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Observations

HO2+RO2, HO2, 1 minute
OH, 30 seconds
– H2SO4, 15 seconds

Also:
– HNO3, 10 seconds
– NH3, about 1 minute



Constrained box models

NCAR steady state model
NASA diurnal steady state model
Use observations of
– NO, NO2, CO, j-values, CH2O, VOCs, OVOCs, 

H2O2, CH3OOH, O3, H2O vapor, T, P, aerosol 
properties

– Aircraft state parameters
– Current kinetic and spectroscopy



Average NO & NO2 vs VOC+CH4
MIRAGE Observed NO and NO2 vs VOC+CH4

VOC+CH4 (as CH4), ppmv
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CO vs VOC+CH4
MIRAGE Observed CO vs VOC+CH4

VOC+CH4 (as CH4), ppmv
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CO vs NOx
MIRAGE Observed CO vs NOx

NOx , pptv
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O3 vs VOC+CH4
MIRAGE Observed O3 vs VOC+CH4

VOC+CH4 (as CH4), ppmv
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O3 vs NOx
MIRAGE Observed O3 vs NOx

NOx , pptv
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Peroxy Radicals vs VOC+CH4
MIRAGE Measured and Modeled HO2 and RO2 vs VOC+CH4

VOC+CH4 (as CH4), ppbv
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Fractional HO2 & RO2 vs VOC+CH4
MIRAGE Constrained Model HO2 and RO2 vs VOC+CH4

VOC+CH4 (as CH4), ppbv
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OH vs VOC+CH4
MIRAGE Measured and Constrained Model OH vs VOC+CH4

VOC+CH4 (as CH4), ppbv
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Peroxy Radicals vs NOx
MIRAGE Measured and Modeled HO2 and RO2 vs NOx

NOx, pptv
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OH vs NOx
MIRAGE Measured and Modeled OH vs NOx

NOx, pptv
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HO2 / OH Ratio

Rapid Interconversion
chemistry
– HO2 + NO, HO2 + O3

– OH + CO, OH + 
VOCs, OH + O3
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HO2/OH Ratio vs VOC+CH4
MIRAGE Measured and Modeled HO2/OH vs VOC+CH4

VOC + CH4 (as CH4), ppbv
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HO2/OH Ratio vs NOx
MIRAGE Measured and Modeled HO2/OH vs NOx

NOx, pptv
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HOx Production
O3 + hv → O2 + O(1D)
– O(1D) + M → O(3P) + M
– O(1D) + H2O → 2 OH

CH2O + hv → H + HCO
– H + O2 + M → HO2 + M
– HCO + O2 → HO2 + CO

H2O2 + hv → 2 OH
ROOH + hv → RO + OH
– RO + O2 → HO2 + R’CHO

R1R2CO + hv → R1CO + R2
– R1CO + O2 + M → R1C(O)O2 + M
– R2 + O2 + M → R2O2 + M



Fractional PHOx vs VOC+CH4
MIRAGE HOx Production vs VOC+CH4

VOC+CH4 (as CH4), ppbv
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MIRAGE HOx Production Rates vs VOC+CH4

VOC+CH4 (as CH4), ppbv
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Fractional PHOx vs NOx
MIRAGE HOx Production vs NOx

NOx , pptv
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MIRAGE HOx Production Rates vs NOx

NOx , pptv
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Fractional PHOx vs Total PHOx
MIRAGE HOx Production Terms vs Total PHOx

Total HOx Production, cm-3 s-1
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Fractional PHOx vs NOx/NOy
MIRAGE HOx Production vs NOx / NOy

NOx / NOy
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PHOx vs NOx / NOy
MIRAGE HOx Production Rates vs NOx / NOy

NOx / NOy
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O3 Tendency
Production
– HO2 or RO2 + NO → NO2

Loss
– HO2 + O3, OH + O3, O(1D) + H2O

Net Tendency
– P - L



O3 Tendency vs VOC+CH4
MIRAGE O3Tendency (model HOx) vs VOC+CH4

VOC+CH4 (as CH4), ppmv
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O3 Tendency vs NOx (model HOx)
MIRAGE O3 Tendency (model HOx) vs NOx

NOx , pptv
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O3 Tendency vs NOx (meas HOx)
MIRAGE O3 Tendency (measured HOx) vs NOx

NOx , pptv

2 3 5 7 2 3 5 7 2 3 5 7 210 100 1000 10000

R
at

e,
 p

pb
v-

hr
-1

-10

0

10

20

30

40

50
410

420
137 202 169 107 63 8 4 3

P(O3)
L(O3) 
Net Tendency



O3 Tendency for Meas vs Model HOx
MIRAGE O3 Tendency (meas HOx) vs O3 Tendency (model HOx)

Net O3 Tendency (model HOx), ppbv-hr-1
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O3 vs NOx / NOy
MIRAGE Observed O3 vs NOx / NOy

NOx / NOy
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CO vs NOx/NOy
MIRAGE Observed CO vs NOx / NOy
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O3 Tendency vs NOx/NOy (model HOx)
MIRAGE O3 Tendency (model HO2 & RO2) vs NOx / NOy

NOx / NOy

0.010.11

N
et

 O
3 T

en
de

nc
y,

 p
pb

v-
hr

-1

-2

0

2

4

6

PO3 
LO3 
Net Tendency



O3 Tendency vs NOx/NOy (meas HOx)
MIRAGE O3 Tendency (measured HOx) vs NOx / NOy
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Summary
Reasonable agreement between measured & 
modeled HO2 & HO2+RO2 except at highest 
NOx & VOC reactivity
Model underestimates OH most of the time 

missing reactants?
Rapid photochemistry in fresh emissions 
quickly slows as air mass ages & dilutes
More work remains to fully understand the 
evolution of HOx photochemistry



The End
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PHOx vs NOx & VOC+CH4
HOx Production vs NOx and VOC+CH4

NOx, pptv

3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 7100 1000 10000

VO
C

 +
 C

H
4 (

as
 C

H
4)

, p
pb

v

3

4

5

6

7

2

3

10000

0.0 
2.5e+6 
5.0e+6 
7.5e+6 
1.0e+7 
1.25e+7 
1.50e+7 
1.75e+7 
2.00e+7 



O3 vs NOx & VOC+CH4
O3 vs NOx and VOC+CH4

NOx, pptv
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