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Where did we leave off?

• CAMx is severely under predicting ozone over 
July/August 2000 episode
– RAMS met to ~7.5 km, clean BC’s, May ARB 

emissions
• UCR CAMx applications not showing as much 

of a problem
– MM5 met to ~15 km, SARMAP BC’s, May ARB 

emissions
– But UCR applications also short of acceptable 

performance
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Where did we leave off?

• Other stuff:
– We had just received all CCOS AQ data

• Started processing for model evaluation
– RAMS+MM5 was not performing sufficiently for 

June 2000 episode
– July 1999 was gearing up
– Emission issues:

• Speciation problems (dropping emissions)
• Issues regarding temperature-sensitive sources 

(hybrid MM5/CALMET temperature fields)
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Latest Developments

• ENVIRON-BAAQMD effort to reconcile UCR 
and ENVIRON CAMx simulations

• CCOS data processed and being used
• Fires and their role on ozone performance

– Emissions (rates, locations, durations)
– IC/BC/TC

• RAMS vs. MM5 vs. others for July/August 
2000

• RAMS + MM5 for July 1999 finishing up
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Latest Developments

• Emissions
– July/August 2000 Base emissions issues resolved

• Emissions set (for now)
– July 1999 Base emissions almost completed
– Future year inventories being developed

• Some are now completed
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CAMx Model Reconciliation

• Reconciliation of UCR and ENVIRON CAMx
simulations
– Met differences º less than half the ozone 

differences
• District/ATMET/ENVIRON/ARB still see issues 

with MM5 performance
– IC/BC differences º most of the ozone differences
– Domain depth not a big player
– Remaining CAMx inputs not big players
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Boundary Conditions

CB-IV UCR/SARMAP Environ/OTAG
Species Layer 1 Everywhere

Ozone 25/40 35
CO 200 100
NO 0.3 0
NO2 1.3 0.1
NOx 1.5 0.1
PAR 20.5 3.1
OLE 0.8 0
ETH 1.4 0
TOL 1.7 0
XYL 1.1 0
ISOP 0.3 0
FORM 5.8 1.1
ALD2 3 0.2
VOC 34.6 4.4

VOC (ppbC)
Others (ppb)
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SARMAP-Based Ozone BCs

Layer Height (m) West Other
1 24 25 40
2 49 26 42
3 105 27 43
4 168 28 47
5 240 30 51
6 370 32 55
7 526 35 62
8 704 39 70
9 904 43 70
10 1129 46 70
11 1387 48 70
12 1733 49 69
13 2207 51 68
14 2854 53 67
15 3751 55 65
16 5131 57 63
17 7277 60 60
18 9325 67 67
19 12162 73 73
20 14939 75 75

Vertical ozone profile (ppb)
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Persistence of Initial Conditions
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Contributions from Top Boundary
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Contributions from West Boundary
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Contributions from North Boundary
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Contributions from South Boundary
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Use of CCOS Air Quality Measurements

• Evaluation at surface sites
– VOC
– NOx
– VOC:NOx

• Ozonesondes
– Top BC
– Performance aloft

• Aircraft Data
– IC and Lateral BC
– Performance aloft



Presents:/slides/
14

VOC Performance (Run 4m)
CAMx-Predicted vs. Observed VOC 
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VOC Fingerprints (Run 4m)
VOC Components at 07/31/00  1PM

Total Observed VOC = 24.41; Predicted VOC = 39.09
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Total Observed VOC = 130.34; Predicted VOC = 167.1
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VOC Components at 07/31/00  1PM
Total Observed VOC = 88.98; Predicted VOC = 85.92
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VOC:NOx Performance (Run 4m)

CAMx-Predicted vs. Observed VOC/NOX 
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Ozonesonde Profile for July 30, 2000

Granite Bay, July 30 5PM PST
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Ozonesonde Profile for July 31, 2000

Parlier, July 31 5PM PST
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Ozonesonde Profile for August 1, 2000

Granite Bay, August 1 5PM PST
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western boundary
7:19:21 PST
Ozone = 64 ppb
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offshore of San Francisco
5:50 PST
Ozone = 72 ppb
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Evaluation of Fire Impacts

• Fire Reports
• Satellite Derived Products

– Visible Imagery (in progress)
– Aerosol Index

• CAMx runs
– Evaluate Fire Emissions
– Ozone from “Natural” Emissions aloft
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Fires Recorded July/Aug 2000

Hauser
31 July 2000
500 acres

Pechanga
30 July –
+02 August 2000
5,018 acres

Plaskett
+27 July –
+02 August 2000
5,830 acres

Start & End Dates:
A Plus (‘+’) Before The Start Date
Indicates That The Fire Started 
Burning Prior To The Listed 
Start Date.

A Plus (‘+’) Before The End Date
Indicates That The Fire Continued 
Burning After The Listed End Date.

Acres:
The Number Of Acres Burned Are For
The Period of 27 July Through 02
August 2000.

Golden
02-?? August 2000
500 acres

Happy
+27 July -
01August 2000
5,500 acres

Manter
+27 July –
+02 August 2000
67,348 acres

Edison
31 July –
+02 August 2000
150 acres

Lambert
27-28 July 2000
200 acres

Morgan
27-29 July 2000
3,283 acres

Bark
27-28 July 2000
1,700 acres

Marys
27-28 July 2000
200 acres

Twin Peak
02-?? August 2000
300 acres

Coyote
29 July –
+02 August 2000
15,872 acres

Wall Canyon
+27 July –
+02 August 2000
7,530 acres

Arrow Creek
02-?? August 2000
1,500 acres

Hollow
27-29 July 2000
750 acres

Phillips Ranch
+27 July –
+02 August 2000
1,275 acres

Cherry
02-?? August 2000
7,500 acres

South Cricket
+27 July –
+02 August 2000
66,487 acres

North Creek
+27 July –
+02 August 2000
700 acres

Adobe
02-?? August 2000
8,500 acres

Cottonwood
+27 July –
01 August 2000
5,500 acres

Galena Hill
02-?? August 2000
125 acres

2 Horse Mtn.
??-24 July 2000
9,500 acres
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Horse Mountain
05-10 July 1999
800 acres

Thomas
07-12 July 1999
1,842 acres

Couse
07-08 July 1999
1,000 acres

Lowden
02-06 July 1999
2,000 acres

Placer
04-05 July 1999
120 acres Ohfir

13-14 July 1999
147 acres

Pellows
11-14 July 1999
1,053

Haswell
11-13 July 1999
100 acres Floriston

11-13 July 1999
282 acres

49
13-14 July 1999
400 acres Watts

13-14 July 1999
1,000 acres

Lost Bear
11 July-
23 August 1999
185 acres

Conejos Valley
12-13 July 1999
298 acres

Hunter
03-05 July 1999
4,640 acres

Buffalo Fire
05-06 July 1999
500 acres

Soap
11-12 July 1999
715 acres

Pah Rah
04-06 July 1999
12,000 acres

Mira Loma
02-05 July 1999
5,297 acres

Lang Syne
11-17 July 1999
24,340 acresTungston

09-11 July 1999
1,790 acres

Fires Recorded 11-12 July 1999
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Hourly Vertical Fire Distribution
NO Emissions by hour and height (mole/hr) July 30
Single Manter fire grid cell

Point # 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
777 4844 4844 4844 4844 4844 4844 4844 4715 19572 30640 40995 32917 32384 27046 21930 11638 17437 13166 3018 4968 4844 4844 4844 4844
778 4588 4588 4588 4588 4588 4588 4588 4715 19572 34003 40995 32917 32384 27046 21930 11638 17437 13166 3018 4460 4588 4588 4588 4588
779 0 0 0 0 0 0 0 0 0 0 5125 4311 4899 0 0 0 2638 1725 377 0 0 0 0 0
780 0 0 0 0 0 0 0 0 0 0 5125 4311 4899 0 0 0 2638 1725 377 0 0 0 0 0
781 0 0 0 0 0 0 0 0 0 0 5125 4311 4899 5362 0 0 2638 1725 377 0 0 0 0 0
782 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 0 2638 1725 0 0 0 0 0 0
783 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
784 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
785 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
786 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
787 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
788 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
790 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
791 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
792 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
793 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
794 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
795 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
796 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
797 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
798 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
799 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
801 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
802 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
803 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
804 0 0 0 0 0 0 0 0 0 0 0 4311 4899 5362 5388 3658 2638 1725 0 0 0 0 0 0
805 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0
806 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0
807 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0
808 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0
809 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0
810 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0
812 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0
813 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0
814 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0
815 0 0 0 0 0 0 0 0 0 0 0 0 4899 5362 5388 3658 2638 0 0 0 0 0 0 0

Total
(TPD) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 1.3 2.1 3.2 5.6 7.6 7.5 7.0 4.4 4.1 2.2 0.2 0.3 0.3 0.3 0.3 0.3
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Ozone from “natural” sources



Presents:/slides/
33

Ozone from “natural” sources
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ARB Analyses

• Bruce Jackson’s ozone performance:
– 20 layers to ~15 km slightly improves under 

prediction bias (relative to 16 layers to ~5 km)
• But it takes 50% longer to run

– 16 layers to ~5 km + ozone top BC = 70 ppb 
slightly improves bias (relative to top BC = 40 ppb)

– Use of MM5/CALMET hybrid + ozone top BC = 
70 ppb improves performance the most
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Hourly Average Wind Speed -- CCOS Zone 6
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Comparison between observed and MM5 wind speeds 
in the Sacramento/Delta subregion during July/August 2000
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Hourly Wind Speeds -- CCOS Zone 8
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Comparison between observed and MM5 wind speeds
in the southern San Joaquin Valley during July/August 2000
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NOAA/MM5 nFDDA    CALMET Hybrid
OPk   SPk   PR   NB     SPk   PR   NB

Zn   ppb    ppb  -na- %     ppb  -na- %
DOY 213 (July 31)
3 126    119  0.94  -14 126  1.00  +06
6    110    133  1.21  +04    132  1.20  +10
7    118    119  1.01  -08 122  1.03  +05
8    115    117  1.02  -15 130  1.13  -03
DOY 214 (August 1)
3    109    117  1.07  -35    118  1.09  -04
6    134    117  0.87  -26    133  0.99  +03
7    118    113  0.95  -18    130  1.10  +01
8    113    114  1.01  -25    119  1.06  -14
DOY 215 (August 2)
3    100    107  1.07  -34    093  0.93  -45
6    131    112  0.85  -15 134  1.02  -05
7    120    099  0.82  -26    132  1.10  +03
8    151    104  0.69  -37    134  0.89  -10

Ozone performance for July/August 2000
Bold statistics meet USEPA (1991) guidelines



ATmospheric, Meteorological, and Environmental Technologies

RAMS Episode 1 RAMS Episode 1 ––
“Latest” Configuration“Latest” Configuration

3 and 4 grids3 and 4 grids
Extra smoothing of topography on SE Extra smoothing of topography on SE 
quadrant of grid 3 (4 km)quadrant of grid 3 (4 km)
Analysis nudging with NCAR archived data Analysis nudging with NCAR archived data 
–– no ARB datano ARB data
Weak analysis nudgingWeak analysis nudging
•• 4.0, 5.0, 6.7, 10 hour timescales on grids 14.0, 5.0, 6.7, 10 hour timescales on grids 1--44

Bay temperature constant at 19CBay temperature constant at 19C
No irrigated crop designationNo irrigated crop designation
“Medium” soil moisture initial conditions“Medium” soil moisture initial conditions



ATmospheric, Meteorological, and Environmental Technologies

RAMS Verification RAMS Verification –– Episode 1Episode 1
3 vs. 4 grid runs3 vs. 4 grid runs
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RAMS Verification RAMS Verification –– Episode 1Episode 1
3 vs. 4 grid runs3 vs. 4 grid runs
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Comparison of 3 vs. 4 grid runComparison of 3 vs. 4 grid run



ATmospheric, Meteorological, and Environmental Technologies

MM5 Comparison for Episode 1MM5 Comparison for Episode 1

Since ozone performance was better with MM5 Since ozone performance was better with MM5 
fields, we analyzed the MM5 simulation to see if fields, we analyzed the MM5 simulation to see if 
the meteorology is actually better, or if it was the meteorology is actually better, or if it was 
fortuitous.fortuitous.
If the meteorology is in fact better, this could If the meteorology is in fact better, this could 
potentially give us guidance as to RAMS potentially give us guidance as to RAMS 
configuration.configuration.



ATmospheric, Meteorological, and Environmental Technologies

MM5 vs. RAMS CAMx resultsMM5 vs. RAMS CAMx results
RAMS MM5
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MM5 vs. RAMS CAMx resultsMM5 vs. RAMS CAMx results

MM5 - RAMS
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MM5 vs. RAMS CAMx resultsMM5 vs. RAMS CAMx results
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2804: Bethel Island Road     -97.388   109.836
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2831: Concord-2975 Treat B  -130.228   103.061
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3490: Livermore-793 Rincon  -108.644    74.976
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2410: Vallejo-304 Tuolumne  -147.965   121.164
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2622: San Rafael            -172.296   107.643
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2806: Hayward-La Mesa       -131.313    72.209
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2973: San Leandro-County H  -138.561    78.378
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3207: San Pablo-El Portal   -157.015   106.354
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ATmospheric, Meteorological, and Environmental Technologies

Verification domain AVerification domain A
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Verification domain AVerification domain A
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Verification domain AVerification domain A
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Verification domain BVerification domain B



ATmospheric, Meteorological, and Environmental Technologies

Verification domain BVerification domain B
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Selected station verificationSelected station verification



ATmospheric, Meteorological, and Environmental Technologies

Compensatory ErrorsCompensatory Errors
The MM5 run had a low windspeed The MM5 run had a low windspeed 
biasbias
Led to less ventilation of the Bay Led to less ventilation of the Bay 
Area, hence higher ozoneArea, hence higher ozone
Better final results for the wrong Better final results for the wrong 
reasons; likely that low windspeed reasons; likely that low windspeed 
compensated for other errorscompensated for other errors
Undesirable to use these types of Undesirable to use these types of 
simulations for future planningsimulations for future planning



ATmospheric, Meteorological, and Environmental Technologies

Next stepNext step

Large portion of errors probably dependent on Large portion of errors probably dependent on 
localized conditions at the time (state of localized conditions at the time (state of 
irrigation, etc.)irrigation, etc.)
Observation nudging FDDA started now that Observation nudging FDDA started now that 
QC’edQC’ed obsobs are availableare available
Clusters of stations (e.g. Sacramento) frequently Clusters of stations (e.g. Sacramento) frequently 
show 2 similar, 1 very different. For example, 1 show 2 similar, 1 very different. For example, 1 
station might vary 5C temp, 7C dewpoint from station might vary 5C temp, 7C dewpoint from 
othersothers
Difficult to account for even with Difficult to account for even with obsobs nudgingnudging
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ObsObs Nudging Nudging –– First First 
ConfigurationConfiguration

• Re-started RAMS 3 grid run

• Nudge model fields to horizontal surface winds only

• Timescale – 15 min

• Outer radius of influence – 10 km

• Only CCOS data used for nudging

• Only NWS data used in statistics

• Verification domain – 5 x 5 deg
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Station distributionStation distribution
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ObsObs nudging run nudging run –– Part 1Part 1



ATmospheric, Meteorological, and Environmental Technologies

July 1999 EpisodeJuly 1999 Episode

First runs finished in similar First runs finished in similar 
configuration as original episode 1 configuration as original episode 1 
and 2.and 2.
Easier to simulate than June 2000; Easier to simulate than June 2000; 
largelarge--scale controlled by scale controlled by existingexisting
weather systems, rather than weather systems, rather than 
developingdeveloping systemssystems
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July 1999 VerificationsJuly 1999 Verifications



Predicted Surface OzonePredicted Surface Ozone
July 31, 2000, 1600July 31, 2000, 1600--1700 PDT1700 PDT

BAAQMD 1.33 km MM5 winds without FDDA



EE--W Simulated O3 CrossW Simulated O3 Cross--section (1.33 km)section (1.33 km)
July 31, 2000, 1600July 31, 2000, 1600--1700 PDT1700 PDT



EE--W Simulated O3 CrossW Simulated O3 Cross--section (1.33 km)section (1.33 km)
July 31, 2000, 2100July 31, 2000, 2100--2200 PDT2200 PDT



TimeTime--height Simulated O3 Crossheight Simulated O3 Cross--sectionsection
July 31, 2000 (1.33 km)July 31, 2000 (1.33 km)



Ozone Profiler Measurements at Livermore Ozone Profiler Measurements at Livermore 
Aug. 11, 2000Aug. 11, 2000



Aircraft Observations Aircraft Observations -- UpdateUpdate



Work to DateWork to Date
• Focus on offshore flights 
• Focus on July-August 2000 episode
• Plots/animations/preliminary analysis of

All Ozone, NO, NOy observations
VOC observations (except PNNL offshore flight)

• Performing QA/QC of CCOS database



Still to ComeStill to Come

CB-IV and SAPRC speciation of VOC

Examine meteorological aircraft data

Update boundary conditions based on        

……aircraft measurements



CCOS FarCCOS Far--offshore Flightsoffshore Flights

Date Aircraft
Start Time 

(PST)
End Time 

(PST)

July 8, 2000 STI Aztec 8:23 11:36

July 8, 2000 PNNL G1 12:54 17:12

July 23, 2000 STI Aztec 6:46 10:57

July 30, 2000 STI Aztec 4:59 9:02

September 17, 2000 STI Aztec 4:56 9:11



All FarAll Far--offshore Flightsoffshore Flights



Example: Western BoundaryExample: Western Boundary



Example: Western BoundaryExample: Western Boundary



For more information:For more information:

http://ws1.baaqmd.gov/Projects/CCOS_analysis



NEXT STEPSNEXT STEPS

• Investigate land-use in MM5 (update 
friction velocity)

• Investigate mixing depth
• Use 1 km resolution
• Investigate winds in aloft layers
• Use terrain barrier
• Use FDDA



NEXT STEPS (cont.)NEXT STEPS (cont.)

• Use latest EI
• Use SAPRC chemistry/EI
• Update lateral boundary conditions
• Investigate horizontal diffusion
• Investigate surface deposition
• Conduct statistical model performance


