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Introduction
IntroductionIntroduction

O3 forecast

Necessary 
O3: a secondary pollutant, 

Adversely affects human health
produced by pollution from natural and human activities

Warn the public: 
unhealthy air
voluntarily reduce emission-producing activities

Forecasting methods (EPA, 1999):
Persistence, climatology, regression equation etc.
3-D air quality models: 

Spatial and temporal distributions of O3 and its precursors

Understand chemical-physical processes controlling O3 formation



CMAQCMAQ CCommunityommunity MMultiscaleultiscale AAirir QQualityuality MModelodel

Community Model

Multiscale

– consistent model structures for interaction of urban through                 
Continental scales

Multi-pollutant

– ozone, speciated particulate matter, visibility, acid deposition
and air toxics

Objective

Evaluate Eta-CMAQ model performance on the spatial and 
temporal variations of O3 with AIRNOW Obs over the eastern US

Comprehensively examine the ability of Eta-CMAQ in 
representing chemical-physical processes for O3 formation with 

2004 ICARTT data 

International Consortium for Atmospheric Research on Transport and Transformation (ICARTT)



Model DescriptionModel Description

Eta-CMAQ model suite: (R. Mathur et al. Talk (9/26))
Eta forecast model provides meteorological fields for CMAQ (Otte et al., 2005)
CB-4 (version 4.2): photochemical processes

ICARTT Period: July 1 to August 15, 2004

Using results: 12 UTC run and 
target period for next day forecast (04 UTC to 03 UTC)



Observations

EPA AIRNOW network:
Hourly O3 at 614 sites in E US.

2004 ICARTT Data (See Fig.)
Vertical profiles (O3, CO, NO, NO2, HNO3, SO2, RH, T, WS, 
WD) from aircraft (P-3 and DC-8), ozonesonde, Lidar.
Ground data over the ocean on Ron Brown ship
Ground Data at Four AIRMAP sites 



Model domain and site (AIRNOW, 
AIRMAP) locations

AIRMAP sites



Tracks of (a) P-3, (b) DC-8, 
(c) Ship, ozonesonde sites                                                  

(c) 

•P-3: Northeast;  
•DC-8: Eastern US.
•Ship: mid-Atlantic Ocean

P-3

DC-8



Results
1. Operational evaluation at AIRNOW sites
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Results
1. Operational evaluation at AIRNOW sites

20:15

Best: 8/8

Worst: 8/12:  Cloud and precipitation effect

20:15

Modeled  and observed (diamond) O3 (ppb)

http://www.hpc.ncep.noaa.gov/dailywxmap/dwm_stnplot_20040808.html
http://www.hpc.ncep.noaa.gov/dailywxmap/dwm_stnplot_20040812.html


Results: O3 Vertical profiles (7/1-8/15)

•Model reproduced vertical structure and pattern of obs at low altitude 
and more uniform but 
•Overpredicted Obs at high altitudes

(2) DC-8

Daily Layer Means
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Results: O3 Vertical profiles

Lidar: Model reproduced obs at 
low altitude and more uniform

Ozonesonde: Over predictions 
above 6 km:

• Impact from GFS derived LBC and coarse 
model resolution in FT

Obs

6km

(2) July-August Median Profiles (Ozonesonde)

(1) Lidar on Ship

Model



Results: CO and HNO3 Vertical profiles (7/1-8/15)

CO:
Consistent Underpredictions.

partly due to inadequate 
representation of biomass 
burning effects from outside the 

domain

HNO3:
Good performance 

relative to P3 obs
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Results: SO2, NO, HCHO vertical profiles

SO2:
Close to obs at high altitude
Higher than obs at low altitude 

relative to P3 obs

NO:
Under predictions of NO at h>3000 m

Aircraft and lightning NO 
emissions are not in inventory

HCHO:
Close to obs at high altitude but

higher than Obs at lower altitude
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Results: Case of 7/20 for 
overprediction over ocean

Model overpredicted 30 ppb from 
the surface to 8 km over the ocean 
outside of Maine due to

Incorrect PBL   ??
Incorrect dry deposition  ??

Need more work 0 100 200 300
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Results: Meteorological vertical profiles

Water vapor (Qv) and WS:

Model reproduced vertical structure well 
relative to DC-8 obs.

Over predicted Qv at low altitudes
relative to P-3 Obs

Very good for T, P, WD (not 
shown)
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Results
3. Time-series evaluation 
at AIRMAP sites

Castle Springs (CS)
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Hanna et al. (2001):
•50% uncertainty in JNO2

• 40 ppbv (or 20%) 
uncertainty in max O3

•Model reproduces 
• 43-53% of observed 
JNO2 within a factor of 1.5

Priority: more accurate 
determination of JNO2 in 
model

Results
3. Time-series at AIRMAP sites



Results (diagnostic evaluation)
NOx-sensitive regimes: [O3]/[NOx], O3 production efficiency: [NOz]/[O3]

Both model and obs: CS and MWO sites are mainly under strongly 
NOx-sensitive conditions (>66%)

NOx-sensitive regimes: [O3]/[NOx]
Arnold et al., 2003:

•[O3]/[NOx]<14: VOC-sensitive
>46: NOx-sensitive



Results
O3 production efficiency: 
O3-NOz slope

Parrish et al., 1993 :
• O3-NOz slope: 

upper limit of 

:
•Obs:      8.5 to 10.7
•Model:  5.2 to 6.7

Nε

Nε

Nε

At rural sites in E US
(Olszyna et al., 1994):

: 5 to 10            Nε
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(3)TF
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Contacts:

Brian K. Eder

email:  eder@hpcc.epa.gov

www.arl.noaa.gov/

www.epa.gov/asmdnerl

Conclusions
At AIRNOW sites, model was able to reproduce the daily variations of observed 
max 8-hr O3 and reproduced majority (73%) of observed max 8-hr O3 within 
factor of 1.5 with NMB=22%.

Poor performance for cloudy days

Model reproduced the O3 vertical profiles from aircraft, lidar, and zonosonde at 
low altitude well but tended to overpredict in high altitude>6km

attributed to GFS derived LBCs combined with coarse vertical model resolution in FT

Model under predicted CO consistently (by ~30%) from surface to high altitude
partly due to inadequate representation of biomass burning effects from outside the 
domain

Model under predicted NO consistently at the high altitude
Aircraft and lightning NO emissions are not in the inventory

The modeled upper limits (5.2 to 6.7) of        estimated by O3-NOz slopes are 
40% lower than the observations (8.5 to 10.7) 

Nε



Future research needed  
For real time forecast of O3, key is the prognostic 
model forecasts of meteorological fields:

Cold front patterns, 
cloud cover 
wind fields

Improve photochemical mechanism and emission
Improve model’s convective cloud scheme for 
vertical transport
Improve the model performance for JNO2, especially 
during the cloudy periods
More evaluation using process analyses for the 
2004 ICARTT data is underway
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Results: Meteorological vertical profiles

Water vapor (Qv) and WS:
Very good performance.

Very good for T, P, WD 
(not shown)
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Surface O3 Model Performance: Bias
Impacts of model enhancements to cloud mixing and photolysis effects

S4

Base

With Enhancements

Base                   With Enhancements

(1) Limit

(1) Limit cloud-top to below the GSF tropopause to 
reduce downdarft transport.

(2) Use modeled and clear sky radiation field to estimate 
below-cloud photolysis attenuation factors



Results: CO and HNO3 Vertical profiles

CO:
Consistent Underpredictions.
partly due to inadequate 

representation of biomass burning 

effects from outside the domain
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Results: SO2, NO, HCHO vertical profiles

SO2:
Close to obs at high altitude
Higher than obs at low altitude 

most of time.

(1) P-3 (SO2)

(2) DC-8 (SO2)

(3) DC-8 (NO)

(4) DC-8 (HCHO)

NO:
Under predictions of NO at h>3000 m

Aircraft and lightning NO 
emissions are not in inventory
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Results: O3 Vertical profiles

•Model reproduced
obs at low altitude
and more uniform
• Except: DC-8: 7/28, 8/11

P-3: 7/9, 7/15, 7/20-22, 7/28, 8/14
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