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at Value Do Wind Profilers B
Weather Forecasting?

Wind profilers are an important source of meteorological data for
numerical weather prediction at the national level.

Traditionally, weather models have been run at synoptic radiosonde
launch times (e.g 00Z and 12Z) and could assimilate data only at
synoptic times “Z" = "Zulu” (GMT)

The new, high-resolution models and powerful computers enable
forecasters to run their models more frequently (hourly, or more often)
By improving your numerical models you can:

* |Issue more accurate forecasts

* |Issue forecasts more frequently

* |ssue forecasts with greater spatial resolution
(horizontal and vertical)
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bservation Mix for Input to Numerical Models
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at Value Do Wind Profilers B
Weather Forecasting?

With a continuous wind data input, you can run your models more
often with better results.

As soon as a computer model is run it begins to degrade over time due
to its inherent computational instability

Fresh observational data needs to be input continuously in order to run
the model frequently

The new models can assimilate asynchronous data

Wind profilers are an important source of fresh data: their sampling
period is as short as 6 minutes
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ositive Effects of Wind Profiler Data on

ort-Range Numerical Weather Prediction

Profiler and ACARS denial experiments using
20km Rapid Update Cycle (RUC) 20-km model,
4 Feb - 16 Feb 2001

Effects measured over 3 sub-domains
» Profiler domain (black)
« Downstream domain (red)
* RUC model domain (outer box)

Three experiments performed at NOAA/FSL
» CNTL: All data used (includes ACARS & VAD)

» EXP-P: All profiler data withheld
> EXP-A: All ascent/descent & flight-level ACARS data withheld
everywhere in the RUC domain (VAD still present)

Courtesy of NOAA/FSL Boulder CO, USA
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The forecast improvements achieved with wind profiler data are consistent over time

Courtesy of NOAA/FSL Boulder CO, USA

o VAISALA
©Vaisala | June 2004 | GLF | Page 6 4 <« ul » -\ b



ositive Effects of Wind Profiler

Profiler impact calibrated by the difference
between 13-day experiments with all data and the
CNTL experiment over the profiler domain:

(EXP - CNTL) / (CNTL)

Profiler data accounts for as much as 20 -
30% of the improvement in 3-h wind
forecasts in the low-mid troposphere.

ACARS data account for as much as 15 —

20% of the forecast improvement in a thin
layer at jet levels where there are many
ACARS reports.

Profiler and ACARS are complementary data.
They cannot substitute for one another.

Profiler impact calibrated by difference between
13-day experiments with all data and no
observations over the profiler domain:

(EXP - CNTL) / (NODATA - CNTL)
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ositive Effects of Wind Profiler Data on

ort-Range Numerical Weather Prediction
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Eta Data Denial Experiment: Model Error at 500 hPa 4-17 February 2001

Major Winter Storm - February 9, 2001 (Julian Day of Year 40)

v 0
'dESFI-I < 1 i 4|<|:'n|< +|<cgn +k:cr-1c For
N A kaUdgIRS IR T
: = \’EﬁR.dl} KSUAR T
profiler comain g st

s
— 18- o
-
‘v id-ae
- Snow & 1
i FRMHE 3 (E Ay
0 £ 0 EER] .d'fﬁf*?wc i
Pl At BuaL 115 B EC7ind s e
s SR ng i H217
QO rain FeEko
o
—~ Sleet/mix w3
D +
4'5 A
i 1]
= o
m "
KPFF T
E + TKJLN ket
L rLF o
S U
o )
; T guees 7
T et 4K KHROD ~ KFL
+ FELD SERL KSLGKASE
! S5 +
n - KT
40 47 46 Toew KTaH

44
Julian day (2001)

Profiler data improve 3
more than 10 m/s during

e s VAISALA

+
KUK TKHKC

313 - 07 NG



AddltienallBenelitsi— Avialieh =erecasts
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AddltionallBeneliis = EntianceaDatarAvarlaniity,

Results: 2-4% |mprovement in wind data availability above 400 hPa (25 Kft)

) 1 e .
e L o qu&sonﬁfﬁt‘— at 300 hPa _4§r._ \\
Storm Reports . November 10.‘.}062 12:00 UT&Eﬁ'— i_‘ik 'lll OKOLONA, MSUS Lat34. Ogglchffof.ﬁ Elev:410ft
November 10-11, 2002 ' 7

rainRate |
‘Wind Speed and Direction | Mode: ;4 i( :60min | QC:good only

NPN has high availability
during strong jet streams
complimenting the
radiosonde network

Wind Reports (281) Okolona, Mississippi Wind Profiler
November 10/18UTC to 11/06 UTC, 2002
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NPN Integration within NOAA

How NPN Fits in NOAA:

s Wamtenance:  INENHF U, NRETINDBEC) RegionalfiHas;
VIOAS infplace

*raiing. Part o integrated Senser liaining, WhSS,
WWeather Event Simulater (WES);, VisitView;, IRegienal
Electronic lechnicians;

s @perations: Dataintegrated interNOAARORIL, Glehal
llelecommunication System, NCEP NWE, and AWIPS;

s Policy: Integral compenent ol Ceniral IREQIONNBEST:
Practice policyor enhancing  Situational Awarenesss:
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at Value Do Wind Profilers B
Weather Forecasting?

Wind profilers are an important source of meteorological data for
numerical weather prediction at the regional level.

Wind profiler data can be used in order to calibrate regional weather
forecasts against national weather models, in order to determine how
well a national model forecast is performing

This “calibration” allows the regional forecaster to adjust weather
forecasts accordingly

The continuous flow of wind profiler data can be used by regional
forecasters to continuously “nudge” their models towards the “correct”
forecast
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Local and Regional Weather Fo

Can Use Wind Profilers To...

» “Calibrate” their numerical models and adjust forecasts accordingly
* Predict local maximum winds for the day

* Predict the movement of toxic/hazardous particles as well as smoke
caused by wildfires and prescribed burns

* Predict severe weather such as thunderstorms and tornadoes
* Predict the dissipation of fog

 Improve the monitoring and prediction of mesoscale and local weather
events

« US National Weather Service conclusions for wind profiler usage:
— Tornado Warning Lead Times improved by 3 minutes (38%)
— Flash Flood Warning Lead Times improved by 8 minutes (18%)

* Predict the type, nature, and intensity of precipitation in mountainous
regions
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“At least six tornadoes touched down in central and southern Kansas, including one that just missed the
town of Attlca in Harper County No fatalities or injuries are reported.” ---Wichita Eagle, May 13, 2004
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North Texas Severe

Thunderstorm Outbreak .
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“BEFORE outbreak started. Observed wind fields from NPN helped our forecasters become fully aware
of severe weather potential.... Once we noticed that convection had developed and was moving east, our
brleflngs to Emergency Managers reflected proper threat level .
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Impact of NPN Data on Warning Performance
Statistics: 1999-2003 Average (10 WFOs each Category)

WFOs within WFOs Outside
NPN NPN

Probability of Detection 0.79 0.62

False Alarm Rate 0.68 0.85
Critical Success Index 0.29 0.14
Lead Time 12.9 9.5
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HoewW:S2@ USES Prafilerzbata in Convective Situations

SPC upgrades severe weather risk in Oklahoma to “high” based on proiiler win_ds-"

i :
Wind Profiler Time Series from Tucumcari, New Mexico - May 3, 1999 5~
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Perermnance

ResultstSEGINational WatchtAccuracy fornE2Z==oN iornadoesimproved

T i

Network Deployment
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Significant Watches: F2-F5 Tornados, 75 mph winds, and 2” hail
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1973 1976 1979

NPNiverticalwind shear data used to monitor rapidly changing
conditions to assess risk and type of severe thunderstorms.
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- Heavy Snow How: WFEGs, use Profiler- Data
‘ in Winter: Sterim) Situations

J nuary 3- 4

“Winter weather advisory upgraded... to a winter storm warning based, on part,

on signatures seen on the wind profiler”
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How WFEEs use Profileribata
ImElashiEIoeadISituations

As a result of accurate forecasts of rainfall and a record flood, law enforcement and

emergency preparedness officials had ample lead time to commence evacuation procedures
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Ui uquerque, NM,

How WIFEOs use Profiler Data
In Fire' Weather: Situations

“Firefighters were ready when wind shifted -- no homes burned in the nearby neighborhoods”

- Height-time cross section at Tucumari
10- ] ~ N N e W W | I S | T L"“-.. L‘\ — L i -
: T~ Tucumcari Profiler picks up
a9 wed f T ' o i ifvi ind d
oy Surface Analysis ai] intensifying winds not seen X v
June 28, 2003 at 12 UTC _, in nearby ABQ Radiosonde
al l ] : : : Observation /
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“Forecasters at NWS office in Albuquerque used Tucumcari wind profiler data to inform fire
management crew that abrupt increase in low-level wind would occur shortly before midnight.”
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termined by Wind Prof
n Algorithms

ecipitation Intensity Can Be D

4 ’%‘g Environmental Technology Laboratory

{ i Weather and Climate Applications Division

R Boundary Layer Wind Profiler Studies Background field of

oo | consensus Doppler vertical

ssoo] n - velocity (Rv, positive

oo 15 ° downward) showing the
ool transition from snow to rain.
gl . .
& 2o The snow-level estimates from
S ol . the algorithm are indicated by
e 2 the black dots. The table,

! ' which was added at the

o request of NWS weather

ool . forecasters, lists the snow

z T 1Ia ) 1|z:' 14 1|z llt) B B L o zlz I ;0 i
20 o e level along with the surface
NPT temperature measured by a
Svow Love (o3 | 831 | 640|571 | io48 | ton8| rove | 1508 | 1548 1500|1508 | i4o4| 1487 met station collocated with the
Serae © | s02] atal sas | s67] s | sarl ras| 745 oka| sse oot |0rs wind profiler.
Time (UTC) QB30 | 0730 | 0830 0530| 0430( 0330 0230 | 0130| 0030| 2330 2230| 2130
Snow Level (m) ] 1471 1489 1492. 1365 | 1204 1215. 1206 | 1134 | 1075 1069. 1080 | 1102
Snow Level (ft) 4824 | 4B18| 4893 | 4477 | 3940 3985 | 3955 | 3719 | 3525| 3506 | 3575 | 3614
Sfc Temp (C) 10,02 | 7.28 7.25 7.36 | 7.3 7.30 7.80 8.41 B.55 8.13 8.72 9.06
Courtesy of NOAA/ETL Boulder CO, USA - -
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Freezing Level Can Be Determin

and Reflectivity Data Gathered

LAPGraph

File Edit Graph Options Window Help

Southeast Houston, TX: Height [m agl] / Time [CDT] { w [m{s]
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ovement of Smoke/Toxics Can Be Determined

ith Wind Profiler Data

.y
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,Nz Quebec (Canada) forest fires of July 7,

75 2002. Wind profiler data was the key to
"% ~& . 1 making accurate forecasts.

2002 NESCAUM RWP Network
Date: 7/6/102

Image provided by ORBIMAGE, () Cristal Imaging C:hmumn

NW flow within the ABL
& stronger NW flow aloft
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$ LAFPGraph - [DWD: Height (m agl) / Time (UTC) / WS (m/{s)]

Height (m agl) WS (s
Cheer

14000
30

12000

10000

20

gooo

6000

")

% o

4000 - e
e
= Bt i T S e e e f nop L

zéﬁﬁ%;%%ﬁ’ﬁfﬁﬁrzi‘f:;?;;;;;;;.. :.
{Z;ﬁf:%é%%%fﬁeﬁb'?;;;mzez =22

1 —

BTt SR E L B P ededed E S T e e = o e e

I'! j"'?l : x\ A B Z'-CES 'H._U‘\ R‘ﬁ%ﬁ% ooy T e *‘kx‘_\ i : e o LA, ‘-""‘-"“:""‘-

s e nnTiEy L SEEEEEEE ST :
N — et :

L0 ] Under

10 11 12 13 14 15 16 17 18 19 20 21 22 23 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

11712795

S T
PUOR TR e

N .

E S e o
[ R R N 1

Y
LY
e
SUNRA |

!

P
e
s
i =" s L &
—
R
S S

z0an

b
.,
1




Mesonets Allow High-Resolution Weather Models

A
>%‘ourtesy of NOAA/FSL Boulder CO, USA !i..*'. vn Isnln
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asonets Provide Significant

stwork Capability in Limited Re

...As in the North American wind profiler network, which is composed of a
number of different wind profilers with different performance characteristics

—Ty_
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W Current MDCRS (=3hr temp res)
<r  Expanded MDCRS (=3hr temp res)
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North American Tropospheric Mesonet
(Conceptual Network)

Profiler
Profiler with RASS
New 8km Profiler

Decommissioned 16km Profiler
Repositioned 16km Profiler
COOP Agency Profiler
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esonets Provide Significant Ne

Limited Regions

...As with the European CWINDE wind profiler network, also equipped with various
wind profilers having different performance characteristics:

s
"'r jaf oy IR Ty )
. CWINDE - PROFILER NETWORK

.. = Wind Profiler

=y B
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Wind profilers support a broad range of weather forecasting activities:

« They increase the data input to numerical models
They allow numerical models to be updated much more often
They are used to “calibrate” numerical forecast model output in real-time

They boost the value of local forecast products such as
maximum winds, fog dissipation, precipitation in heavy terrain, etc.

They allow more accurate forecasts to be made to support the
transportation of toxic/hazardous materials in particular regions
(homeland defense)

Wind profilers provide a continuous flow of vital weather data with very
little need for human intervention.
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