Meteorological Considerations Used
in Planning the NEXRAD Network
Abstract
A systematic and objective approach was used to optimize the
siting of the individual radars forming the Next Generation Weather

Radar ( N E X R A D ) network. Prime consideration was given to me-

teorological factors, in conjunction with the user agencies' needs
and the population distribution. The latter was assessed by a novel

technique using weather satellite photographs showing urban illumination at night. Priority coverage areas were identified for

population centers based on the expected paths of storms and their

travel speeds. Radar viewing of the priority coverage areas down

to low altitudes is needed so that approaching storms can be detected and warnings issued as early as possible. Other siting criteria

taken into account included consideration of terrain features and
local obstructions, locations of airways and civilian and military

airports, electromagnetic interference, and integration of N E X R A D

data into the national weather system.

The methodology for selecting the network is described. Envi-

ronmental impacts and costs of site acquisition and preparation

were also involved in the study, but are not discussed in this paper.

1. Introduction
The main purpose of the Next Generation Weather
Radar (NEXRAD) is to protect the lives and property
of the population at large by providing timely and
accurate warnings of impending severe weather. This
purpose encompasses flash flood predictions, warnings of hazards to aviation, estimates of rainfall for
water resource management, and the protection of
military operations and installations. The current WSR57 and WSR-74 weather radars are far behind present radar and computer technology. An important
technical advance in the NEXRAD system is the
use of the pulse-Doppler technique. The principles of
Doppler radar and the advantages are described by
Doviac and Zrnic (1984). In brief, the Doppler measurements detect atmospheric motion, and allow more
accurate forecasts by revealing the internal structure
of storms and the early formative stages of violent
features such as tornadoes. Doppler techniques have
long been under development by the weather radar
research community (see Wilson et al. 1980, for an
overview). NEXRAD will exploit and extend these de-
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velopments with the aid of modern digital data processing resources.
The NEXRAD system will provide information to
the National Weather Service (NWS) of the Department of Commerce, the Federal Aviation Administration (FAA) of the Department of Transportation, and
the Air Weather Service (AWS) and the Naval Oceanographic Command (NOC) of the Department of Defense (DOD). Each agency will apply the common
information to its own needs. In general, N W S is responsible for public warnings, FAA is responsible for
civil air routes and terminals, A W S is responsible for
Air Force and Army operations and facilities, and N O C
for naval and marine affairs. Within the 48 contiguous states, the network will include 113 N W S sites
and 24 A W S sites. In addition, the FAA is planning
special NEXRADs that will be modified for close-in
monitoring of major air terminals.
The factors involved in planning the NEXRAD network include population distribution; approach directions and travel speeds of severe weather; local
terrain features and obstructions; locations of airports, airways, military facilities, and forecast offices
(which are the first destination for the data); availability of potential radar sites; possible interference by
and to other radars; potential environmental impacts;
and costs. Although meteorological factors are of great
importance, final siting decisions must balance this
complex mixture of factors.
This article describes only one part of the NEXRAD
program—the planning of the NEXRAD network with
special reference to meteorological considerations and
their interaction with the factors listed above. Not
discussed are details of the NEXRAD equipment, costs
of site acquisition, or new ways the data will be processed and used.

2. Steps in the meteorological analysis
One of the principal functions of NEXRAD is to track
severe weather over populated areas and the adjacent
regions from which severe weather approaches or in
which short-lived phenomena develop. In regard to
altitude coverage, radar data are needed from the
height of potential cloud-tops (about 18 km or 60,000
ft) down to the low atmosphere where damaging storm
features such as tornadoes, hail, and downbursts affect the earth-bound public and low flying aircraft.
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FIG. 1. Severe weather approach directions for the regions centered on Boston, Omaha, Houston, and San Francisco. Proposed
N E X R A D sites are shown by //*'/.

The desired low altitude coverage is, of course, limited at increasing distances from the radar site by the
earth's curvature, as discussed later.
In the first analysis step, general storm information

and a climatological description of weather phenomena for each potential area (such as Boston or Chicago) was obtained. Next, meetings were held at each
regional N W S headquarters to discuss the local storm
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phenomena of concern, and to gather information
concerning current radar sites, their potential suitability for NEXRAD, and logistical considerations related to N W S offices. The latter involved obtaining
space for NEXRAD equipment within current offices,
or the possible relocation of N W S offices. Candidate
sites were identified on a preliminary basis. A senior
engineer was then assigned as site team leader for
each potential site. After visiting the site, each engineer completed an extensive questionnaire in collaboration with the meteorologist in charge and the radar
meteorologists. For each season, the local severe
weather phenomena (including severe thunderstorms, tornadoes, hailstorms, ice storms, blizzards,
heavy widespread rainstorms, flash floods, frontal
passages, hurricanes, and tropical storms) were documented in terms of their frequency, direction and
speed of approach, and any relevant, unusual characteristics. Also, the site team leader inspected the
current site and several possible alternative sites that
had been identified previously by study of local, detailed U.S. Geological Survey (USGS) maps. As discussed in more detail later, a preliminary estimate of
the suitability of each site was made based on its
potential for radar coverage and on the other factors
mentioned in the introduction.
The above information was used to prepare a diagram showing the severe weather approach zones for
the area of interest. For example, severe thunderstorms with infrequent tornadoes approach from the
west through southwest in the Boston area, while
coastal storms and occasional tropical storms approach from a southerly direction. Figure 1 shows the
severe weather approach zones for Boston and for
three cities in other regions of the United States. The
severe weather approach patterns vary substantially
over the country. In the Mississippi Valley states, severe thunderstorms and tornadoes generally travel
from southwest toward northeast. An example of tornado tracks is shown in figure 2 (Fujita 1974).
Their approach zone lies generally to the southwest
of the population concentrations. The blizzards of the
northern Great Plains (e.g., Omaha) approach from
the west. On the Texas coast, severe thunderstorms
usually approach from the west and hurricanes approach from east through southwest, giving two distinct approach zones. In the western states, tornadoes
and tropical storms are rare, frontal storms approach
from the west, and summer thunderstorms approach
from southerly directions.
In addition to direction of approach, the severe
weather lifetimes and speeds of movement are important. The most damaging phenomena associated
with convective storms have relatively short lifetimes
and high speeds, so protection against them is a major concern for NEXRAD siting in most of the eastern
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states. Their early detection can be optmized by siting
in their approach zone at a distance that provides
advance warning and low-level coverage of the population centers and airfields. The maximum speed of
approach of severe thunderstorms is highest (approximately 60 knots, or 110 km/hr) in the central states,
so low-altitude radar coverage to a distance of 60
nmi, or 110 km, upwind from populated areas will
potentially provide up to an hour's warning time for
the longer : lived phenomena. Based on these factors,
the priority coverage areas were chosen to extend
upwind in the approach zone for a distance corresponding to a one-hour travel time for the most frequent types of severe storms. This emphasis implies
that the need for unambiguous high-resolution data
is greatest in this sector, but it does not imply that
coverage elsewhere is unimportant.
In setting up the priority coverage areas, we needed
a convenient representation of the population distribution. Population data and maps are available
from the U.S. Census Bureau; however, an excellent
portrayal of the population distribution had been
prepared by Brandli (1981) using weather satellite
photographs of the United States that show the city
lights on clear nights. In figure 3a, the lights depict
the population centers of the Great Lakes region (with
the brightness reversed so that the lights appear dark).
A graphic artist used Brandli's map and census data
to prepare a computer-based map showing all metropolitan areas with a population of 50,000 or greater
(east of the Rockies) and 25,000 or greater (in the
western United States). The priority coverage areas
for separated population centers and for connected
metropolitan areas in the Great Lakes region are shown
in figure 3b, and the proposed radar sites are indicated by " * " .
After the priority coverage areas were identified, a
major factor in siting each NEXRAD was to obtain
unobstructed radar coverage of these areas down to
low elevations. The reason is that low altitude coverage reveals circulations in the lower parts of the
clouds that are most likely to be associated with particularly severe low-level phenomena such as tornadoes and downbursts (e.g., see Wilson et al. 1980).
No specific height can be assigned as a limit for desired low altitude coverage; however, for planning
purposes we selected 610 m (2000 ft) above groundlevel (AGL) as a goal for the base of the volumes
covered by NEXRAD. Due to the earth's curvature,
for standard amtospheric refraction over uniform terrain a tangent radar beam (zero degree elevation angle) becomes 610 m (2000 ft) AGL at a distance of
102 km (55 nmi) from the radar. Thus, for an ideal
radar site with no obstructions, a circle of 102 km
radius contains the area where the tangent beam is
less than 610 m above ground. At greater distances
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FIG. 2. Tornado tracks during a major outbreak of severe storms (from Fujita, 1974).
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FIG. 3a. City lights for the Great Lakes area as seen by weather
satellites (from Brandli, 1981).

FIG. 3b. Lights for metropolitan centers with at least 50,000
population, and priority areas (shaded) for NEXRAD coverage. Proposed radar sites are shown by " * " .
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FIG. 4. En route airways defined by the FAA for the Great Lakes
area.

the beam is higher. (At most sites, there are obstructions that reduce the area of low-level coverage, as
discussed later.) To track low-level phenomena, each
NEXRAD site should contain the appropriate priority
coverage area within its 102 km coverage circle. In
figure 3b, the NEXRAD sites (shown by stars) will give
good coverage of the priority areas.
Under planned operational procedures, NEXRAD
will not scan at elevation angles greater than 20 degrees, leaving an unexplored volume directly overhead. Although this volume is very small compared
to the remaining volume of radar coverage, it leaves
open a small probability that severe phenomena may
be unobserved for a few minutes while passing through
the radar's cone of silence. Because this disadvantage
is considered minor compared to the advantages of
early detection, siting in the approach zone for severe
thunderstorms is preferred for the N W S sites, other
factors being nearly equal.
In addition to providing data for public warnings,
the NEXRAD system will monitor the nation's airways. These are very numerous, as shown in figure
4 for the Great Lakes region. Radar coverage of the
airways at altitudes above 1830 m (6000 ft) AGL is
desired in order to protect both low-flying and highflying planes. This coverage is achieved by the network, except in certain mountainous regions. The air
traffic density is, of course, greatest on the routes
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between major cities. Most commercial aircraft cruise
at altitudes above 6096 m (20,000 ft) MSL; at these
altitudes, the coverage of air routes by NEXRAD will
be very complete.
To achieve low-level NEXRAD coverage of D O D
facilities, the AWS requires that the radar site be within
65 km (35 nmi) of the center of the facility, and preferably located on the downwind side.
For protection of civilian airports and their immediate surroundings, Doppler radar coverage down to
a few hundred meters above ground is desirable. Since
most airports are near cities (which also require lowlevel coverage), it is often feasible to obtain the desired information for airports and cities from a single
site. To avoid loss of low-level airport coverage in the
cone of silence and to minimize near-in clutter, the
radar should be at least a few miles from the airport.
As mentioned earlier, for major airports the FAA is
planning to install modified systems (Terminal Doppler Weather Radars) that will focus on local airport
coverage.

3. Steps in site selection
Using the priority coverage maps for a region (such
as figure 3), those current radar sites that appeared
to be suitable for use by NEXRADs based on the criteria given above, were identified. These were tentatively selected as network sites. They usually have
the advantage of being adjacent to N W S offices, so
that communication links are not needed. Other
neighboring sites were then selected to complete an
effective network coverage of densely populated areas,
airways, and airports. Within the acceptable area defined by network considerations, the location of an
individual radar site is desired within 37 km (20 nmi)
of the location of an actual or planned N W S forecast
office. This limit is approximately the distance that
can be covered by a one-hop microwave line-of-sight
(MLOS) data link. From a cost standpoint, collocation
of the radar and N W S office is desirable, although
one-hop links are acceptable where needed. Multiple
hops are considerably more expensive.
Another siting consideration is minimizing specular reflections from city buildings that would confuse
weather radar images. Depending upon the building
heights, the radar site should be sufficiently removed
from the city to avoid this problem. Figure 5 illustrates the siting criteria for a hypothetical city. From
a network standpoint, the acceptable area for siting
is illustrated here as a circle (in practice it is generally
elliptically shaped). A smaller circle for a M L O S data
link is centered on the proposed N W S office. The site
should be within this circle. The third circle, for
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FIG. 5. Distance considerations used in selecting an acceptable
region for a N E X R A D site which provides network coverage, permits data transmission to the nearest N W S office (WSFO), and
avoids reflections from tall city buildings (see text).

avoiding specular reflections, is shown in this example with a 28 km (15 nmi) radius, and the site
should be outside it. Thus, the shaded slice meets all
three criteria, and a site is desired within this relatively small area.
After determining that the location of the NEXRAD
site should be within an area like the shaded area in
figure 5, further considerations came into play. Ideally, the site should be located so that the surrounding terrain acts as a screen for reducing ground clutter,
as discussed below. The site should be free of closein obstructions such as tall trees, buildings, communication towers, hills, etc. Also, it should be free
of significant electromagnetic interferences, and
should not be adjacent to nearby residences. Environmental factors that were considered included the
impacts on flora and fauna, air and water quality,
hydrological processes, radiation, recreation, and
aesthetics. Land requirements are 0.4-0.8 hectares
(1-2 acres) for a NEXRAD site and N W S office, and
approximately 4 hectares (10 acres) for the same facilities plus an upper air sounding station. Potential
sites on government-owned land, such as airfields or
military bases, were given first consideration. Also,
sites with access to a paved road and adequate electric power were preferred.
To select potential sites that most nearly met these
various criteria, a study was made of detailed USGS
topographical maps. At the same time, lists of property owned by the U.S. government were examined,
and state-owned or municipally-owned land was also
identified. The most favorable sites were visited by
the site survey team leader. In a few cases, no acceptable site was found, and an additional site search
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ure 6 shows the estimated clutter map.2 The terrain
at a distance of 3 to 5 km from the site is 15 to 20 m
higher than the site. Near-in clutter returns greater
than +29 dBZ intensity are expected to obscure weak
weather returns (of less than +29 dBZ intensity) out
to a radial distance of 5 km (3 nmi) except to the
south-southeast where the distance will be 15 km
(8 nmi). The predominant weather approach direction is from the southwest and west. The city of Norman (including the University of Oklahoma campus
and the National Severe Storm Laboratory) is approximately 22 km (12 nmi) to the southwest of the site,
and Oklahoma City is 18-36 km (10 to 20 nmi) to
the northwest. Clutter returns are minimized in these
important directions.

FIG. 6. Calculated near-in ground clutter (hatched area, including the site) and second pulse clutter band for the proposed site
near Oklahoma City. Also, the calculated distance where the
N E X R A D beam will reach a height of 6,000 ft (1829 m) A G L is
shown.

was made on the basis of an alternative location for
the N W S office.
The USGS maps were also used to select sites where
near-in ground clutter returns from surrounding terrain and man-made structures would be minimized.
Such clutter tends to mask weather echoes within a
few miles of the site. An ideal site would be surrounded by a natural terrain clutter screen (low obstructions) in all directions, at a distance of approximately one kilometer to a few kilometers from the
antenna. A clutter screen reduces the strength of the
ground reflection in its shadow. 1 Since complete
screening was seldom feasible, the USGS maps were
examined to select sites that provided natural terrain
shielding toward the predominant weather approach
direction and the nearby population centers.

The site for Oklahoma City provides an example
of the use of natural terrain to minimize ground clutter returns to the southwest, west, and northwest. Fig-

1 Although the N E X R A D beamwidth is nominally only 1 degree,
energy is propagated and received over wider angles, due mainly
to side-lobes. In certain circumstances, such energy can result in
echoes from ground targets even when the beam is elevated. Such
echoes are erroneously reported as being from upper levels, since
they are falsely assumed to be in the main beam.

Ground clutter is particularly significant in the case
of Doppler observations because they require a relatively high radar pulse-repetition-rate. This can lead
to ambiguity in determining the range of the motions
detected, because close-in clutter echoes from the
next pulse can be overlaid on more distant data detected by the previous pulse. This effect is illustrated
in figure 6. A second band of apparent clutter approximately 110-120 km (60-65 nmi) from the site
can mask the weather returns in this band. It is important to reduce near-in clutter to reduce this confusion. A further point to note is that there is substantial
overlap in coverage between neighboring radars which
will mitigate this effect. For reflectivity data, which
is acquired at lower pulse-repetition rates, the outer
band of apparent clutter is beyond the radar measurement range and is not evident.
Another factor in NEXRAD siting is the selection of
the height of the antenna tower. To provide maximum areal coverage, the antenna should be sufficiently high to avoid obstructions from nearby natural
or man-made objects. On the other hand, to minimize clutter returns, the tower height should be relatively low. From the equipment standpoint, the range
of allowable tower heights is from 5 to 30 m, in 5-m
increments. For example, at the Oklahoma City
NEXRAD site, a tower height of 15 m was selected.
With the radar beam originating at this height it is
not obstructed by the terrain, even at the lowest normal scanning elevation angle (0.5 degrees). The terrain features, however, provide a natural screen to
limit clutter intensity beyond it.
After potential sites were selected, information about
the exact location and altitude of each site was sent
to the Electromagnetic Compatibility Analysis Center
(ECAC) for computation of the approximate radar
coverage expected from the site in the presence of

2 Constructed with the assumption that the radar design will provide 30 dB of near-in clutter cancellation
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FIG. 7. Photograph of the equipment built to make the detailed measurements needed for siting decisions.

terrain obstructions in the surrounding area. As mentioned earlier, if the earth were smooth and spherical,
the radar coverage down to a specified height would
extend to a particular circular distance from the site
(for zero antenna elevation angle). Because of uneven
terrain and obstructions, actual distances of coverage
are less than the theoretical distances, and vary with
the look direction. The computations made by ECAC
used a computer file of terrain heights that correspond to points at 30-second intervals of latitude and
longitude. As an example, the computed coverage at
6000 (1830 m) ft AGL for the Oklahoma City site is
shown in figure 6.
In much of the western United States, the terrain
is so mountainous and the population so scattered
that a somewhat different approach was taken. Although mountaintop sites have the disadvantages of
severe winter weather and extensive ground clutter,
it was necessary to use them to obtain regional coverage. Predominant factors for site selection included
site access, possible radar interference (because many
mountain tops with good access are already used for
FAA radar sites or various communications facilities),
and M L O S data transmission to the nearest N W S of-

fice. For some intermountain areas such as Salt Lake
City and environs, the most suitable site was on a
rather isolated mountain at an intermediate altitude
far enough from high mountains to reduce beam
blockage to an acceptable level.
The cities of the Pacific coast presented the whole
range of problems mentioned thus far, and site selection required much map searching, aircraft overflights, land ownership analysis, and numerous site
visits. The sites selected for the areas of San Diego,
Los Angeles, San Francisco, Portland, and Seattle are
a balance of the various siting factors and will provide
good coverage.

4. Special site measurements
To make a final examination of the factors discussed
above, a team again visited each site. For the projected height of the NEXRAD antenna, measurements
were needed to determine the local obstructions by
terrain, vegetation (particularly trees), and man-made
structures. In other words, the angle of elevation of
Unauthenticated | Downloaded 01/09/23 02:54 AM UTC
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and by NEXRAD with other radars, was found to be
negligible, but in large metropolitan areas the spectrum was crowded. A frequency for each site was
recommended to minimize potential interference.

5. Site survey reports
The relevant information for each recommended site
was compiled into a site survey report. The preliminary version of this report was submitted to the JSPO
for review. Later, after the network planning for the
region was finished, the preliminary report was augmented with detailed information from the visit to the
site by the special trailer, and was submitted as the
final site survey report. Figure 8 shows the contents
of a typical report.

6. Present status
At the end of 1987, site survey reports had been completed for all N W S sites. Also, the AWS had chosen
24 NEXRAD sites for the protection of selected D O D
facilities, and these radars will be part of the network.
Their locations and those of the nearest N W S sites
were coordinated by the JSPO. Further minor adjustments to site locations may be made. The final network map will be published during 1989.
FIG. 8. Contents of a typical site report.

the horizon had to be determined for all look directions. To obtain, record, and analyze this detailed
information, SRI designed and constructed a special
trailer (figure 7) which was moved by van from site
to site. A major feature of the trailer is a tower which
can be raised to 38 m (125 ft), if needed, with a video
camera at the top to scan the horizon and record the
data on tape. Algorithms were written to automatically identify the horizon from digital data. Then the
horizon data and detailed terrain data were used to
calculate (more exactly than was possible previously)
the radar coverage that would be obtained from that
site at several candidate heights of the NEXRAD antenna. These calculations and considerations of nearin clutter returns versus height were used to select the
optimum tower height for that site.
The special trailer was also equipped to record the
electromagnetic signals present at the site in the portion of the radio spectrum near NEXRAD's S-band
frequencies (2.7-3.0 GHz). At many sites, the potential for electromagnetic interference with the NEXRAD,

7. Concluding remarks
Planning the NEXRAD network has required a variety
of technical skills. A systematic procedure for site
selection was developed involving meteorological
factors, user requirements, and surveys of the areas
to determine the suitability of potential sites. Close
coordination was maintained between personnel of
NOAA, AWS, FAA, and SRI to balance constraints
and maximize the effectiveness of the network. The
NEXRAD network is the result of this process.
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announcements
International Workshop on
Precipitation Measurement

The W M O , IAHS, and ETH will cosponsor the International Workshop on Precipitation Measurement to
be held 4-7 December 1989 in St. Moritz, Switzerland. For further information contact Boris Sevruk,
Department of Geography ETH, Winterthurerstr. 190,
CH-8057 Z U R I C H , Switzerland, telephone 01 257
52 35, telex 815 857 G G E CH.

The National Solar Energy Conference

Solar 89—The National Solar Energy Conference will
be held 19-23 June 1989 in Denver, Colorado. The
conference features the ASES Annual Meeting and
the 14th National Passive Solar Conference. For information contact the American Solar Energy Society,
2400 Central Avenue, B-1, Boulder, Colorado 80301,
telephone (303) 443-3130.

16th

Stanstead Seminar

McGill's Department of Meteorology will host the
16th Stanstead Seminar in 1989 on the theme of
"High-latitude climate processes, with special emphasis on large scale air-ice-sea interactions/' The
seminar will be held 10-14 July 1989, Bishops
University, Lennoxville, P.Q., Canada. For more
information contact Lawrence A. Mysak, Climate
Reseach Group, Department of Meteorology, McGill
University, 805 Sherbrooke St. W., Montreal, Quebec, H3A 2K6, telephone (514) 398-3759.

Symposium on Chaos, Turbulence, and
Nonlinear Variability in Geophysics

The European Geophysical Society is sponsoring Joint
Symposium 5: Chaos, Turbulence, and Nonlinear
1 Notice of registration deadlines for meetings, workshops, and
seminars, deadlines for submission of abstracts or papers to be
presented at meetings, and deadlines for grants, proposals, awards,
nominations, and fellowships must be received at least three
months before deadline dates.—News Ed.

Variability in Geophysics, XIV General Assembly,
Barcelona, Spain 13-17 March 1989. For more
information contact Wagon-Lits Viajes, Feria de Barcelona, Av. Reina Ma. Cristina s/n, E-08004 Barcelona, Spain, telephone (34)-3-4231219, fax (34)-34238651, telex 50458.

Abstract Volume From Symposium on
Lower Tropospheric Profiling

Abstract volumes from the Symposium on Lower
Tropospheric Profiling: Needs and Technologies are
available from NCAR for $25.00. To order, send a
check made out to "Lower Tropospheric Profiling
Symposium" to Mary Ann Pykkonen, NCAR, P.O.
Box 3000, Boulder, Colorado 80307.

Video Tape of Vortices in Wildland
Fires Available

Vortices in Wildland Fires (Donald A. Haines and Jay
Hutchinson, 1988, 14-minute videotape, $15.00,
1/2" V H S ; $23.00, 3/4" VHS, Real Productions).
This videotape documents and describes seven types
of vortices that form during wildland fires. It shows
duplication of some of the vortices in the laboratory
and specifies conditions under which vortices most
often occur. This tape is used by land management
agencies to train firefighters before they encounter
vortices in the field. Available from Real Productions,
1821 University Ave., Suite N-153, St. Paul, M N
55104.

National Science & Technology Week

National Science & Technology Week will be held
23-29 April 1989. During this week schools, professional organizations, businesses, science centers, and
community groups across the country will be celebrating this annual event launched in 1985 by the
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