead of displaying different 

levels of velocity spectral width (turbulence), Radar Number Two displays only 

a single turbulence level, represented by the magenta color, for areas the 

aircraft should not enter. 

The test data from Radar Number Two were taken on May 11, 1982. The 

turbulent weather was located northeast of the Altus, Oklahoma. The flight 

altitude to start the test was 25K ft ASL rather than 31K ft as per the test 

plan. Layered weather cells prevented working at 31K ft. Aircraft ground 

speed for the first run was 360 knots. Figure 12 shows the approximate loca

tion of the aircraft, NSSL and Oklahoma City VOR during the runs. The geome

try of the figure is not exact due to having to rely solely on manually re

corded VOR/DME readouts for the aircraft position. To save some flight time, 

we designed the flight track to approach echo number one head on and let echo 

number two (see Figure 12) slide to the right side of the radar scope, so that 

we could measure the effects on velocity spectral spreading (changes in indi

cated turbulence) when the look angle to the target varied from 0° to 90°. 

Figure 13A is the airborne radar display showing the location of echoes 

one, two and three. Figure 138 is a picture of the ground radar display show

ing the same three echoes. An additional echo is shown in Figure 138, located 

near echo number one, that is not shown in Figure 13A. That echo is below the 

20 d8Z threshold level of the airborne radar. 
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Airborne Radar 
FIG.13 B 

Ground Radar 

Location of echoes shown in Figure 12. 

Figures 14A-14D show the target head on and as it slides to the right 

side of the radar scope. Figure 14E is the velocity spectral width data for 

the ground radar. Some of the turbulent areas that are shown in Fi gure 148 

are not shown at a 60° look angle (Figure 14C). There are two possible rea

sons for the decrease in turbulent areas. One could be the effect of the STC 

(Sensitivity Time Control) function on the video being received by the radar. 

The second could be an overcorrection for the translational motion. Whether 

the reduction in turbulent area is caused by STC or the implemented algorithm, 

consideration must be given to the possible results of having a hazardous area 

and not displaying it versus having a falsely indicated hazardous area. The 

area where turbulence exceeds 5 m/s (established turbulence threshold for Radar 

Number Two) compares well with the area greater than 5 m/s for the ground 

radar. No second-trip echoes were observed on the airborne radar scope. Some 

small areas of random turbulence were noted; see Figures 14C and 140. 
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Spectrum widths, Radar Number Two, run number one. 

A-D: Airborne Radar 
E: Ground Radar 
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The second run against the weather target was much the same as the first. 

The conditions in Figure 12 were still valid. The aircraft altitude was 20K 

ft ASL, and the ground speed was 355 knots. The echo locations are shown in 

Figures 15A and 158. The reflectivity levels of the echoes in Figures 15A and 

158 are similar. The patterns for velocity spectral widths that exceed 5 m/s 

are also similar (see Figures 16 and 17C). The change in the velocity spec

tral widths when the look angle to the echo changes from 0° to 60° is shown in 

Figures 17A-17C. Again as the area of indicated turbulence came within the 

STC correction range, the area of turbulence decreased. No evidence of second

trip echoes was found. Small random spots of turbulence were occasionally 

present. 

Run number three was made at an altitude of lOK ft ASL. The aircraft 

ground speed was 250 knots. At the lower altitude the ground clutter in

creased significantly. Figures 18A and 188 show weather echoes one and two 

imbedded in ground clutter. Figure 19 shows the echoes as seen by the ground 

radar. Echo number one (see Figure 138) has begun to break up. Echoes two 

and three are still intact. Again, the areas of reflectivity between airborne 

and ground radars compare quite well. The velocity spectral widths as shown 

by the ground radar are for the most part 5 m/s and greater (see Figure 20). 

This area of velocity spectral width is similar in the airborne data (Figure 

21A). Figures 21A-21D show the weather echo sliding to the right side of the 

aircraft. The effects on change in velocity spectral width with look angle 

cannot accurately be estimated because the antenna tilt angle was being 

changed. Figures 21A, 21C and 210 show that strong ground returns will be 

processed and appear to be areas of turbulence. 
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Airborne Radar Ground Radar 
Radar echo locations at the start of run number two, Radar Number Two. 

FIG.16 

Ground radar spectrum widths, Radar Number Two, run number two. 
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FIG.17 

Airborne radar spectrum widths, Radar Number Two, run number two. 

A FIG.18 8 

Airborne reflectivity at low alitude showing weather echo locations 
and ground clutter, Radar Number Two, run number three. 
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FIG.19 

Ground radar (reflectivity) echo location, Radar Number Two, 
run number three. 

CONCLUSIONS 

The basic purpose of this evaluation was to determine the utility of 

airborne Doppler radar for detecting the hazards associated with thunderstorms 

and for its use in avoiding these hazards without flying long distances around 

storms or convective cells. This implies that the equipment is to be used to 

determine areas in which storms and convective cells can be penetrated safely 

with the aircraft. 
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FIG. 20 

Ground radar spectrum widths, Radar Number Two, run number three. 
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FIG. 21 D 

Airborne radar spectrum width, Radar Number Two, run number three. 
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Results of comparisons of both Radar Number One and Rador Number Two with 

ground-based radar are given below. 

Radar Number One 

A review of the data from Radar Number One produced the following: 

1. The RF returns from the airborne radar were generally of the same 

area/size as those from the ground-based radar. Consideration was 

given to the different receivers and (data processing) thresholds 

for the airborne and ground systems. Insufficient data·were avail

able to determine the attenuation of RF returns because of 

meteorological conditions. 

2. The displayed reflectivity of the RF returns of the ground and 

airborne radars were similar. Exact reflectivity patterns were not 

expected because of the characteristics of the radars and the dif

ferent look angles to the RF returns. 

3. The turbulence mode of the radar, which was the prime area of in

spection, did show that the manufacturer was able to generate and 

display areas where the radial velocity spectrum widths exceeded 

preset thresholds. 

4. The areas of the greatest radial velocity spectral width seldom 

occurred at the same spatial location as indicated by the returns of 

the ground and airborne radars. 
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5. The uncorrected radial velocities for translational motion of the 

airborne radar may produce an inaccurate display when the target is 

more than 30° off the ground track. 

6. The presence of second trip echoes, at both high and low altitudes 

produce targets on the display that are not at the proper range. 

7. Ground returns that were only occasionally seen at the high altitude 

were very prevalent at the lower altitude. The ground targets carry 

no distinguishing characteristics to tell the radar operator that 

they are not turbulent weather systems. 

Radar Number Two 

The test data for Radar Number Two showed the following: 

1. The target echoes were in the same spatial position as indicated 

by the ground-based radar. 

2. The target echo reflectivity was comparable with the ground radar 

for all runs. 

3. The areas where the velocity spectral width exceeded 5 m/s compared 

quite well with the ground-based radar data. 
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4. The variation in velocity spectral width with target look angle 

produced an indicated decrease in the area where the velocities 

exceeded 5 m/s. Possible causes for the decrease have a"lready been 

given in the analysis. 

5. No visual evidence of second trip echoes was found in the data. 

This could well be the result of meteorological conditions. 

6. Ground clutter contamination of the data was found at thE~ low oper

ating altitude and low antenna elevation pointing angles. This 

contamination makes display interpretation more difficult. 

7. The scheme of displaying a single area of turbulence (above a given 

threshold), an area to be avoided, facilitates quick display inter

preation, but at the same time emphasizes the importance of accuracy 

in establishing and maintaining a safe threshold. 

8. The translational motion of the aircraft caused significant devia

tions in the measured velocity spectral widths depending on the 

antenna positions. 

9. The STC function appears to degrade the accuracy of both the 

weather/reflectivity mode and the turbulence (spectral w·idth) mode 

of operation within 11 km of the aircraft positions. 

The results of the evaluation show that it is possible to present, on a 

radar display, areas in thunderstorms where the radial velocity deviation from 

a measured mean radical velocity exceeds a predetermined value. The deviation 
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from the mean radial velocity spectral width is classified by the equipment 

manufacturers as turbulence. The spectral width of the measured radial velo

cities is given in the literature as the sum of four prime contributors. 

Those are shear, antenna rotation, drop-size fall speeds and turbulence. The 

major contributors are shear and turbulence. The turbulence contributor to 

velocity spectral width has been found to be mostly isotropic above the bound

ary layer (Zrnic' and Lee, 1982). If this is true, then the turbulence is not 

dependent on aspect angle and the display will define areas that should be 

avoided. The shear, whether it be horizontal or vertical, theoretically has 

eddies at the periphery of the shear zones that make it detectable, even 

though the shear is orthogonal to the radar beam. Therefore, even shear 

regions could possibly be displayed as areas for aircraft to avoid. 

The manufacturers of the radars in the evaluation used approximately 

5 m/s, as the magnitude of the deviation from an average velocity, to 

define an area that should be avoided. The use of a single value for a 

representation of turbulence is questionable: Will that velocity produce the 

same effect on all classes and types of aircraft? Does the value include or 

compensate for all error sources that would impose a tolerance on the value? 

The evaluation produced no data with which to answer these two questions. 

Radar Number One displayed levels of turbulence on its radar display, 

just as reflectivity levels are displayed. Radar Number Two displayed only a 

single area of turbulence that should be avoided. The display of turbulence 

information should reduce to a very minimum the need for interpretation of 

data by the radar operator. 
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RECOMMENDATIONS 

The radar manufacturers are to be commended for taking needed steps to 

include the latest Doppler processing technology, developed in thE! research 

community, in their equipment. However, applying technology devel'oped in one 

discipline to another discipline usually requires some modification to the 

basic techniques or different knowledge of the peripherial parameters to the 

new application. Such is the case for airborne turbulence-indicating radars. 

The initial intent of this evaluation was to limit the data to that which 

could be compared with data set taken by the ground-based Dopplerl, located at 

the National Severe Storms Laboratory. However, as the test progt·essed, ques

tions were raised and research of the questions showed their answE!rs or lack 

of answers to be pertinent to the evaluation results. The questions and con

cerns are addressed below in the System Concepts section. 

It is my recommendation that the following be investigated and imple

mented in the system(s). 

Engineering 

1. Develop and use an algorithm to prevent changes in look angles from 

changing the magnitudes of detected areas of turbulence. 

2. Implement a scheme that will eliminate second-trip echoes from the 

radar display (Hennington, 1981). 
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3. Eliminate all ground clutter returns from the turbulence mode of 

operation. 

System Concepts 

1. Decide which system is applicable for determining the safest flight, 

what areas of turbulence should be categorically avoided and what 

areas of turbulence should be avoided at the discretion of the radar 

operator. 

2. Decide how areas of shear should be displayed (signature) when 

viewed from different angles. 

3. Determine the influence that the measured spectral width in velocity 

(turbulence) has on different classes and types of aircraft; i.e., 

relate the changes in spectral widths to different gust velocities 

and to aircraft types. 

Scientific 

1. Confirm previous work showing that convective areas produce turbu

lence that is isotropic. 
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