WSR-88D Radar Projects
2013 Update

Tim Crum, Steve Smith, Joe Chrisman, Richard Vogt
WSR-88D Radar Operations Center

http://www.roc.noaa.gov

Mike Istok and Roger Hall
NWS Office of Science & Technology

Bob Saffle

Noblis, Inc.

9 January 2013
AMS EIPT Conference

Austin, TX
1/9/2013 AMS EIPT Conference




f-,;,_gi:-‘: Outline

Ry, g
Fian Tk dyf

e \WSR-88D Program Status & Plans
— Dual Polarization Modification

— Builds 13 and 14
e Major contents and benefits

— Level |l

— Other Topics
* Proposed WSR-88D Service Life Extension Program (SLEP)
e TDWR SPG status and upcoming changes

e User Feedback and Q&A
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123 of 160 operational systems modified
— Last installation scheduled for 2013; complete in NWS ER and WR
Initial performance summary

— Many WFOs report operational success stories enabled by Dual Pol
¢ Hail size, location
e Precipitation types during winter storms
e Debris ball detection leading to longer, more accurate tornado warnings
— Radar performing reliably, as expected
— Forecasters applying their training and gaining more experience with this
new capability
ROC web page has added information, deployment schedule and
status: http://www.roc.noaa.gov/WSR88D/DualPol/Default.aspx

WDTB web page has training materials and “Storm of the Month
Webinars” presented by field personnel: http://www.wdtb.noaa.gov/
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Dual Polarization Status Map

WSR-88D Dual Polarization Program
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e Deployment, single-channel radars already upgraded to Dual Pol

Redundant radars with Dual Pol, will not get Build 13, they go to Build 13.1 after Dual
Pol modification

e Major changes

Clutter Mitigation Decision (CMD) Algorithm re-enabled
Automated Volume Scan Evaluation and Termination (AVSET) re-enabled

New Hybrid Spectrum Width Estimator — improved spectrum width
estimates

Enhanced Velocity Azimuth Display (VAD) Wind Profile (EVWP) —improved
availability and accuracy of VAD wind estimates
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a4 Enhanced Velocity Azimuth Display
—— (VAD) Wind Profile (EVWP)

The concept behind the EVWP function -- each VWP height is achieved
at different slant ranges, depending on the elevation
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— With EVWP, the VAD algorithm computes a wind estimate for every
elevation/range pair that corresponds to a desired VWP height

— Each wind estimate is passed to the EVWP function for validation
Using multiple elevation/slant range pairs for a given height increases

the likelihood of sampling valid returns from which to derive a
representative wind estimate for that height

At the end of the volume scan, the EVWP function selects the “best”
VAD wind estimate for each height

— These “best” wind estimates are used to build the final VWP product
For more information, see ROC web page “New Radar Technology”
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Example of EVWP Benefit

KTLX May 10, 2011

Screen: 1

VAD Wind Profile
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Software Build 13.1

Release plan

— Deployment starts mid-January 2013
— Reference TIN 12-53, 1 Nov 12

RDA Software Changes at NWS redundant and FAA sites
— Re-enables CMD and AVSET
— Implements hybrid spectrum width estimator

Major RPG Software Changes

— 2D Velocity Dealiasing Algorithm (2-D VDEAL)

Available for all VCPs except VCP 121 or when velocity increment is 1 m/s
Affects Level lll products, but no change to Level Il data (since aliased)

e For more information, see ROC web page “New Radar Technology”
Examples of the improved performance follow
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KLCH Hurricane Rita
24 Sep 2005, 06:337, VCP 212

Baseline VDA 2-D VDEAL
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Baseline VDA

KHGX Hurricane lke
13 Sep 2008, 06:127, VCP 212
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Outflow Boundary, Norman, OK

Baseline VDA 2-D VDEAL
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Software Build 14
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e Release plan /scheduled start dates
* Beta Test - Oct 2013
e Deployment - Dec 2013

e Several changes to product/data stream formats; NWS TIN next month

e Major Changes

— Supplemental Adaptive Intra-Volume Low-Level Scan (SAILS)

e Adds 0.5° Split Cut elevation scans mid-way through VCP 12 and VCP 212

 When active with AVSET, shortens low-level scan update interval to ~2 minutes

e Due to bandwidth limitations, SAILS will not be available for DoD and FAA WSR-88s
— Storm-Based Auto PRF and SZ-2 Auto PRF selection

e Automatically tracks operator selected or top 3 (cell-based VIL) storms

e Minimizes range folding for those storms
— Radial-by-radial noise estimation

e Should improve Dual Pol and Spectrum Width estimates
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The radar scans up through
the middle of the volume
scan (3.1° elevation in this
example), then.....

VCP 12
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'+ WSR-88D Scan Sequence with

SAILS

transitions down to 0.5° to
collect the supplemental
split cut data, then....
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Benefit of SAILS

0.5° Base Product Updates Volume Product Updates

VCP 12 per Hour per Hour

Standard Operation

AVSET 14 -19 14 -19
SAILS 24 12
AVSET and SAILS 24 - 32 12 - 16

0.5° Base Product Updates Volume Product Updates

VCP 212 per Hour per Hour

Standard Operation

AVSET 13-17 13-17
SAILS 22 11
AVSET and SAILS 22-28 11-14

NOTE: AVSET and SAILS are independent functions and may be executed separately.
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Storm-Based Auto PRF
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The Storm-Based Auto PRF function automatically:
— tracks the storm or storms (up to three) of interest,
— projects their location for the next volume scan, and then

— assigns the PRF for use next volume scan that results in the least amount of
range-folded data over those storms

Storms are chosen based on Cell-Based VIL (top three >15 kg/m**2)
— Operator may choose a single storm of interest
— Storm positions are forecast using SCIT output

Storm-Based Auto PRF can be used with all VCPs (except VCP 121 and
VCP 31)

The Storm-Based Auto PRF function continuously assigns the “Best”
Doppler PRF for the most intense storms
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Benefit of Storm-Based
. Auto PRF

0.5 Velocity — Default PRF 0.5 Velocity — Storm-Based Auto PRF
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Level Il Plans
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e Add sites to Level Il Network
— Remaining 8 CONUS DoD sites (Feb-Jul 2013)
— Alaska sites; addition to Level 2 Network unknown at this time

e Envisioned Level |l state at the end of 2013

— 148 WSR-88Ds in Network
e Dual Pol 47 kbps (avg)/112 kbps (peak)
e  With AVSET 52 kbps (avg)/123 kbps (peak)
e  With AVSET & SAILS 54 kbps (avg)/129 kbps (peak)
— Range of network throughput depends on
e Weather coverage
e VCPs
e Season and time of day
e Number of sites simultaneously in a VCP and/or with AVSET and/or SAILS enabled
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e Retirement of 3 base products from RPCCDS and NOAAport moved back
to Dec 3, 2013

— Lowest elevation 4-bit base reflectivity (19/R, 20/R) and velocity (27/V)

— Reference NWS TIN 09-41 (Amended), Turn Off Date for WSR-88D Low-
Resolution Products Extended to 12/3/13

e \WSR-88D Service Life Extension Program (SLEP)

— Radars underpin weather forecast/warning services....crucial for Weather
Ready Nation

— Through sustaining engineering and technology refresh investments,
NEXRAD continues to be upgradable, reliable, state-of-the-art, and
maintainable through at least 2020 with current O&M program

— With SLEP investment FY14-22, NEXRAD can remain viable through 2030 or
until replacement technology is operational....sustains 96% availability
beyond 2020

® Replace signal processors (end of life)
® Refurbish pedestals, transmitters, shelters
® Increase critical spares stocks
1/9/2013 AMS EIPT Conference 18



Other NEXRAD Plans

(Continued)

e NWS has a Radar Functional Requirements Integrated Work Team
— Objective

e Develop platform independent, functional radar requirements that will satisfy
current and future (~2030) multiple mission needs and will be the basis for
agency planning associated with next generation radar surveillance at NOAA

— Scope

e Existing and evolving surveillance capabilities, R&D needs (e.g., NWP, HFIP, WoF,
NextGen) and coordination/consultation with other Federal agencies

— Timeline

e NWS staff office, line offices, NWS AA approval before obtaining NOAA
Observing System Council approval in summer 2013
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TDWR-SPG Status and Plans

e FAA installing new signal processor in TDWRs
— Improves data quality and increases sensitivity
— 23 installed; retrofit complete by end of 2013
e No TDWR-SPG Level Il distribution planned

e Possible additional distribution of VCP80 rapid scan update products

— TIN 12-13 notified users of evaluation that started April 12t with 11 radars
e 1-minute surface elevation base products
e 3-minute storm products and 3 elevation base products
* Increases single site max throughput by 2.5X

— NWS working to add most/34 remaining TDWR-SPG sites by spring 2013
convective season
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Dual Pol Information

e Training

— Initial Dual-Polarization Training for NWS Partners
http://www.wdtb.noaa.gov/courses/dualpol/Outreach/index.html

e Courses for meteorologists and non-meteorologists

— Follow-on Dual Polarization Radar Training
http://www.wdtb.noaa.gov/courses/dualpol/SOTM/index.html

e WDTB Storm of the Month webinars and live webinar Q&A interchange
recorded and “post processed” into “Dual Pol Best Practices” modules

e Project status and schedules, FAQs, and Interface Control Document
— http://www.roc.noaa.gov/WSR88D/DualPol/Default.aspx
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Backup Slides
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AVSET and SAILS — the Benefits of Dynamic Scanning

Severe Weather VCP Duration
Note: These estimated VCOP diaration times do not include antenna retrace times

VCP 12 and VCP 212 - SAILS ON / AVSET ON

Standard Termination | Termination | Termination Termination Termination Termination
VCP Angle 19.5 | Angle 15.6 Angle 12.5 Angle 10.0 Angle 8.0 Angle 6.4
- VCP VCP VCP VCP VCP VCP
Duration Duration Duration Duration Duration Duration
VCP12 | 243 sec | 274 sec 261 sec 248 sec 235 sec 222 sec 209 sec
VCP212 | 2645ec | 300 sec 287 sec 274 sec 261 sec 248 sec 235 sec
VCP 12 and VCP 212 - SAILS OFF / AVSET ON
Standard Termination | Termination | Termination Termination Termination Termination
veP Angle 195 | Angle15.6 Angle 12.5 Angle 10.0 Angle 8.0 Angle 6.4
Durati VCP VCP VCP VCP VCP VCP
on Duration Duration Duration Duration Duration Duration
VCP12 | 243 sec | 243 sec 229 sec 216 sec 203 sec 190 sec 177 sec
VCP212 | 264 sec | 264 sec 250 sec 237 sec 224 sec 211 sec 198 sec
VCP 11 and VCP 211 - AVSET ON
Termination | Termination Termination Termination Termination | Termination | Termination | Termination
Angle 19.5 Angle 16.7 Angle 14.0 Angle 12.0 Angle 10.0 Angle 8.7 Angle 7.5 Angle 6.2
vCP VCP VCP VCP VCP VCP VCP VCP
Duration Duration Duration Duration Duration Duration Duration Duration
VCP11 | 277 sec 263 sec 249 sec 235 sec 221 sec | 207 sec 193 sec 180 sec
VCP211 | 276sec | 262 sec 248 sec 234 sec 220 sec | 206 sec | 192 sec 179 sec

Note: VCP 212 and 211 durations may vary + 10 seconds depending on the active PRF

Product Availability Comparison
VCP 12 0.5° Base Product Volume Product
Updates per Hour Updates per Hour
Standard Operation 14 14
AVSET 14-19 14-19
SAILS 24 12
AVSET and SAILS 24-32 12-16
0.5° Base Product Volume Product
vepzla Updates per Hour Updates per Hour
Standard Operation 13 13
AVSET 13-17 13-17
SAILS 22 11
AVSET and SAILS 22-28 11-14

NOTE: AVSET and SAILS are independent functions and may be executed separately
AVSET — Automated Volume Scan Evaluation and Tenmination
SAILS — Supplemental Adaptive Infra-Volume Low-Level Scan

1/9/2013 AMS EIPT Conference
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Additional Information

NWS Real-Time Level || Data Status:
— http://weather.noaa.gov/monitor/radar2/

NWS Real-Time Level Il (WSR-88D & TDWR) Product Status:
— http://weather.noaa.gov/monitor/radar/

NWS RPCCDS Information for Level Ill/product users:
— http://www.nws.noaa.gov/tg/rpccds.html

Level Il and Level lll product information and Interface Control
Documents

— http://www.roc.noaa.gov/WSR88D/Level_lI/Level2Info.aspx
— http://www.roc.noaa.gov/WSR88D/Level_lllI/Level3Info.aspx
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Additional Information

Build-specific training materials:
— http://www.wdtb.noaa.gov/

NCDC Radar Resources: Order Level Il and Ill Archive Data Via FTP,
Use NCDC Java Viewer to View Level Il and Il Archive Data, etc.

— http://www.ncdc.noaa.gov/oa/radar/radarresources.html

Run RPG Software, LINUX Platform: The Common Operations and
Development Environment (CODE)

— http://www.weather.gov/CODE88D

Federal Meteorological Handbook No. 11 (FMH-11) Part A Updated
for Build 13.1 soon available electronically at:

— http://www.roc.noaa.gov/WSR88D/ under “WSR-88D Program”

Follow-up questions to: Michael.Istok@noaa.gov or Tim.D.Crum@noaa.gov
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WSR-88D Level Il Information

Dual Polarization Level Il Data

New data versions 5, 6, 7 to indicate variations of Dual Pol data
Transmit version 6 (full resolution) from all NWS WSR-88Ds, CONUS DoD,
and 1 FAA radar (Puerto Rico)

¢ Single site and network throughput will increase 130% (factor of 2.3)

Remove Dual Pol data and recombine base moments from sites where
bandwidth is constrained (e.g., version 4 from Hawaii)
Version 5 used if 72 degree azimuth sampling is disabled which is identical
in format, resolution, and size to version 7

e Expectrare use (e.g., emergency satellite backup RDA/RPG link)

e Level Il collection radar site communication limitations

¢ Increase single site throughput up to 70% (factor of 1.7)
Software to process Dual Pol Level |l data available at

e www.weather.gov/code88D
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Versions of Level |l Data
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e RDA always provides

— Reflectivity data at 250 meter range resolution 1313
— Velocity and Spectrum Width to 300 km max range (< 70 kft altitude)} & || = § -c-é -
. T x =
e Version numbers indicate type of data sl |2]%]S
. . . @ )
— Version 3 changes with RPG Build 12.1 % 3 |c|lx|3
© o =
e Plan for Dual Pol sl=|8lg|¢
. — © 3
— NWS and CONUS DoD WSR-88Ds to send version 6 S|z UE) g =
. . . (@]
— FAA WSR-88Ds to provide version 4 (TJUA to send version 6) % S 1s|3s| 8
. . . = o | x
— Other versions in special cases Q § g
. L. . . . e > =
e Data characteristics driven by NWS comms funding availability x |&]|8
RDA Super Res Controlf Level Il Version Number
#|Data Characteristic Disabled Enabled 3 4 5] 6 7
1|Azimuthal resolution on split cuts (deg) 1 0.5 05| 1 1105 1
2 |Azimuthal resolution on batch and above cuts (deg) 1 1 1 1 111 1
3 |Reflectivity range resolution on split cuts (m) 250 250 250 /1000 250] 250] 250
4 |Reflectivity range resolution of batch and above cuts (m) 250 250 1000%[1000| 250] 250 250
5 |Reflectivity data included on Doppler split cuts No Yes Yes || No | No|Yes| No
6 |Doppler data to 300 km Yes Yes Yes || No |Yes| Yes| Yes
9 [Dual pol data included Yes Yes No |[ No |Yes] Yes] Yes
7 |Dual pol data at 250m range resolution Yes Yes na || na |Yes|Yes]| Yes
8 |Dual pol data to 300km range Yes Yes na || na |Yes|Yes| Yes
RDA/RPG Link LDM Level Il
Volume Average Worst Case Throughput (kbps) 3:1 Compression 4.1:1 Compression
VCP 12 358 502 158 || 80 [231]329] 231
VCP121 250 389 174 || 80 |156|249]| 156
Allocation 512 768 384 || 128 [ 384[512] 384
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WSR-88D Dual Pol Level Il

PRODUCT HEADERS NWSTG | Average
ELEVATION ANGLES RPCCDS Size
# PRODUCT RPG WMO HEADER (DEGREES) FTP Dir | (Kbytes)
HEADER Name [*estimate
1 159/DZD | SDUSS8i cccc NOX xxx 0.5 DS.159x0 58*
2 Differential Reflectivity - 159/DZD |SDUSS8i cccc NAX xxx 0.9 DS.159xa 50*
3 0.13 nmi resolution, 159/DZD |SDUSS8i cccec N1X xxx (1.3, 1.5 DS.159x1 45*
4 162 nmi max range, 159/DZD |SDUSS8i cccc NBX xxx 1.8 DS.159xb 40*
5 256 data levels (0.0625 dB) 159/DZD [SDUSSi cccec N2X xxx |2.4, 2.5 DS.159x 2 36*
6 159/DZD |SDUSS8I cccc N3X xxx |3.1, 3.4, 3.5 DS.159x 3 30*
7 161/DCC|SDUSSi cccc NOC xxx 0.5 DS.161c0 59*
8 Correlation Coefficient - 161/DCC|SDUSS8i cccc NAC xxx 0.9 DS.161ca 55*
9 0.13 nmi resolution, 161/DCC|SDUSS8i cccc N1C xxx |1.3, 1.5 DS.161cl 50*
10 162 nmi max range, 161/DCC|SDUSS8I cccc NBC xxx 1.8 DS.161cb 45*
11 256 data levels (0.00333) 161/DCC|SDUSSI cccc N2C xxx 2.4, 2.5 DS.161c2 37+
12 161/DCC|SDUSSi cccc N3C xxx |3.1, 3.4, 3.5 DS.161c3 33*
13 163/DKD|SDUSS8i cccc NOK xxx 0.5 DS.163k0 7*
14 Specific Differential Phase - 163/DKD|SDUSSi cccc NAK xxx 0.9 DS.163ka 7*
15 0.13 nmi resolution, 163/DKD|SDUSS8Ii cccc N1K xxx [1.3, 1.5 DS.163k1 7*
16 162 nmi max range, 163/DKD|SDUSS8Ii cccc NBK xxx 1.8 DS.163kb 6*
17 256 data levels (0.05 deg/km) 163/DKD[SDUSSI ccce N2K xxx |2.4, 2.5 DS.163k2 6*
18 163/DKD|SDUSSi cccc N3K xxx |3.1, 3.4, 3.5 DS.163k3 5*
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WSR-88D Dual Pol Level Il

PRODUCT HEADERS NWSTG | Average
ELEVATION ANGLES RPCCDS Size
# PRODUCT RPG WMO HEADER (DEGREES) FTP Dir | (Kbytes)
HEADER Name |*estimate
19 165/DHC|SDUSS8i cccc NOH xxx ]0.5 DS.165h0 14*
20 Hydrometeror Classification - 165/DHC|SDUSS8I cccc NAH xxx 0.9 DS.165ha 13*
21 0.13 nmi resolution, 165/DHC|SDUSS8i cccc N1H xxx ]1.3, 1.5 DS.165h1 12*
22 162 nmi max range, 165/DHC|SDUSS8i cccc NBH xxx 1.8 DS.165hb 11+
23 8bit but only 12 categories 165/DHC|SDUSS8i cccc N2H xxx  [2.4, 2.5 DS.165h2 10*
24 165/DHC|SDUSSi cccc N3H xxx |3.1, 3.4, 3.5 DS.165h3 9*
25 166/ML |SDUSS8i cccc NOM xxx 0.5 DS.166m0 5*
26 Melting Laver - 166/ML |SDUSS8i cccc NAM xxx 0.9 DS.166ma 5*
27 ~e R Saver 166/ML |SDUSS8i cccc N1IM xxx 1.3, 1.5 DS.166m1 5*
162 nmi max range, -
28 4 levels (contours) 166/ML SDUSS! cccc NBM xxx 1.8 DS.166mb 5*
29 166/ML |SDUSS8i cccc N2M xxx 2.4, 2.5 DS.166m?2 5*
30 166/ML |SDUSS8i cccc N3M xxx |3.1, 3.4, 3.5 DS.166m3 5*
31 |Digital Inst. Precip. Rate(in/hr) 176/DPR|SDUSSI cccc DPR xxx |Elev Angle Not Applicable |DS.176pr 15*
32 |Hybrid Scan Hydrometeor Classificati| 177/HHC|SDUSB8i cccc HHC xxx |Elev Angle Not Applicable |DS.177hh 4*
33 |One hour Accum 169/0OHA | SDUSS8I cccc OHA xxx |Elev Angle Not Applicable |DS.1690h 5*
34 |Dig. Accum Array (unbiased) 170/DAA|SDUSSI cccc DAA xxx |Elev Angle Not Applicable |DS.170aa 15*
35 |Storm Total Accum 171/STA |SDUSSIi cccc PTA xxx |Elev Angle Not Applicable |DS.171st 5*
36 |Dig. Storm Total Accum 172/DSA|SDUSSI cccc DTA xxx |Elev Angle Not Applicable |DS.172dt 12*
37 |Dig. User-Selectable Accum:3hr/hrly | 173/DUA|SDUSSi cccc DU3 xxx |Elev Angle Not Applicable |DS.173ul 12*
38 |Dig. User-Selectable Accum:24hr/12Z| 173/DUA |SDUSS8i cccc DU6 xxx |Elev Angle Not Applicable |DS.173u3 12*
39 |Dig. One Hour Difference Accum 174/DOD|SDUSS8I cccc DOD xxx |Elev Angle Not Applicable |DS.1740d 10*
40 |Dig. Storm Total Difference Accum 175/DSD|SDUSSi cccc DSD xxx |Elev Angle Not Applicable |DS.175sd 10*
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