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Quantitative Precipitation and Estimation
Using Multiple Sensors (QPE-SUMS)

The latest technology in rainfall estimation

Researchers at the NOAA National Severe Storms Laboratory in Norman, Oklahoma study a wide
variety of severe weather, Challenges in estimating precipitation type and amount due to mixed-phase
sampling, improper Z-R relationships, non-weather echos, and beam blockage in the western United
States has led one group to investigate the computation, analysis and display of high-resolution radar
data and radar-derived products to achieve accurate rainfall and snowfall estimates. The result, QPE-
SUMS, uses a multisensor, physics-based approach to estimate precipitation type and rate through an
optimal blend of model output with high-resolution radar, satellite, lightning, and gauge rainfall data,
The outcome of this work is high-quality input to hydrologic models for national and international flash
flood forecasting, new data interrogation products, and innovative data integration techniques.

* Radar Data Quality Control
Radar reflectivity data must be corrected to account for
anomalous beam propagation (A}, ground clutter, and returns
from non-weather echoes. These contaminants are removed
from radar reflectivity maps upon examination of vertical
reflectivity structures and velocities at each grid point.

+ Bright Band Identification

Radar data quality control before As frozen hydrometeors fall through the melting layer, their
and afler correction cross-sections often increase due to aggregation and water
coating. This in turn results in an artificially high layer of
reflectivity that is known to contaminate radar precipitation
estimates. The Bright Band Identification algorithm has been
devised to search for the melting layer and ultimately remove it
from precipitation maps.

PAYOFF: This frature prevents contamitiation and
overestimation of rainfall rates.

» 3-D Reflectivity Mosaic

vt

R .] results are id on a fime A 3-D volume of reflectivity with a horizontal resolution of

jes of raflectiviy from an 1km or less and at least 21 vertical layers is produced every five
h . . minutes. Reflectivity data are converted to Cartesian
independent, vedically-pointing N N . . N
vesearch radar. coordinates using an adaptive Barnes interpolation scheme.
Data from multiple radars are then put into a mosaicon a
common grid using a Cressman, inverse distance weighting
technigue.,
PAYOFTE: The 3-D reflectivity mosate provides better visualization
of stors structure and improved radar-derived products.

« Convective/Stratiform ldentification

Differing drop size distributions that are a function of
geography, season, storm type, and storm lifecycle result in
both under- and over-estimation of rainfall when a single radar
reflectivity to rainfall conversion (Z-R relationship) is applied
to all regions. In an attempt to minimize these Z-R errors,
QPE-SUMS utilizes a convective/stratiform identification
component. This tnodule segregates convective from

Vertical cross-section of reflectivity on a
composite reflectivity layer.

B 3-1-1 QPESUMSH X, f§ 7
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Radar reflectivity image {fop) and
convective/stratiform segregation resuits
{bottom}; Red indicates convective .
regions and blue indicates sratiform.

Precipitation phase product using
RUC-2 model OC heights

QPE-SUMS uses a mosaic of radar
data based on the best available
coverage above ground.

stratiform echo on a grid point-by-grid point basis by examining
reflectivity magnitudes relative to atmospheric thermodynamic
properties. High reflectivity at cold temperatures is suggestive of
convective activity, Such grid points receive appropriate Z-R equations,
while stratiform grid points are handled differently.

PAYOFF: Allowing differential Z-R on each gridpoing of data allows for a
miore physically-based radar reflectivity-to-rainfail conversion,

Precipitation Typing

Recently, analyses from the RUC-2 model have been integrated into
QPE-SUMS in order to assist in the segregation of frozen, liquid, and
mixed precipitation. 0C heights from the model are ingested hourly and
compared to terrain heights at each grid point. This information allows
QPE-SUMS to adjust its precipitation scheme to accommodate different
precipitation types.

PAYOFF: Kemification ufllu' rafn/suw line supplies initial conditions for
hydrologic madeling, supports suove removal operations for transpertation
prrposes, atd assists i watershed wanagerment.

Hybrid Scan Mosaic

In the precipitation estimation component of QPE-SUMS, radar data are
combined into a mosaic depending on which radar provides the best
coverage above the ground. This mitigates "below beam effects” such as
evaporation, phase changes, precipitation growth, and advection. This
hybrid scan look-up table is also adaptive in the sense that radar
coverages change depending on which radars are ingested on a five-
minute basis. For example, a given radar will cover a larger region if data
from an adjacent radar fail to arrive on time.

PAYOFF: QPE-SUMS exploiis the overlapping regions of madtiple radars by
nsing the best quality data for any given point.

Multisensor QPE

The most distinguishing characteristic of QPE-SUMS is the real-time
calibration of satellite cloud-top temperatures using collocated radar
rainfall rates. A regression equation is formed in real time that describes
the relationship between satellite and radar rainfall. This adaptive
regression is then applied to the satellite field so that realistic
precipitation rates are applied every five minutes on a 1x1-km grid.

PAYOFF: More gecurate precipitation estivates are vital, especially in the
cool season where radar-only estismates are known to be problematic,

For more informalion contact.

JJ Gourley, ji.gourley@noaa.gov
http://www.nssl.noaa.goviteams/western/qpe
1212001

National Severe Storms Laboratory + 1313 Halley Circle « Norman, OK 73069 + 405.360.3620 + hitp:/iwww.nssl.noaa.gov

B 3-1-2
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GISsHydrology
Radar Rainfall

u Www.vieuxing.com

Know where and how much runoff to expect

-
Rainfall

Land cover

Scalable

GIS overlay and parameters

o & & > > >

Radar/multisensor input

Turn your GIS data into a real-time hydrologic model

Vflo™ provides the highest-resolution; most
advanced distributed hydrologic modeling for
managing water from catchment to river basin scale.
Improved hydrologic modeling capitalizes on access
1o high-resolution quantitative precipitation estimates
from model forecasts, radar, satellite, rain gauges, or
combinations of multisensor products, Worldwide
digital datasets offer tantalizing detail, which Vflo™
utilizes directly at any resolution. The model is
implemented in Java™to take advantage of secure
servlet/applet technology for multi-user access.

The advantage of physics-based models is that
they can be setup with minimal historical data and
still obtain meaningful results. Distributed models
better represent the spatial variability of factors that
control runoff, and therefore are more accurate. Finite

& 3-2-1

18

element solution to the kinematic wave equations is
the most efficient solution allowing large systems to
be solved quickly on a Windows-based desktop
computer. Days of simulation can be accomplished
in just minutes or seconds for large river basins.

Model input consists of rain-rate maps at any
time interval from radar or multisensor sources. Data
input for this model, besides the rainfall input, is
derived from various commonly available sources of
digital data. Parameters include topography and
drainage networks derived from a digital elevation
model (DEM), infiltration derived from soils, and
hydraulic roughness derived from landuse/cover
(Landsat). These parameters may be input manually
or via ArcView grids.

Vlo#t X, i 7



-'. A Real-time

Distributed Hydrologic Model

i)
o
e
Do
Vilo™ Features: -
Easily extended to ungaged rivers e
. . f—
*Parameter input using GIS data sets P
*Efficient simulation (days in seconds) P
*Finite elements based on digital terrain J_:_‘ :
*Meaningful prediction without calibration ~
*Radar, rain gauge, satellite or multisensor rainfall input .
*Forecast flooding using detected and forecast precipitation >
Scalable from upland watershed to river basin using the same drainage network -
o)
REQUIREMENTS e
Hardware requil ts, softv pertc and model results depend on user d ined .
configuration. Technical specifications provided are general guidelines based on tested configurations. ¥
Data Sollmap Processor Plil 512 KB or greater £
Landuse/Landcover RAM 256 MB/512MB :-;
Elevation SVGA display 1024x768/ (24 bit or —
Slope greater] !
Channel Cross-sections CD-ROM drive (@)
Rainfall (NIDS, QPE-SUMS, Rain Gauge) et ""'
08 Windows2 , SUN, |
Minimum/Recommended System LNU‘Q P 2 __;’
Vflo™ Technical Specifications Server Eé‘s“’m. Appllcgon ﬂ;
sed on a 700 Windows2000 Server or LINUX, ;
R o IO ) INTEL Pill 512KB/INTEL XEON Pl Q.
Desktop Application 900 2MB RAM el @
OS Windows2000 ~
o~

For more information, contact us at: Vieux & Associates, Inc. 1215 Crossroads Bivd., Suite 118
Norman, Oklahoma 73072-3359 USAPhone: (1) 405-292-6259 Fax: (1) 405-292-6258
www.vieuxinc.com jv@vieuxinc.com

]
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Fountain Creek near Fountain
Flood Stage: 8 Feet
Latest Stage: 5.46 Feet at 18:45 MDT 08/30
[Graph Description] [Feedbad] [Text Products] [Precip]
[impacts] [Map] [Historical Crests] [Low Water Events]

Click Here for
Fountain Creek
at a Glance

FOUNTAIN CREEK NEAR FOUNTAIN
{FHAC2, USGS 971068088} Gauge Datun = 5355,.080ft

Generation Time

"17.94
e 7.54
7.16
~16.72
6.18

5.56

SEEEEE

=
|
|
i
|
i
:

(S42) moid

(33) ajels

4.20

10:00 14:00 18:00 22:00 02:00 06:00 10:00 14:00 18:00
08/29 08/29 08/29 08/29 08/30 08/30 08/30 08/30 08/30
TIHE (HDT)
Observed = Flood = Moderate —— Major ——
Latest: 5.46 ft 840 CFS (13% of flood flow) [18:45 08/301
Max: 5.92ft (1589 CFS) Max Fcst: NONE
Min: 4.69¢t (90 CFS) Min Fest: NONE
Preliminary data
Forecast data only available when flood waters threaten Tii\)b;;lar
ata

NOTE: Forecasts for the Fountain Creek near Fountain are issued as needed
during times of high water, but are not routinely available.

About this graph
Printable Forecast

| Retumn to River Map |

Downstream

B3-3-1 AHPSH X E =1 &@
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A hydrograph shows how the river level changes over time at a specific location. Forecast hydrographs are
displayed when flooding is expected, otherwise the hydrograph for the past few days is provided, ifthe data
are available. At key river gages, such as along navigable rivers, daily forecast hydrographs are provided,
whether or notflooding is anticipated. For some locations, probabilistic outiooks for extended periods of up to
90 days are provided.

Links to past and forecast precipitation, river level impact and historical flood information are also included
on this page.

The following terminology is used when describing floods:

The term Minor Flooding is used to indicate minimal or no properly damage. However, some public
inconvenience is possible.

The term Moderate Flooding is used to indicate the inundation of secondary roads. Transfer to higher
elevation may be necessary to save property. Some evacuation may be required.

The term Major Flooding is used to indicate extensive inundation and property damage, usually characterized
by the evacuation of people and livestock, and the closure of both primary and secondary roads.
Past Precipitation

Forecast Precipitation

Top 3 Historical Crests
(1) 12.06 ft on 04/30/1999
(2) 10.34 ft on 09/03/1994
(3) 10.25 ft on 05/17/1995
Crest Flow Information

Top Low Water Event
(1) 0.0 ft on 09/24/1939

Impacts
12.0 Feet WATER FLOWS OVER OLD PUEBLO ROAD SOUTH OF FOUNTAIN
11.0 Feet WATER FLOWS OVER RAILROAD TRACKS SOUTH OF FOUNTAIN
10.0 Feet SERIOUS AGRICULTURAL FLOODING AND BANK EROSION OCCURS
8.0Feet SIGNIFICANT AGRICULTURAL FLOODING OCCURS
7.0Fest MINOR AGRICULTURAL FLOODING OCCURS
6.0Feet THE RIVER IS BANKFULL

®3-3-2 AHPSH X E~N&@ (H)
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FOUNTAIN CREEK NEAR FOUNTAIN
{FHAC2, USGS 87186888) Gauge Datun = 5355.86ft
Generation Time s

T 1 1 1
6000 ! 1 7 7.94
5000 Pt G sacies wmes ——+t7.54
4000 s e . B 17,16
i i i i
3000 " S 6.72
i ! !
2 20001 ——— = +4- o e T M R
| ; | i
~ 1000 {— e, 8 00 s ¥
a i | )
8 c . i 1 4.20 f.:
10:00 14:00 18:00 22:00 0Z2:00 06:00 10:00 14:00 18:00
08/29 08/29 08/29 03/29 08/30 08/30 08/30 08/30 08/30
TIHE {HDT)>
Observed == Flood - Moderate Major =
Latest: 5.46 ft 840 CFS (13% of flood flow) [18:45 08/301
Max: 9.92ft (1589 CFS) Max Fcst: NONE
Min: 4.69ft (90 CFS) Min Fcst: NONE
Preliminary data
Forecast data only available when flood waters threaten T?)bltﬂar
ata
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1 Heek Chances of Exceeding lersl.oswl on the Fo!.lﬂlnlN CREEK at FOUNTAIN 6S, CO
Forecast for the period S 3663 - 15775 2003

This is a conditional simulation bmd n the current conditions as of 8-28/2003

Major Floading

12.01 Exceedance
Probabi | ity
11.23
B -2
10.45 Sl e
Elooding. l 58 - 7%
9.67 B -
l = 982
8.89
8.11{Flood Level
7.33
6.55
5.77
4.99 _-_------
N LD T T
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1 Week Chances of Exceeding River Levels on the FOUNTAIN CREEK at FOUNTRIN 6S, CO
%p‘cﬁoﬂ ) -11 /:
This is a conditional simulation based on the current conditions as of 8282003

Exceedance
Probabi | ity
B w-=
25 - ser
B se-m=
B w=-om
. = 907
Max
River
Flow
©FS)
B3-3-5 AHPSH# X —— B )R LK EE
1 Meek Chances of Exceeding River Levels on the FOUNTRIN CREEK at FOUNTAIN 68, CO
i e e i0d DRSS - 1BV 2000
is is a conditional simulation based on the current conditions as of 8-28-2003
Exceedance
Probabi | ity
B -2
25 - sz
B -=
B -
. >= 902
Vo lume
@C-FT>

REGULATED FLOW
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12.09

11.31

10.53

9.75

8.97

Chances of Exceedi

River I.evclsson ‘the FOUNTRIN CREEK at FOUNTRIN 6S, CO
e e e oo RS
based on the

F or
This is a conditional simulation

1
L 2003
current conditions as of 8,28,2003

Flooding
12.9 Feet.
ate Flooding
109.8-12.0 Feet.
inor Flooding
.0-10.8 Feet.

A,
o,

B 3-3-7 AHPS#H X — 3K 438 M K A2 MR B

Chances of Exceedi s
Fm:k'foréu&riod

River Levels on the FOUNTAIN CREEK at FOUNTRIN 6S, CO

i
This is a conditional simulation based on the

8570.0

7713.0

6856.0

‘SRS - 5k 200

current conditions as of 8/28-2003

l

i
i
e

T
i
{
|
{

5999.8

5142.8

4285.8
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FEEK.tFmHIH 68, CO
conditions as of 8282003

mﬂIFlulﬂ'Rl
‘the curry

Levels
8.6
ion based

ver
or
lat

This is a conditional simu

uﬂ:km

Fe

Chances of Exceedi
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BHAHGTERR  AERUADE I RARAREHLR -
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B %R 2R K E % £ (National Severe Storms Laboratory,
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S RBARALFS (NWS)

F A& % ¥ (National Weather Services, NWS) # g » £
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Phased Array Radar Construction

Photos © Kurt Hond! - April 22, 2003
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 Current Weather Watches

This s the cutrent graphic showing any severe thunderstorm 3 antchas arg sumentyy o atiert
and tornado watches which are in effect over the contiguous
United States. Please read about the the purpose of our
watches for further information. Details on all valid watches
may be found on our Current Convective Watches page.

_Current Mesoscale Discussions

' This is the current graphic showing any mesoscale

. discussions (MD's) which are in effect over the contiguous

. United States. Please read the description ofthe purpose of
our MD's for further information. Details on all valid MD's may
he found on our Current Mesoscale Discussions page.

Current Convective Qutlooks
Today’s Outlook

This is today's forecast for organized severe thunderstorms
over the contiguous United States. Please read the description
ofthe risk categories for further information. You may find the
tatest Day 1 Qutlook availahle as well as all Qutiooks issued
today online.

Tomorrow's Outlook

This is tomorrow's forecast for organized severe thunderstorms
over the contiguous United States. Please read the description
ofthe risk categories for further information. The latest Day 2
Outlook is available as well as all Qutlooks that have been
issued today.

Day 3 Outlook

This is the day after tomorrow's (day 3) forecast for organized
severe thunderstorms over the contiguous United States.
Please read the description of the risk categaries for further
information. The Iatest Day 3 Outlook is available as well as all
Qutlooks that have been issued today. Note: The 10% and
greater probability thunder line is not included on the Day 3
Outlook.
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Fire Weather Outlooks
Today's Outlook

This is today's fire weather forecast over the contiguous United
States. The SPC issues critical and extremely critical fire

. weather outlook areas once a day for wind and low relative
humidity situations as well as critical fire weather outlook areas
for organized areas of dry thunderstorms.

Tomorrow's Outlook

RN ’ R

- This is tomorrow's fire weather forecast over the contiguous

. United States. The SPC issues critical and extremely critical fire

t weather outlook areas once a day for wind and low relative

- humidity events as well as critical fire weather outlook areas for
organized areas of dry thunderstorms.

 Watch, Warning and Advisory Display

Currentwatches, warnings and advisories issued by the
agencies ofthe National Weather Service.
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Greater Cincinnati Metropolitan Sewer District
Mill Creek Sewershed Averages for
2001 Radar Rainfall Events
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High resolution NEXRAD gauge adjusted
radar for 56 storm events provided input
for calibration of the System Wide Model.
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Tar-Pamlico River Basin
Distributed Runoff
Remnants of T.S. Allison

Discharge (cfy
0-600

508 - 1008
1040 - 1600
1680 - 2000
2000 - 2600
2690 - 3009
3000 - 4008
4080 - G000
&840 - 6008
6000 - 7008
1649 - 500
2000 - 5008
9600 - 10099
> 10000

000000 005 0¢

Thu Jun 14 13:30:00 2001 EDT

4-4-2 Vieux and Associates# % s & (&)

E4-4-3 mBaxter Vieux k#4%

55



E4-4-4 gVieux and Associates A § 4%

56



® -ntm-ﬁ‘%ﬁ
— ~ EH

(—) R EHBmE (QPESUMS) BX > A TE  HE -
M8 3k AR SO E R MRS R R K
W THRELHERE -

(=) A XAxER (Vo) X EEZ A mEinsg
ROBRXBRANERE BEKETRAARIAWEETRL L
REMH»HERL 48 45QPESUMSHE X » ¥ hofi s -

(=) Vo X B AT # R TR Vio X Fraf 4 4 - T&
QPESUMSHL X & 812 & - & e F4H 4 £ 05 > Vilofs X T Bess
QPESUMS#: X frr 32 4k 2 Bp o5 & 1 5 B3R > 4T /K ST X 3t

 RAF B K AKAL » 5T 3% R R AR B KA RLA BE 2 8 Rk
3 HR KR F BT A R KB S

(wm) AHPSHE X s 4 R AR REBHERETNE T

BRI BREMABR IR ARRE I EEARELE
ER|EETEE TN A RKMBLEE RFEKEME R —8&
PN ARALABASAHF ~ SR AR R BT B HARAAKE - R
kK 3 A HA R T )1 AR AR AR ASH B~ )1 R B AR AR R BT B AR
ALARM R 0 AF B K TR FIETIRAE -

(R) £BRAEMPIRARAFIFIGHBNBEEZREF v BEHE

57



BAGEERET CH—BEA  HEE o B hmim—5

BEHRR -

(—)Z ZHEMmE3H(QPESUMS)# & & 454 & A x &7k (Vflo)
B HetBFRNRRREREA 2ttt @IF3] -

a4

(Z)BAMABRBRERAE TR EARKBERFAHBNNFEH
—R —REHARRE T2 HE BHERK o E R
RREUPHFZEAR AFTEEETRLEMB @A - &
AW BINKARLRARE  BEERBIERENRE 2R
FRREZBER - RRFTHEE F R — 86 L8R%E > o5
EERESANEZF @B Bl dy AR 4 8 TR
TAR]

(Z)ARSDEE M B E T RS ThEBRTF A8 EEA
EAFEE - ARGEISANNFLEA B Em2 " A EHE | 480
WMANEEBRRA HZERETHEETER BIXRANES
FXBT AR FREBRATE  FREMERAIHB £
AE R A 6L B PR A1 -

() ARAAEFE SHK BRI FEAE B RAARR
BRI AEH PR KRG EEAMEN RSB
TR RIBIEFRZ RS DARR AR5 -

58



(4 BE A~ BR

LafaksE (LLMAE)
CEUEEE F- 0 FEARE AV : 3
##:(02) 37073000
ME:(02) 37073166

800212

28 MmEZEK:0 239



