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Purpose

The National Weather Service (NWS) has the federal responsibility to issue severe weather
watches and warnings in support of its charter to protect public safety from hurricanes, severe
weather, floods, winter storms and heat waves. Since 1991 NWS has placed heavy reliance on
WSR-88D Doppler radars to detect tornadoes, hail and damaging winds and to estimate the
amount and location of heavy rainfall. These radars have assisted the NWS in increasing the
lead-time to the public of tornadoes, severe thunderstorms and flash floods. Estimates support
the increase in lead-times for tornadoes to be almost 10 minutes over the past decade.

More importantly Simmons and Sutter, 2004
estimated that tornado fatalities and injuries have
dropped by 40-45 percent since the installation of
the WSR-88D Doppler radar. Accordingly, the
number of tornadoes for which warnings were
issued increased from 35 to 60 percent once the

national installation of the WSR-88D was complete.

An example of the WSR-88D is shown in Figurel.
Note the radar is mounted on a highly visible tower
that is topped by a dome that covers the radar unit
proper.

Enhanced Public Safety due to WSR 88D’s

The enhanced public safety evident by the use of
the WSR-88D is not as evident over the Western
United States in part because of differences in the
type of weather causes but, perhaps, more
importantly by the lack of effective WSR-88D
Doppler radar coverage.

Figure 2 shows the distribution of WSR-88D
Doppler radars nationally. Note the dense over
lapping radar coverage of population areas east of
the Mississippi River and in the central US tornado
alley from Texas into the Upper Mid-west.

Figure 1 NWS WSR-88D Doppler radar
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Figure 2 Distribution and coverage of NWS WSR-88D Doppler radars (Courtesy,
NOAA)

5 km AGL Radar Coverage

Number of Radars

o
1
4
ki
4
&
L]
7
a8
1]

In contrast note the relatively sparse and non-overlapping, to a large degree, coverage of the
WSR-88D network along and west of the Continental Divide. The black areas on the map
indicate areas where no WSR-88D observations are available because of the lack of coverage.
It is important to note that, while fixed population centers in the west are relatively few and far in
between, significant recreational population locations and corridors do exist in “the black holes”
and single radar coverage areas.

Among the more significant of the recreational population areas are the almost 8 million visitors
to the Lake Mead Recreation Area near Las Vegas, Nevada, the 4.5 million visitors to the Grand
Canyon Recreation Areas, the 3.5 million visitors to southwestern Colorado including the Mesa
Verde National Park and the almost 2.5 million visitors to the Canyonlands and Bryce Canyon
National Park. Most of these visitors frequent these recreation areas during the stormy spring
and summer seasons.

Figure 3 shows the impact of mountain topography at “blocking the radar Beam” from detecting
important storm systems. It is interesting to note that “the black hole areas” tend to increase in
Colorado New Mexico, Arizona and Utah. The pale blue areas are also “at risk” areas where

radar coverage depends on a single radar for enhanced severe weather detection and warning.
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Figure 3 WSR-88D Doppler radar coverage with beam blocking due to terrain
identified by grey areas across the Western United States. (Courtesy
NOAA)

Figure 3 presents a rather fragile picture of the radar service afforded to residents and visitors
to the Western United States. In particular, the Four Corners area including Colorado, Utah,
Arizona and New Mexico is in a very vulnerable situation with single or no radar coverage.

Figure 4 shows a more detailed presentation of WSR-88D Doppler radar “Four Corners black
hole”. Note that the lack of coverage is greatest over the many Indian Reservations (1) that dot
the area. Most recreation (2 and 3) and population areas (4) are in marginal radar coverage
areas. Most marginal coverage areas are those that are more than 100 miles away from the
radar site or those impacted by topographic radar beam blockage.
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Figure 4 NWS WSR-88D Doppler radar blind spots over the Four Corners area.

Recent severe weather events this spring in Holly, Colorado
and Greenburg, Kansas emphasized the difficulty the NWS
faces in issuing effective severe weather warnings in marginal
coverage areas of WSR-88D radars. In Holly an F-3 tornado
killed two and injured many with no warning due to marginal
radar coverage and ambiguous radar returns on March 28,
2007. Holly is located about 110 miles east of the Pueblo
WSR-88D radar in the marginal coverage zone of the radar.
Figure 5 shows an example of the damage that the tornado
produced as it went through Holly.

Greensburg, Kansas experienced an F-5 tornado over 1.5
miles wide that destroyed about 95 percent of the town and
killed 9 people on May 4, 2007. In contrast to the Holly
incident, the NWS office in Dodge City, Kansas was able to
issue a Tornado Emergency message to Greensburg with a
12 minute lead time that significantly reduced fatalities. This
message was issued on the basis of the strong tornado
velocity couplet signature shown in Figure 6. The signature
shows winds converging near the tornado’s location shown in
the yellow oval. Animation of this feature indicated to the duty
meteorologist that the tornado was headed towards
Greensburg.

Figure 5 Holly tornado damage
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Figure 6 Satellite photo of the nearly total damage of the Greensburg KS tornado on
May 4, 2007. (Courtesy, NWS-Dodge City Forecast Office)

Greensburg was located within 75 miles of the WSR-88D where the radar provides relatively
unambiguous observations. The WSR-88D Doppler radar provided the crucial information that
made this successful warning possible. While fatalities in Greensburg occurred, the loss of life
would have been significantly higher if no warning had been issued.

On the need for a Four Corners WSR-88D radar site

At the present time the Four Corners area is served by four NWS WSR-88D Doppler radars
located at Grand Junction CO, Albuquerque NM, Flagstaff AZ and Cedar City UT. The radar
sites are shown in Figure 7 along with the local and interstate highway system serving the area.
The grey zone approximates the current “blind spot” where radar coverage is lacking which
impacts the area.

The location of a new Four Corners WSR-88D would benefit the four “red radar sites” by
providing overlapping coverage of their observation areas and reducing the dependence on a
single radar site for warning capabilities. The reduction of single site dependency for each of
these radars would be a significant addition to public safety in the Four Corners areas.
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Figure 7 Existing NWS WSR-88D Doppler radar sites in the Four Corners area.

At the present time, it is very difficult for ~ Figure 8 Winslow AZ tornado, Sept. 29, 2004
NWS meteorologists to spot

tornadoes before they hit in marginal

areas located over 100miles from the

radar. However the radar remains

quite effective within this range.

A good example is given by the
Winslow tornado of September 29
2004 which was detected on the
NWS Flagstaff WSR-88D and is
shown in Figure 8. The NWS issued
an effective tornado warning for the
storm based on a combination of the
WSR-88D velocity observations and
public reports called in from 1-40.

Figure 9 shows the occurrence of severe weather events from 1980 to 2005 within the
coverage area of the four primary Four Corners NWS WSR-88D radars as compiled and
displayed by the NOAA Storm Prediction Center in Norman OK. The severe weather events
include tornadoes, damaging hail and damaging winds events as reported by the public to the
National Weather Service. The solid red lines indicate the location and track of tornadoes while
the dots show the location of the other reported severe weather events. It is interesting to note
that several relatively long-track tornadoes have been reported despite the relatively low
population density. This fact underscores the need for enhanced radar coverage in the Four
Corners area so that unwarned events, such as the Holly CO tornado, are not repeated

Page 6 of 9



HDR Hydro-Met White Paper 07-01: On the need for a WSR-88D in the Four Corners Recreation Area
June 5, 2007

Figure 9 Climatology of severe weather events in the coverage areas of the four
NWS WSR-88D Doppler radars in the Four Corners area. (Courtesy, Storm

Prediction Center, NOAA)

Public safety and Flash Flooding

The impact on public safety by flash flooding caused by thunderstorms has been quite
significant in the Four Corners area. A recent study by the NWS-Albuquerque office identified
that from1959-1999 Colorado (#4), New Mexico (#9) and Arizona (#10) ranked in the top ten
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national states for fatalities and injuries from flash flooding. Given the increasing Four Corners
population and the increasing number of tourists in the many state recreation areas, the threat
posed by flash flooding to public safety should be increasing.

The occurrence of flash flooding in the Four Corners area reaches a maximum during the
summer monsoon season from late June into mid-October. This time period coincides with the
peak of the summer tourist season adding to the threat posed by flash flooding events.

An added benefit of the WSR-88D radar is its ability to provide maps of estimated rainfall. This
radar-rainfall estimate has led to the development of a number of tools available to NWS
meteorologists to assist in the issuance of flash flood warnings and flood warnings. Figure 10
shows the Storm Total Precipitation (STP) estimate from the NWS Flagstaff WSR-88D radar for
July 31, 2006. Flash flooding created by estimated 4-6 inch rains closed 1-40 east of Winslow.
Unfortunately STP products are not available in the WSR-88D radar blind spot.

Figure 10 Flagstaff NWS WSR-88D Doppler radar Storm Total Precipitation for July
31, 2006 which closed I-40 east of Winslow.
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On the need for a Four Corners WSR-88D radar site

The National Weather Service (NWS) has the federal responsibility to issue severe weather
watches and warnings in support of its charter to protect public safety from hurricanes, severe
weather, floods, winter storms and heat waves. Since 1991 NWS has placed heavy reliance on
WSR-88D Doppler radars to detect tornadoes, hail and damaging winds and to estimate the
amount and location of heavy rainfall. These radars have assisted the NWS in increasing the
lead-time to the public of tornadoes, severe thunderstorms and flash floods. Estimates support
the increase in lead-times for tornadoes to be almost 10 minutes over the past decade.

More importantly tornado fatalities and injuries have dropped by 40-45 percent since the
installation of the WSR-88D Doppler radar. Accordingly, the number of tornadoes for which
warnings were issued increased from 35 to 60 percent once the national installation of the
WSR-88D was complete.

The dense overlapping radar coverage of population areas east of the Mississippi River and in
the central US tornado alley from Texas into the Upper Mid-west does not exist to a large
degree along and west of the Continental Divide. In its place is a reliance on single radar
coverage or a lack of any radar coverage in the Four Corners “black hole”. A recent tornado
tragedy in Holly, Colorado occurred on March 29, 2007 with no warning due to the city’s location
in a marginal radar coverage area. It is important to note that, while fixed population centers in
the west are relatively few and far in between, significant recreational population locations and
population corridors do exist in “the black holes” and single radar coverage areas.

Among the more significant of the recreational population areas are the almost 8 million visitors
to the Lake Mead Recreation Area near Las Vegas, Nevada, the 4.5 million visitors to the Grand
Canyon Recreation Areas, the 3.5 million visitors to southwestern Colorado including the Mesa
Verde National Park and the almost 2.5 million visitors to the Canyonlands and Bryce Canyon
National Park. Most of these visitors frequent these recreation areas during the stormy spring
and summer seasons.

Climatologies of severe weather developed for the coverage areas of the NWS WSR-88D
Doppler radars in Grand Junction, Colorado, Albuquerque, New Mexico, Flagstaff, Arizona and
Cedar City, Utah show that a significant severe weather and flash flooding threat exists during
the summer tourist seasons. If a single one of the above radars suffers an outage during the
tourist season, a significant population will be at risk. Additionally, many of the most heavily
frequented recreation areas and population centers are located in areas of marginal radar
coverage similar to the Holly Colorado coverage area.

A prudent response is needed to address these concerns that can only be met with the location
of a new WSR-88D Doppler radar site that provides coverage in the areas described above.
Until this action is taken the Four Corners area will be at risk and area public safety will be in
danger of being compromised.
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