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DTRA Connection article…DTRA Connection article…



PSU 1.3km Feb. 22/13-17 UTC plumes, Feb. 22/14 UTC winds            
(Feb. 22/00 UTC model)



ObjectivesObjectives

Overview MM5 Overview MM5 realtimerealtime forecast results for entire forecast results for entire 
Olympics period, and the added value of finer Olympics period, and the added value of finer 
model grid resolutions.model grid resolutions.
Investigate effects of model initialization (FDDA) in Investigate effects of model initialization (FDDA) in 
MM5, and the performance of MM5 vs. WRF MM5, and the performance of MM5 vs. WRF 
baseline (no FDDA) experiments, using subset of baseline (no FDDA) experiments, using subset of 
six cases representing different weather conditions six cases representing different weather conditions 
during Olympics period.during Olympics period.



MM5/WRF 4MM5/WRF 4--Domain Configuration for Domain Configuration for 
2006 Winter Olympics2006 Winter Olympics



““Running Start”  of NWP ModelRunning Start”  of NWP Model

Penn State computer forecasts for the Olympics were Penn State computer forecasts for the Olympics were 
produced twice daily using a “running start” dynamic produced twice daily using a “running start” dynamic 
initialization method in which all standard surface and initialization method in which all standard surface and 
upperupper--air weather observations air weather observations -- and also special data and also special data 
in and around the Olympics venues in and around the Olympics venues –– go into the go into the 
model initial conditions… along with detailed snow model initial conditions… along with detailed snow 
cover information from satellite.cover information from satellite.

The model solution has “spunThe model solution has “spun--up” cloud and up” cloud and 
precipitation patterns even at the initial time (t = 0 h), precipitation patterns even at the initial time (t = 0 h), 
and thus forecasts based on these initial conditions and thus forecasts based on these initial conditions 
are also much improved …are also much improved …



MM5 Initialization Scheme used for MM5 Initialization Scheme used for 
2006 Winter Olympics2006 Winter Olympics
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Observed and Model Cloud (t=0h) Observed and Model Cloud (t=0h) 
1200UTC February 18, 20061200UTC February 18, 2006



36km Resolution36km Resolution12km Resolution12km Resolution4km Resolution4km Resolution1.33km Resolution1.33km Resolution



Venue Locations Venue Locations 
for the 2006 Winter Olympicsfor the 2006 Winter Olympics



18-h Forecast of Surface Layer Winds with Mesonet
Observations (red) on 1.3 km Domain Valid at                

18 UTC, 21 February 2006



February 17, 2006February 17, 2006
Initial Postponement Due to SnowInitial Postponement Due to Snow

12:5912:59 AS COURSE WORKERS CONTINUE AWAY: The race has already been delaAS COURSE WORKERS CONTINUE AWAY: The race has already been delayed one hour, and yed one hour, and 
now it's going to be delayed at least another 15 minutes, as thenow it's going to be delayed at least another 15 minutes, as the word from FIS is that the new startword from FIS is that the new start--
time is 13:15 CET!time is 13:15 CET!
(Excerpt from http://www.eurosport.com/alpineskiing/torino/2005(Excerpt from http://www.eurosport.com/alpineskiing/torino/2005--2006/live_mtc111414.shtml)2006/live_mtc111414.shtml)

Venues shown on the 1.33Venues shown on the 1.33--km grid: km grid: 
BaBa: : BardonecchiaBardonecchia (snowboarding)(snowboarding)
Pi: Pi: PineroloPinerolo (curling)(curling)
Pr: Pr: PragelatoPragelato (ski jumping/x(ski jumping/x--country)country)
CP: CP: CesanaCesana PariolPariol ((lugeluge/skeleton/bobsled)/skeleton/bobsled)
SS: SS: CesanaCesana--San San SicarioSicario (biathlon)(biathlon)
SdSd: : SauzeSauze d'Oulxd'Oulx (freestyle skiing)(freestyle skiing)
Se: Se: SestriereSestriere (alpine skiing)(alpine skiing)
ClCl: : ClaviereClaviere (training)(training)
TP: TP: TorreTorre PellicePellice (training)(training)
TorinoTorino (skating/hockey) (skating/hockey) 



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

cancellationcancellation

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(Excerpt from http://www.eurosport.com/alpineskiing/torino/2005--2006/live_mtc111414.shtml)2006/live_mtc111414.shtml)



Number and Locations of Surface Mesonet Wind 
Observations





Case DescriptionsCase Descriptions

Case 1Case 1 00 UTC, 13 Feb 2006 00 UTC, 13 Feb 2006 --
00 UTC, 14 Feb 200600 UTC, 14 Feb 2006 DryDry

Case 2Case 2 12 UTC, 17 Feb 2006 12 UTC, 17 Feb 2006 ––
12 UTC, 18 Feb 200612 UTC, 18 Feb 2006

PrecipPrecip/Wind in /Wind in 
MountainsMountains

Case 3Case 3 00 UTC, 18 Feb 2006 00 UTC, 18 Feb 2006 ––
00 UTC, 19 Feb 200600 UTC, 19 Feb 2006 PrecipPrecip in Mountainsin Mountains

Case 4Case 4 12 UTC, 19 Feb 2006 12 UTC, 19 Feb 2006 ––
12 UTC, 20 Feb 200612 UTC, 20 Feb 2006

PrecipPrecip in Mountains and in Mountains and 
on Plainson Plains

Case 5Case 5 00 UTC, 22 Feb 2006 00 UTC, 22 Feb 2006 ––
00 UTC, 23 Feb 200600 UTC, 23 Feb 2006 PrecipPrecip on Plainson Plains

Case 6Case 6 12 UTC, 25 Feb 2006 12 UTC, 25 Feb 2006 ––
12 UTC, 26 Feb 200612 UTC, 26 Feb 2006

Light Light PrecipPrecip in in 
Mountains and on PlainsMountains and on Plains



Number and Location of Surface Mesonet
Temperature Observations









MM5 and WRF Experimental DesignMM5 and WRF Experimental Design

Exp.
No.

Exp. Name PBL 
Physics 

Microphysics CPS
(36/12

km) 

Radiation Dynamic Initialization 

1

2

3

MM5 FDDA Penn 
State
GSPBL

Simple Ice KF2

4

36km: 12hr AFDDA&OFDDA
12km: 12hr AFDDA&OFDDA
4km:      6hr OFDDA
1.3km:   3hr OFDDA

MM5 NOFDDA Penn
State
GSPBL

Simple Ice KF2

LW: RRTM
SW: Dudhia

LW: RRTM
SW: Dudhia

MM5 BASELINE M-Y Eta
TKE PBL

Simple Ice KF2 LW: RRTM
SW: Dudhia

None

None

LW: RRTM
SW: Dudhia

WRF BASELINE M-Y-J Eta
TKE PBL

WSM 3-class 
simple ice 
scheme

KF2 None











SummarySummary

The 24The 24--h forecasts at 36h forecasts at 36--km, 12km, 12--km, 4km, 4--km and 1.3km and 1.3--km km 
resolutions resolutions -- including the “running starts” necessary for including the “running starts” necessary for 
accurate shortaccurate short--term forecasts term forecasts -- took less than 4 hours of took less than 4 hours of 
wall clock time on our 42wall clock time on our 42--CPU parallel computer…CPU parallel computer…

Our NWP system predicted the very localized mountain Our NWP system predicted the very localized mountain 
flows in and around the Olympics venues when largeflows in and around the Olympics venues when large--scale scale 
weather conditions were weak, and also the complex weather conditions were weak, and also the complex 
interactions of the terrain with the larger scale weatherinteractions of the terrain with the larger scale weather--
producing systems when stormy conditions prevailed… producing systems when stormy conditions prevailed… 

The NWP model was able to forecast many of the adverse The NWP model was able to forecast many of the adverse 
weather conditions that postponed or cancelled some of weather conditions that postponed or cancelled some of 
the Olympics eventsthe Olympics events



Summary (Cont.)Summary (Cont.)

Forecast results were generally improved using higher Forecast results were generally improved using higher 
model grid resolutions.  The statistical differences were model grid resolutions.  The statistical differences were 
relatively small between the 4relatively small between the 4--km and 1.3km and 1.3--km grids, km grids, 
although subjective analysis revealed greater mesoscale although subjective analysis revealed greater mesoscale 
details using 1.3details using 1.3--km resolution.km resolution.

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

Similar statistics between the finer resolution grids do not Similar statistics between the finer resolution grids do not 
necessarily mean that the HPACnecessarily mean that the HPAC--predicted plumes predicted plumes 
would be similar.  Higher resolution is needed to resolve would be similar.  Higher resolution is needed to resolve 
complex terrain effects.complex terrain effects.



Summary (Cont.)Summary (Cont.)

RealtimeRealtime model forecasts were produced every 12 hours model forecasts were produced every 12 hours 
throughout the Olympics period for DOD use (hazard throughout the Olympics period for DOD use (hazard 
prediction and consequence assessment), and also prediction and consequence assessment), and also 
displayed interactively via the internet for general use.displayed interactively via the internet for general use.

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

FDDA created the largest improvements over all of the FDDA created the largest improvements over all of the 
model experiments.model experiments.

MM5 and WRF baseline (no FDDA) results were generally MM5 and WRF baseline (no FDDA) results were generally 
very similar.very similar.



QuestionsQuestions



Supplementary SlidesSupplementary Slides
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