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Review of June 1 2005 –May 30 2006

University of Houston Air Quality Forecasting 
Systems

Spatial Resolution Spatial Resolution 
36 km 36 km : U.S. Continent: U.S. Continent
12 km 12 km : East Texas (2005) State of Texas, Louisiana (2006): East Texas (2005) State of Texas, Louisiana (2006)
04 km 04 km : Houston and Galveston Area (05) & Dallas: Houston and Galveston Area (05) & Dallas--Fort Worth area (06)Fort Worth area (06)

MM5 MM5 –– with 43 layerswith 43 layers
CMAQ CMAQ –– With 23 layersWith 23 layers

Operation Period and Duration (May 2005 ~ Current)Operation Period and Duration (May 2005 ~ Current)
SpinSpin--up up : 6 hrs: 6 hrs

(0(0thth day 18 CST day 18 CST –– 00thth day 23 CST)day 23 CST)
Forecasting Forecasting : 48 hrs : 48 hrs 

(1(1stst day 00 CST day 00 CST –– 22ndnd day 23 CST)day 23 CST)

Two Different Air Quality Forecasting SystemsTwo Different Air Quality Forecasting Systems
Forecasting 1  (FForecasting 1  (F--1) : MM5 modified by UH + Emission + CMAQ v4.41) : MM5 modified by UH + Emission + CMAQ v4.4
Forecasting 2  (FForecasting 2  (F--2) : Default MM5 + Emission + CMAQ v4.42) : Default MM5 + Emission + CMAQ v4.4



Modeling Domains Modeling Domains –– F1/F2 F1/F2 
(June 2005 (June 2005 –– May 2006)May 2006)



2005 UH AQF systems (F2005 UH AQF systems (F--1 & F1 & F--2)2)
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Figure 4.3 – Time series of regional daily max ozone

Time series of regional daily max ozone
June 2005 – May 2006



O3: June 2005 O3: June 2005 –– May 2006May 2006

Figure 4.3 – Time series of regional daily max ozoneFigure 4.4 – Scatter plot of regional daily max ozone
Scatter plot of regional daily max ozone

Figure 4.5 – Average site daily peak by monthAverage site daily peak by month

-Average site peak ozone is one of the best predicted ozone categories. The R is consistently high for 
all the months except for Jan and Nov

- However, the underprediction of regional max



O3: June 2005 O3: June 2005 –– May 2006May 2006

Figure 4.3 – Time series of regional daily max ozoneFigure 4.4 – Scatter plot of regional daily max ozone

Figure 4.5 – Average site daily peak by month

-Average site peak ozone in the daytime compares well with observed ozone. The R is consistently 
high for all the months except for Jan and Nov

- However, the model night time ozone considerably overestimated in the Summer.

Average night-time ozone by monthAverage day-time ozone by month



Figure 4.4 – Scatter plot of regional daily max ozone

Figure 4.5 – Average site daily peak by month
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Summary of Hourly Ozone Forecasting Performance: 2005 June – 2006 May



PM2.5 TS plot for daily averagePM2.5 TS plot for daily average

Yearly TS plotYearly TS plot

Number of days for over & under predictionNumber of days for over & under prediction

Overall, Model tends to slightly underOverall, Model tends to slightly under--predict during the yearpredict during the year

MM--O : ModelO : Model--ObsObs..
Unit : daysUnit : days

Model highly overModel highly over--predicted during Dec.predicted during Dec.

Winter peaks missed



PM Model & Obs. Differences :PM Model & Obs. Differences : [Model[Model--Obs]Obs]

Morning (06~08), Day time ( 09~17), Evening (18~21), Night time Morning (06~08), Day time ( 09~17), Evening (18~21), Night time (22~05)(22~05)

UnderUnder--predicted during morning & daytime, Overpredicted during morning & daytime, Over--predicted during eveningpredicted during evening

Model & Model & ObsObs diff. for each hourly datadiff. for each hourly data

Model & Model & ObsObs diff. for each day period diff. for each day period 

Model & Model & ObsObs diff. doesndiff. doesn’’t show big differences among day periodt show big differences among day period



TS plotTS plot

YearlyYearly

SummerSummer

AutumnAutumn

WinterWinter

Well matchesWell matches

Slight underSlight under--prediction during daytimeprediction during daytime

Slight underSlight under--prediction for whole dayprediction for whole day

Well matchesWell matches

Follows pattern well, overFollows pattern well, over--predictionprediction

SpringSpring

Summary of Hourly PM2.5 Forecasting Performance: 2005 June – 2006 May



2006 June – 2006 Oct (TexAQS-II)
UH (Univ. of Houston)

AQF (Air Quality Forecasting) Systems
Spatial Resolution Spatial Resolution 

36 km 36 km : U.S. Continent: U.S. Continent
12 km 12 km : East Texas (2005) State of TX, LA, OK, AR, and MS (2006): East Texas (2005) State of TX, LA, OK, AR, and MS (2006)
04 km 04 km : Houston and Galveston Area (F1) / HGA & DFW (F2 & F3): Houston and Galveston Area (F1) / HGA & DFW (F2 & F3)

MM5 MM5 –– 43 layers, CMAQ43 layers, CMAQ--23 layers23 layers

Operation Period and Duration (May 2005 ~ Current)Operation Period and Duration (May 2005 ~ Current)
SpinSpin--up up : 6 hrs: 6 hrs

(0(0thth day 18 CST day 18 CST –– 00thth day 23 CST)day 23 CST)
Forecasting Forecasting : 46 hrs : 46 hrs 

(1(1stst day 00 CST day 00 CST –– 22ndnd day 23 CST)day 23 CST)

Different Air Quality Forecasting SystemsDifferent Air Quality Forecasting Systems
Forecast 1 (F1) : MM5 modified by UH + TEI imputed for 2000 + CMForecast 1 (F1) : MM5 modified by UH + TEI imputed for 2000 + CMAQ v4.4 AQ v4.4 
Forecast 2 (F2) : MM5 modified by UH + TEI imputed & projected fForecast 2 (F2) : MM5 modified by UH + TEI imputed & projected for 2005 + CMAQ v4.4or 2005 + CMAQ v4.4
Forecast 3 (F3) : MM5 configured by TAMU + TEI imputed & projectForecast 3 (F3) : MM5 configured by TAMU + TEI imputed & projected for 2005 + CMAQ v4.4       ed for 2005 + CMAQ v4.4       



Modeling Domains Modeling Domains –– F2/F3, TexAQSF2/F3, TexAQS--IIII



Anthropogenic Emissions: for F1 Anthropogenic Emissions: for F1 
(2005/2006)(2005/2006)

TEI 2000 Base5b TEI 2000 Base5b 
–– TexAQS 2000 episode used for State Implementation PlanTexAQS 2000 episode used for State Implementation Plan
–– The day of WeekThe day of Week

Aug. 25Aug. 25thth Friday, Aug. 26Friday, Aug. 26thth Saturday, Aug. 27Saturday, Aug. 27thth Sunday, Aug. Sunday, Aug. 
3030thth Monday ~ ThursdayMonday ~ Thursday

–– CB4, SAPRC99, and RADM2CB4, SAPRC99, and RADM2
–– Area & NonArea & Non--road: 2000 Emissions Inventoryroad: 2000 Emissions Inventory

NEI99 (Final version 3)NEI99 (Final version 3)
–– CONUS 36CONUS 36--km domainkm domain
–– Particulate matters and precursors (NH3, SO2)Particulate matters and precursors (NH3, SO2)

Processor: SMOKE version 2.1Processor: SMOKE version 2.1
–– Internal database: TCEQInternal database: TCEQ’’s (for spatial and temporal allocation)  s (for spatial and temporal allocation)  

Default & TCEQDefault & TCEQ’’s for chemical speciations for chemical speciation



Anthropogenic Emissions for F2/F3 (2006)Anthropogenic Emissions for F2/F3 (2006)
Projected Texas EGU NOx emissionsProjected Texas EGU NOx emissions
after State Implementation Plan (SIP)after State Implementation Plan (SIP)

2007 emissions inventory were projected from 2000 EI with growth and control 
factors from TCEQ.

For HG NOx emissions for 2005, a factor of 1.747 was applied on 2007 EI based on 
the 2005/2007 MECT (Mass Emission Cap and Trade) allowances.

2000 2005 2007



Anthropogenic Emissions: for F2/F3 (2006) Anthropogenic Emissions: for F2/F3 (2006) 
VOC emissions for imputation after SIPVOC emissions for imputation after SIP

2000 2007

UH AQF system uses additional VOC emissions at the 2007 level.



MOBILE6 NOx emissions for 2000 and 2007MOBILE6 NOx emissions for 2000 and 2007
2000 2007

The emissions amounts for each county, vehicle type, hour and  species were 
determined for 2005 based on those for 2000 and 2007. 

Then, the factor was applied on 2007 MOBILE6 emissions to get 2003 emissions.



What Configurations were used for ETAQ-F 2006?
For ETAQF 2005, we used TCEQFor ETAQF 2005, we used TCEQ’’s 2000 Base5b with imputed s 2000 Base5b with imputed 
HRVOCHRVOC
* Was quite successful* Was quite successful
* NOx and some VOC emissions might have been too high* NOx and some VOC emissions might have been too high
For ETAQF 2006, For ETAQF 2006, 

Meteorology (F1 = F2=UH MM5 vs. F3 = TAMU Meteorology (F1 = F2=UH MM5 vs. F3 = TAMU configconfig.).)
* improved LULC* improved LULC
* improved MRF for stable PBL and transition times (under develo* improved MRF for stable PBL and transition times (under development)pment)
* cloud; both the * cloud; both the subgridsubgrid scale explicit scheme at 4scale explicit scheme at 4--kmkm
* satellite observed sea surface temperature (in preparation for* satellite observed sea surface temperature (in preparation for sensitivity testing)sensitivity testing)

Emissions (F1 = 2000 SIP imputed TEI vs. F2 = F3 = 2005* projectEmissions (F1 = 2000 SIP imputed TEI vs. F2 = F3 = 2005* projected)ed)
* 2005 TEI (projected from 2000 & 2007)* 2005 TEI (projected from 2000 & 2007)
* 2000 HRVOC (instead of 2005 projected) * 2000 HRVOC (instead of 2005 projected) 
* Mobile projected for 2003* Mobile projected for 2003
* satellite* satellite--observed fire events (in preparation)observed fire events (in preparation)

CMAQ (F1 = HGB 4CMAQ (F1 = HGB 4--km vs. F2 = F3 = Extended 4km vs. F2 = F3 = Extended 4--km (HGB + DFW)km (HGB + DFW)
* with and w/o cloud attenuation* with and w/o cloud attenuation
* CB4 for forecasting and SAPRC99 for evaluation (on* CB4 for forecasting and SAPRC99 for evaluation (on--going)going)
* Better regional characterization at 12* Better regional characterization at 12--km resolutionkm resolution



Performance Analysis of Performance Analysis of 
2006 AQF2006 AQF

- Pollutants : O3, NO, NO2, PM2.5

- Period : 2006.06 – 09

- F1 (2000 TEI) & F2 (2005 projected)



Monitoring site on HoustonMonitoring site on Houston--Galveston domain F1Galveston domain F1

Model:  F1



1

2

3

8
9

13

15

17

19

26
28

31

34

35

38

45

52

53 55

56

59

60
61

63

64

6970

71
73

75
76

77

78

81

82

84

85

87

94

96

114165

198

311

402

405
406

408

409
410 411416503 504505 506

551
552

553
554

555

556

557

558

559
560561

562

570572

601

613
614

617

618
619

620622

627

628

639

640

643

645

646

647

649

650

651

674

675

678

1016

1019

1027

1032

Monitoring sites for Dallas & Houston domain F2Monitoring sites for Dallas & Houston domain F2

Model:  F2



O3 Scatter plot for F1 (daily max)O3 Scatter plot for F1 (daily max)

June July

Aug. Sep.



Each models comparison, July 2006
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Each models comparison, June 2006
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Each models comparison, Sep. 2006
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Each models comparison, Aug. 2006
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O3 Scatter plot for F2 (daily max)O3 Scatter plot for F2 (daily max)

June July

Aug. Sep.



F-1 F-2

Note: Consider domain differences between F1 & F2

as well as reductions in NOx emissions in F2

NO concentration differences



F-1 F-2
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PM2.5 CAMS site locationPM2.5 CAMS site location

F-1 : 15 sites
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PM2.5 CAMS site locationPM2.5 CAMS site location
F-2 : 30 sites
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Time series for PM2.5Time series for PM2.5
( Daily average )( Daily average )
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F-1 F-2

Scatter diagram for PM2.5Scatter diagram for PM2.5
( Daily average )( Daily average )



Detailed daily average analysisDetailed daily average analysis

F1 Forecasting Results

(Analysis of F2 on-going)



Overall performance of F1: Spatial distributionOverall performance of F1: Spatial distribution



Overall performance of F1 : Spatial distributionOverall performance of F1 : Spatial distribution



Bugle plot for all daily avg. dataBugle plot for all daily avg. data



TS plot for daily average data for F1TS plot for daily average data for F1

TS plot for TS plot for Jun.~OctJun.~Oct. 2006. 2006

Number of days for over & under predictionNumber of days for over & under prediction

MM--O : ModelO : Model--ObsObs..
Unit : daysUnit : days



Daily average analysis for each site: F1Daily average analysis for each site: F1



Statistics for daily average of each sites: F1Statistics for daily average of each sites: F1

<Sorted by R><Sorted by R>

Statistics for Statistics for Jun.~OctJun.~Oct. 2006. 2006



Spatial distribution of stats. Index during Spatial distribution of stats. Index during 
TexAQSTexAQS--II: F1II: F1



Bar chart for daily average of each sites: F1Bar chart for daily average of each sites: F1



Bar chart for daily average of each sites: F1Bar chart for daily average of each sites: F1
Jun.Jun.

Jul.Jul.

Aug.Aug.

Sep.Sep.

Oct.Oct.



Summary of Forecasting Difficulties
1. Need to evaluate performance of MM5 with new NCEP/NAM

2. Improve meteorological characterizations
• Wind speed (seasonal and day & night bias?)
• PBL height (seasonal and day & night bias?)

3. Must evaluate predictability of precipitation (met.) and upset 
emissions event, as well as long-range transport cases!

4. Need to set up a smart re-initialization strategy (short term)

5. Need to use realistic regional BCs (how to obtain?)

6. Need to evaluate/improve PM precursor emissions

7. AQF requires to develop a real-time data assimilation system (long-
term)
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