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1. ABSTRACT 
Recently the Federal Aviation Administration 

(FAA) Terminal Doppler Weather Radars 
(TDWRs) were connected to the National Weather 
Service (NWS) communications networks for the 
purpose of generating and distributing Level-III 
radar products from the TDWR data. The authors 
saw this as an opportunity to add TDWR 
reflectivity and radial velocity data to the Center for 
Analysis and Prediction of Storms (CAPS) 
Advanced Regional Prediction System (ARPS) 
3D-Variational (3DVAR) and cloud analysis to 
improve low-level coverage, thus improving the 3D 
velocity analyses and the subsequent nowcasts 
and short-term forecasts.  In spring 2012, thanks 
to cooperation among several NOAA units CAPS 
gained access to the Level-II TDWR data from the 
Dallas area.  The impact of the addition of the 
Level-II TDWR data to the data assimilation is 
demonstrated with data from the 3 April 2012 
tornado outbreak in the Dallas-Fort Worth 
Metroplex.  Compared to analyses using NEXRAD 
alone, the TDWR data increases the strength of 
the analyzed low-level vertical vorticity in the 
supercells and improves the wind analysis in 
regions surrounding the cells.  Improvement of 
short-term NWP forecasts due to adding the 
TDWR data is demonstrated. The possible 
benefits of combining NEXRAD and TDWR data in 
other selected regions of the United States are 
also explored. 

2. TDWR RADARS 
In the 1990s the Federal Aviation 

Administration (FAA) deployed 45 Terminal 
Doppler Weather Radars (TDWRs) in 27 states  

 

 
Fig. 1 Locations of the 45 TDWR radars.  The FAA 

3-letter identifier of the airport covered by each 
radar is shown. 

plus Puerto Rico (Istok et al., 2008).  Figure 1 
shows the TDWR locations across the United 
States (US).   The TDWRs are C-band (5-cm 
wavelength) radars that are designed for detection 
of low-level wind shear, downbursts and other 
threats to aviation safety near several large 
airports where the relative risk of such hazards is 
high.  Table 1 summarizes some of the 
characteristics of the radar and compares them to 
the Weather Surveillance Radars-88-Doppler 
(WSR-88D, also known as NEXRAD). 

Recently the National Weather Service (NWS) 
worked with the FAA to gain access to the Level-II 
TDWR radar data in order to generate Level-III 
radar products (Istok et al., 2008) for distribution to 
NWS offices, to NOAAport customers and to the 
archives at the NOAA National Climatic Data 
Center (NCDC).  

3. DALLAS-FORT WORTH TESTBED 
As part of the National Science Foundation 

Engineering Research Center for Collaborative  
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Table 1. TDWR and 88D Radar Characteristics 

TDWR and WSR-88D Technical Specifications 
(From NOAA/NWS Office of Science and Technology publications) 

 TDWR  WSR-88D  
Transmitter   
Band C Band S Band 
Wavelength 5.3 cm 10.5 cm 
Peak Power  250 kW  750 kW 
Polarization Linear Horizontal Dual-Pol 
Maximum Reflectivity Range 460 km 460 km 
Minimum Unambiguous Doppler 
Range 

90 km 115 km 

Maximum Velocity Range 90 km 230 km 

Range Resolution Reflectivty 150 m (out to 135 km) 
300 m (135 km – 460 km) 

250 m 

Range Resolution 
Velocity 

140 m 250 m 

Antenna    
 Beam Width  0.55 Degrees  0.95 
Power Gain  50 dB  45.5 dB  

Scan Strategies 
Clear Air/Monitor Mode Scan Time: 6 min 

 
Scan Time: 6 – 10 min 

 
 Number of Scans: 17 Number of Scans: 5 

Severe/Hazardous Mode Scan Time: 6 min 
Scan Time: 5 min 

 
 Number of Scans: 23 Number of Scans: 9 - 14 

Adaptive Sensing of the Atmosphere (CASA, 
McLaughlin et al., 2009), the Center for Analysis 
and Prediction of Storms (CAPS) had developed a 
400-m grid resolution real-time analysis and 1-km 
real-time data assimilation, nowcasting and 
numerical weather prediction system (NWP) using 
the Advanced Regional Prediction System  (ARPS, 
Xue et al., 2001; Xue et al., 2003),  and the ARPS 
3D-Variational (3DVAR) and cloud analysis (Gao 
et al., 2004; Brewster et al., 2005; Hu et al. 
2006a,b) and ran the system in a domain covering 
central and southwest Oklahoma (Brewster et al., 
2007 and 2010).  

In anticipation of the CASA radars being moved 
to North Texas and the establishment of an urban 
testbed in the Dallas-Fort Worth (D/FW) area, the 
domain for this data assimilation and NWP system 
was relocated to the D/FW area in the spring of 
2012. At the same time, thanks to cooperation 
among the NOAA Radar Operations Center, NWS 
Southern Region Headquarters and the NOAA 
National Severe Storms Lab, CAPS gained access 

to the Level-II TDWR data from the two D/FW 
radars.  CAPS has adapted data processing code 
and scripts to read and process these data for the 
real-time NWP system and is now routinely 
including these data in our real-time analyses and 
forecasts.  Interested readers can find these 
products online during our operational periods on 
the web at http://forecast.caps.ou.edu . 

To gauge what impact these data might have in 
the D/FW testbed, we first examine the dual-
Doppler beam crossing angles for the three 
Federal operational weather radars in this area, 
namely Fort Worth WSR-88D (KFWS) and the 
TDWR radars covering Dallas Love Field (TDAL) 
and Dallas-Fort Worth International Airport 
(TDFW).   For a classic dual-Doppler analysis, a 
beam crossing angle between 30 and 90 degrees 
is considered good, with 90 degrees being ideal.   
Although we are not running a classic dual-Doppler 
analysis program, this is still a useful 
representation of the information content that the 
radars are delivering to the analysis, particularly 

http://forecast.caps.ou.edu/�
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when the bulk of the high resolution storm-scale 
wind information comes from the radars (rather 
than from the analysis background or other data 
sources). 

The radar beam crossing angles in the D/FW 
testbed are shown in Fig 2.  In this figure where the 
coverage of more than two radars intersect the 
best crossing angle of any pair is shown.  It can be 
seen that the dual-Doppler crossing angles are 
good throughout much of Dallas and Tarrant 
Counties and the southern portion of Denton 
County.  There is a null zone, however, along the 
baseline connecting the three radars where the 

best crossing angles are less than 30 degrees.  
The locations of the three radars in this area 
happen to lie nearly along the same line.  This 
means that in the zone southwest of Fort Worth, 
for example, that all the radars’ viewing angles are 
parallel, so their radial velocities all reflect the 
same component of the wind (the strength of the 
southwesterly or northeasterly wind component).   
Although the wind component measurements are 
duplicated in this region, the TDWR radars can 
provide some benefit to the 3D wind and cloud 
analyses by providing winds and reflectivity in the 
so-called “cone of silence” directly above the 
KFWS radar, for example. 

 

 
Fig 2. Dual-Doppler crossing angles for Federal operational weather radars in the Dallas-Fort Worth area, 

including Fort Worth, Texas (KFWS) NEXRAD, Dallas Love Field (TDAL) TDWR and Dallas-Fort Worth 
International Airport (TDFW) TDWR. 
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Fig 3.   Comparison of CAPS 3DVAR analysis using the Fort Worth NEXRAD (KFWS) radar data only (left) and 

using KFWS and the two Dallas-area TDWR radars (right).  Radar reflectivity (dBZ, color shading, scale at right) 
perturbation wind vectors (m/s, scale at upper left), and vertical vorticity (contours, s-1 * 105) at 1 km AGL. 

 

4. 3 APRIL 2012 CASE  
 

There was a severe weather outbreak in the 
Dallas-Fort Worth Metroplex on the afternoon of 3 
April 2012.   Several supercells formed in the warm 
sector ahead of a front west of the Dallas-Fort 
Worth Metroplex; other storms also formed along 
the front itself.  The storms moved north-northeast 
across much of the population center and 
produced several damaging tornadoes and many 
areas of hail damage, including hail damage to 
aircraft at the Dallas/Fort Worth International 
Airport.     

This case afforded the first opportunity to test 
the Level-II TDWR in combination with the 
NEXRAD radar in the CAPS 3DVAR analysis and 
our real-time analysis system as CAPS began 
receiving data shortly before April 3.  Because 
automated scripts had not yet been implemented 
in the real-time system on April 3, the forecasts 
presented here were run in post-real-time mode to 
test and demonstrate the software in the real-time 
configuration, which is now ready for real time use. 

First we examine the impact of the TDWR on 
an individual 3DVAR analysis using a small test 

domain with a horizontally-uniform analysis 
background based on the 1200 UTC Fort Worth 
radiosonde observation in order to clearly visualize 
the incremental change due to TDWR data. The 
domain is centered near the DFW airport, on the 
border between Tarrant and Dallas Counties; the 
locations of Dallas Love Field (DAL), Dallas-Ft. 
Worth International (DFW), and their respective 
TDWRs (TDAL and TDFW) are indicated in Fig. 3.   
Figure 3 shows the result of the 3DVAR and cloud 
analysis at 1900 UTC using the KFWS radar in the 
left frame and, in the right frame, the result after 
adding the TDWR data from TDAL and TDFW.  
Shown are the model-based reflectivity, the 
perturbation velocity vectors (difference from the 
uniform horizontal mean wind) and the vertical 
vorticity (positive values contoured).  There is only 
a small difference in reflectivity, as the region is 
relatively close to the KFWS radar (which is 
located just outside the domain to the southwest), 
and the algorithms for determining the 
hydrometeors use a maximum-value mosaic 
among all the radar observations covering any 
individual grid cell.   In the wind fields the vertical 
vorticity maximum near the hook echo of the 
hailstorm near the DFW airport is increased from 
4.61 x 10-3 s-1 to 10.62 x 10-3 s-1 as data from the 
TDWRs help to better define the circulation there.   



Presented at the 26th Conference on Severe Local Storms,  
Nashville, TN, November 5-8, 2012,  

Amer. Meteor. Soc., Paper 97 

5 

 

NEXRAD does not report radial wind in the “clear 
air” regions having reflectivity less than 0 dBZ in 
storm mode, but TDWR does provide some 
information in those regions so the wind fields to 
the south and east of the supercell are updated 
with data from TDAL and TDFW, both showing 
inflow into the cell.   Also, the addition of TDWR 
data shows inflow into the convection on the 
western edge of the domain perpendicular to the 
KFWS beam. 

Results of the assimilation and NWP 
experiment at 1800 UTC are shown Fig. 4.   As in 
the real-time forecasts, the NAM 12-km forecast is 
used here as the analysis background.   In the 
figure the first column has the results using 
NEXRAD radar data, surface observations, and 
other conventional data, the middle column is the 
result after adding TDWR data, and the right 
column shows the verifying low-level (0.5° 
elevation) radar scan from the Fort Worth (KFWS) 
NEXRAD. 

Two 5-minute assimilation cycles of the ARPS 
3DVAR and incremental analysis updating (IAU, 
Bloom et al., 1996) are used in this assimilation 
experiment, so the first row shows the result at 
1800 UTC, after the 10-minute data assimilation 
period (1750-1800 UTC), the second row shows 
the results after 25 minutes of forecasting (15 
minutes beyond the end of the assimilation period), 
and the third row is after 40 minutes of forecasting.   
Of the two supercells in the center of the domain, 
the model handles the eastern cell better, more 
accurately predicting its strength and motion.   The 
western cell, the cell that produced hail that 
impacted the Dallas-Fort Worth International 
Airport, is initialized almost directly over the KFWS 
NEXRAD radar.   This is not an ideal location due 
to the so-called “cone of silence” for the KFWS 
radar data directly above the radar site caused by 
the fact that the radar scans only to 19.5 degrees 
elevation angle so it is blind to what is occurring 
directly overhead.  The assimilation process and 
the addition of radar data from other radars can 
help that situation as we see in the second column, 
where the addition of the TDWR results in a 
forecast with a stronger cell that has a position that 
more closely matches the observed radar at 18:15 
and 18:30 UTC. 

 

 

5. OTHER TDWR-RICH LOCATIONS 
The D/FW location is somewhat unusual in 

having two TDWR radars located in the same 
metropolitan area, but this characteristic is not 
unique.  Based on the distributions apparent in Fig 
1., we considered some of the other regions that 
have closely-spaced TDWRs and NEXRAD radars 
and we calculated dual-Doppler beam crossing 
angles for two other TDWR-rich areas. 

Results of these analyses are shown in Fig 5 
and Fig 6 for the Washington, DC area and the 
Miami, Florida area, respectively.  The 
Washington, DC area is especially rich in the 
presence of Federal operational weather radars.  
The three civilian airports serving Washington and 
Baltimore, namely Dulles International, Ronald 
Reagan National, and Baltimore/Washington 
International-Thurgood Marshall,  are covered by 
TDWRs as well as Andrews Air Force Base.   The 
combination of these radars with the NEXRAD 
radars in the area provides a broad area with 
excellent dual-Doppler crossing angle covering the 
District of Columbia, much of eastern Virginia, 
Eastern Maryland, Chesapeake Bay, and parts of 
Delaware. 

In South Florida the TDWRs covering Miami 
International, Fort Lauderdale/Hollywood and Palm 
Beach International airports form a line of dense 
radars.  When combined with the NEXRAD data 
there is good dual-Doppler coverage along the 
coast from Biscayne Bay to West Palm Beach, 
and, similarly, in a corridor of South-Central Florida 
west of the line of radars. 

These locations have great opportunity for 
analysis and forecast improvement using TDWR 
data.  Although CAPS does not have real-time 
access to Level-II TDWR data for these sites, 
CAPS will investigate using the more-commonly 
available Level-III TDWR data (with slightly 
degraded velocity and reflectivity descritization 
compared to Level-II) for CAPS real-time 
experiments, such as the Spring Storm Scale 
Ensemble Experiment (e.g. Clark et al. 2011) 
which include these areas. 
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Fig 4. Data assimilation and forecast results for 1800 UTC 3 April 2012.  Left column: Model result at 1-km AGL 
using only NEXRAD, surface and other conventional data, model radar reflectivity estimate (dBZ, colors at 
right), horizontal wind vectors (scale at upper-left),and vertical vorticity (positive values, contours) .   Center 
column, same as left, adding TDWR data in the analysis and assimilation.  Right column, verifying NEXRAD 
radar reflectivity, 0.5 degree reflectivity (dBZ).  First row: Assimilated state after 10 minutes of assimilation, 
Second Row: 15 minute forecast, Third Row: 40-min forecast. 
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Fig 5  Dual-Doppler beam crossing angles (degrees) in the Washington, DC area.  NEXRAD radars: Sterling, 

Virginia (KLWX), Dover Air Force Base, Delaware (KDOX), Norfolk, Virginia (KAKQ), Mount Holly, New Jersey 
(KDIX), State College, Pennsylvania (KCCX), TDWRs: Andrews Air Force Base (TADW), Baltimore/Washington 
International (TBWI), Reagan National Airport (TDCA), Dulles International (TIAD). 

 
 

Fig. 6 Dual-Doppler beam crossing angles in Southeast Florida.  NEXRAD radars Key West (KBYX), Miami 
(KAMX), and Melbourne (KMLB), and TDWRs: Miami International (TMIA), Fort Lauderdale/Hollywood (TFLL) 
and Palm Beach International (TPBI). 
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Fig. 7  Dual-Doppler crossing angles for the combination of NEXRAD radars, TDWRs, and a proposed set of 

locations for CASA X-band research radars in the Dallas-Fort Worth metro area.  NEXRAD: Fort Worth, Texas 
(KFWS), TDWR: Dallas Love Field (TDAL) and Dallas-Fort Worth International Airport (TDFW), CASA: 
Arlington, Denton, Fort Worth, Carrolton, Srongtown, Lipan, Caddo Mills, and Crandall, Texas. 

 

6. SUMMARY AND CONCLUSIONS 
 

Level-II data from TDWR radars in the 
Dallas-Fort Worth Metroplex have been 
successfully added to the CAPS real-time 
analysis and forecast system for the D/FW 
Testbed.   We shown a positive impact from 
adding these new data in this region for one test 
case   Other areas where addition of TDWR 
radars in combinateion with NEXRAD data are 
expected to produce high-quality 3D wind 
analyses and subsequent nowcasts and short-
term forecasts have been shown. 

 

CASA X-band radars with a nominal range of 
40-km are being added to the D/FW testbed.  To 
date four sites have been identified which will be 
the new locations for the four CASA X-band 
radars which had been located in southwestern 
Oklahoma.  There are four new X-band radars 
that will be available for the D/FW testbed so it is 
of interest to explore the dual-Doppler beam 
crossing angles for configurations of the 8-radar 

X-band network, including the four known sites, 
in order to decide on the best locations for the 
remaining sites.   Figure 7 shows the beam 
crossing angles for the 11-radar network formed 
by the combination of the Federal radars and 
CASA radars in one possible configuration of the 
8-radar CASA network.   Based on this analysis, 
consideration will be given to moving one site of 
this configuration to better cover the null in the 
dual-Doppler coverage to the southwest of Fort 
Worth.   

It should be noted that the final decision on 
radar siting will depend on a number of other 
factors including improving the low-level 
coverage of radar over the D/FW Metroplex 
(which favors locations distant from KFWS, in 
the northeast portion of this domain), local 
terrain, availability of suitable host locations, 
power, and communications bandwidth, as was 
done for determining the sites for the CASA 
radar network in Oklahoma (Brewster et al., 
2005). 
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