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PREFACE

The detection of precipitation by radar is dependent on a number
of factors including the design parameters of the radar system
itself and the manner in which it is sited. These factors com
bine to produce a variabil ity in radar detection capabi I ity,
season to season, day to day, and radar site to radar site.
Whi Ie it is possible to determine these variations with a fair
degree of accuracy from the theoretical approach, it is an
extremely complex procedure. A more direct approach was taken
by Mr. Ronne, where he al lowed nature to integrate (albeit
coarsely) these factors for him. This resulted in an operation
ally useful set of detection probabi lities.

Because of the variabil ity of detection capabil ity among radars,
it is essential that the user have a guide, such as is presented
here, to make maximum and proper interpretation of radar data.

Since this study was made, two significant improvements have been
made in the radar network monitored by Palmdale: (I) installation
of a long-range ARSR-type radar to replace the Edwards, Cal ifornia
ASR radar and (2) the removal of an obstruction which blocked
radar propagation to the ENE of Las Vegas, Nevada. The improve
ments wi I I increase the detection probabi I ities over the interior
of southern Cal ifornia and southern Nevada. However, at least
two years of data collection wi I I be required to determine the
new probabi I ities in these areas. Nonetheless, because of the
importance of this study, we elected to pUbl ish it now and to
consider it as an interim report.

iv
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PRECIPITATION DETECTION PROBABI.LLTIES BY LOS ANGELES ARTC RADARS

I. INTRODUCTION

With the closure of the Weather Service radar site on Santa Catal ina
Island on Apri I I, 1968, and the establ ishment of the joint use radar
program in April of 1968 at FAA's Los AngelesARTC Center, located at
Palmdale, Cal ifornia, the area of radar coverage over the Pacific
Southwest was increased by some 400%.

Radars microwaved into the Los Angeles Center cover parts of four
states, the northern end of the Baja Cal ifornia Peninsula, and
extreme northwestern part of Sonora, Mexico. The five radars uti I ized
(Table I) are of simi lar design (I) and, with one exception, have a
maximum range of 200 nautical miles (225 statute mi les), Figure I.
The one exception is the ASR-5 at Edwards AFB, a 10-CM wavelength
radar with a 65 nautical mi Ie range.

However, the range to which precipitation targets may be detected
varies considerably due to local topography around each site and
vertical tilt of the antenna.

The purpose of the study is:

I. To del ineate areas of "high" to "low" detection
capabi I ities for al I precipitation echoes for al I
radars for:

a. Summer storms, April to September.

b. Winter storms, October to March.

2. To determine capabi lities to detect moderate or
heavier precipitation, even while weather suppres
sion circuits are in use during (a) and (b) men
tioned above.

I I. DATA COLLECTION

This project was undertaken in September 1968 and includes 24 months
of data, two winters and two summers. AI I aviation weather sequence
surface reports of precipitation, other than drizzle, were logged
during hours of operation and correlated with the radar maps. Due
to the time lag between surface and radar observations, an echo at a
distance of 10 mi les or less from reported surface precipitation was
cons Idered as "ver i f ied" . Overa I I ver i f Icat ion inc Iuded on Iy those
radar observations made when the radar was operating in optimum



weather detection mode (*). For verification of moderate or greater .~.)

intensities, al I radar observations were used, since theoretically .
ARTC radars should display moderate or greater intensity precipita-
tion, despite weather suppression circuits (2).

I I I. ANALYSIS OF DATA

Data was analyzed in two categories:

I. Overall verification of all precipitation, other
than drizzle, by season, summer and winter.

2. Moderate or greater intensity precipitation by
season.

Unl ike the Salt Lake City study (I), this study deals with al I types
of precipitation with no distinction betWeen precipitation type or
character; frozen, I iquid, showery, or steapy. Differentiation
between showery or steady precipitation as reported in surface obser
vations was deemed impractical, since individual reports are only as
rei iable.as each observer's judgment. Nor did the author feel the
need to differentiate between thundershowers and rain since the pre
dominate weather patterns for the Pacific Southwest are thundershowers
in summer and rain and rainshowers in winter. Even though thunder
showers may develop in winter with the invasion of moist tropical
air from the south, the tops wi I I not normally extend any higher than ~
those of some heavier rainshowers.

As might be expected, probabi I ity of detection of summer precipitation
is much greater overal I than winter precipitation. This is mainly due
to greater heights to which summer precipitation extends. Each season
was analyzed separately, as shown in Figures 2 through 5. Figure 6 is
a combination of two winters and Figure 7 includes two summers, except
as noted later in text.

Ver i f icat ion percentages .for the fIrst winter, Figure 2, are lower at
most stations than for the second winter, Figure 3. (One exception
occurs in the Vicinity of Paso Robles--some radar data collected durIng
the second winter appears doubtful and the percentages may be too low.)
There are several apparent reasons for this: (I) inexperience of the
observers in radar meteorology; (2) lack of famil iarization with indi
vidual radar characteristics; (3) a persistent problem with poor sensi
tivity on the Paso Robles Monitor Scope for the first nine months of
operation (SUbsequently corrected).

*AI I weather suppression circuits turned off.

J
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:) In comparing Figures 2 and 3, it wil I be noticed that the greatest
area of improvement for the second 'winter (Figure 3) ,is indicated
between Sandberg (SOB) and Daggett (DAG), Cal ifornia. This is due
to the addition of the 65 nautical mile range radar at Edwards AFB
in December 1969. Contours drawn around the Edwards 65-mi Ie radar
in Figures 6, 7, and 8 were based on information collected and ana
lyzed after implementation of the radar in December 1969. This was
done so that users could have a better idea of the extended coverage
in that area. Figures 3 through 7 show a marked simi larity in al I
other areas for both summer and winter storms; however, it can be
noted that summer patterns 'show higher percentage values in most
areas.

Figure 8 contours were based on correlation of surface reports of
moderate or heavier precipitation with the nearest radar observa
tion. As expected, Figure 8 reveals the radar's capabil ities of
detecting precipitation of moderate or greater intensity at greater
ranges than I ight precipitation. Note the higher percentage values
for Figure 8 as compared to Figures 2, 3, and 6 for the same winter
periods. Of the 45 stations reviewed, al I but 10 showed a higher
percentage of verification of moderate or greater intensity preci
pitation than I ight intensity; some as much as 50% higher, others
as I ittle as 2%. Figure 8 is the result of winter storms. Surface
reports of heavier precipitation from summer storms were too wide
spread to be of much use; however, statistics are given in Table 2.

In reviewing Table 2, careful attention should be given to the num
ber of cases of precipitation reported (Column I). Rei iabi I ity of
the percentages is in direct relation to the number of reports. As
examples, Visal ia (VIS), Cal ifornia, had one surface report of sum
mer precipitation which was verified by the Paso Robles radar for
100% verification. Burbank (BUR), Cal ifornia, had 3 reports with 2
verified by the San Pedro radar for only 67% verification. However,
sma I I samples such as these can hardly be representative of a 2-year
period. There are also some large areas for which no surface reports
were avai lable due to the sparsity of reporting stations. In areas
affected by terrain blocking, a sUbjective evaluation has been made
based on the analyst's experience. One such area is southwest through
northwest of Las Vegas, Nevada, and another includes most of western
Arizona.

IV. SUMMARY

Radar is not meant simply to "verify" surface reported precipitation
as was the practice in this study, where much depended on the accuracy
and actual time the surface observation was taken in relation to the
radar observation. Stations which fal I in an area of low percentage
of verification, Figure 6 or 7, should not discount radar as a valua
ble forecasting tool. The radars may stil I see frontal systems, lines
or heavier precipitation patterns, advancing towards the station,

,) which can be valuable for the short-range forecast.

-3-



This study adds support to claims that ARTC radars, though designed _~)

primari Iy for Air Traffic Control, are capable of detecting signi- _
ficant precipitation over large areas. Precipitation undetected by
one radar due to existing terrain blockage or overshooting of the
tops can frequently be seen by another overlapping radar system.

V. REFERENCES

I. Belesky, R. K., "Precipitation Detection Probabi I ities by Salt
Lake City ARTC Radars", WBTM WR 31, July 1968.

2. Wi Ik, K. E., et ai, "Weather Detection by ARSR-ID, ASR-4, and
WS~-57 Radars, A Comparative Study", Technical Memo No. I, NSSL,
March 1965, U. S. Department of Commerce, Weather Bureau.
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TABLE I

RADAR LOCATIONS AND TYPE

LOCATION TYPE ELEVATl.ON MSL

Edwards, Cal ifornia ASR-5 3050 Ft.

Las Vegas, Nevada FPS-20 8924 Ft.

Mt. Laguna, Cal ifornia FPS-7 6246 Ft.

Paso Robles, Cal ifornia ARSR-2 3665 Ft.

San Pedro, Cal ifornia ARSR-I 1546 Ft.

-13-



TABLE 2

VERIFICATION OF SUMMER (1969-70) AND WINTER (1968-69, 1969-70) PRECIPITATION -j
SUMMER WINTER

I. Summer (AI I Preclp) Ca ses Reported I. Winter (AI I Precip) Cases Reported
2. Percent Verified 2. Percent Ver If ied
3. SFC Reported as MDT or Greater 3. SFC Reported as MDT or Greater
4. Percent Verified 4. Percent Verified •

STATION ( I ) (2) (3) (4) ( I ) (2) (3) (4)

SNS 15 26 0 146 29 16 25
MRY 15 20 2 50 150 24 55 33
PRB II 72 0 162 87 21 89
SMX 13 92 I 100 154 80 20 100
SBA 10 70 1 100 151 71 37 89
PMD 16 91 0 99 81 19 71
ONT 14 92 4 100 167 86 30 94
LAX 5 100 I 100 173 88 18 96
BUR 3 67 0 147 90 59 79
LGB 3 100 I 100 154 94 II 90
BUO 8 84 0 53 81 4 100
SAN 8 78 I 100 145 83 2 100
FAT 24 71 0 196 46 30 63
BFL 6 75 0 127 71 2 100
SOB 9 44 0 116 75 19 86
BIH 26 24 0 68 0 3 0
TPH 40 64 2 100 98 9 ') 37 :JDAG 33 72 4 100 50 10 0
TRM 17 90 I 100 66 78 3 100
PSP 14 95 3 100 73 81 7 88
IPL 6 100 2 100 62 90 6 100
YUM 19 54 4 75 63 35 6 88
LAS 43 96 7 100 97 93 I 100
ELY 53 26 I 0 0 0
EED 34 100 2 100 48 60 2 100
PRC 47 27 0 53 7 0
BLH 16 85 I 100 52 60 4 100
NTD 3 100 0 117 72 32 79
NSI 3 67 0 87 67 9 80
NID 0 0 17 35 2 50
VBG 8 100 0 119 84 20 84
EDW 12 100 I 100 34 77 5 100
LSV 15 92 0 46 56 0
NTB 0 0 43 95 6 83
NZJ 3 100 I 100 III 92 31 90
NKX 0 58 79 7 84
NZY I 100 0 62 93 9 93
VCV 12 100 I 100 55 53 4 100 "SBD 12 75 0 102 69 II 94
RIV 6 75 0 91 84 II 100
MER 8 23 0 70 6 5 0
NLC 6 100 0 48 82 7 100
SXC I 100 0 18 100 2 100 JVIS I 100 I 100 30 76 II 75
NRS I 100 a 21 85 2 100
SCI 0 0 24 100 2 100
AVERAGES 79% 91% 67% 76%

-14-
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