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The Oklahoma Weather Center

A uniqgue confederation of 11 Federal, State, and
University of Oklahoma entities
Is ’

Employs over 600 professiona
operational, research and ac
meteorologists in the natia

Yearly research expendituiresiof $6511V




OKLAHOMA
School of Meteorology (SoM)
Center for Analysis and Prediction of- National Severe Storms Laboratory

Storms (CAPS) (NSSL)

Oklahoma Climatological Survey Storm Prediction Center (SPC)
(0CS) National ' Weather: Service Forecast
Cooperate Institute for Mesoscale Office

Meteorological Studies (CIMMS) NEXRADNOperational Support

Environmental Verification and Facilit
Analysis Center (EVAC) Warmng
International Center for Natural
Hazard and Disaster Research

(ICNHDR)
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Major Achievements

Pioneered Doppler weather radar technology

Civil Aviation Weather Systems

WSR-88D LOCATIONS




Major Achievements

Created the nation’s first high-density State-wide surface

observation network — the Oklahoma Mesonet




Major Achievements

Developed the world’s first ground-based mobile Doppler radar
(Doppler on Wheels); recorded highest wind speeds on Earth (318
mph) during Moore, Oklahoma F5 tornaderon 3 May 1999

------

——————



Major Achievements

Created the world’s first computer-based forecast

system designed specifically for intense, local storms
— now used operationally by American Airlines, FAA,
Kennedy Space Center, and others
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ENIAC Versus Today
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Charney, Fjortoft, and von
Neumann (1950)




Prediction Started at the
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...And Grid Spacing Has Been
Decreasing Ever Since
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Trends in Computer Model Forecast SKill

NMC/NCEP operational S1 scores
over North America (500 hPa)

< "useless forecast" >

36 hr forecast
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Numerical Weather Prediction
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What Do Operational Forecast Models
Currently Predict?
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What Causes the Real Problems?




Why the Lack of Detail?
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Why the Lack of Detail?

* NPN sites
A NPN sites with RASS




The Foundational Question in 1989

12 hour Etq valid 122 SAT 24 JIL &3
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... explicitly predict this
ype ol weather?
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Center for Analysis
and
Prediction of: Sterms




Present NWS Operations

CONUS C t ode




mall-Scale Weather is LOCAL and
heterogeneous!

g Visible Image 1845 UTC 22 Jan 1999 Hational Center for Atmospheric Research (c)1999 UCAR

Rain and W, W, |
Snow £y Fog Rain and

Snow and
Freezing




A Dynamic Environment
(time = t)

12:30 23-JAH-1999 GHT ©Copyright MSI Corporation htbp://wwwm,wsicorp,con

20 km CONUS Ensembles

HERYY LIGHT HERMY L IGHT
ET [ 12:302
23-JAH-93




A Dynamic Environment
(time = t+6 hours)

16:00 15-JUH-1999 GHT EiCopyright HSI Corporation htbp://uuu, usicorp,con

20 km CONUS Ensembles
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Distributed Computing: The “Grid”

16:00 15-JUH-1999 GHT EiCopyright HSI Corporation htbp://uuu, usicorp,con

20 km CONUS Ensembles

50 km
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Three Key Ingredients for
Storm-Scale Prediction

#1 -- A computer forec% system that
accurately represent Iplex: physical
processes and operates errmen iy on
parallel comp ter e




Advanced Regional Prediction System (ARPS)

ARPS Model Physics

Solar
Radiation

reflected
Horizontal Wind Flow Large-Scale Vertical Motion

R

C Free Atmospheric Diffusion Water/lce
Microphysics

boundary - Lateral boundary conditions R
layer top from large-scale models ARPS Data Assimilation System (ARPSDAS)
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The ARPS

Cartesian grid-point code (600,000 lines of
Fortran-90) developed new: beginning in 1992

Uses 2-D domain decompositioniand
MPI/Open-MP -

Emphasis given to portability; scalability;
parallelism, adaptability:
Solves 12-15 nonlinear: P DES; I0ESeqUiations
per forecast !
Has has been run on dezens O fECHINES
ranging from Laptopsito; theNEV=Z0IReRan (022
node Cray T3E to Alphgranc ERtuxaEIisiErs
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Seconds

ARPS Benchmark Timings
19x19x43 3km grid/processor
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ARPS Benchmark Timings
19x19x43 3km grid/processor
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Three Key Ingredients for
Storm-Scale Prediction

#2 -- Sufficient computﬁQmV_Vﬂ to
accommodate high spatial reselutior ‘
and produce a forecast atiléast 10x
the speed of the weather

<«







The Need for Teraflops

Must fit the prediction model to the
observations (data assimilation/retrieval)

About 50-100 times as expensive as, the forecast
Must use high spatial resoelution o
1-3 km resolution in sUlHicie nr’/ JrJrJd deMaINS

Must quantify forecas NCErRtalpLY,
(ensembles) ’*

May need 20-30 f 'ECASLS L0 PIOAUCE afENSEBIE
each forecast cycler
Requirements: 10-100 TFLOPS, susSiainEGARSHIE
memory; 20 TB storage




Three Key Ingredients for
Storm-Scale Prediction

#3 -- Observations of sufificiently high
time/space resolution

WSR-88D LOCATIONS



The Challenge of Using Doppler Radar
Data in Numerical Weather Prediction

The radar observes ...
one (radial) wind component
precipitation intensity

We need ... ) ubserved

3 wind components component
temperature

humidity

pressure

CAPS was created to ,ér)lore

solutions to this “retrieval™ preplem

and apply them to storm-scaleMmumerical
prediction |




The Impact of Regional/Local Prediction

CAPS 12-hour

Radar
(Tornadoes
in Arkansas)

Composite Ref (dBZ, shoded)




The Impact of Regional/Local Prediction

CAPS 6-hour
Regional Forecast

CEMTRAL 21 JAW 1933 &:43 PM EST

Radar
(Tornadoes
in Arkansas)




The Impact of Regional/Local Prediction




Real Time Forecasts

Analyses: U2 » SPlains « WC/ME TS - Tinker AFR Current Weather Archive
Fcst: ECem’E Iz (32 k_m) + SPlains (20 k_m) SPlaine - Okmeso - TLX - FDE Wiew all products fior today

Real-time Numerical Weather Analysis and Prediction

Presented by
/ wx Center for Analysis and Prediction of Storms
University of Oklahoma

Using the Advanced Regional Prediction System (ARPS), CAPS produces forecasts and hourly analyses each day year-round. Deseription of the Forecast System.

Current Products

« Hourly Analyses: U.S. - Southern Plains - N Cen/NE U.S. - Tinker AFB
« Forecasts: CentrallEastern U.S. (32 km grid; 36 h forecast dally af 002) - 8. Plains (20 km grid: 18 h forecasi daily af 152)
« Current Weather Products: Surface Maps - Soundings - Radar

Select Analyvsis or Forecast Region

@_A_'E@/wx CAPS/wx Directory CAES

« CAPShwx Home

« Weather and Forecast Archive

« Description of the Forecast System

o Realtime ARPS Wodel Output via FTP

« CAPS Home /| ARPS Home
« Oklahoma YWeather Roundup
« Howlo contact us




Data and Process Flow Timeline
AMS-99 e« Southern Plains (9 km) grid ¢ 9 h forecast
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-'go iz NIDSZ?RPS ADAS
S Pros 120
E qg 28 radars . D ARPSPLT
o] I 4 proc
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== _ ¢ [ISAT2ARPS
=~ g 1 proc
i 2.0
= e :
T-0:30 T+0:00 A ~iTH0:30 T+1:00 T+1:30
= [ |2
3 é 3 Surface
Z Z: |8 Rawinsonde
e Profiler
: MDCRS
—» Raw data

> Processed data/
Model output




Nnews
ahout
education
participants

research

mee"“ gs Latest News

Supercomputing Genter for
Education and Research

The OU
Supercomputing
Center for
Education &
Research helps
undergraduates,
grad students,
faculty and staff
to learn and use
supercomputing
in their science
and
engineering.



3 May 1999 Oklahoma
Tornado Outbreak




May 3 Tornad Tracks/Intensity

Fujita Scale of
Tornado Intensity
Wind Speed
Estimate [mph)
Under 72
73112
113157
158-206
207-260
261-318
Damage Path

Tornado tracks are colored and
labeled with respect to the
parent supercell thunderstorm.

Total Humber of Tornadoes
in the HWS Norman CUWA
(Ordered by Supercell)
Supercell Tornadoes

Storm A 14
Storm B 20
Storm C 2
Storm D
Storm E
Storm G

4
7
6
4
1

Storm |
Total 58
“F* was not used as a storm
lahel to avoid confusion with
the Fujita Scale ratings.
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CAPS Numerical Forecasts of the May 3 Tornadic Storms

5:00 pm 3 May 1999
ARPS Model




March 28, 2000 Fort Worth
Tornado

.. (400 Monticello)

White Settlement Rd.

Tornado path

Arch Adams

University Dr.




Fort Worth Tornadic Storm on TV Radar




NWS 12-hr NWS Forecast (32 km resolution) Valid 6 pm CDT
(shading indicates 12-hr accumulated precipitation)
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KFWS Radar
Observations

(6 pm)

00:03UTC 3/29/2000 Base Reflectivity
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KFWS Radar
Observations

ARPS 3 km
Forecast
With Radar
Data

2 hrs (6 pm)
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2 hrs (6 pm) 3 hrs (7 pm) 4 hrs (8 pm)
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How Good are the Forecasts??

Forecast Actual Event

i
A perfectly predicted st
of 30 miles may be a't
of a siI




How Good Are the Forecasts??




Pinning Your Forecast on a Single
Model Run???

-
RHA
49 23.57 UTC
~ Mon 16 Jun1997

CREF
Procip Mode

max= 06.@ JBI

il
2 B
o

Tanrs KEE

T]

FNS
23.54 UTC

Mon 16 Jun1997
CREF
Prect

p Mods

max= 66,0 dBZ




Pinning Your Forecast on a Single
Model Run???
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Storm-Scale Ensembles in Action

" Lo F -
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Storm-Scale Ensembles in Action

" Lo F -

Prob. of Accum. Rainfall > 0.5 in ° Amarillo

Preclip Mode
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The Private Sector Enters the
NWP Game

WEATHER CENTRAL, INC

The world leader in weather
systems and services since 1974
5725 Tokay Boulevard Madison, Wisconsin 53719
Phone - 608-274-5789

Weather Decision Technologies, Inc.

Weather Display
Systems




Traditional Methodology
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Traditional Methodology

L LLLLI]

Raw Data Collection Compu
& Dissemination (NWS) Fore Mo




Traditional Methodology
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Traditional Methodology
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Traditional Methodology
{@ : . US National Weather Service
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Traditional Methodology
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The New Landscape
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The New Landscape
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Ingesting NEXRAD Radar Data via the Internet

Radars Now Delivering Real Time
_ Level IT Data to NCDC/OU
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Center for Adaptive Sampling of the
Atmosphere (CASA) — NSF ERC Proposal

Oklahoma Cell
Network :

Sampling Volume Resolution:
/100m Xx100m x 100 m

Concept: Prof. D.
McLaughlin,
Ul oft Massachusetts




FCC Cellular Database -- 20.455 sites




Data Handling Requirements

Per Pixel Data storage: 10 bytes per observation

Assume sensor nodes upd

Total Data Volume

» Regional Network: 25 Gb
26 Thbytes per da

* Nation-wide Netw
1.3 Pbytes per d




Dealing with the Flood of

Information
Generating It &
Moving it
Analyzing (mining) it
Storing it
Finding it
Accessing it
Combining it
As scientists and engineers, WelspeneRe!lSoVes
50% of our time dealingpvitistnENCEISESIOf;
information




Linked Environments for Atmospheric Discovery
(LEAD) — NSF Large I'TR Proposal

THREDDS Sites
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Linked Environments for Atmospheric Discovery
(LEAD) — NSF Large ITR Proposal
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Daia PCs, PDAs, Local Processing
Resources e ; &
Digital Collaboration and Storage

Facilitie
i Local User
LEAD Environment
Portal

Models<+Algorithms«+Tools
+ Acquisition - Mining/analysis + Browsing
+ Preparation - Management + Sharing
+ Assimulation - Meta data + Coupling
+ Vigualization - Creation + Digtributing

User Productivity Environment

Linked Grid and
Web Services
Test Beds

Distributed Technologies
Environment

* Imterchange technologies

* Dynamic adaption Real Time and

* Real time facilitation Histarical

« Subsetting Atmospheric/Oceanic
» Push and pull Obsarvations, Modal
- Q0S, security, provenance Grids, and Usear-
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Data Services Environmant
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