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ATMOSPHERIC CHANGES

1. Natural Variability

• Solar forcing

• Volcanic forcing

• Internal fluctuations (noise)

2. Anthropogenic Effects

« Fossil fuel burning

• Biomass burning

• Land-use change (deforestation, use of fertilizers)

• Industrial production of chemicals (CFC's)



EXAMPLES OF GLOBAL ENVIRONMENTAL CHANGES

Degradation of air quality. Global pollution resulting from
industrial combustion and biomass burning

e Increase of tropospheric oxidant and aerosol levels (human
health and crop productivity)

• Climatic and environmental impacts of land use changes
(tropical deforestation, wetland destruction, etc.)

• Perturbations in global biogeochemical cycles (carbon,
nitrogen, phosphorus, sulfur)

• Acidic precipitation

• Climatic impact of greenhouse gases and of anthropogenic
sulfate

Stratospheric ozone depletion



Atmospheric Chemistry and Global Change
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IMPORTANT FACTORS IN RECENT

ATMOSPHERIC EVOLUTION

Over the last 100 years, the world's industrial production
has increased by a factor of 100.

• Since 1850, the energy consumption has increased by a
factor of 80.

Over the last 200 years, the global population has increased
by a factor of 8.

Absolute population growth has been as large between 1950
and 1990 as during the entire previous historical period.

• Eighty percent of the world's primary energy is supplied by
fossil fuel (largest contribution is oil; before 1975, it was
coal).





Changes in Land Use and Land Cover

Table 2: Estimated changes in the areas of the major land-cover types between preagricultural
times and the present (x 106 km2)

Land-Cover Type
Preagricultural
Area

Present

Area % Change

Total forest 46.8 39.3 -16.0

Tropical forest 12.8 12.3 -3.9

Other forest 34.0 27.0 -20.6

Woodland 9.7 7.9 -18.6

Shrubland 16.2 14.8 -8.6

Grassland 34.0 27.4 -19.4

Tundra 7.4 7.4 0.0

Desert 15.9 15.6 -1.9

Cultivation 0.0 17.6 +1760.0

From J.T. Matthews (personal communication).
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Figure 1.3 THE EARTH ENGINES: Earth system
processes are driven by both internal and external
(solar) energy.
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Figure 5.5 COMPLEX EARTH-SUN INTERACTION will be
probed by the International Solar-Terrestrial Program.
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Figure 1

Some components ofglobal change: (a) increase in human population; (b) increase in atmospheric C02
concentration; (c) anthropogenic alteration of the nitrogen cycle; (d) modelledand observed change inglobal
mean temperature; (e) change in global land cover; and (f) increase in extinction of birds and mammals.
From: Vitousek (1994); Houghton et al. (1995); Klein Goidewijkand Battjes (1995); and Reid and Miller (1989).
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OUTLINE

1. Surface Emissions of Trace Gases

* Anthropogenic CO2

* Other greenhouse gases

* Ozone precursors (CO, NOx)

* Sulfur dioxide

2. Changes in Tropospheric Composition

* Ozone

* Sulfates

3. Changes in stratospheric and mesospheric composition

* Ozone (solar variability, CFC's, volcanic eruptions)

4. Changes in stratospheric and mesospheric temperature



1. Changes in Trace Gases

C02
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N20

H20

Halocarbons



Mauna Loa Monthly Mean Carbon Dioxide

1960 1970 1980 1990

YEAR

Atmosriierk carbon dioxide monthly mean mixing ratios. Data prior toMay 1974 are firom theScripps Institution of
•Oceanography (• ),data since May 1974 arc from the National Oceanic and AtmosphericAdministration (• ). A long-term
.trend curve (-?-) is fitted tothe monthly mean values, frincipal.investigators: Pieter Tans, NOAA/CMDL Carbon Cycle .
.Group, Boulder, Colorado, (303) 497-6678, ptans@cmdlnoaa.gov, and Charles D. Keclnjg, SIO, La Jolla, California,
(619)534-6001.
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NOAA/CMDL Methane Measurements
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YEAR

Top: Globalaverage atznospberic methane mmingratios determined usingmeasurements .
from the NOAA CMDL cooperative airsampling network (blue). Theredlinerepresents the
long-termtrend. Bottom; Global average growthrale for methane. Principal investigator:
EdDlugokencky; NOAA CMDL Carbon CycleGroup, Boulder,Colorado, (303)" 497-6228/
cdtagokencky®c*ndl.noaa.gov.
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Mixing Ratios and Growth Rates of

Several Greenhouse Gases

C02
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2. Changes in Tropospheric Oxidants

Ozone (O3)

Hydroxyl Radical (OH)
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Tropospheric Ozone Photochemistry

A. Production

NO + 03 -> N02 + 02
N02 + hv -> NO + O

O + 02 + M -» 03 + M

Null cycle

NO + H02 -» N02 + OH
,N02 + hv->NO + 0
0 + 02 + M^03 + M

Formation of ozone

In most cases, the ozone production is
controlled by the NOx abundance.



Ozone Production from CO oxidation

+ 02
OH + CO —> H02 + C02

H02 + NO —> OH + N02

NOo + hv —> NO + O

0 + 02 + M —> 03 + M

Net : CO + 202 + hv —> C02.+ 03



Ozone Production from CEL oxidation

+ 02
CH4 + OH > CH302 + H20

+ 02
CH302 + NO —> H02 + N02 + H2CO

H02 + NO —> OH + N02

2 ( N02 + hv —> NO + O )

2(0 + 02 + M —> 03 + M)

Net: CPL + 4 O, + hv —> HXO + EO + 202 i xiv ^ "2^u T xx2^ ^ ^ ^3
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Estimated Sources and Sinks of CQ (Tg/yr)

• Range Likely

Sources

Technological 300-900 500

Biomass Burning 400-700 600

Biogenics 60-160 100

Oceans 20-190 9
•

Methane Oxidation 400-1000 600

NMHC Oxidation 300-1300 600

Sinks

OH Reaction 1400-2600 2100

Soil Uptake 250-640 250

To Stratosphere -100 100

WMO (1985)
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Ocean emission
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Ozone in the troposphere
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Perturbations of Tropospheric Qzooe

(Release of ozone precursors)

1. Industrial combustion (mostly in the Northern
Hemisphere)

2. Biomass burning (mostly in the tropics)

3. Emissions by aircraft engines (mostly at high
altitude)

4. Ozone depletion in the stratosphere



Surface Ozone Change - Preindustrial - July

Min = 1.90e+00 Max = 5.40e+01
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Surface Ozone Change - 2050 IS92a - July
ppbv

Min = 1.47e+00 Max = 6.16e+01



The Hvdroxvl Radical

Production of HOx

H2O + 0(1D) >20H

With the electronically excited O(lD) atom
produced by photolysis of ozoue:

O3 + Hv (k < 310 nm) • 0(1D) + O2



The Hvdroxvl Radical

Conversion of OH to HO?

OH +CO ^ ) H2O +CO2

OH + O3 >H02 + O2

OH+CH4 >H02+...

Conversion of HO? to OH

HO2 + NO • OH -: NO2

HO2 + O3 • OH + 2O2

Abundances of OH and HO2 affected by
concentration of CO and NOx (e.g.,
pollution)
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3. Changes in Sulfate Loading

S02

S04
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4. Changes in Stratospheric Ozone

Caused by:

* Chlorofluorocarbons

*♦* Solar variability

* Volcanic eruptions
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1979-1996 Annual Trends, 40-50 N [%/Yr +/- 2a]
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Satellite data give information on changes in the o/one concern ration wInch has sci lousls dccic.iscd m ihe ;mi.n .•»iu
regions. This picture is based on data measured by the rOMS-sensoi ow the American weather satellite \I\1IU x-
Dobson-units. The mainly stratospheric ozone protects the i arth from dangerous 11\ radiation ol ilie mhi
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Lower Stratospheric CIO in the 1991-92 Polar Vortices
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OZONE AND LARGE VOLCANIC ERUPTIONS

1. Stratospheric sulfate particles resulting from large vokaak
eruptions

♦ Convert NOx into HNO3

♦> Convert HC1 and CLON02 into reactive chlorine

* Produce local warming

Consequence

Under high chlorine load, significant ozone depletion is
expected, and local temperature is enhanced - surface
cooling is expected.
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Trepte et al.: Mount Pinatubo Aerosol Dispersal
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Heterogeneous Reactions on Sulfuric Acid
Aerosols

(Yl) N205(g) + H20(aerosol) -> 2 HNO3

(72) C10N02(g) + H20(aerosol) -> HNO3 + HOCl

Reaction rate (s-i)
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OZONE AND SOLAR VARIABILITY

Ozone Production

02 + ho -> O + O (X = 200 nm)

0 + 02+M-*03 + M

Ozone Destruction

03 + hu -> O + 02 (A. = 300 nm)

0 + 03->202

Or

0 + OH->02 + H

O + H02 -> 02 + OH



Below 80 km

Dominant effect is on O3 production by 02 photolysis.
Positive response of ozone to increased solar UV flux.

Above 80 km

Dominant effect is on 03 destruction associated with H03
production by H20 photolysis at Lyman-ct. Negative
response of ozone to increased solar UV flux.
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5. Changes in Middle Atmosphere

Enhanced levels of C02 and other greenhouse gases lead
to increased infra-red emissions to space and hence to
stratospheric and mesospheric cooling.
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CONCLUSIONS

1. Human activities (fossil fuel consumption, biomass
burning, land-use changes) have produced very
substantial changes in the chemical composition of the
troposphere, stratosphere, and mesosphere on the global
scale.

2. These anthropogenic changes need to be compared with
natural variations such as those produced by the 11-year
solar cycle.

3. Several observed trends in trace gas concentrations are
not yet well explained.

4. The mesosphere is probably most affected by global
change forcing.

5. The analysis of atmospheric changes requires a global
approach: Vertical propagation of atmospheric
responses to natural and anthropogenic forcing (e.g.,
solar effects and human activities) is not well understood.
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