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“While tremendous progress has been
made in the last quarter-century in many
areas of QPE and VSTQPF, significant
gaps continue to exist in both
knowledge and capabilities that are
necessary to produce accurate high-
resolution precipitation estimates at the
national scale for a wide spectrum of
users.”

“To meet the nation's needs for the
precipitation information effectively, the
authors herein propose a community-wide
integrated approach for precipitation
information that fully capitalizes on
recent advances in science and
technology, and leverages the wide
range of expertise and experience that
exists in the research and operational
communities. “
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A multisensor applications development and evaluation system at the National Severe

Storms Laboratory addresses significant gaps in both our knowledge and capabilities for

accurate high-resolution precipitation estimates at the national scale.

ater is a precious resource and, when ex-
W cessive or in short supply, a source of many

hazards. It is essential to monitor and pre-
dict water-related hazards, such as floods, droughts,
debris flows, and water quality, and to determine
current and future availability of water resources.
Accurate quantitative precipitation estimates (QPE)
and very short term quantitative precipitation fore-
casts (VSTQPF) provide key input to these assess-
ments. [QPE and VSTQPF are hereafter referred to
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collectively as quantitative precipitation information
(QPI).] To meet these needs at the national scale,
accurate QPIis needed at various temporal and spatial
scales for the entire United States, its territories, and
immediate surrounding areas. Temporal scales
range from minutes to several hours for flash flood
prediction. QPI products can then be aggregated to
support longer-term applications for water supply
prediction. Spatial scales range from a few square
kilometers or less for urban flash flood prediction,
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Q2 Vision




Q2 Implementation

Q2 exists today as a scientific and community-based convergence
towards accurate very high-resolution multi-sensor precipitation
estimates on a national scale.

Q2 is a continuation of NSSL's departure from a radar-centric approach to
precipitation estimation towards a integration of radar, satellite, model,
and surface observations.

Q2 goal is to glean the best practices and techniques from the NOAA's
River Forecast Centers, Forecast Offices, Office of Hydrology, domestic
and international organizations and universities.
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Q2 Philosophy

Real-time means real world - Q2 R&D concepts and
techniques are implemented in a ‘real time’ system

Transparency - We can explain and document what we are
doing and why.

Operations centric - R&D focused on operational challenges
and needs for critical decision support.

Challenges:
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Q2 Vision Developmental
Core Technologies

1. National Basin Delineation Project and Repository

2. Radar Reflectivity Comparison Tool

3. Q2 National Mosaic and Quantitative Precipitation
Estimation System

4. Central Weather Bureau of Taiwan - International
Collaboration

NSSL Laboratory Review  February 17-19, 2009




Objective: To create a national dataset of
flash-flood-scale basins delineated from
high-resolution digital elevation data to
support the NWS Flash Flood Monitoring
and Prediction (FFMP) program.

Specialized techniques were
used to improve results in
areas such as natural sinks.

','I4 USGS The high level of quality of the NED base data enabled

- ; the use of a mostly automated GIS delineation process.
science for & changing world

»This effort has spanned the past 10
years.

»>NSSL has had ongoing interaction
and coordination with:

«Every Weather Forecast Office
«FFMP developers (MDL)

Resulting basin boundary datasets

are used in FFMP average basin 072 120
«OCWWS, OHD rainfall calculations and displays. 057 ::z
«RFCs and other dataset users e e e xS
»Significant accomplishments include: NWS .
«Creation of a national seamless flash-flood-scale basin FFMP = Y
and stream dataset _ e
Publication: ; 7 /]
Arthur, A. T., G. M. Cox, N. R. Kuhnert, D. L. Slayter, K. W. Howard, 2005: The ‘ \ \
National Basin Delineation Project. Bulletin of the American Meteorological L/ D
Society, 86, 1443-1452. = z
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Radar Reflectivity
Comparison Tool (RRCT)

Radar Comparison 12{13{2008 20Z - 01/12{2009 20Z
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Objective: A real time system to monitor the quality of -
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Real time platform to develop, test, and assess advance
techniques in quality control, data integration and
precipitation estimation and short term forecasting.

NATIONAL MOSAIC & MULTI-SENSOR QPE (NMQ)

Advancing the science and science-to-operations of QPE and very short-range QPF

| Home = | inventory | Mosaic3D Levels | Mosaic3D Derived
| o | aF |  Gauge |  Satelite [ Diagnostics

National Mosaic and QPE Composite Radar Reflectivity Mosaic 3D - West/East Cross Section Hybrid Scan Reflectivity Height

NMQ)
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NSSL Main Page 20km -

|
1
g
§

NMQ Tutorial
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Federal Aviation

Administration, National -
Weather Service/Office of Ll "
Hydrologic Development, the

Office of Climate, Water and

Weather Services and the 24 hr Radar (Hybrid Scan) Derived QPE 24 hr Satellite Derived QPE Mosaic 3D Derived VPR
University of Oklahoma

Cooperative Institute in
Mesoscale Meteorolgical ey B

Studies. e

Severe Storms Laboratory, IH’ '4 \
Ny Bl
L 8

http://nmqg.ou.edu

The NMQ serves as an
intemational testbed for
research, development,
evaluation and science to
operations infusion of high
resolution 3D Mosiac of

assimilation and aviation

applications, Quantitative 24 hr Gauge Reports
Precipitation Information (QPI) =
incluing Miltle Sensor | TP TRV A
Quantitative Precipitation 0772142008 07002
Estimation (MSQPE) and Very

Short Term Quantitative AT

Precipitation Forecasts

(VSTQPF) for the monitoring

and wamings of floods and

flash floods and in support of

comprehensive hydrology and

ecosystem modeling.

NOAA Privacy Policy
NSSL Disclaimer
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Q2 Domain

Canadian Radar \\t”;

DWR e’ -’
WSR-88D (DOD) . e S ARG .
« WSR-88D (non-DOD) %"’*\" ¥

~140 WSR-88D, 31 Canadian, 2 TDWR, 1 TV station radar
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Bugs, birds and all that
glitters....

UNQC_CREF 08707/2008 0400Z

Nearly 60% of our Q2 basic research
and development has been focused
on issues related to quality control.

08/07/2008 04002
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09/01/2008 1200Z

National 3D Mosaic

(1x1 km, 21 vertical levels)
5-minute update cycle
Image looping
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Q2RAD HSR-1H

Products

Q2 Precipitation &
_ Diagnostic Grids

I“ I‘Ii‘llll\hll Hni

Use/Application

3-D Reflectivity Mosaic

Model Data Assimilation. NWP Model verification. Aviation flight levels

Composite Reflectivity

Storm Top (18dB2Z)

Height of 0OC

Severe Hail Index

Probability of Severe Hail

Max Estimated Hail Size

Vert Integrated Liquid (VIL)

Weather and severe weather monitoring
Aviation

Reanalysis

Severe weather verification

Precipitation Type

Aviation Flash flood monitoring and prediction

Precipitation Rate

Flash flood monitoring and prediction

1- and 3-h precipitation
accumulation

Flood prediction, water resource management, hydrologic model
calibration

6- and 72-h precipitation
accumulation

Precipitation/drought climatology

NSSL produces and disseminates a suite of high resolution grids depicting the type and amount of
precipitation reaching the earth’s surface over North America (1-km, 5-minutes)
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Q2 Collaborators
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National Radar Mosaic
Operational Impact

Courtesy Weygandt et al. 2009
12z -00z (12-h period) 1 June to 31 Aug 2008
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River Forecast Centers

Interactions with
River Forecast Centers

09/02/2008 01002

Q2RAD HSR-1H

Alaska-Pacific

R ——
> From: Thomas Adams <Thomas.Adoms&noga.gov>
> Date: Fri, 11 Apr 2008 11:21:87 -8402
> To: steven vosiloff <St
> Cc: Kenneth Howard

> <Jian.Zhang€noaa.gov>,
> <Jomes.NoelEnoaa.gov>

Subject: Re: Recent Rainfall Event for MPE and Q2

silof fEnoga.gov>
h.Howard®noca.gov>, Jian Zhang

rie Langston <Carrie.lLangston€noaa.gov>, James Noel

> Steve,

> We clearly see those Q2 benefits and we are integrating the use of the
> Q2 estimates into our operational MPE now. What we are doing is
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NSSL researchers receive feed back, comments
and ideas from the operational personal, private
sector and other researchers to improve the quality

and accuracy of the precipitation estimates.




Verification

Gauges [HADS] Q2RAD HSR-72H 08/3142008 12Z - 09/0372008 12Z
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N
|

130W
24 hr Radar (Hybrid Scan) Derived QPE 24 hr Satellite Derived QPE Mosaic 3D Derived VPR

07/2142008 14002 0772142008 11002 07{2142008 14102

24 hr Gauge Reports

= 0742142008 0700Z
Estimation (MSQPE) and Very
Short Term Quantitative
Precipitation Forecasts
(VSTQPF) for the monitoring
and wamings of floods and

Bias: ! _ Gauge Amount [in]: 55.00N
[QPE/Gauge] 01 02 04 065 075 090 100
B . e s 000 Missing 130.00W 59.98W
100 110 125 150 175 20 3.0 50 0 001010 040 10 20 30 QPE 20.00N

Loop

NSSL researchers and collaborators can assess and compare
the quality of the precipitation estimates using a spectrum of
iIndependent observing networks and techniques.
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Q2RAD HSR-24H
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Verification
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Verification

aY
Gauges [HADS] Q2RAD HSR-24H 0970172008 12Z - 09702{2008 12Z Gauges [HADS] Q2RAD HSR-24H 09/0172008 12Z - 09/02}2008 12Z
Scatter Plot: Summary/Stats:
Total Gauges In Region: 489 Gauge [in] QPE [in]
Non-Useable Gauges [Missing QPE]: 0
Max: 6.47 6.60
Avg: 1.51 1.48
10 | Min: 0.10 0.10
4 Gauge Group Counts
8 [A] BT Gauge/BT QPE: 290
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2 o /
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n a daily basis we verify 7600+ Q2/gauge pairs

=]
Gauge And QPE >= Thresh. 0.10 in Prob. of Detection [POD]:  0.96

Total Gauges In Region: 489 Total Gauges In Region: 489
Non-Useable Gauges [Missing QPE]: 0 Non-Useable Gauges [Missing QPE]: 0 False Alarm Rate [FAR]: 0.23
U Threat Score [TSI: 0.75
] Heidke Skill Score [HSS]: 0.78
2 N Pierce Skill Score [PSS]: 0.83
] Bias [Pred Y/Act Y] 1.25
a0 f Contingency Table:
] Yes{No Threshold: 0.10 in
p N Y
20 —
_ 1 - T|aa 149 |V
= 1] = °
= ] = £
@ 10 @ 8
£ ] = d|290 6 N
= i |
2 ] 2
E ] E
<3 0— = Actual
w w
g 59832882 E, g Stats: [in Yes/Yes region, only]
S 868 688 - - o W
Total Bias: 1.06 RMSE: 1.03
ke Corr Coeff: 0.69
Coverage Region: Coverage Region:
36.00N 36.00N
100.00W 85.03W 100.00w 85.03W
Gauge Amounts [in] 28.00N Gauge Amounts [in] 28.00N
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T

Mosaic3D Levels [Mosaic3D Derived|  Seg Motion Radar Compare
Satellite Diagnostics | Model [ QPE | QPF | Gauge | TimeSeries |

High-Resolution QPE and
QPF (HRQ2)

The HRQ2 program is a
research and development
initiative between the Central
Weather Bureau of Taiwan and
United States NOAA/National
Severe Storms Laboratory.
The objective of the HRQ2 is
to improve the monitoring and
prediction of flash floods,
debris flows, and severe
storms for the Taiwan
environment. The HRQ2
system integrates
observations from weather
radars, rain gauges, satellites,
lightning network, and

resolution (1 km to 500 meter)
and rapid update (10-min)
rainfall and severe storm
monitoring products. These
products will be provided to

collaborations with academic
communities for research and
development of radar
applications including QPE
and nowcasting.

Composite Radar Reflectivity Mosaic 3D - North/South Cross Section Satellite IR

07}28/2008 002 07/28/2008 18002 . 07/28/2008 1730Z
g 20km - K (¥ o

[
[ ]

Okm 2

27N
24 hr Radar (Hybrid Scan) Derived QPE 24 hr Gauge Reports
0742842008 1700Z 0742842008 1700Z

International Collaborations

\Nea#’&ég% Central Weather Bureau

Taipei, Taiwan

471 Gauges
10 Minutes

#e

High Quality
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Hydrometeor Classification Results
(20080614 1100 UTC)

#2 (group 'A')

NE GE DS __ WS __(GR_ (€l

UKM
e

#5 (group 'A")

na<-33 HolelEer 28 321 48 53 63 68 e dB:

SPOLRew=200806#4=110002 HydroClass 00.52 SPOLnew 20080614-110002 Reflectivity 00.52

GC: Ground Clutter CR: Crystals .
BS: Biologic Scatterers GR: Graupals HR: Heavy Rain
DS: Dry Snow BD: Big Drops RR: Rain/Hail
WS: Wet Snow RA: Rain
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Q2 Future Research
Activities

Seamless Integration of Radar Advances, Systems, and Networks

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Canada Network || Commercial Radars
WSR88D High Res || WSR88D DoD L2
TDWR Network || Mexico Network
WSR88D Dual Polarization

Caribbean Network
CASA

MPAR

TKM/5M =p 1km/2mM == 500mM/2m = 250m/1m = 100m/1m

North America Resolution and Refresh Rate
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Q2 Future Research
Activities

Q2 system and/or components infusion into NWS operations

Integration of dual polarization moments and techniques into the Q2
framework

- enhance quality control
- enhance QPE performance

Seamless integration of radar systems and radar networks - forward
compatibility

Higher resolution in both space and time to address the urban flash
floods

Q2 as a national hydromet testbed for ‘real time’ hydromet
technique development and product evaluation
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