HOW DO TROPOSPHERIC OZONE PRECURSORS
CONTRIBUTE TO CLIMATE CHANGE?

Dick Derwent
rdscientific, Newbury, UK

This work was supported by the UK Defra through its SSNIP
contract AQ0902



Anthropogenic

Natural

GLOBAL MEAN RADIATIVE FORCINGS

RF Terms RF values (W m?) |Spatial scale| LOSU
T v J T ’ T
' |
: 0 | 1.66 [1.49 to 1.83] Global High
Long-lived | NO :
greenhouse gases | 2 I | 0.48 [0.43 to 0.53]
: 4 Halocarbons Global High
| |
| | |
! | | =0.05 ['0.1 5to 0.05] Continental
Ozone Stratospheric Tropospheric Med
. posp | 0.35[0.25 10 0.65] | to global
| |
. |
Stratospheric water ! ' | 0.07 [0.02 to 0.12] Global Low
vapour from CH,4 | ' |
| |
|
Land use | I =0.2 [-0.4 to 0.0] Local to Med
: o | 0.1[0.0t0 0.2] continental ow
| | | _
Direct effect [ | | -0.5 [-0.9 to -0.1] Continental | Med
| | | to global - Low
Total | | |
Aerosol | Cloud albedo | | | Continental
effect | | | 0.7 [-1.810-0.3] to global Low
| | |
| | |
Linear contrails | | | 0.01 [0.003 to 0.03]| Continental | Low
| | |
| | |
Solar irradiance I ! ' 0.12 [0.06 to 0.30] Global Low
| | |
|
Total net : : 1.6 [0.6 t0 2.4]
anthropogenic | |
1 1 |
-2 -1 1 2

Radiative Forcing (W m=2)




DIRECT AND INDIRECT RADIATIVE FORCING AGENTS

Direct radiative forcing agents are emitted into the atmosphere
and force the climate system directly.

Indirect radiative forcing agents act on the global distributions of
methane and tropospheric ozone and force the climate system
indirectly.

Tropospheric ozone precursors such as VOCs, CO, H, and NO,
are indirect radiative forcing agents.

Methane also acts as an indirect radiative forcing agent although
It is also a direct radiative forcing agent.



INDIRECT RADIATIVE FORCING MECHANISMS

OH + VOC = RO,
RO, + NO = NO, + products
NO, + sunlight = NO + O,
NO + HO, = NO, + OH

OH + CH, = products



HOW DO TROPOSPHERIC OZONE PRECURSORS
CONTRIBUTE TO CLIMATE CHANGE?

VOCs emissions
e increase O,
 decrease OH and hence increase CH,

NO, emissions
e increase O,
* increase OH and hence decrease CH,

CO and H, emissions
e increase O,
 decrease OH and hence increase CH,



STOCHEM EMISSION PULSE EXPERIMENTS

Calculation of radiative forcing relationships for tropospheric ozone
precursors

Treating :

 sources in Asia and North America

e emissions of NO,, VOCs

Focus on mechanisms as well as quantification
Application of STOCHEM, a global Lagrangian CTM

Use of month-long emission pulses of VOCs and NO,



CLIMATE CHANGE RESPONSES

These depend on :

 Tropospheric ozone precursor whether VOCs, CO or NO,,
« Altitude of emission whether at the surface or from aircraft
 Location of emission dependent on latitude and longitude

* Magnitude of emission



LOCATIONS OF SURFACE NO, EMISSION PULSES

SE ASIA North America.
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GLOBAL OZONE RESPONSE TO EMISSION PULSES
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HOW DO SURFACE NO, EMISSIONS CONTRIBUTE TO
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CLIMATE CHANGE ?
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AQ, burden / Tg

ACH, burden / Tg
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HOW DO AIRCRAFT NO, EMISSIONS CONTRIBUTE TO
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Integrated radiative forcing, mW m™ yr per 1 Tg NO,
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HOW DO VOC EMISSIONS CONTRIBUTE TO CLIMATE
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HOW DO BUTANE EMISSIONS CONTRIBUTE TO CLIMATE
CHANGE ?
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SUMMARY FOR VOCs AND CLIMATE CHANGE

VOCs

acetone x 10

butane x 10
B Long-term CH4+03
Bl Short-term O3
butane
Mexico 1 x 10

Quebec-New York x 10
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SUMMARY FOR NO, AND CLIMATE CHANGE

Surface NOx per 1 Tg NO2
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