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2005 Observed Values:  Ozone
Count of 8hr Max > = 75 ppb Count of 8hr Max >= 65 ppb
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July 11 & 12, 2005
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July 14 & 15, 2005
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Wind Direction
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August 1 & 2, 2005
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Wind Direction
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Modeling Description

ÅLADCO BaseM 2005 emissions & meteorology
ÅCAMx version 5.01, CB05 chemical mechanism,  

3-d
ïChemical Process Analysis (CPA) for Ozone (same area 

as the 12km grid, format as regular .avrgfile)
ÅVERTAVG post processor

ïIntegrated Processes Rate (IPR) analysis for Particulate 
Matter (for PA grid cells only, 1 fortran post processer 
program, Microsoft Excel 2002 Macro)
ïIntegrated Reaction Rate (IRR) analysis for Ozone was 

disregarded because it is closely related to CPA, which 
is more user friendly
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12km Model Domain 
Process Analysis (IPR) Grid Cells 

Minnesota Ozone Monitors in 2005
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PA Domain is 12 x 19 x 11 = 2508 grid cells
11 layers selected to capture the likely daytime boundary layer



CAMx Control Parameters for 
Process Analysis

!---Model options ---

PiG_Submodel = 'None',    ! (None,GREASD,IRON)

Probing_Tool Ґ Ψt!ϥΣ         Η όNone,OSAT,PSAT,GOAT,APCA,DDM,PA,RTRAC)

!---Output specifications ---

Average_Output_3D        = .false.,

Output_3D_Grid(1)        = .false.,   ! Set Average_Output_3D = .false.

Output_3D_Grid(2)        = .true.,   ! if you set any of these to .true.

&PA_Control

PA_File_Root = '$OUT/$stdate.$CGRID.$CRES.$NZ.$CCASE.ld.$MODEL',

Number_of_PA_Domains= 1,

Within_CAMx_Grid(1)  = 2,  ! Specify which CAMx grid that this PA domain is in

PA_Beg_I_Index(1)    = 22,

PA_End_I_Index(1)    = 33,

PA_Beg_J_Index(1)    = 25,

PA_End_J_Index(1)    = 44,

PA_Beg_K_Index(1)    = 1,

PA_End_K_Index(1)    = 11,

&END
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3-D also applies 
to CPA output  

files and is useful

PA domain  for 
IPR specified here



Integrated Process Rate
Results
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Aggregating IPR Results Over Grid Cells

ÅIPR domain has 2508 individual grid cells

ÅTransport/diffusion processes couple together grid cells
ïTransport/diffusion dominates any single grid cell
ÅE.g., vertical diffusion can dominate the shallow surface cells

ïChemistry of the Twin Cities plume is the result of many 
grid cells combined

ÅStart the IPR analysis by aggregating results for all 2508 
grid cells
ïThe CAMx-IPR post-processor can do this

ïCould refine the region to be aggregated to focus on parts 
of the plume or boundary layer
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Hourly Ozone ChangeςJuly 11 - 15
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Hourly O3 Change from Different Processes in Twin Cities.
Run = 05_Jul_11-15_ipr_allcells

Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1 to 11

Top Boundary Deposition Chemistry Lateral Boundaries
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Hourly Ozone Change ςJuly 11 - 15
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Hourly O3 Change from Different Processes in Twin Cities.
Run = 05_Jul_11-15_ipr_allcells

Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1 to 11

Top Boundary Deposition Gas-Phase Chemistry Heterogeneous Chemistry

West Boundary East Boundary South Boundary North Boundary
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Daytime Ozone Production
July 11 ς15

Total Ozone Production During Daylight Hours 

Date

Modeled 

O3

Produced 

(ppb)

Observed Peak 8-hr Maximum O3 Concentrations 

(ppb) Obs O3

Max - Min

(ppb)

O3

Produced

Modeled /

Obs 

East 

Bethel

1001

Blaine

1002

Brainerd

3204

Stanton

5302

MilleLacs

3051

St 

Michael

3201

St. Cloud

3052

Shakopee

505

Wash. Co

6015

11-Jul 27 79 73 64 72 68 68 63 67 71 16 1.71

12-Jul 21 66 79 44 83 42 70 55 88 74 46 0.45

13-Jul 28 40 40 50 69 48 43 36 59 44 33 0.85

14-Jul 33 48 49 39 52 38 71 60 84 42 46 0.72

15-Jul 18 67 62 49 63 59 61 57 61 81 32 0.58
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Model ozone production peaks on July 14 (33 ppb) and August 2 (31 ppb)

1-Aug 25 84 70 45 61 47 72 62 65 24 60 0.41

2-Aug 31 68 66 71 60 82 71 59 63 59 23 1.35



Hourly Nitrogen Oxide Change 
July 11 - 15
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Hourly NO Change from Different Processes in Twin Cities.
Run = 05_Jul_11-15_ipr_allcells

Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1 to 11

Top Boundary Deposition Emissions Chemistry Lateral Boundaries
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Hourly Nitrogen Dioxide Change
July 11 - 15
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Hourly NO2 Change from Different Processes in Twin Cities.
Run = 05_Jul_11-15_ipr_allcells

Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1 to 11

Top Boundary Deposition Emissions Chemistry Lateral Boundaries
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P =production; D = destruction ςdestruction missing on 2 nights 



NO2 Chemistry

ÅProduction
NO + O3 ĄNO2

ÅDaytime destruction
NO2 + radicals Ą nitric acid and nitrates
e.g., OH + NO2 Ą nitric acid

ÅNighttime destruction
NO2 + O3 ĄNO3
NO3 + NO2 ĄN2O5; N2O5 + H2O Ą nitric acid
NO3 + some VOCs Ą nitrates

Nighttime destruction depends upon the presence of ozone
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Hourly Nitric Acid Change
July 11 ς15
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Hourly HNO3 Change from Different Processes in Twin Cities.
Run = 05_Jul_11-15_ipr_allcells

Grid cells used from grid number 2: (22, 25) to (33, 44) using layers 1 to 11

Top Boundary Deposition Gas-Phase Chemistry Heterogeneous Chemistry

West Boundary East Boundary South Boundary North Boundary
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Procedure for Summing
Daytime & Night-time Contributions

ÅOzone Produced 
ï5ŀȅǘƛƳŜΥ  ҟh3άDŀǎ-tƘŀǎŜ /ƘŜƳƛǎǘǊȅέ hours 7-20

ïNight-ǘƛƳŜΥ ҟh3άDŀǎ-tƘŀǎŜ /ƘŜƳƛǎǘǊȅέ hours 1-6 & 21-0

ÅNOX Emitted
ï5ŀȅǘƛƳŜΥ  bh ά9Ƴƛǎǎƛƻƴǎέhours7-20 +                                 

NO2ά9Ƴƛǎǎƛƻƴǎέhours7-20

ïNight-ǘƛƳŜΥ  bh ά9Ƴƛǎǎƛƻƴǎέhours1-6 & 21-0 +                      
NO2ά9Ƴƛǎǎƛƻƴǎέhours1-6 & 21-0

ÅHNO3 Produced 
ï5ŀȅǘƛƳŜΥ  ҟIbh3άDŀǎ-tƘŀǎŜ /ƘŜƳƛǎǘǊȅέhours 7-20

ïNight-ǘƛƳŜΥ ҟ Ibh3άDŀǎ-tƘŀǎŜ /ƘŜƳƛǎǘǊȅέ hours 1-6 & 21-0
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Emissions by Source Category
July Episode

Time of 

Day
Date

NO Emitted (ppb) NO2 Emitted (ppb)

NOx 

emitted 

(ppb)
Area 

Srcs

Point 

Srcs All Srcs

Area 

Srcs

Point 

Srcs
All Srcs

D
a
y
ti

m
e

11-Jul 3.37 1.06 4.43 0.32 0.12 0.44 4.87

12-Jul 3.31 1.05 4.36 0.32 0.12 0.44 4.80

13-Jul 3.34 1.05 4.40 0.32 0.12 0.44 4.84

14-Jul 3.34 1.05 4.39 0.32 0.12 0.44 4.83

15-Jul 3.36 1.06 4.42 0.32 0.12 0.44 4.86

N
ig

h
t-

ti
m

e 11-Jul 1.17 0.59 1.75 0.10 0.07 0.17 1.92

12-Jul 1.16 0.58 1.74 0.10 0.06 0.17 1.91

13-Jul 1.16 0.59 1.74 0.10 0.07 0.17 1.91

14-Jul 1.17 0.59 1.76 0.10 0.07 0.17 1.93

15-Jul 1.17 0.59 1.76 0.10 0.07 0.17 1.93
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Nitric Acid Production Efficiency from NOX

Emissions in Twin Cities Metro Area During 
Daylight Hours

Time of 

Day
Date

O3

Produced 

(ppb)

NOX

emitted 

(ppb)

HNO3

Produced

(ppb)

HNO3

Produced / 

NOX

Emitted

D
a
y
ti

m
e

11-Jul 27 4.87 1.69 0.35

12-Jul 21 4.80 2.18 0.45

13-Jul 28 4.84 1.42 0.29

14-Jul 33 4.83 1.96 0.41

15-Jul 18 4.86 1.75 0.36

N
ig

h
t-

ti
m

e 11-Jul -3.3 1.92 1.47 0.76

12-Jul -3.5 1.91 1.37 0.72

13-Jul -4.0 1.91 0.50 0.26

14-Jul -3.8 1.93 1.17 0.61

15-Jul -4.0 1.93 1.55 0.81

22



Ozone Production Efficiency from NOX

Emissions in Twin Cities Metro Area 
During Daylight Hours

Date

O3

Produced 

(ppb)

NOX

emitted 

(ppb)

O3 Prod / 

NOX emitted 

11-Jul 27 4.87 6

12-Jul 21 4.80 4

13-Jul 28 4.84 6

14-Jul 33 4.83 7

15-Jul 18 4.86 4
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Chemical Process Analysis
Results
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CPA Variables (1st seven)

Ozone and Oxidant Production and Loss
ÅOxProd, Production of Ox = O3 + NOy-NO , ppb
ÅOxLoss, Destruction of Ox, ppb
ÅPO3_net, Net ozone produced, ppb/hr
ÅPO3_VOCsns, Net ozone produced under VOC sensitive 

conditions, ppb/hr
ÅPO3_NOxsns, Net ozone produced under NOx sensitive 

conditions, ppb/hr
ÅPH2O2_PHN3, Ratio of H2O2 produced / HNO3 produced, 

ppb/hr
ÅO3_dest, Ozone destruction by chemical reactions, ppb/hr
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Maximum Ozone Concentration 
July 14 at 4pm
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27

July 14 @ 2 pm
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The ratio of H2O2/HNO3 production is used to assign O3 production to 
VOC or NOxlimited condition with a cut point of 0.35
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July 14

10 am 12 pm 4 pm

The area where ozone formation is VOC-limited shrinks through the day



Maximum Ozone Concentration 
August 2 at 5pm
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31

August 2 @ 12 pm
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August 2

10 am 2 pm 4 pm


