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DTRA team models wind, weather in support
of Winter Olympics

by drene Smith

Trac king snow and c

from the Alps, the Defense Threat
Reducrion Agenc
meteorlogy team supported the 2006
Winter Olympic Games in Turin, Italy:

Force Maj. Jimmic

gz, the DTRA
meteorology team
operations were
expanded ro provide
('(rn-‘f\]“i' nce

assessment during

the 2006 Winter
Olymipics at the request
of the U.5. European Command.

Trig

nand
software

Operating the Hazard Predicti
Assessment Capabiliny (HPA
tool, the meteorology ream ook
acdvantage of special weather observation
darasets available in the domain of the
Winter Olympic venues and undertook
a pmject to improve weather modeling

h resolution.

ar hi

The varied terrain provided a special
challenge to the modelers on the
metearology team. Half of the Olympic
venues were ]‘}L.llf‘d in [I‘C mountaing w
the west of Torino, while the rest were
located on the relarively flat plain in and
around Pinerolo and the city of Torino
1o the east,

“Back ar DTRA, we're making it casicr
for the Consequence Management
Team (CMAT) 1o do their job,” Trigg,
said. “If bad weather is predicted o
happen during the curling competition,
we can pull the wearher file and do the
caleulations on it. The CMAT doesn't
have to analyze 11 different weather
maodels to ger the best weather for the
event. We do the analysis back here,

post it on a webpage
J"LJ ‘llt“ 6(“\1 'll(‘]li
the data.”

A DTRA CMAT,
comprised of Air
Foree Maj. James
Greene. Mavy Chief
Warrant Officer
Peter Terrill and
defense contractor Chris Schinnerer,
was forward deployed 1o Stutigan,
Germany, w provide weather modeling
to support hazard and consequence
assessment operations

The HPAC and other tools use high-
resolurion weather data along, with
other environmental and source term
information to produce estimates of the
spread of accidentally or intentionally

released hazardous marerial, such as
chemical, biological, radiclogical,
nuclear, and high explosive (CBRNE)

agents.

The meteorology team performed three
functions in support of the Olympics,
They provided meteorological data for
individuals using HPAC; they made a
determination of the best performing
medium-range model forecast

for any given 12-t0-48 hour

time help-desk support w nsers
regarding acquisition and use of
weather for HPAC consequence
assessment applications.

“Whar we're doing is pulling
high resolution data from the
meteorological data server and
overlaying it on the location of

a specific sport venuc, such as

snowboarding,” Trigg said, “Gathering
1.6 kilometer resolution data from

the ULS. Air Foree Weather Agency
(AFWIAY, we then add high resolution
weather data over the area and plot the
flow and direction of the wind as it

comes out of the monn

Prior 1o the Olympics, DTRA parmers
ar Pennsylvania State University
(PSU) and the U.S. National Center

timeframe; and they provided real-

for Atmospheric Rescarch (NCAR)
established data collection and
assimilation, and forccast modeling
projects that used special weather
station obscrvations provided by Iraly's
ARPA Piemonte, the environmental
agency for the re,

At Penn State, a version of the
Mesoscale Model-5 (MMS5) was
prepared 1o use the special observation
dara to forecast weather in a four-nest
configuration. At NCAR. versions of
MMS5 and the Weather Rescarch and
Forecast (WRF) models were integrated
into a real-time four-dimensional

data assimilation program which used
the special Olympic weather
ini

alize these models.

Naey Clief Wiernane Officer Peter Terrill {right} and defense comtmictor Chris Sebiwnerer,

mewmbers of @ DTRA Consequence Management Assessment Team forward deployed to Stutegari,
Gernutny, provide weather wodeling o support hazard and consequence asessmient opersitions i
the Winter Ofpmpics,

Dr. David Staufer, Penn Stare
metcorology department. remarked. “Tr
is very satisfying to apply our advanced
technologjes in numerical weather
predication and dara assimilation. So
far our high-resolution metcorological
modeling and data assimilation system
has performed very well in capruring the
localized mountain Hows in and around
the Qlympic venues,”

Two other D'TRA partners provided
independent weather forecast models
against which the PSU and NCAR
model data was compared against
The AFWA provided its MM5
forccast model data and the U5,
National Oceanic and Atmospheric
Administration’s Nati

al Centers for

wironmental Prediction provided dara
from a special version of their WRF
model.

“We learned several important lessons
during this project,” Trigg said. “More
research is necded for quaniifying model
uncertainties in the inputs and oorpurs
of ransport and dispersion models. The
meteorology team and its partners used
this experience 1 improve several arcas

of its weather support operations. We
plan to expand upon this experience
during upcoming ficld tests, and

to further improve and expand the
capability to provide aceurare high-
resolution weather forecast information
w hﬂ.l!'d .II](I ‘:O“K'\Iucllfc assessment

operations.” B

Trene Sweitl is @ DXTRA publec affairs specialist.




PSU 1.3km Feb. 22/13-17 UTC plumes, Feb. 22/14 UTC winds
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= Overview MM5 realtime forecast results for entire
— Glymplcs period, and the added value of finer
model grid resolutions.

= |nvestigate effects of model initialization, (FDDA) in-
MM5, and the performance of MM5wvs. WRE
baseline (no FDDA) experiments, using subset of

ses representing different Weathg_cm
w—'
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= Penn State cowrputerforecasts for the Olymplcs Were

o ———

= —

produced twice daily using a “running start” dynamic
initialization method in which all standard surface and
upper-air weather observations - and also special data

In and around the Olympics venues — go.into;the -
model initial conditions... along withrdetailed snow

cover information from satellite.

atterns even at the initial time (t = 0 h),
and thus forecasts based on these initial conditions
are also much improved ...



MMS5, Initialization Scheme used for
2008 Winter Olyrmolcs

Analysis Nudging
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Dataset: MMS 36km grid RIP: mmb realtime intcl Init: 0000 UTC Sat 18 Feb 06
Fest: 000 h Valid: 1200 UTC Sat 18 Feb 06 (1300 LST Jat 18 Feb 06}
Column—integ. cloud hydrometeors

Sea—level pressure

Heorizental wind vectors at k—index = 30
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Dataset: MM5S 1.33km grid RIF: mm5
24.00 h Yalid: 12
height AMSL
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CONTOURS: UNITS=m LOT= 10{0.8 HIGH= 24000 INTEEVAL= 10000
Maodel info: ¥3.8.3 Noe Cumuluns GSFBL Simple lce 1 km, 30 lerels, 4 g




Venue Locations
for the 2006 Winter Olympics
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Strumenti di previsione Forecasting tools

La previsione meteorologica & basata sull'elaborazicne di: ;

= Maodelli numerici globali per [a previsione del fenomeni a grande scala; 21l I 17 y

+ Modelli logicl ad afta risoluzione per la previsione su piceola scala; + High-re. i 5 curst forimno 2006
» Post-processori statistici per la previsione di parametr locali; J arant e
* Madelli sull'evoluzione della neve & madelli di formazione del ghiaccio * 31 1 Tadel 4 an O%@

sulle strade per prevedere fe condizioni di viabilita,




18-h Forecast of Surface Layer Winds with Mesonet
Observations on 1.3 km Domain Valid at
18 UTC, 21 February 2006
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February 17, 2006
Initial Postponement Due to Snow
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CONTOURS: UNITS=% LOW= HIGH= %0.000  INTERVAL=  70.000
; 5 FULL 10 m o

CONTOURS: UNITS=hF 0 £ 08,0 INTERYAL=  2.0000
Model info: ¥3.8.3 Noe Cumulus GSFBL Bimple ice 1 km, 30 levels, 4 gec

12:59 AS COURSE WORKERS CONTINUE AWAY: The race has already been delayed one hour, and
now it's going to be delayed at least another 15 minutes, as the word from FIS is that the new start-

time is 13:15 CET!
(Excerpt from http://www.eurosport.com/alpineskiing/torino/2005-2006/live_mtc111414.shtml)




February 17,2006
Although skies are clear...high winds result in
cancellation

Datazet: MM5 1.33km grid RIF: mmb5 realtime rto Init: 0900 UTC Fri 17 Feb 08 & Datazet: MMS 1.33km grid RIF: mmb5 realtime thi Init: 0900 UTC Fri 17 Feb 08
Foat: 3.00 h Valid: 1500 UTC Fri 17 Feb 08 (1600 LST Fri 17 Feb 06} Foat: 3.00 h Valid: 1500 UTC Fri 17 Feb 08 (1600 LST Fri 17 Feb 06}
Taotal precip. in past 3 h Horizontal wind speed at k—index = 30
Sea—level pressure Sea—level pressure

Herizental wind vectors at k—index = 30 1000 to 0200 hPa thickness

Prob. of liguid precip. 1000 te 0500 hFa thickness
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CONTOURS: UNITS=% LOW= 70.0(0 HIGH= _70.000 INTERVAL=  70.000 CONTOURS: UNITS=dam LOW= E34.40 HIGH= 534.00
BARE YECTORS: FULL BARB = 10 m st CONTOUES: UNITd=dnm LOW= E40.40 HIGH= 5406
CONTOURS: UNITS=hFa LOW= 10028 HIGH=  1408.0 INTERYAL=  2.0000

CONTOURS: UNITS=hFa LOW= 10084 HIGE=  1{06.0
Model info: ¥3.8.3 Ne Cumuln: GSFBL Simple ice 1 km, 30 levels, 4 geo Model info: ¥3.8.3 Ne Cumuln: GSFBL Simple ice 1 km, 30 levels,

13:16 FLEISS IS ALREADY DOWN: The wind got under her skis, and almost blew her off the course

on her first jump as she crashes into the snow!!!! BUT SHE'S DUSTED HERSELF OFF AND IS GOING
TO FINISH

13:23 OFFICIAL ANNOUNCEMENT: Race cancelled due to poor weather conditions!!!! The ladies will
now move to Sestriere for the slalom portion, as this could have a big impact on the final result.
(Excerpt from http://www.eurosport.com/alpineskiing/torino/2005-2006/live_mtc111414.shtml)




Number and Locations of Surface Mesonet Wind

Observations
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WEAN ARS FRROR (M3}

MEAN ARSI ERROR OF VECTOR WIND DIFF (M/3) V3. TIME
; LAYER= sfc laver {58m} AGL _ _
DATE /TIME RANCE= 11 FEB 200&, 000072-27 FEB 2006, 12002 AND SUBDOMAIN = 1
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Case Descriptions

= T 00UTC, 13Feb2006- | . 8
Case 1 00 UTC, 14 Feeb 2006 =
2 UTC, b 2006 — io/Wind i
Case 2 112UUTTC,1178F|:ee|o 2006 Prl?/l%ﬁ/nvt\g;im
Case 3 OgOUJTCé’lnglf:bzgggg Precip in Mountains |
2 UTC, 19 Feb 2006 — ™ i
Case 4 112UUTT<:,120FFee|o 2006 e IgnlvlF?laliI\ian s and
Case 5 OSOUJT(:é’ZZZBFIS:ngg&_ Precip on Plains
Case 6 12 UTC, 25 Feb 2006 — Light Precip in

12 UTC, 26 Feb 2006 Mountains and on Plains




Number and Location of Surface Mesonet

Temperature Observations

100

— T ——

2720

2900

AESO

S04

1750

15040

1350

140

el




MEAN ARS ERAEORE ()

MEAN ARS ERROR OF TEMP (C) V8. TIME
, LAYER= sfc laver {S8m) AGL _ )
DATE /TIME RANMGE= 11 FEB 2006, 00002-27 FEB 2006, 12007 AND SUBDOMAIN = 1
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MEAN AB> ERROR OF VECTOR WIND DIFF (M=)
PHOFILE FOR TIME MEAN VALUL
CATL/TIME REANGE= 11 FEB 2006, 002 — 27 FEB 2006, 122

MODEL HOUR HARMGE= 4.0 — 240 I
| | | 1 |

m 416652 .13 118
- 114967 98 116
- 154077y 114
- 112056, 79 124
k2 10B73 65 126
- 1985281 126
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0 SHR0.04 1260
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E u b - 4608, 16 126
£ - 14053 24 120
e 13519.74 126
= - {3003,.90 1248
S s ety BV 124
2096.94 104
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MEAN AR ERROR OF TEMP (€
_ PROUFILE FOR TIME MEAN VALY
DATE/TIME RANGE= 11 PFEB 2006, 007 — 27 I'HGE 2006, 1224

MIODEL HOUR EaMGE= 0.0 - 240 l.
| | Al | |
| X2 B ' 16852 13 118
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|- . 1307 7Y 124
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70 b :jﬁ 1DHTD.ES 1
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- g4 4 1 76, 1Y 126
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- 3 - L. 4468.54 126
2 - “f% ~ 1 433735 126
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2 N N I 11180 | 26
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MMS5 and WRFE Experimental Design

Exp. Name PBL Microphysics CPS Radiation Dynamic Initialization
Physics (36712
km)

MM5 FDDA Simple Ice KF2 : 36km: 12hr AFDDA&OFDDA
: 12km: 12hr AFDDA&OFDDA

4km: 6hr OFDDA

1.3km: 3hr OFDDA

MM5 NOFDDA Simple Ice :RRTM

: Dudhia

- 3 MM5 BASELINE M-Y Eta Simple Ice :RRTM
sl TKE PBL - Dudhia
4 WRF BASELINE M-Y-J Eta | WSM 3-class :RRTM
TKE PBL simple ice : Dudhia
scheme




MEAN AR= EREDR OF VECUTOR WIND DIFF (M55

PROFILE FOR 6 CASES TIME MEAN VALUE
DX  1.333km

MODEL HOUR HANGE= 0.0 - 240 h

i~ 16852 13
14967, 08
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MEAM ARS EREOR OF TEMP (')
PHROFILE FOH & CASts TIME MBAN VALUR

D¥  1.333km
MOLREL HZUR HaMGE= 0.0 — &4.0 ki
1
s - 4 16852 15 24
- 1 1496795 24
- - 1307 !
- 1 12056, 749 24
e 108%9.85 =4
- 18983281 24
RER - 8§939.44 24
- 41 509639 24
o= - T24914.24 24
- 1 6543510 249
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. - 1 820% .50 24
= e - — 4605, 16 24
o - 14053 24 24
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= - 13003.90 21
S e 252454 24
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12 — - 1743 43 24
- 1145075 Z24
" - -4 122256 24
- 1 1028.64 24
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- 173619 24
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1 - =4 G537 35 21
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L 111.80 24
L - 32 45 2205
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MEAN AB= ERROR OF VECTOR WIND DIFF (M=)
PROFILE FOR 6 CAskE TIME MBEAN YALUL

[ 3Ekm
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MEAN ARS ERRCE OF TEMP {C)
PROFILE FOR 6 CAskE TIME MBEAN YALUL

[ 38km
MODEL HOUR HAMGE= Q.0 — &40 kL
I I I f I I I

3 - _Ad A 116852153
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Summary.

....._accurate short term forecasts - took less than 4 hours of

.

wall. clock time on our 42-CPU parallel computer...

= Our NWP system predicted the very localized mountain
flows in and around the Olympics venues whenrlarge-scale
weather conditions were weak, and also'the complex
Interactions of the terrain with the larger scale weather-

ﬂducing systems when stormy. conditions prevailed... -
T TT————

was able to ferecast many.of the adverse
weather conditions that postponed or cancelled some of
the Olympics events



Summary (Cont.)

recast resulis;wer |
~ model grid resolutions.” The statistical differences were
«  elatively'small between the 4-km and 1.3-km grids,
although subjective analysis revealed greater mesoscale
details using 1.3-km resolution.

= Results using 12-km model resolution were moere similar
to the finer grid results than the 36-km results.

llar statlstlcs between the finer resoelution mq§ %Io n% B
-prec ctied plumes -

m milar i o {on'1s needed to resolve
: plex terrain effects.




Summary (Cont.)

‘—‘fhm'ughout the Olymplcsperlod for DOD Use (hazar
~...__prediction and conseguence assessment), and also
- displayed'interactively via the internet for general use.

= Running start FDDA (dynamic initialization) consistently
produced lower statistical errors on average at.all four grid
resolutions, for the 24-h forecast period over the 1.3-km
Olympics domain, for the six cases representing different
weather conditions.

;DDA WWS over all of the

= MM5 and WRF baseline (no FDDA) results were generally
very. similar.
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MEAM ARS EREOR OF TEMP (')

PROFILE FOR & CASES TIME MBEAN VALUE
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MEAN AB= ERROR OF VECTOR WIND DIFF (M=)
PROFILE FOR 6 CAskE TIME MBEAN YALUL

D 12km
MODEL HOUR HAMGE= Q.0 — &4 0 kL
I T T 1 I T ”| —
- el 4 16852 13
- 1 14967 98
Egs - - 134077
I Mﬁ 1 12056.79
0 {‘-!th "l 1DHT.B5 2
- &1 R, 1985281 24
L O T £ + 8935.44 24
- ' - 4 8096 39 24
2 - -4 FE94.24 24
- 1 6543,50 24
=0 ABRS0.94 A4
r - 1820F.a0 24
@ e ~ 4B0OG. 16 24
Ly - H4ps3 24 24
o v -4 3518.7 24
= - {a002.00 21
g 2R2d, 54 4
096,94 24
2 H 174243 24
- 4 145675 24
3= 1 - 1222.56 24
i A 1 10z8, 64 24
5 H72. 74 24
- A& - {74619 4
- AT ;!’J 60147 24
- C | ﬁ 1468.54 24
s A A 4337.35 2
- & ,13:3& {1215.8%9 24
2 47 :(' " 111.80 24
] ] ] 1 ™ 1 ] ] 1 ] 1 1 ] 9245 BEA
1] SOl R 2R PR 2N IR ILALFE FE RS B8 TR TR RN ERAA
MEaM ABS EREOHR {M/3)
(MEAN)
R.A208 . 35273 5. ZBAE 54845

1=HHz {kRa 2=HMR HRFRRS =M% ROEEMSE 1=9E0 RosRHSE



MEAM ARS EREOR OF TEMP (')
PHROFILE FOH & CAStis TIME MBAN VALUR

DX 12km
MOLREL HOUR RBamMGh= 0.0 — 4.0 L
| | | I |
ax - T = [ 416852 15 &4
- = 1 14967 95 24
- - 1307 !
- 1 12Qi36.79 24
e 1057985 24
- 19852 81 24
24— - 693944 24
- 1 8096 39 24
»o- - 7394.24 24
- 1 6343.50 24
e SEA0.94 24
. - 1520%.50 24
= e - — 4605, 16 24
- 14053 .24 24
: e — 1 351874 24
= - 13003.90 21
S e 252454 24
209,94 24
1 — - 1743 .43 24
- 1 145075 24
wo— - 122256 24
- 1 1028 64 24
g 4 3 HY2.74 24
- b H 1736.19 24
¢ - :ri-_....:\g% ~601.47 24
- Y 4 464,54 24
1 - .. 1& 4337.35 24
- {4 1215.89 24
:. et W N 111.80 24
' : | ' iy 32 45 2205
a = 1.0 1.F - . 2.5 3.0
MEAN ABS BHROR (C)
(MEAN)
11057 13815 1.4113 11970
1ZHM2 ERRY 2= )% MRERRS =442 ROSEHLE 1=9EL RosEMF



	Penn State-DTRA High-Resolution Meteorological Modeling for the Torino Winter OlympicsDave Stauffer1, Glenn Hunter1, Aijun De
	DTRA Connection article…
	Objectives
	MM5/WRF 4-Domain Configuration for 2006 Winter Olympics
	“Running Start”  of NWP Model
	MM5 Initialization Scheme used for 2006 Winter Olympics
	Observed and Model Cloud (t=0h) 1200UTC February 18, 2006
	36km Resolution
	
	February 17, 2006Initial Postponement Due to Snow
	February 17,2006Although skies are clear…high winds result in cancellation
	Case Descriptions
	Summary
	Summary (Cont.)
	Summary (Cont.)
	Questions
	Supplementary Slides

