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Presenter
Presentation Notes
An underutilzed team of world class scientists who are developing, maintaining and evaluating the current regional operational system while working with OAR, NESDIS, NASA and university scientists to develop data assimilation, global and inline-interactive systems
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2007 Developments
WRF upgrades

• June, 2007: Land use/Roughness length corrections: reduce Pac. NW high moisture bias
• Dec, 2006: Enhanced horizontal diffusion on sloping terrain

CMAQ Improvements
• May, 2006: Common NMM vertical coordinate
• May, 2007: Area & Point emissions updated for 2007

– California 2002 NEI emissions modified for biases
• June, 2007: Asymmetric Convective Model (ACM-2) PBL parameterizations
• July 2007: Corrections to deposition velocity & plume rise calculations

AQF system retrospective & Real-time testing
• July 22- Aug 5 2006 with experimental CONUS configuration

Verification
• Spatial map comparisons to observations (03 & PBL hgt)
• Inclusion of NESDIS GASP AOD products
• Focus group, TEXAQS06 & SHENAIR projects

Presenter
Presentation Notes
46
Several NAM upgrades were made in 2006 and 2007 that I think also contributed to the AQF positive performance.

Retrospective experiments were done for all potential configurations followed by real time testing on May 16.
Most important change included tight coupling of vertical coordinates and improvements to emissions for california
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NAM-CMAQ  Coupling
Run NAM CMAQ-Op (3X) CMAQ-Exp (5X) &

CMAQ-Dev (5X PM)
Domain Rotated Lat-Lon E 

grid
Interp to Lambert-Conf.   
C grid

Interp to Lambert-Conf.     
C grid

Vertical 
Coordinate

NMM Hybrid (60L) Interp to Sigma-P Common NMM Hybrid 
coord (22L)

Radiation/ 
Photolysis

Lacis-Hansen 
Bulk

Recompute radiation & 
clouds from NAM RH

NAM Sfc Radiation for  
Photolosis Scaling

PBL MYJ TKE to drive 
mixing

NAM PBL height & RADM 
Eddy diffusivities

Asymmetric Convective 
Mixing (1st Order closure 
for daytime PBL)

Clouds  
Aqueous            

Ferrier cloud 
water, graupel/ice                

NAM cloud water NAM cloud water, 
graupel/ice

Convective 
Cloud 
Mixing

BMJ Mass- 
Adjustment

RADM-2 Walcek(1980) Asymmetric Convective 
Model (ACM) mixing

Land 
Surface

NOAH LSM Canopy resistance from 
NOAH LSM

Canopy resistance from 
NOAH LSM

Lateral 
Boundary 
Conds

GFS GFS ozone at CMAQ top
Clean, static profiles 
below

Clean, static profiles

Presenter
Presentation Notes
This slide summarizes our status towards creating consistent physics and coordinate
For tight coupling.
Green for Vertical coordinate, clouds and land surface process is good.
Gray and means coupling should be improved…should be a priority
Yellow means we are doing better but improvements are needed.
Vertical coordinate,  aqueous clouds and land surface process are being coupled
Consistently.
Horizontal domain, PBL and convective cloud mixing and radiation will require
Further r&d
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EMC ProductsEMC Products 
1h, 8h 1h, 8h avgavg O3 / Daily Max/ hourly biasesO3 / Daily Max/ hourly biases
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EMC Web ProductsEMC Web Products 
1h, 24h 1h, 24h avgavg hrlyhrly & Max PM & Profiles& Max PM & Profiles
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SW Coast
includes both
LA, SD & SJV

Verification Sub-domains

Presenter
Presentation Notes
Good improvement in 5X performance when Isoprene error was fixed on Aug. 5
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Daily 8hr max Ozone Biases 
Op vs Exp over Eastern U.S.

Summer 2006
(after NAM upgrade) Summer 2007

•Both Op and Experimental Runs improved in 2007
•For Operational run, NAM improvements partially responsible 

Presenter
Presentation Notes
Red line is the operational Eastern U.S. bias
Black line is experimental bias over the same operational area.
You can see both ops and exp improved from 2006.  Some of this improvement should be attributed to NAM performance.
Also notice that the experimental bias are improved in 2006 and 2007
Good improvement in 5X performance when Isoprene error was fixed on Aug. 5
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Regional Performance, 1-h O3 
Experimental Run Bias Reduced in 2007

2006 2007

2006
•High bias, up to +25 ppb
•Underprediction SW coast

2007
•Bias reduced
•Good forecast for NW coast
•Underprediction SWC (LA basin)

Presenter
Presentation Notes
Experimental diurnal biases for NE, SE, …
The daytime performance is most important….that’s were you see the minima in all the curves

Note that biases for all regions are reduced in 2007 with SW coast still underperforming in 2006 and 2007
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NAM vs RTMA 10 m Winds 
July 3rd 5 PM, 36 hour Forecasts

LA Basin: NAM Temps are warmer; winds are stronger & more westerly

NAM RTMA

Presenter
Presentation Notes
Low level transport may be important, but differences are on shore comparing the NAM and RTMA
Also,  other exceedence cases, we don’t see large errors in winds (eg: July 22-23)
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NAM 2m Dew point Errors 
SW Coast (green triangles)

BIAS by Forecast hourBIAS for each day

Presenter
Presentation Notes
We looked at NAM biases for winds and temps, and did not notice much difference compared to other regions except for dew point
Dry bias may impact ozone overprodutcion in SW Coast ??
More solar radiation, less removal processes from high relative humidities
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W-E NOx cross-section thru LA Basin
36 hour forecast: July 3, 2007 5 PM

July 5, 2007  5 PM

Lofting of plume above boundary layer can allow further 
transport of pollutants East of LA

Landocean

Presenter
Presentation Notes
Ozone and NOx lofted well above met boundary layer…Could be related to inconsistency betw. Met and CMAQ pbl heights or lack of vertical levels in CMAQ (22) to diagnose the well mixed boundary layer
In any case over LA basin, we see that the ozone plume near LA is lofting above the boundary layer and diluting it, while also putting the pollutant in stronger transport which could accumulate downwind
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Mid-Atlantic 8 h Max Performance 
July 10, 2007

Very Similar performance between operational and experimental

Presenter
Presentation Notes
July 10, overprediction along I95 corrider caused by earlier than expected thunderstorms
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Mid-Atlantic 8 h Max Performance 
July 10, 2007

Convective precip started earlier than predicted in Mid-Atlantic

NAM 3h Precip Prediction Precip Analysis
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Exp 8h Max Regional PerformanceExp 8h Max Regional Performance 
August 2, 2007August 2, 2007

CIN

CHAR

ATL

LOU

NASH

PIT

Good forecasts for moderate event 
in PIT, DC, PHL, S. CT , Charlotte, 
Louisville, Cincinnati (clear skies)
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Exp 8h Max Texas Performance 
August 11, 2007

• Ozone buildup over stable marine layer w/ 
5X. This residual layer can recirculate 
onshore. Not as strong in 3X.
•Inconsistent met & chemical boundary layers

OPERATIONAL

EXPERIMENTAL

12Z 8/10/07 NAM-CMAQ 36 h forecast
5x-3x NOx differences & H20v

Presenter
Presentation Notes

Overprediction in 8 hr max in experimental ozone prediction with much more ozone off shore.
Inconsistent met and chemistry boundary layers can yield unexpected consequences.  Chemical plume can be trapped in marine and near coastal boundary layer with unrealistically high concentrations…but NAM TKE pbl mixed layer (notices also in well mixed h20v profiles) would yield lower concentrations offshore. And therefore, lower availalble pollutants when recirculation occurs.  Therefore the ACM-2 marine pbl is likely too dirty and certainly inconsistent with well mixed met boundary layer fields such as temp, moisture and winds all which can have a important effect on ozone production. 
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Exp – Op Ozone Difference
12 Z August 10, 2007 Forecast 

ocean Land
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WRF June 19, 2007 Upgrade 
Impact Experiments 

Pius Lee, H-M. Lin, D. Kang, S. Yu

• Roughness length corrections: reduce warm bias in 
mountainous regions under stable conditions: 
roughness length for heat modified for stable conditions 
only as a function of increasing stability (based on near- 
surface bulk Richardson number).

• Increased the floor values of canopy resistance for 
evergreen needle-leaf and mixed forests to emulate a 
more realistic stomatal control in those categories: 
reduce high moisture bias in Pacific northwest, State 
of Oregon and Northern California.

http://wwwt.emc.ncep.noaa.gov/mmb/mmbpll/eric.html

Presenter
Presentation Notes
46
Several NAM upgrades were made in 2006 and 2007 that I think also contributed to the AQF positive performance.

Retrospective experiments were done for all potential configurations followed by real time testing on May 16.
Most important change included tight coupling of vertical coordinates and improvements to emissions for california
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14 15

14

14

15

RSMIN (minimum canopy
resistance) increases

Category14 (evergreen forest):
changed from 125 to 250 s/m

Category 15 (mixed forest):
changed from 125 to 150 s/m

More dramatic reductions in 
midday latent heat flux (and 
2-m dew point temperatures)
over category 14 areas over the 
Pac NW and spots in SE US
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Impact test of Zo and Rsmin corrections: 
2-m Relative Humidity1/2-Aug-2006/12z, 48-hr runs: West

1-Aug 2-Aug

Corrections did not aggravate dry bias for western region for summer case

Purple for with changesGreen for without changes
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Impact test of Zo and Rsmin corrections: 
10-m Windspeed 1/2-Aug-2006/12z, 48-hr runs: West

(P. Lee)

1-Aug 2-Aug

Corrections achieved significant improvement for 
Wind-speed forecast for western region for summer case 
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WithWithout

Impact of Zo and Rsmin corrections in WRF
on Mean Bias of daily 8h avg max surface O3
Valid 4Z-Aug3 to 3Z-Aug4, 2006 (Lee/Kang)

Regions with reduced low 
and high biases

Region with both reduced 
and aggravated high bias
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Case Vertical mixing scheme

Base CMAQ’s default K-theory based Kz% 

formulation using NAM TKE-based h*

MIXHT Same as above but uses NAM 
predicted MIXHT as h

NAM-Kz Use NAM predicted Kz directly

Sensitivity study of alternative vertical mixing 
schemes in CMAQ 

Pius Lee, Y. Tang, D. Kang, H. Lin, et al.

%Kz is vertical eddy diffusivity; *h is planetary layer height
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20 40 60 80 100 120
O3 (ppbv)

Observed
Base
MIXHT
NAM-Kz

Time cross section of predicted O3
and PBL height over Table-mount,CA (117.7W, 34.4N)
Ozone-sonde was launched at 20:45Z August 2, 2006.
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40 50 60 70 80 90 100
O3 (ppbv)

Observed
Base
MIXHT
NAM-Kz

Time cross section of predicted O3
and PBL height over Beltsville, MD (76.5W, 39.0N)

Ozone-sonde was launched at 19:18Z August 2, 2006.
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Summary
•• Impact study of WRF changes: Impact study of WRF changes: ZZoo correction and correction and RsminRsmin’’ss increaseincrease

– Moist biases in the season over the Pacific regions have been reduced.
– The perennial warm and dry biases in western regions was not aggravated 

significantly neither for winter nor summer situations due to the changes.
– Low level wind speed forecast has achieved significant improvement.
– Surface O3 forecast over California has been improved over the Sacramental 

Valley area but mixed results were obtained over the LA basin.

•Sensitivity Study for Vertical mixing schemes.
– Aim to couple WRF and CMAQ tighter in terms of package commonality 
– A two week period retrospective study with various schemes showed 

that using WRF modeled mixed layer depth as the capping level of 
convective mixing in the K-theory parameterization of CMAQ can be 
an attractive alternative

– Using WRF modeled Kz is not as attractive at this time. Time 
averaging and hour centering techniques of this field should be 
considered to generate a more realistic representation of distribution 
of the mixing intensities. 

Presenter
Presentation Notes
Key here is the exp. Run provides prev. unavailable guidance.
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General Summary
•• Overall results

– Experimental biases are much improved
• NAM changes from 2006 to 2007 also have a positive impact (as Operational 

run biases improved)
– Skill scores are improved at lower levels and comparable at higher thresholds
– Experimental run provides previously unavailable guidance to Western U.S.

•• California O3 forecasts improved
– Better performance in San Joaquin Valley
– Underprediction in LA urban area
– Some Overprediction in Sacramento Valley & downwind of LA

• NAM onshore winds near LA often too strong
• Upward lofting partially due to inconsistent NAM and CMAQ daytime unstable PBL 

physics (Vertical resolution may also have an impact)
• Impact of aerosols & forest fires on ozone production (Stockwell, et al. 2002)

• 5X overprediction along coastal urban areas
– ACM-2 stable, marine PBL mixing may be too weak 

• Produces pollutant reservoir off-shore that can impact coastal urban areas (Houston, Long 
Island Sound, Lake Michigan…)

Presenter
Presentation Notes
Key here is the exp. Run provides prev. unavailable guidance.



37

18

20

22

24

26

28

30

32

34

36

0 10 20 30 40 50 60 70 80 90 100

M
ea

n 
C

ol
um

n 
M

as
s 

L
oa

di
ng

Forecast Time (hour) 

Mean Column Mass-Equivalence Loading

NMM 3-D Adv only
NMM 2-D Adv only

2-D advection test with 15th layer wind Initial conditions formed with 
a  cuboid between the 15th and 17th layers in the NMM domain 
center.

Future Work:
Inline Chemistry (WRF-NMM-Chem) 

Youhua Tang & Georg Grell

Mass not conserved when only
2-d and 3-D advection used
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Future Work:Future Work: 
Global Aerosol Forecasting & Data AssimilationGlobal Aerosol Forecasting & Data Assimilation 

(Sarah Lu, H(Sarah Lu, H--C Huang, C Huang, MianMian ChinChin……))

NCEP CFS – GOCART Interactive Chemistry 
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BACKUPSBACKUPS
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2006-2007 Systems 
NAM/WRF-CMAQ 48 h forecasts

System Domain Vertical 
coupling

Dry/Moist 
Convective 

mixing

LBCs

Operational
Prod: 06/12Z
32p, 45 min

Eastern U.S. 
(3X)

22L Loose: 
interp from 
WRF

NAM PBL/ 
RADM

GFS ozone at 
model top; 
Same static 
boundaries 
below

Experimental 
Para: 06/12Z
65p, 70 min

CONUS (5X) 22L Tight: 
Common 
hybrid

ACM-2 PBL 
/ACM

Clean, static 
profiles

Developmental
Dew:  06Z
127p, 150 min

CONUS w/ 
PM (5X)

22L Tight:
Common 
hybrid

NAM PBL/
ACM

Clean, static 
profiles
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8h Max Ozone Regional Performance 
August 7, 2007

Operational Experimental

Over-prediction in both runs:  cloud cover timing ?

Presenter
Presentation Notes
On august 7th, continued over perediction in both op and exp. Ope forecast is slightly better.  Just started looking at this case, but perhaps due to underprediction of cloud cover and radiation that will increase ozone production



43

Mid-Atlantic 8h Max Performance 

July 9, 2007

NAM is slightly cooler than observed in PA and W. NJ
Continued overprediction along CT coastal regions

NAM –RTMA:  2 m T

Presenter
Presentation Notes
Other area, July 9th good forecast except for west of I95.  We see the NAM was cooler in those regions and could contribute to the underprediction there (due to clouds)
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Regional Performance, Max 8Regional Performance, Max 8--h O3h O3 
Bias Reduced in 2007Bias Reduced in 2007

Bias, 2006 Bias, 2007

2006
•High bias, up to +25 ppb
•Underprediction NW coast
•Underprediction SW coast

2007
•Bias reduced
•Good forecast for NW coast
•Underprediction SWC (LA basin)
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Daily 8h Max Ozone BiasesDaily 8h Max Ozone Biases 
Experimental (5X) run: All SubExperimental (5X) run: All Sub--region biasesregion biases

5X : 
• Under-prediction in California
• Over-prediction in NW coast (for mod O3)
• SW coast biases similar for both Summers

Summer 2007
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Daily 8h Max Ozone Skill ScoresDaily 8h Max Ozone Skill Scores 
2007 Operational (3X) 2007 Operational (3X) vsvs Experimental (5X)Experimental (5X)

Operational: Better performance for high thresholds (8 hr  standard >85 ppb)
Experimental:  Better performance at low/moderate ranges, worse over West 

POD=H/F FAR=1-H/F



47

PBL Height VerificationPBL Height Verification 
July 2007 (00Z, 5 PM PDT)July 2007 (00Z, 5 PM PDT)

Ri marine pbl estimates may be too low
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EMC Web ProductsEMC Web Products 
Near RealNear Real--time Verificationtime Verification

CMAQ 8 h Max Ozone

CMAQ vs GASP AOD

HYSPLIT vs NESDIS Smoke Conc
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Summer 2007  Evaluations 
(Errors not uncovered w/retro tests)

Experimental/Developmental Runs: Significant under- 
prediction in upper Mid-West

Deposition Velocity   
• Added Mesophyll component for O3, NO, NO2
• STATUS: Implemented inexper/dev runs on July 22
• Minor impact on forecast Increased 

photochemistry in  Midwest

Plume Rise
• STATUS: Corrected in exper/dev run on July 22

• minor impact
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Daily 1 & 8h Max Ozone Skill Scores 
2007 Operational (3X) vs Experimental (5X)

Equitable Threat Score ~ H/(O+F-H)

1hr Avg Thresholds (ppb) 8 hr Avg Thresholds (ppb)
Experimental: 

- Better performance at low/moderate ranges & in East U.S.
- Comparable at high thresholds

Presenter
Presentation Notes
Equitable threat scores for 1 and 8 hour averaged daily max.
For 1 hour max, the critical threshold is 125 ppb, while for 8 hour max, the critical threshold is 85 ppb.

Red is ops, black is exp. Over the same Eastern U.S. domain and green is exp over the west.
Note improvements in exper for low to mod thresh
And for exp. Run,  that western u.s. scores are worse than eastern 
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