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Figure 2.1 Schematic of the various components of the toupled Earth System
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Some elements of an integrated global data collection system
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NO-  0OCIO CIO

D col Ozone
B Profile Reservoirs, tracers, CO, CH,
% Surface Aercsois.PSC

European support to NDSC (COSE co-ordinated by M. DeMaziére), instruments

involved.
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b FTIR-hop h 03 sondes ﬁ Aerosol sondes
h UV-Vis - MW . Dobson

European support to NDSC (COSE co-ordinated by M. Demaziére), archived data
products.
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Tropospheric Chemistry

Global tropospheric chemistry is a
component of the Earth System

It interacts with

® the ocean emissions, deposition)

® the climate meteorol., radiative forcing)

radiation, strat/trop exchange)

(

(
® the biosphere (emissions, deposition, etc.)

® the stratosphere (

(

® and us emissions, toxicity, etc.)
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Which species are we interested in ?

CLIMATE

(besides CO,, H,0, CFCs, chemicalily
inert in the troposphere)

O, (ozone) warming effect

CH, (methane) warming effect

HCFCs, HFCs warming effect
submicronic aerosols cooling effect

IMPACT ON BIOSPHERE

(besides CO,, H,0 chemically inert in the troposphere)

O, (ozone) oxidant, harmful
aerosols harmful

acids (HNO,, H,SO,) acid rain, harmful
nitrogen species plant nutrient
peroxides oxidants, harmful
etc.

ALL THESE SPECIES ARE (PARTLY)
ANTHROPOGENIC
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How do human activities
influence these gases ?

e Direct emissions to the atmosphere (e.g. by
fossil fuel use, biomass buming, fertilizer use) :

NO,(=NO+NO,), CO, CH,, non-methane
hydrocarbons, SO,, aerosols, etc.

e Chemical transformations of these species
lead to the production of secondary poliutants.
E.g. ozone can be formed by:

NO + HO, — NO, + OH
OH + CO - H + CO,
H+O,+M—>HO,+M
NO, +hv —-NO +0O
0+0,+M—-0,+M

Ne’t:CO+202+hv—-9002+O3

NO,, CO and the hydrocarbons are therefore
called the “ozone precursors”



* The anthropogenic emissions can also modify
the oxidizing capacity of the atmosphere (i.e.
its ability to “cleanse itself” of many poliutants),
via the hydroxyl radical OH

OH primary production :

O, + hv — 0, + O('D)
O('D) + H,0 — 2 OH

OH sinks (conversion to HO,) :

OH + CO — HO, + CO,

OH+CH4 — ...
OH + NMHC — ...

OH secondary production :

H02+ NO — OH + NO,
H02+O3 —> OH +2 O,



Model calculations (confirmed to some extent by
observations) indicate that, since preindustrial
times, - |

e Tropospheric ozone increased significantly, by
more than a factor of 2 over industrialized
areas

e Methane and presumably also CO, NOx and
SOx have more than doubled

e The global oxidizing capacity of the
atmosphere hasn’t changed much

Anthropogenic emissions of ozone precursors
are expected to double (or more) in the next
century. Largest changes in the developing
countries.



e Need for new chemical measurements

- long-term measurements (surface
networks, ozonesondes)

- campaign measurements (aircraft) : cf.
NASA missions (NOy and HOx species,
CO, O3, radiation, ...)

- satellites? Maybe promising, but retrieval is
difficult due to clouds interferences and the
high variability of the troposphere (the
vertical profiles are not known a priori)

e Need for establishing climatologies



 Understanding ozone production in the upper
troposphere/tropopause region

- this is where the aircraft fly

- this is where NO, have the highest ozone
production potential

- this is where ozone has the highest climatic
impact (for the surface)

- cf. recent NASA, EC, IPCC reports on
aircraft

- need to quantify strat/trop exchanges, role
of convection, lightning

- 0zone production potehtial depends on
HOXx levels

- hence the importance of possible exotic
HOXx sources in the upper troposphere
(acetone, convection of peroxides and
aldehydes)
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