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JOINT ESSA/FAA ARTC RADAR WEATHER 
SURVEILLANCE PROGRAM 

I. HI STORY 

The expansion of the Weather Bureau's WSR-57 radar network has been 
proceeding slowly in the western portion of the United States, al­
though requirements for radar survei I lance are high. This is due to 
the high cost of installation in mountainous terrain; consequently, 
it wi I I take a number of years before a radar network dedicated to 
weather wi I I be realized. In an effort to find an interim solution 
to fulfi I I ing these radar data requirements, we considered the possi-
ble use of FAA radars. · 

The idea of uti I izing FAA Air Traffic Control radars for weather sur­
vel I lance had occurred to others in the past, but the development of 
the idea lacked impetus. The opinion of most was that the FAA radars 
could provide only I imited weather information because of their design 
characteristics. However, the avai labi I ity of weather echoes on the 
controller's scopes suggested their possible use in directing aircraft 
operations. Work on exploring this possibi I ity began in 1965, when 
the ESSA National Severe Storms Laboratory CNSSL) conducted a study to 
compare the detection capability of the FAA's ARSR-10 and ASR-4 radar 
systems with the WSR-57 weather radar 1/. One conclusion from this 
comparative study was, "Without MTI* and CP*, thunderstorm depiction 
by the WSR-57 and the ARSR-1 D Cwi th amp I i tron) differed by on I y 3 db", 
i.e., at 100 nautical miles the WSR-57 1 s minimum detectable rainfal I 
rate is .003 in/hr; the ARSR-10 is .006 in/hr, an insignificant dif­
ference. 

The NSSL comparative study indicated the FAA CARSR) radar and the WSR-
57 were comparable in detecting precipitation in "Oklahoma Thunder­
storms" but this did not necessarily establish the ARSR-10 as a suita­
ble weather radar. The NSSL study pointed out that "the capabi I ity of 
the FAA radar to probe detai Is of storm formations is considerably less 
than that of the Weather Bureau radar due to the latter's penci 1-beam 
radiation. The ARSR-10, on the other hand, possesses a fan-beam radia­
tion pattern spread out in a vertical plane for ATC* purposes; this 
precludes examination of the vertical structure of storms". Further, 
the comparabi I ity study considered only highly reflective thunderstorm­
type precipitation. It did not evaluate the capability of these radars 
to detect adequately the I ighter forms of precipitation and snow which 
are characteristic of the West. In addition to these I imitations, 
there. are numerous operational I imitations which reduce the precipita­
tion detection capabi I ity. 

*MTI -Moving Target Indicator 
*CP -Circular Polarization 
*ATC - Air Traffic Control 



Recognizing the I imited capabi I ities of the FAA radar system for 
detailed probing of weather targets but encouraged by their general 
comparabi I ity with the WSR-57, the Weather Bureau pursued the con­
cept of joint-use with the FAA. 

The Weather Bureau's interest in a joint-use program was greatest 
at the Salt Lake City ARTC* Center since this Center monitors seven 
radar systems covering the entire Intermountain Region. Figure I 
shows the W~ather Bureau's radar network in the West as it existed 
in 1965 and the location of the FAA radar systems monitored by Salt 
Lake. It is in this mountain region that the eventual establishment 
of "weather radar" sites wi I I be most costly and most difficult to 
maintain. 

The feasibi I ity of uti I izing FAA ARTC radars operationally for weather 
survei I lance was far more involved than simply establishing their 
capabi I ity to d~tect precipitation. There were many operational 
problems which had to be resolved. Could a Weather Bureau staff of 
radar meteorologists operate from within an ARTC Center without 
interfering with the FAA mission of control I ing aircraft? Could use­
ful weather information be gathered and interpreted from the FAA 
radars in spite of the use of anticlutter circuits and in view of 
various standard operating modes required for air traffic control? 

In early 1965, the Weather Bureau presented a proposal to the FAA to 
conduct an evaluation of the operational feasibi I ity of uti I izing 
ARTC radar for weather survei I lance. This proposal received enthusi­
astic support from the FAA. Of particular importance was the personal 
interest in this proposal demonstrated by the Chief of the FAA Salt 
Lake Center and the Meteorologist in Charge of the Weather Bureau 
Forecast Office. Their subsequent support permitted a very thorough 
evaluation which lasted nearly 8 months. The following conclusions 
were made as a result of the evaluation 2/: 

I. A joint-use weather survei I lance program could be conducted 
from an ARTC Center without interfering with the mission of 
the FAA; and 

2. Useful weather radar data could be obtained from FAA radars; 

3. The NSSL study results appeared vali·d for weather types 
found in the West; and 

4. A number of very important advantages were to be gained by 
operating from an ARTC Center: 

a) Because the Center monitored returns from seven 
radar systems, it was possible to composite the data 
over a very large area and thus better interpret 
mesoscale weather patterns, 

*ARTC- Air Route Traffic Control 
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b) Radar observers working in the Center were 
in an excel lent position to solicit, interpret, 
and disseminate pi lot reports, and 

c) Meteorologists in the Center could provide 
meteorological expertise directly to the control­
lers when requested. 

After the completion of the Salt Lake evaluation and upon the recommen­
dations of the Weather Bureau Western Region, the Federal Aviation 
Administration and the Weather Bureau established the first joint-use 
weather radar survei I lance program at the Salt Lake City ARTC Center 
in the summer of 1966. 

The program began with a staff of three radar meteorologists. Two 
positions were funded by the Weather Bureau and one by the Air 
Resources Laboratory, supported by the AEC at Las Vegas, Nevada. The 
ARL contribution was in return for tetroon radar tracking services 
provided by the Salt Lake City staff. Thus, with a crew of three, a 
routine, 8-hour-per-day observational program was begun on August I, 
1966. In December of 1967, the staff was increased to four radar 
meteorologists and duty hours expanded to 16 hours per day. 

After 20 months of successful operation at the Salt Lake City Center, 
a similar weather radar survei I lance program was inaugurated early in 
1968 at the Los Angeles ARTC Center located in Palmdale, California 3/. 
As was the case at Salt Lake City, this program began in a modest way 
with only two radar observers providing a very I imit~d observational 
program. With the closure of the Catal.ina Island WSR-57 radar station 
in the spring of 1968, some of the Weather Bureau's resources were 
diverted to the Los Angeles ARTC joint-use program. By September of 
1968, the Los Angeles Center radar weather unit was operating a fully 
implemented 16-hour-per-day program. In January 1969 another weather 
radar program was established at the Albuquerque ARTC Center, and in 
June 1970 a unit was established at the Seattle ARTC Center. 

Figure 2 shows the combined area of radar weather survei I lance 
currently provided in the West by the Weather Bureau and FAA radars. 

I I. ORGANIZATION OF JOINT-USE PROGRAM 

For the sake of simp I icity, our discussion of organization and service 
programs, etc., wi I I be confined mainly to the activities at the Salt 
Lake City Center. The organization, procedures, and programs are 
essentially the ?ame at the Los Angeles, Albuquerque, and Seattle 
Centers, differing only in detai I and local program requirements. 

The FAA/WB Radar Unit is under administrative and technical supervi­
sion of the Meteorologist in Charge of the Weather Bureau Forecast 
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Office at Salt Lake City. It is an integral part of the Forecast 
Office although it is physical iy located in the ARTC Center and there 
is no interchange of personne I •· The Radar Unit is headed by a super­
visory Radar Meteorologist who is responsible to both the Meteorlogist 
in Charge of the Forecast Office and the Chief of the ARTC Center for 
the prop~r conduct of the weather surveil lance program. 

I I I. DESCRIPTION OF THE ARTC CENTERS 

The Salt Lake City ARTC Center is locat~d one mile from the Weather 
Bureau Forecast Office. The Los Angeles ARTC Center is located more 
than 50 miles north of the Los Angeles Forecast Office. Liaison 
between the ARTC Centers and the Forecast Offices is ih no way res­
tricted because of their physica1 separation. Excel lent communications 
faci I ities have been provided which wi I I be discussed later. 

The ARTC Centers are housed in standard "center" type bui !dings as 
shown in Figure 3. The main control room, Figure 4, is the location 
of the radarscope displays used by the controllers. Usuafly the 
hi~h-altitude controllers (flights higher than 24,000 feet) utilize 
scopes on one side of the room and the low-altitude controllers utl-
J ize the other side of the room. · 

The equipment room, Figure 5, is located immediately below the main 
control room and houses alI the radar control and radio equipment 
used in the Center. 

In the Salt Lake Center, seven radar systems are monitored: five are 
at Los Angeles, six at Albuquerque, and four at Seattle. The master 
consoles, Figure 7, used by the maintenance people to monitor the 
performance of the radar systems are situated in a row in the equip­
ment room, which is located immediately below the main control room, 
Figure 5. The Weather Bureau quarters are located in the equipment 
room, Figure 6. 

Telephone and intercom communications to the main control room and to 
the seven radar sites are available at each of the console positions. 
These faci I fties are used for the col lectlon of pi lot reports and 
coordination of radar control. 

The maintenance scopes are the primary scopes for video presentation 
and In some instances contain alI controls necessary to adjust the 
operating characteristics of the radar system. Since some of the 
controls Influence the operating condition of the entire radar system, 
they cannot be manipulated without prior consent of the FCO* who must 
clear the operation with the appropriate controller. These controls 
must be operated by a technician. However, the radar meteorologist 
must have a thorough knowledge of the characteristics of the radar and 
the presentation on the scopes In order to ensure optimum surv~l I lance 
of meteorological phenomena. 

*FCO - Facl I ltles Coordinating Officer 
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CONTROL ROOM, SALT LAKE CilY ARTC CENTER 

FIGURE 4 
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SALT LAKE CITY ARTC ·CENTER WEATHER OFFICE 

FIGURE 6A 
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FIGURE 6B 
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FIGURE 6C 
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AIR TRAFFIC CONTROL RADAR CONSOLE 

IFIGURE 7A 
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FIGURE 7B 
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IV. SECURITY 

Strict security regulations are in effect throughout the bui !dings 
and grounds of the ARTC Center because of the radar and other classi­
fied equipment located there. Weather Bureau personnel are required 
to have security clearance and wear a badge at alI times while within 
the confines of the ARTC Center. Any visitors to the Center must 
have a visitor's badge and must be escorted at alI times. In addi­
tion, some 9etai Is regarding the detection capabi I ity and the opera­
ting of the radar are classified and cannot be discussed or pub! ished 
for public dissemination. 

V. ARTC RADAR SYSTEMS 

A. Types and Characteristics 

The ARTC system uti I izes several different types of radar for long­
range survei I lance. In this discussion we shal I consider only the 
more common ARSR-2 radar system. Like alI radars used in the ARTC 
network, the ARSR is an "L-Band" or 23 em system. 

I. ARSR-2 

Control of air traffic requires accurate tracking at alI 
speeds in the presence of weather and clutter. The ARSR-2 
radar utilizes advanced design techniques to partially (in 
some cases entirely) eliminate unwanted weather and clutter 
returns. Long-range detection is enhanced by parametric 
and amp I itron amp! ifiers 4/. 

Coverage provided by this system is determined by a variety 
of antennas, alI of which have a high gain, narrow azimuth 
beamwidth, and wide elevation beamwidth required for effec­
tive air survei I lance 4/. The broad vertical beamwidth 
feature of the ARSR-2 Ts not considered desirable for wea­
ther survei I lance. Its effect on precipitation detection 
wi I I be mentioned later. 

ARSR systems are especially wei I suited for location in 
mountainous terrain because of their anticlutter circuitry. 
This circuit, commonly known as Moving Target Indicator CMTI ), 
uti I izes two-pulse and three-pulse cancellers and staggered 
pulse repetition frequently to provide excel lent ground 
cl·utter rejection and subclutter visibility~· 

The ARSR sy~tem employs two modes of polarization of the 
radiated waves. These are I inear polarization CLP) and cir­
cular polarization CCP). The circular polarized waves reduce 
weather returns displayed on the radarscope. A detailed .dis­
cussion of the effect of circular polarized waves on weather 
returns is provided [below] under section E-3 Anticl~tter 
Circuits. 

-13-



TABLE I 

RADAR CHARACTERISTICS 

Wavelength 

Peak Power 

Antenna Gain 

Pu I se Length 

Minimum Detectable Signal 

PRF 

·Range 

Horizontal Beamwidth 

Vertical Beamwidth 

Po I ari zati on 

-14-. 

ARSR-2 

23 em 

5 megw 

34.0 db 

2 us 

-114 dbm 

360 pps 

200 nm 

I .2° 

3.75° 

Linear & 
Circular 



B. Location of SLC Monitored Radars 

There are seven radar systems microwaved into the Salt Lake City ARTCC. 
They are located on Francis Peak near Farmington, Utah; Cascade, Idaho 
(near Boise); Love! I, Wyoming; Rock Springs, Wyoming; Ashton, Idaho; 
Battle Mountain, Nevada; and Cedar City, Utah. These radar sites and 
their approximate locations are shown on Figure 2. 

Each system_ has a maximum range of 200 nauticar miles and collectively 
they embrace the general area known as the Intermountain Region. AI I 
systems monitored at Salt Lake are the ARSR-2 type or modified ARSR-Is. 
Because of the mountainous terrain, alI radars are located at high 
elevations (about 10,000 feet msl). 

C. Location of LAX Monitored Radars 

There are five radar systems microwaved into the Los Angeles ARTC 
Center located at Palmdale, California. They are located at San 
Pedro Hi I I near Los Angeles; Paso Robles near San Luis Obispo, 
California; Mt. Laguna near El Centro, California; Angels Peak near 
Las Vegas, Nevada; and Cedar City, Utah. The Cedar City radar is 
monitored at both the Salt Lake and Los Angeles Centers. These 
radar sites and their approximate locations are shown on Figure 2. 

Like the radars in the Salt Lake network, their maximum range is 
200 miles and they are alI located on hi I Is or mountaintops. Unlike 
Salt Lake City system, however, the locations are at much lower ele­
vations. 

D. Location of ABQ Radars 

There are six radar systems microwaved into the Albuquerque ARTC 
Center. They are located at Phoenix, Arizona; Silver City, Albuquer­
que, and Mesa Rica in New Mexico; El Paso and Amari I lo, Texas. 

E. Location of SEA Monitored Radars 

Four radar sites are monitored at the Seattle ARTC Center. They are 
located at SeattLe and Spokane, Washington; and at Salem and Klamath 
Falls, Oregon. 

F. Weather Detection Capabi I ity 

The "L" band (23cm) radars used by the ARTC Centers have certain design 
parameters which are not considered optimum for weather detection and 
analysis. The manner in which the equipment is operated also has a 
direct effect on the detection of precipitation, e.g., antenna ti It, 
antenna RPM, and the employment of anticlutter circuitry (MTI-CP-STC). 
In this discussion we shal I consider some of these problems and their 
effect on the weather survei I lance program. 
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I. The wavelength of the radar system used by the ARTC 
Centers is 23 em. Norma I I y, this wave I ength wou I d be 
considered too long for optimum weather detection, parti­
cul~rly lighter forms of precipitation with small drop 
dj~meters 6/. However, the peak power transmitted is about 
10 times the power emitted by the WSR-57 (10 em) radar, 
which nearly compensates for the loss of precipitation 
detection normally associated with such relatively long 
wave length radar. 

2. The beamwidth of the ARSR system is I .5. degrees hori­
zontal and 3,75 degrees in the vertical adjusted to span 
an arc of 45 degrees. The broad vertical beamwidth is not 
desirable for meteorological targets since it precludes 
detailed probing of the storm in the vertical and presents 
a beam cross section that can seldom be fi I led by a meteo­
rological target at long range. 

Also, the strength of the return signal from a meteorblo­
gical target is partly dependent on the amount of beam 
volume fi I led by the target. If the target completely 
fi I Is the radar beam, the energy is attenuated by a factor 
of I/R2. As the degree of beam fi I ling is decreased, the 
factor attenuation approaches I/R4. The problem of beam 
fl I I lng Is further complicated by the radar transmitter 
location on top of high mountains and the FAA requirement 
to ti It the an~enna upward as high as 1.5 degrees. 
Because of these factors, low-level precipitation such as 
winter rain and snow showers wi I I occur below the radar 
beam at extended ranges and go undetected. 

3. Anticlutter circuits are ~mployed by controllers to 
eliminate unwanted targets from their scopes which may 
obscure aircraft targets. Weather echoes, sometimes fall 
into this category. Two special circuits' have been pro­
vided to help eliminate unwanted targets. These are MTI 
to remove stationary ground targets, and CP designed to 
reduce the signal returned by precipitation targets. . ' 

(a) Moving Target Indicator. AI I ARTC radar systems 
are equipped with MTI. The ARSR systems have two 
video signals brought into the master console-­
"Normal" and MTI. The "Normal'' video carries all 
the signals as received by the radar system from the 
target essentially unaltered by suppression circuitry. 
The MTI channel carries a video signal that has been 
processed to eliminate targets which are stationary. 

In essence, the MTI video is complete.ly free of any 
ground-clutter targets. This desirable feature 
(from the standpoint of air traffic control) is also 
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beneficial for weather survei I lance in mountainous 
terrain. Extensive ground return in these areas 
would completely obscure weather targets. Unfor­
tunately, MTI has an undesirable effect on the 
signal back-scattered from precipitation. MTI, 
which utilizes the doppler shift principle, wi I I 
reduce the return signal strength from weather tar­
gets. The degree of degradation is variable depen­
dent on the component of motion of the hydrometers 
either way from or toward the radar antenna. The 
NSSL study 1/ estimated the reduction in signal 
strength due to MTI to be about 9 db. 

(b) Circular Polarization. The ARSR systems employ 
two modes of polarization of the radiated waves. 
These are I inear polarization (LP) and circular pola­
rization CCP). Circular polarized waves reduce wea­
ther returns displayed on the radarscopes. This 
technique takes advantage of the fact that raindrops 
are more symmetrical than most other targets. 
Obviously the degree of cancellation is dependent on 
the shape of the precipitation particles~ The more 
spherical the particles, the greater the cancellation. 
Cancellation in excess of 30 db has been claimed for 
dense rain clouds. However, cancellation of less 
than 15 db is obtained from nonspherical precipitation 
such as large snowflakes 5/. The comparative study 
conducted by NSSL 1/ discussed earlier indicated that 
the sensitivity of-the ARSR-ID was reduced approxi­
mately 12 db by circular polarization. The exact 
comparabi I ity of the ARSR-10 studied by the NSSL and 
the ARSR-2 equipment used by the ARTC Centers is not 
certain since the ARSR-2 employs a narrower vertical 
beamwidth (3.75° vs 6.5°). 

The use of circular polarization presents a serious 
problem since its use affects the entire radar sys­
tem and alI scope displays on that particular system. 
The decision to employ CP must remain with the con­
troller without coercion from the weather observer. 
Certainly no degradation of the controller's abi I ity 
to observe aircraft targets on his scope display can 
be tolerated. However, when operation is I imited to 
CP, considerable important weather data is lost. 

When the joint-use program first began, switching 
polarization was a problem; but as the controllers 
and radar meteorologists gained experience in working 
together, the radar systems were operated more and 
more in the I inear mode. The controller found that 
most weather echoes did not degrade their display; 
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and that, i.n many cases, i.t was des.i.rable to display 
the weather echoes since aircraft approaching or 
finding themselves in the weatb.er could r~qUest and 
receive a vector out of the weather. 

From the standpoint of the radar weather observer, 
the operation in CP was even beneficial at times 
since these echoes which survived the suppr·ession 
of CP certainly indicated areas where h~aVier preci­
prtation was occurring. Herein lay a bonus Which 
perm~tted an estimation of precipitation intensity. 
For example, if the radar system could be swrtched 
to I inear polarization long enough to outline the 
I ight precipitation return and then switched back to 
CP, two intensity contours could be constructed, 
separating light prec~pitatioh from heavier precipi­
tation. 

OnlY a very brief time is required to switch the 
radar system from one mode of polarization to the 
other. 

Experiments during actual operational cohditions 
indicated switching could be accomplished for the 
brief periods needed to make weather observation 
without seriously interfering with the control leris 
use Of the radar display. 

It fs now stahdard practice at both the Salt Lake 
and Los Angeles Cent.ers to switch polarization in 
the course of weather observations when significant 
or widespread precipitation is occUrrih~.· If con­
trol of aircraft is critical through these areas, 
the weather observation wi1 I be delayed unti I the 
controller is satisfied that it is safe to make 
the switch. 

(c) STC (Sensitivity Time Control). STC is a spe­
cial circuit designed to reduce the sign~l strength 
of targets at short ranges from the radar or is, in 
effect, a range normalization circuit. ARTC radars 
utilize an STC curve based oh signal attehU§tion for 
a point target, i.e., I/R4. Weather radar, on the 
other hand, due to the beam fi I ling nature of meteo­
rological targets, utilizes a curve based on attenua­
tion 1/R2. The FAA practice of applying signal 
suppression along the I/R4 curve out to ranges ·Of 60 
to 80 nautical miles in areas where ground clutter 
is a factor has serious effects on weather detection. 
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In fact, when STC airauits are employed, praati­
aaZZy no weather aativity aan be deteated within 
JO miZes of the radar site. 

Procedures to circumvent this problem are essentially 
the same as those used for switching from LP to CP. 
Requests are made to turn STC off for a very short 
period of time to allow the weather observer time to 
trace the echo activity from the radarscope. If air 
traffic wi I I not permit the momentary switch, the 
observation is taken and an appropriate remark added 
to the transmitted message to convey that the weather 
data is I imlted due to lack of optimum weather detec­
tion capabi I ity. 

4. Precipitation Detection. In the opinion of the writers, 
based on their more than eight years of experience with WSR-57 
radar and 2 years' experience with FAA radar, there is very 
I ittle difference in the detection capabi I ity of the areal 
extent of precipitation between the ARSR-2 radar and other 
weather radars used by the Weather Bureau, except that the 
ARSR system lacks the special design and circuitry needed 
to make quantitative measurements and detailed analyses of 
storms which are possible with the WSR-57. 

The ARSR-2 system appears to be slightly better than the 
WSR-57 for the detection of snow. Experience at the Salt 
Lake Center has shown that when temperatures are 25 degrees 
or higherp the ARSR-2 radar wi I I detect snow at a range of 
150 nautical miles. The WSR-57 fai Is to detect snow at 
this range unless the temperature is at least 32 degrees F. 

A study conducted by the Salt Lake Radar Unit shows that 
most thunderstorms wi I I be detected by the ARSR-2 out to 
a distance of 200 nm, provided there are no intervening 
mountains to block the radar beam. For further informa-
tion on the detection of precipitation by the ARSR-2, the 
reader is ~eferred to a recent paper by Mr. Robert Belesky 7/. 

VI. OBSERVATIONS 

A. General 

The operational procedures for making an observation of radar weather 
echoes from ARTC radars are in a constant state of flux. As new 
equipment is received and as more is learned about the capabi I ity of 
the radars, procedures are improved and modified. The procedures now 
in effect have evolved over the past years from a mere tracing of 
weather echoes to a detailed, integrated analysis of radar weather 
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data composited from twenty (20) separate systems. This involves 
considerable manipulation of the radar controls and analYsis of 
supportive data from aircraft and cOoperative mi I itary radars. 
Specific instructions for taking, recording and disseminating ARTC 
radar observations are inc I uded in the Weather Radar Manua r. 

B. Equipment Status 

The fi'rst r~quirement when making an observat_ion is to determine the 
operating status of each radar system. AI I indicator lamps are 
scanned by eye and the varibus features noted. If, for example, it 
is noted that the system is operating on ~agnetron, the peak power 
of the transmitter is reduced by a factor of 10. This obviously 
wi I I reduce the detection capabi I ity of the radar system. The radar 
meteorologist wi I I determine the reason for the nonuse of the amp! i­
tron and, if possible, have It restored. 

C. Oat~ Extraction 

After each radarscope display has been set up for best weather echo 
display, each echo is traced (in every detai I possible) onto an 
acetate ov~rlay especial IY prepared for the surveil lance area. The 
more intense echo 'areas (detected in CP mode) are also outlined and 
appropriately designated. Since detailed probing of individual 
echoes is not possible from ARTC radar systems, data extraction 
from all scopes takes a relatively short period of time ( 15 to 20 
minutes). 

After tracing the echb patterns from alI radarscopes, the. observer 
returns to the weather office and s61 icits pi lot reports with spe­
cial emphasis on areas of radar echo activity. In the Los Angeles 
ARTC Center, the weather radar observer hand-carries the overlays 
to the control room and solicits pi lot reports directly from the 
controllers. This procedure has met with enthusiastic approval of 
the controllers. 

The pi lot reports are used to add quantitative information to the 
radar rep6rt to support or more adequately describe the echo data. 
For example, aircraft tops of clouds are used in place of the 
missing "echo tops"; reports of hal I or funnel clouds are included, 
or perhaps areas of severe turbulence. 

The weather radar office in the Center is also provided with a 
Service A teletype machine. At each observation time, the observer 
scans the weather sequences for information which wi I I assist him 
in his analy~is of the weather-radar echoes as wei I as verification 
of precipitation: 

D. Compositing of Echo Data 

After radarscope tracings are complete and alI supportive information 
from teletype and pi lot reports is collated, the overlays· are placed 
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in an optical reducer. This reduces the I :2M scale of the radarscope 
to 1:7:5M (the I :7:5M scale map is the scale used by the MCK RADU* 
for compositing radar echoes). In this way alI echo data from the 
system monitored at the Center are composited on one chart. Obviously 
one or more radar systems wi I I occasionally observe the same echo. 
Because of the inherent problems involving curved earth and radar 
slant range, these echoes wi I I not appear in exactly the same location 
or have the same shape. The radar observer must make a subjective 
determination of the precise location of each echo. 

AI I pertinent information such as cloud tops, turbulence, 1c1ng, 
occurrences of hai I, type of weather, wind gusts, and other similar 
data is indicated on the composite chart in the appropriate area. 
Also, areas of intensification or dissipation are noted as wei I as 
the location of moderate to strong echo activity. When the echo 
configuration signifies a dominant synoptic feature such as a front 
or trough, or possibly a squall I ine, this information is also 
entered on the chart. An attempt is made to analyze completely the 
chart as to synoptic features, local-scale features, significant 
developments and weather phenomena to aid as many potential users as 
possible. 

Ultimately, alI radar data in the western network is composited onto 
a single chart by the Salt Lake City ARTC Radar Unit. To do this 
hourly and in real-time requires considerable coordination between 
the Radar Units. Each unit is responsible for completing some phase 
of the total compositing job, i.e., Seattle wi I I composite the 
Medford and Missoula WSR-57 reports on their chart before transmitting 
to Salt Lake. Each unit has a prescribed time to transmit their over­
lay to the Salt Lake Center; the schedule is shown on Table 2. Figure 
8 is a sample of the completed hourly composite map prepared by the 
Salt Lake Unit. The chart includes data gathered from 20 ARTC radars 
and three WSR-57s. (The Medford WSR-57 radar wi I I not be operational 
uriti I the Spring of 1971 .) Unti I the RAFAX* circuit is extended to 
Sacramento and Medford, their reports wi I I continue to be entered on 
the composite chart in the SD plotted RAREP format. Figure 9. shows 
the legend for both plotted SD reports and composited echoes. 

E. Dissemination of Radar Data 

The weather communications faci I ities provided at ARTC Centers tal I 
Into two categories: (I) Communications for the collection and coordi­
nation of data gathering, and (2) communications for the dissemination 
of radar Intel I igence. 

I. Data Collection and Coordination Faci I ities: ~telephone 
hand set on ·the Center 1 s "300 system" is provided in the 
weather office connecting to alI of the controller positions 

*RADU - Radar Development Unit 
*RAFAX- Special Western Radar Facsimile Circuit 
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TA~LE 2 

COMMUNICATIONS SCHEDULE 
<Tefltative) 

CIRCUIT A 

H + 30-35 

H + 40-45 

H + 50-55 

H + 60-65 

MFR to SEA 

MSO to SEA 

SEA to SLC 

SLC to MKC - Data Phone 

CIRCUIT B 

H + 30-35 
' H + 40-45 

H + 50-55. 

ABQ to PMD 

SAC to PMD* 

PMD to SLC 

*When Facsimile Circuit is completed 

-22-



ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION 

ARTC- WB RADAR WX. COVERAGE WSTRN US. 

FIGURE 8 
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GENERAL 
Two methods of data depiction appear on thaoe charts. 
East of the Rockies radar reports are ploHed~ and grouped 
in certain configurations. West of the Rocki•s, actual echo 
paHerns from ARTC radar sit•• are shown. Moot of tha 
symbols ~Joad are co.,lllon to both oactiono of the •ap. 

SURFACE WEATHER ASSOCIATED WITH ECHOES 
T Thundarstor"' E Sleet 
R. Rain l Drizzle 
RW Rain Showers n Freezing Rain 
s Snow Zl F,..zing Drizzle 
sw Snow Showers A Hail 

PRECIPITATION INTENSITY 
-- Very light + Heavy 

light + + Vary Heavy 
No Sign Moderate U Unknown 

Intensity of echoes is given in terBisof the estiMated precipitation 
intensity. No intensity io ascribed to drizzle, hail or snow. 
Echoes located farther than a opacified range, usually 125 
nautical •ile1, a~ given aft intensity of u11_know11_ or "U". 

INTENSITY TREND 
+ Increasing NEW N- Dwelap111ant 
- Decreasing NC No Change 

Intensity trend follows the precipitation intensity and io 
preceded by a olaoh 111arl" 

STATUS OF EQUIPMENT 
NE No echoes 
NA ObMrvotion not available 
OM EquipiiiGnt out for Maintenance 
CP Moderate to strong echoes reported only 
STC Reduced detection capability within 30 111ilas of radar 
MAG Radar an reduced power 

last three items from AltTC reports only 

SAMPLE .RADAR SUMMARY CHART 
WW NR 555 Valid Til 0200i 

FIGURE 9 

MOTION OF ECHOES 
-+- V V Cell MoveRiant - Speed in knots ~ 
u.....- Area or line BIOYGWient-(lll~kt•fbarb) 
Ltl Movmt liHie •ovaB!ent 

Haight of echo tops 

Height of Maxi•u•· echo top 

Haigh of echo baMa 
Height of Melting level 

Visual clo11d top -• lty aircraft 

Heights are in hundreds of feet MSl. Layers aloft anociatacl. 
with other echoes~ will be preceded by the conh'actiolll ptly 

CHARA.CTER OF ECHOES 

0 A~a ofechaea 

~ Llneofechoes 

·E)) Solid-Over. 9 coverage 

Cl) ilrolteR-Ovar .5 to .9 coverage 

(D Scattariod- .1 to .5 c~varage 

® 

• 
* 0 

Widely Sc-red-len than .I coverage 

Sirong or. very llrong call identified by one atotiona 

Strong or very atrong ceH identified by two or Rlore 
stations 

Actual echo boundary copied fro• AflTC cscopea 



in the main control room as wei I as the supervisor and 
maintenance I iaison positions. The "300 system" is 
utilized for the collection of pi lot reports and to 
coordinate changes in the radar system status, e.g., 
changing from circular polarization to I inear. 

Service A teletype is provided to permit monitoring of 
observed weather conditions in the radar area of survei !­
lance. A regular telephone line is provided for general 
use. National Weather facsimile is provided to assist 
radar meteorologists in the analysis of radar-detected 
precipitation patterns. These facsimile charts are also 
used in briefing controllers on synoptic weather events. 
A hot line to other ARTC Centers is also provided to 
permit coordination of echo data and transmission 
schedules. 

2. Dissemination: 

Radar data from the ARTC Center is disseminated in a 
number of different ways and in differing formats to 
best serve the many users. The primary means of data 
dissemination is through the communication of radar 
graphics or composite chart. Coded radar reports are not 
prepared by the ARTC Units. Each Center is equipped 
with three basic means for data communication: 

(a) Telephone 
(b) Teletype 
(c) Facsimile. 

(a) Telephone. Because of the unusually large 
area of radar survei I lance at ARTC Centers, the unit 
generally serves more than one WBFO or River Forecast 
Center. In some instances these WBFOs are in different 
Regions. Therefore, considerable telephone briefing 
and coordination are conducted between Radar units and 
the forecast offices. Of course, the telephone is used 
almost exclusively when issuing alerts or warnings to 
WBOs or directly to communities and agencies having 
public responsibi I ities. 

(b) Teletypes. In most cases the Radar Unit is 
provided with a RAWARC* drop and a local public service 
teletype loop. These circuits are used for routine 
issuances of radar bulletins and summaries. The RAWARC 
is uti l'ized .. for severe weather warnings and coordination. 

*RAWARC - RAREP and Warning Coordination System 
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(c) Facsimile. The western inter-ARTCC facsimile 
circuit <RAFAX) serves as the backbone for data communi~ 
cation from the Center. This circuit has been designed ·· 
to serve two basic functions: (I) To collect and com-·· 
posite all rada.r echo data from tliE:l ARTC Radar Units and 
from WSR-~7 rad~r stations in the we~t~rn radar n~twork. 
These data ar~ composited at Salt Lake City and trans­
mitted .to RADU v i.a the data phone I ink for inc I us ion on 
the National Weather: Facsimile Radar Summary Chart. 
(2) To· provi.de a real-time data I ink between. Radar Units, 
WBFOs, and RFGs •. Forecast offices can request spec i a I 
radar overlays and data via this I ink whert~ver needed for 
critical weather situations, Figure 10 show~ the RAFAX 
circuit, .inc.luding subscribers. 

VI I. SERVICE PROGRAMS 

A. Public Service 

Nearly ~I I radar ~er~ices to the general pub! it are'chanheled through 
the Weather Forecast Office CWBFO). In thls way +~e. integrity of the 
forecasts is protecte·d and radar weather sL_!mma r i es and advisories 
incorporate the thinkirig of the duty forec~~ter. Further, the WBFO 
has well·...:established OL!tlet~ fbr disseminati'ng weather information to 
the pub! ic. The general public is best served through the routine 
forecasts, spec i a I . warnings, 'and advisor i e~, a I I of wh'i en ref I ect the 
radar weather input. Direct public contact with the radar unit is 
avoided since there is neither time nor information to provide 
requests for forecasts, etc. Such requests, when received, are 
referred to the WBFO. Direct contact by other forecast offices, RDOs, 
and RFCs during critical weather events is encouraged. 

A special service to the general pub I ic is provided through the prepa­
ration of a composite radar overlay chart for display ori local tele­
vision. These charts are provided to the TV channels through the WBFO. 

The detection, ea~ly w~r~ing, and trackirig of severe we~fher ~choes 
are of.prime concern to the radar observer.· The individual radar 
presentations are watched caref~lly for significant developments which 
may lead to severe weather. This is particularly tru~ when a severe 
weather "box" has been issued in the radar survei I lance 'area b'r when 
the weather 9harts show a potential for such development. When echoes 
are detected urider the~e conditions, the Forecast Office is alerted 
via telephone and a special overlay chart is ~repared and tran~mitted. 

Observation frequency Is stepped up, if necessary, unti I crltical wea­
ther patterns have dissipated. If conditions warrant, ~ statement is 
prepared in collaboration with the duty forecaster at the. WBFO~ and 
disseminated to the pub I ic through appropriate WBFO 'commu~ication 
fac i I it i es. 

-26-



_0 s/R 
C Ro 

ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION 

COMBINED ARTC-WB RADAR WX. COVERAGE WSTRN U.S. 

FIGURE 10 

Planned Circuit Extension ·-27-



Since the area of radar survei I lance is so large, critical weather 
may be detected in a forecast area not under the responsibility of 
the supervising WBFO •.. In this eyE;lnt, the Radar Unit places a call 
to the WBO hav i·-ng respbns i b i llty ~ · ·· · ·· ' · 

A folder, containing maps of every state under the, Radar:'uni.t'.·s area 
of survei I lance is avai I able to the radar observer; Each map is 
divided into areas according to the county areas of respohsibi lity. 
The telephone numbers of the responsible stations are entered on 
the map. The radar observer has only to locate the area of develop­
ment or concern and the responsible station and take appropriate 
action. 

B. Aviation Services 

Radar weather service to aviation is provided prFmari ly through 
regular aviation forecasts and ~dvisories. Standard briefing ser­
vices are enhanced through the availability of radar data and pi lot 
reports on Service A teletype, special radar facsimile graphics, 
and National Facsimile radar summary charts. In addition, each 
Radar Unit provides meteorological expertise to controllers at the 
Centers. 

The special warning service for the FAWS areas, including those out­
side the su~ervising.WBFO's area of responsibi I ity is provided. 
This is similar to the warning service for the general public dis­
cussed earlier. Significant weather echo patterns are watched 
closely and, if warranted, are brought to the attention of the 
appropriate FAWS Center. Such ca I Is in the past have resu I ted in 
the issuance of numerous airmet and sigmet advisories. 

A primary duty of the Radar Unit is to collect pi lot reports in the 
Center and pass them along to the FAWS unit. The collection of 
pi lot reports by the Radar Unit has three benefits: (I) proVides 
more quantitative information in the rada~ report, as discussed 
earlier. (2) Permits·soliciting of pi lot reports (through the 
controller) which have special appli~abi I ity to critical weather in 
the area. (3) Expedites receipt of pi lot reports at the FAWS 
Center (in real time) by shortcutting the more devious route 
involving Service B. The requirement to transmit these reports on 
Service B is not negated by this procedure but merely gets the 
pi lot report to the FAWS Center a little faster. 

c. Hydrology 

In spite of the limitations of ARTC radar with regard to measuring 
precipitation intensity, considerable use can and has been made of 
these data by hydro I og i sts. - · 
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Services to the hydro I og i st fa I I into two genera I categories: (I) 
Flash-flood potential advisories, and (2) Real-time briefing during 
general flooding conditions. 

The flash-flood program involves the early detection of potential 
flood-producing thunderstorms and the issuance of appropriate warn­
ings and advisories. When possible, alerting the public to potential 
flash-flooding is handled through the WBFO and River Forecast Center 
(RFC). If time is critical, the radar meteorologist wi I I warn the 
affected area weather office and then coordinate these actions with 
the WBFO and RFC. 

Under conditions which produce general flooding on large river 
drainages, direct I iaison is established with the appropriat~ RDO. 
Frequent briefings are provided as wei I as any special data, etc., 
which may be requested. 

The successful uti I ization of ARTC radar data depends on the estab-
1 i$hment of an operating plan with the RFC and RDOs located in the 
radar area of survei I lance. This plan includes rei iable communica­
tion channels and procedures to be used in emergency situations, 
areas of general or flash flooding as determined by the RDO. The 
Radar Unit cannot be expected to know antecedent conditions in 
every river basin in the radar area. 

D. Fire Weather 

Close cooperation is maintained between the Radar Unit and the Fire 
Weather forecaster at the WBFO. Forecasts prepared by the Fire 
Weather forecaster often reflect information received from the Radar 
Unit. In addition, the echo distribution over Utah, Idaho, Nevada, 
and portions of the surrounding states is encoded in a special format 
using a square grid technique for teletype transmissions to various 
fire control agencies (Figure I 1). These include the Bureau of Land 
Management, the U. S. Forest Service, and the National Park Service. 

The echo dist~ibution is given by using numbers and letters to repre­
sent the particular squares where echoes are located. Amp I ifying 
remarks are included to indicate direction of movement, intensifica­
tion, and trend of activity §f. 
The Radar Unit has the capabi I ity to transmit composite radar charts 
over the fire-weather radio. Radio transmission of overlays normally 
takes place when there is a going fire and the "camper unit" has been 
dispatched to the scene. 

The Radar Unit also notifies the Fire Weather forecaster via telephone 
of the first echo activity of the day and the area over which it 
occurred. In the morning, the Fire Weather forecaster w i I I make a 
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composite of echo activity from radar facsimile charts received during 
the night so that the fire control agencies can dispatch aircraft over 
the area to spot any fires that have started during the night. 

Maps of the fire weather districts and the forest boundaries are avai­
lable to the radar operator as wei I as a list and locations of alI 
fire-weather reporting stations. 

E. ARTCC 

The air route traffic control system involves the control of aircraft 
through a series of sectors. Each sector has a controller who ensures 
the separation of alI traffic within that sector and answers requests 
for flight information from in-flight aircraft. Included in that 
request may be vectoring service and weather information. The radar 
operator makes a copy of every overlay chart he prepares and del Ivers 
it ot the watch supervisor's desk in the control room. This gives 
each controller the distribution of precipitation echoes over his 
sector area. Not only can he see what is going on in his own sector, 
but he can be made aware of other activity beyond his sector which 
may be of interest to aircraft he is working. 

The proximity of the Radar Unit to the controllers has made it easy 
for them to request advisory service from the Radar Unit. This, 
however, has not been encouraged too much due to the absence of Radar 
Unit personnel during the nighttime hours. 

Controllers have considerable latitude in their radarscope adjustments. 
Most of these adjustments are independent of the scopes used by the 
Radar Unit. However, there is a monitor scope close by the main Radar 
Unit scope which is used by the radar weather observer to monitor the 
presentation on the controller's scope. When weather activity forms 
or moves into a particular sector, a controller may not be aware of 
this (if his scope has been adjusted to eliminate the weather clutter). 
It is the radar weather observer's responsibi I ity to ascertain this 
and notify the watch supervisor. The reason for this is to make sure 
the controller is aware of the weather in his sector. This back-up 
service was established at the request of the Center C~ief. 

Another service provided to the ARTC Center involves operation of the 
Center complex. If thunderstorm activity is threatening or imminent, 
the watch supervisor is advised. If he deems it appropriate, he wi I I 
have the power source for the complex switched from commercial to 
standby generator. This ensures that vital Center functions wi I I not 
be interrupt-ed. 

F. Air Resources Laboratory (ARL), Las Vegas 

The ARL has been uti I izing the ARTC Center radars for a number of years 
to track tetroons. These are constant-altitude plastic balloons which 
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carry, a spec;iaLiy designed target for maximum reflecti.vity of the radar 
energy ~mitted by the ARTC Center radars. Previous to the installation 
of a Weather Bureau Radar Unit at the Center, the ARL would detai I men 
to the Center to track the tetroons whenever there was an atomic test' 
event at the. Atomic Energy Commission .(AEC) Nevada site. When Weather 
Bure~u personnel were assigned to the Center, an agreement was mad~ 
between the ARL and WRH whereby one position. was to be funded. by the 
ARL in exchange for tracking information by the Radar Unit. Whenever 
a test occurs that requires tetroon tracking, alI personnel participate 
in the exer~ise, sometimes throughout a 24-hour period if the test 
carries a high priority. 

' 
G~ ,Appiied .. Studies 

The uti I ization of radar for weath~r survei I lance offers many interest­
ing .. chal lenges for those inclined toward applied technical studies, In 
a new program such as this, there are many unknown quantities; research 
is a ,valuable tool bot~ to the operational functions and to the science 
of radar meteorology. Because radar meteorology is ~irtual ly in its 
infancy, nearly any venture involving radar is new and unexplored~ 
Since th~ use of 23 em wavelength-high power ARSR radar tor weather 
detection had no precedent, the first task of the radar unit was to 
see just how wei I the radar was capable of depicting meteorological 
targe+s and under what conditions. A project began shortly after the 
establishment of the Unit whi6h computed probabi IJties of the radar 
detecting precipitation in any given area. This was done for rain, 
snow, and thunderstorms. The results of this study were pub! ished in 
Western Region Technical Memorandum No. 7. · · 

Radar studies aimed at climatological objectives are being conducted. 
One study consists of a grid of squares over the state of Utah in . 
which mark~ are made for each occurrence of precipitation. within th.e. , 
grid square. The number of occurrences is tabulated for various time 
intervals~ I sol ines of equal number of occurrences wi I I be drawn 
which wi I I represent the distribution of precipitation over the state 
for that time period,. As a side study, the pattern of radar precipi­
tation is being compared with the distribution of precipitation amounts 
as recorded by reporting stations. The pattern compares very wei I and 
in some cases a relationship in total precipitation and in total occur­
rences can be seen. 

For hydrology, plans have been formulated and work is under way to.~,, 
study the prec~pitation occurrences over a smal I river basin ~nd fo 
compare this with river runoff from that basin. Since there can be 
no quantitative intensity measurements made from the r~dar data, an 
annual or mohthly precipitation figure wi I I be used with the number of 
hours of precipitation as shown by radar and applied to the runoff 
as shown ~y the river gage reading. 
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VI I I. CONCLUSION 

In this somewhat enthusiastic description of the ARTC weather radar 
program, it has not been the intent of the authors to "overse I I" 
ARTC radars from weather survei I lance. Obviously, a similar network 
of "Weather Radars" could provide a far superior program. 

This successful use of ARTC radar exemplifies what can be achieved 
by exploiting the limited weather detection capabilities of ARTC 
radar. Weather Bureau Forecast Offices report that they are providing 
better weather services to aviation and the general public because of 
the avai labi I ity of these radar data. 

The future use of ARTC radars for weather su rve i I I ance w i I I depend 
largely on the establishment of a "Weather Radar" network in the 
West and on the future reconfiguration of the FAA's National Air 
Space System. In the interim, the ESSA/FAA Joint ARTC Weather Radar 
program wi I I continue to provide essenttal radar data to the fore­
caster and stand as an excel lent example of cooperation between two 
Government agencies in providing pub! ic servtces. 
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