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ObjectivesObjectives

 Run MM5 and WRF-ARW for six caseRun MM5 and WRF-ARW for six case
periods during the Winter Olympicsperiods during the Winter Olympics
using similar configurationsusing similar configurations

 Perform a statistical analysis on thePerform a statistical analysis on the
finest domain (1.333-km resolution)finest domain (1.333-km resolution)

 Perform a subjective analysis ofPerform a subjective analysis of
model results from both modelsmodel results from both models



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

Precip/Wind inPrecip/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

Precip in MountainsPrecip in Mountains

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

Precip in MountainsPrecip in Mountains
and on Plainsand on Plains

Case 5Case 5 00 UTC, 22 Feb 2006 00 UTC, 22 Feb 2006 ––
00 UTC, 23 Feb 200600 UTC, 23 Feb 2006

Precip on PlainsPrecip on Plains

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

Light Precip inLight Precip in
Mountains and onMountains and on

PlainsPlains



  MM5 and WRF Experimental DesignMM5 and WRF Experimental Design

Exp. Name PBL
Physics

Microphysics CPS
(36/12

km)

Radiation Dynamic Initialization

Realtime MM5 GS TKE Simple Ice KF2 LW: RRTM
SW: Dudhia

DI

MM5 BASELINE M-Y Eta
TKE PBL

Simple Ice KF2 LW: RRTM
SW: Dudhia

None

WRF BASELINE M-Y-J Eta
TKE PBL

WSM 3-class
simple ice
scheme

KF2 LW: RRTM
SW: Dudhia

None

Starting: -12h Ending:  +24h



Domain Configuration & TerrainDomain Configuration & Terrain

1.333-km domain terrainFour one-way nested domains using
ndown steps



Statistical EvaluationStatistical Evaluation

 Mean Absolute Error (MAE) calculated forMean Absolute Error (MAE) calculated for
wind speed, direction, temperature andwind speed, direction, temperature and
mixing ratio on the 1.333-km domainmixing ratio on the 1.333-km domain

 Time series statisticsTime series statistics
•• Individual case averagesIndividual case averages
•• Average of all six casesAverage of all six cases

 Vertical profile statisticsVertical profile statistics
•• All vertical levelsAll vertical levels
•• Six-case averageSix-case average



1.333-km Grid Surface-Layer MAE1.333-km Grid Surface-Layer MAE

Wind Speed

Wind Direction

Temperature

Water Vapor Mixing Ratio



MAEMAE
1.333-km1.333-km

Wind Speed

Wind Direction

Temperature

Water Vapor Mixing Ratio



Statistical ResultsStatistical Results

 Six-case average stats show:Six-case average stats show:
•• WRF-ARW has a slight statisticalWRF-ARW has a slight statistical

advantage over MM5 at the surface onadvantage over MM5 at the surface on
the 1.333-km domain (significance notthe 1.333-km domain (significance not
tested)tested)

•• WRF-ARW also has a slight statisticalWRF-ARW also has a slight statistical
advantage in the vertical, especially foradvantage in the vertical, especially for
mixing ratio.mixing ratio.

 Case by case, neither model has aCase by case, neither model has a
distinct advantage for all variablesdistinct advantage for all variables



Subjective ComparisonsSubjective Comparisons

 MM5 vs WRF-ARWMM5 vs WRF-ARW
•• WRF consistently has less spatial precipitationWRF consistently has less spatial precipitation

coveragecoverage
•• WRF has unrealistic spikes in precipitationWRF has unrealistic spikes in precipitation

amounts along the lateral boundaries that doamounts along the lateral boundaries that do
not exist in MM5 (occurs when using one-waynot exist in MM5 (occurs when using one-way
nests with ndown steps)nests with ndown steps)

 WRF-ARW v2.1 vs. WRF-ARW v2.2WRF-ARW v2.1 vs. WRF-ARW v2.2
•• More pronounced boundary noise in v2.2More pronounced boundary noise in v2.2



Case 2Case 2
 12UTC 17 Feb - 12UTC 18 Feb 12UTC 17 Feb - 12UTC 18 Feb

 Precip/Wind in Mountains Precip/Wind in Mountains
Realtime MM5Realtime MM5 OBSOBS

24-h Total Precip



Case 2Case 2
 12UTC 17 Feb - 12UTC 18 Feb 12UTC 17 Feb - 12UTC 18 Feb

 Precip/Wind in Mountains Precip/Wind in Mountains
MM5MM5 WRF2.1WRF2.1

24-h Total Precip



Case 2Case 2
 12UTC 17 Feb - 12UTC 18 Feb 12UTC 17 Feb - 12UTC 18 Feb

 Precip/Wind in Mountains Precip/Wind in Mountains
MM5MM5 WRF2.2WRF2.2

24-h Total Precip



Case 5Case 5
 00UTC 22 Feb - 00UTC 23 Feb 00UTC 22 Feb - 00UTC 23 Feb

 Precip on Plains Precip on Plains
 Realtime MM5 Realtime MM5 OBSOBS

24-h Total Precip



Case 5Case 5
 00UTC 22 Feb - 00UTC 23 Feb 00UTC 22 Feb - 00UTC 23 Feb

 Precip on Plains Precip on Plains
MM5MM5 WRF2.1WRF2.1

24-h Total Precip



Case 5Case 5
 00UTC 22 Feb - 00UTC 23 Feb 00UTC 22 Feb - 00UTC 23 Feb

 Precip on Plains Precip on Plains
MM5MM5 WRF2.2WRF2.2

24-h Total Precip



Why does this noise exist?Why does this noise exist?

 Tests were performed with Case 6 toTests were performed with Case 6 to
isolate the problemisolate the problem
•• Run all four domains with ndownRun all four domains with ndown
•• Run all four domains in the same jobRun all four domains in the same job

(with no feedback)(with no feedback)



36-km Grid
without ndown with ndown



12-km Grid
without ndown with ndown



4-km Grid
without ndown with ndown



1.33-km Grid
without ndown with ndown



ConclusionsConclusions
 Statistics show that WRF-ARW has a slightStatistics show that WRF-ARW has a slight

advantage over MM5 averaged over all six casesadvantage over MM5 averaged over all six cases
•• Note: Statistics are calculated well within the domain,Note: Statistics are calculated well within the domain,

away from the lateral boundary noiseaway from the lateral boundary noise

 In general, WRF-ARW predicts less spatialIn general, WRF-ARW predicts less spatial
coverage of precipitation than MM5coverage of precipitation than MM5
•• Is this due to mass conservation within the domain?Is this due to mass conservation within the domain?

 Subjective analysis shows noise in theSubjective analysis shows noise in the
precipitation field around the lateral boundariesprecipitation field around the lateral boundaries
•• This is only a problem with one-way nests using ndownThis is only a problem with one-way nests using ndown

stepssteps
•• This problem is known, and is being investigated byThis problem is known, and is being investigated by

NCARNCAR



QuestionsQuestions



Supplemental SlidesSupplemental Slides



Case 2Case 2
 12UTC 17 Feb - 12UTC 18 Feb 12UTC 17 Feb - 12UTC 18 Feb

 Precip/Wind in Mountains Precip/Wind in Mountains
MM5MM5 WRF2.1WRF2.1

Surface Layer Temperature



Case 2Case 2
 12UTC 17 Feb - 12UTC 18 Feb 12UTC 17 Feb - 12UTC 18 Feb

 Precip/Wind in Mountains Precip/Wind in Mountains
MM5MM5 WRF2.2WRF2.2

Surface Layer Temperature



Case 5Case 5
 00UTC 22 Feb - 00UTC 23 Feb 00UTC 22 Feb - 00UTC 23 Feb

 Precip on Plains Precip on Plains
MM5MM5 WRF2.1WRF2.1

Surface Layer Temperature



Case 5Case 5
 00UTC 22 Feb - 00UTC 23 Feb 00UTC 22 Feb - 00UTC 23 Feb

 Precip on Plains Precip on Plains
MM5MM5 WRF2.2WRF2.2

Surface Layer Temperature



Case 6Case 6
 12UTC 25 Feb - 12UTC 26 Feb 12UTC 25 Feb - 12UTC 26 Feb

 Light Precip in Mountains and on Plains Light Precip in Mountains and on Plains
 Realtime MM5 Realtime MM5 OBSOBS

24-h Total Precip



Case 6Case 6
 12UTC 25 Feb - 12UTC 26 Feb 12UTC 25 Feb - 12UTC 26 Feb

 Light Precip in Mountains and on Plains Light Precip in Mountains and on Plains
MM5MM5 WRF2.1WRF2.1

24-h Total Precip



Case 6Case 6
 12UTC 25 Feb - 12UTC 26 Feb 12UTC 25 Feb - 12UTC 26 Feb

 Light Precip in Mountains and on Plains Light Precip in Mountains and on Plains
MM5MM5 WRF2.2WRF2.2

24-h Total Precip



Case 1
 00UTC 13 Feb - 00UTC 14 Feb

Dry

24-h Total Precip

No Precipitation

Realtime MM5



Case 1
 00UTC 13 Feb - 00UTC 14 Feb

Dry
MM5 WRF2.1

24-h Total Precip



Case 1
 00UTC 13 Feb - 00UTC 14 Feb

Dry
MM5 WRF2.2

24-h Total Precip



Case 1
 00UTC 13 Feb - 00UTC 14 Feb

Dry
MM5 WRF2.1

Wind Speed and 1000-500hPa Thickness



Case 1
 00UTC 13 Feb - 00UTC 14 Feb

Dry
MM5 WRF2.2

Wind Speed and 1000-500hPa Thickness



Case 1
 00UTC 13 Feb - 00UTC 14 Feb

Dry
MM5 WRF2.1

Surface Layer Temperature



Case 1
 00UTC 13 Feb - 00UTC 14 Feb

Dry
MM5 WRF2.2

Surface Layer Temperature



Case 2
 12UTC 17 Feb - 12UTC 18 Feb

 Precip/Wind in Mountains
MM5 WRF2.1

Wind Speed and 1000-500hPa Thickness



Case 2
 12UTC 17 Feb - 12UTC 18 Feb

 Precip/Wind in Mountains
MM5 WRF2.2

Wind Speed and 1000-500hPa Thickness



Case 3
 00UTC 18 Feb - 00UTC 19 Feb

 Precip in Mountains
 Realtime MM5 OBS

24-h Total Precip



Case 3
 00UTC 18 Feb - 00UTC 19 Feb

 Precip in Mountains
MM5 WRF2.1

24-h Total Precip



Case 3
 00UTC 18 Feb - 00UTC 19 Feb

 Precip in Mountains
MM5 WRF2.2

24-h Total Precip



Case 3
 00UTC 18 Feb - 00UTC 19 Feb

 Precip in Mountains
MM5 WRF2.1

Wind Speed and 1000-500hPa Thickness



Case 3
 00UTC 18 Feb - 00UTC 19 Feb

 Precip in Mountains
MM5 WRF2.2

Wind Speed and 1000-500hPa Thickness



Case 3
 00UTC 18 Feb - 00UTC 19 Feb

 Precip in Mountains
MM5 WRF2.1

Surface Layer Temperature



Case 3
 00UTC 18 Feb - 00UTC 19 Feb

 Precip in Mountains
MM5 WRF2.2

Surface Layer Temperature



Case 4
 12UTC 19 Feb - 12UTC 20 Feb

 Precip in Mountains and on Plains
 Realtime MM5 OBS

24-h Total Precip



Case 4
 12UTC 19 Feb - 12UTC 20 Feb

 Precip in Mountains and on Plains
MM5 WRF2.1

24-h Total Precip



Case 4
 12UTC 19 Feb - 12UTC 20 Feb

 Precip in Mountains and on Plains
MM5 WRF2.2

24-h Total Precip



Case 4
 12UTC 19 Feb - 12UTC 20 Feb

 Precip in Mountains and on Plains
MM5 WRF2.1

Wind Speed and 1000-500hPa Thickness



Case 4
 12UTC 19 Feb - 12UTC 20 Feb

 Precip in Mountains and on Plains
MM5 WRF2.2

Wind Speed and 1000-500hPa Thickness



Case 4
 12UTC 19 Feb - 12UTC 20 Feb

 Precip in Mountains and on Plains
MM5 WRF2.1

Surface Layer Temperature



Case 4
 12UTC 19 Feb - 12UTC 20 Feb

 Precip in Mountains and on Plains
MM5 WRF2.2

Surface Layer Temperature



Case 5
 00UTC 22 Feb - 00UTC 23 Feb

 Precip on Plains
MM5 WRF2.1

Wind Speed and 1000-500hPa Thickness



Case 5
 00UTC 22 Feb - 00UTC 23 Feb

 Precip on Plains
MM5 WRF2.2

Wind Speed and 1000-500hPa Thickness



Case 6
 12UTC 25 Feb - 12UTC 26 Feb

 Light Precip in Mountains and on Plains
MM5 WRF2.1

Wind Speed and 1000-500hPa Thickness



Case 6
 12UTC 25 Feb - 12UTC 26 Feb

 Light Precip in Mountains and on Plains
MM5 WRF2.2

Wind Speed and 1000-500hPa Thickness



Case 6
 12UTC 25 Feb - 12UTC 26 Feb

 Light Precip in Mountains and on Plains
MM5 WRF2.1

Surface Layer Temperature



Case 6
 12UTC 25 Feb - 12UTC 26 Feb

 Light Precip in Mountains and on Plains
MM5 WRF2.2

Surface Layer Temperature



4-km Grid Surface-Layer MAE

Wind Speed

Wind Direction

Temperature

Water Vapor Mixing Ratio
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Wind Direction
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Water Vapor Mixing Ratio


