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ATMOSPHERIC CHANGES

Natural Variability
o Solar forcing
¢ Volcanic forcing

o Internal fluctuations (noise)

Anthropogenic Effects

o Fossil fuel burning

o Biomass burning.

o 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 frem
industrial combustion and biomass burning

o 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.)

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

o Acidic precipitation

e Climatic impact of greenhouse gases and of anthfopogenic
sulfate

o 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 consumptlon has increased by a
factor of 80.

Over the last 200 years, the global populatlon 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 contrlbutlon 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-coirer types between preagricultural
times and the present (X 10 km?)

| Preagricultural Present |

Land-Cover Type Area Area % Change
Total forest 46.8 393 -16.0
Tropical forest 12.8 - 123 -39
Other forest 340 27.0 | --20.6
Woodland 9.7 79 ~18.6
Shrubland 16.2 14.8 -8.6.
Grassland 34.0. 27.4 - -194
Tundra 74 - 14 0.0
Desert 15.9 1560 -1.9

Cultivation 0.0 176 - +1760.0

From J.T. Matthews (personal communication).
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OUTLINE

- 1. Surface Emissions of Trace Gases
< Anthropogenic CO;
* Other greenhouse gases
’3’.Ozoné pfecursors (CO,NOy)

% Sulfur dioxide

2. ~Changt‘:s 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. Changesin Tfaée Gases
CO;
cH,
N.O
| H,O

Halocarbons



370

Nt AR T I

360~

350

o, o)
3

ss0r

1320

310l

'Mauna Loa Monthly Mean Carbon Dioxide

L] L) I L L L) v v ¥ L] L) ) l L) L] L L] ¥ i L L Ll ] L) ) LJ 1 L] L] L 1 . I Ll L] L] L) T )

P O Y U S T TN SN YU AN WA N Y ST TS WY SN NN S N WA T DN TNE S T U T T A R T

1960 - - . . 1970 . . . . 1880 . . . . 1990

AwR 1997

*Atmospheric carbon dioxide monthly mean mixing ratios. Data prior to May 1974 are from the Scripps Institution of - .

-Occanography (®), data since May 1974 are-from the National Oceanic and Atmospheric-Administration (#). A lang-term-

-trend curve (—) is fitted to the monthly mean values. Principal investigators: Pictor Tans, NOAA/CMDL Carban Cycle
.Group, Boulder, Colorado, (303) 497-6678, ptans@cmdlnoaa.gov, and Charles D. Keeling, SIO, La Jolla, Califoria,
(619) 534-6001.



ration (ppbv)

CH4 Concent

1650 ; I T | 1 | | | T |
1550 -
| o DEOS
14301 o Site J :
1350 = Mizuho 8-
1250 - X Summit (Bern) QQ_
1150k s Summit (Grenoble) Q _
Cape Grim _ , c&
1050 , : (% -
: . 0
950} L | g§; _
850 | o £§$ i
. X0
750 . X xX,Q& A0 X lz( ﬁ;&ofﬂa -
650 L ! L B pxS l | l ! |

900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Year AD



1’; mb _ ..
/ NOAA/CMDL Methane Measurements {g\

o ___-.,.,,.«’T

.t
- 1650

-l]-' LR BE

15

LEREE B ...

l’J‘llL’AL’Ll‘Ll‘Il

. GLOBAL GROWTH RATE

{

r fn ey
CH, (ppbyr™).

L
9 r
d -
- -
0 SRR S AR
L . .
- [
R . &
1 t 1 | I 1 1 1 ] 1 1 1 1 }

83 B4 85 B6 87 BB 89 90 91 92 93 94 95 96

. Top: Global average atmospheric methane mixing ratios determined using measureraents .

. from the NOAA CMDL cocperative air sampling network (blue) Thered line represents the
long-ferm trend. Bottom: Global average growth rate for methare. Principal investigator:

* Ed Dlugokenzky; NOAA CMDL Carbon Cycle Group, Boulder cdozm 03y 497-6228

- odlugehmcky@cmd. Do2a.gov. *



souoer 00| Olfmgas
n
Nodkomp
-
nr
[ 24-26KM 0.29 + 0.4] %/yr
~ L - ] R ) A L . Il - i1 N 1 ]
w
-
> [
= s
o X
0_.' L o
o |
QE
NT T
x o F .00 .
1) [ °e
Z"F |
< [ 20-22H 0.90 + 0.41 %/yr
T «al . L R ) , ! N [ ) . L
-
[Tg) - R b
3 o o L% S. ° [
- -'0 bd * °n:_ o . . .L n.:—.-—.'-."_.*--.—"-$41
[ e s ; T By :‘ N et
. E' R oo . hd °
F 18-20KM 1.05 + 0.49 %/yr
o~ . L N L s L. " 1 " | . L
7ol - . .‘ . . .. . . . . . ol
- L :. oo e ,° . N ..°.. ;__0_-.'»_..-‘4&
—e s - e ’Lo‘-;-‘:— S e ..* e
[ ® * ‘. . M . e %e b “ °
- . o oy * s .
© !-'- L b .. S * * L *
b 16-18KH * 0.75 + 0.67 %/yr
~ . ] . L . 1 . ) A l . 5
80 82 84 86 88 S0 92

.gure 2



] 1] } I 1 ] i ¥ I L I
B CFC11
700 - : : J 0O CFC12
. & CFC 113
—~ 600} |1 O HCFC22
A : + CH,CCl,
>
> s00f -
5 m—= —— N
) L 7 A = N
c 400 > === N
2 . S
0 = . F -
o 300 . | ‘ . ‘
=
Q 200 4
100 |- - -
] 1 ] 1 1 1 [ 1 ] L 13
1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992
L i 1 1 1 . ] 1. | ] ] i ' - CFC 114
18 ' 4 O crci1s
. : A H1211
L ~ ! -1 O H1301
4+ HCFC 142b

12

emissions (kt yr-1)

8l

‘6— |
4+ S -
2 = 5 -
0 a2 1 1 1 ! 1 1

1972 1974 1976 1978 41980 1982 1984 1986 1988 1990 1992
Year '






Mixing Ratios and Growth Rates of

Several Greenhouse Gases

CO; CH, N.O  CFC-11

ppmv - ppmyv . ppbv ppty
Pre-industrial 280 0.70 280 0
Year 1990 - 354 1.72 310 280
Rate of Increase (%) 0.5 08 0.25 4

(1989-1990)




2. Changes in Tr_o‘pospheric Oxidants
- Ozone (05)

Hydroxyl Radical (OH)
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Figure 11 : Trends in ozone ¢oncentration measured at ground level in Europe during the
20th century (from Marenco et al., 1992).



Tropospheric Ozone Photochemistry

A. Production

NO + 0, —» NO, + O,
NO, + hv > NO + O
0+0,+M—0;+M

Null cycle

NO + HO, —» NO, + OH
NO,+hv—>NO+0O -
" 0+0,+M—->0;+M

Formation of ozone

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



Ozone Production from CO oxidation
+0,
OH + CO ---> HO, + CO,
HO, + NO -—-> OH + NO,
'NO, + hv > NO + O

0+0,+M > O, +M

Net : CO+20,+hv —> CO, + O,



Ozone Production from CH, oxidation
+ O,
CH, + OH ---> CH;0, + H,0

-+ 0,
CH,0, + NO ---> HO, + NO, + H,CO

HO, + NO ---> OH + NO,
2(NO,+hv --> NO+O0)

2(0+0,+M —> O, +M)

Net : CH, + 4 O, + hv ---> H,CO + H,0 + 2 O,

==
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.. _Estimated Sources and'Sinks of CO (Tg/yr)

». Range

Likely

- Sources

Technological

Biomass Burning

Biogenics

Oceans

Methane Oxidation
- NMHC Oxidation

Sinks .

OH Reaction

Soil Uptake

To Stratosphere

300-900

400-700
60-160
20-190

400-1000

' 300-1300

-1400-2600
250-640

~100

500
600
100
?

600
600

2100
250
100

WMO (1985)









" Perturbations of Troposp‘ heric Ozone
(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
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- The Hydroxyl Radical

Production of HOx

H20 + O(ID ) —— 20H

With the electronically excited O(1D) atom
produced by photolysis of ozone:

03 +Hv (A<310 nm) - — O(1D) + O2



- The Hydroxyl Radical

Conversion of OH to HO»

OH+CO —2 5 H0+CO2
OH + 03 —— HO2 + 02

OH+ CH4——HO2 + . ..

 Conversion of HO» to OH

HO» + NO , OH-+ NO2

H02+O3 »  OH + 202

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

SOy
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4. Changes in Sfratospheric Ozone
Caused by:
* Chlorofluorocarbons
' ’?’_ Solar variability

“* Volcanic eruptions
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OZONE AND LARGE VOLCANIC ERUPTIONS

.......

eruptions
* Convert NO; into HNO;
“* Convert HCI and' CLONO; 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.












Heterogeneous Reactions on Sulfuric Acid
Aerosols

(Y1) N20s5(g) + H20(aerosol) — 2 HNO3
(y2) CIONO2(g) + H20(aerosol) —» HNO3 + HOCl

Reaction rate (s-1)

‘with
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OZONE AND SOLAR VARIABILITY

Ozone Production

0; + hy — O + O (A, = 200 nm)

0+0;+ M5 0;+M

Ozone Destruction

Os + hy —» O + Oz (A = 300 nm)

T0+0;5>20;
Or

. O0O+O0OH_>0,+H

0+HO; —» O+ OH



Below 80 km

Dominant effect is on O; production by O, photolysis.
Positive response of ozone to increased solar UV flux.

Above 80 km

Dominant effect is on O; destruction associated with HO;
. production by H,O photolysis at Lyman-o.. Negative
response of oZone to increased solar UV flux.




11 year solor variability
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Effect of solar flux variation
on the middle atmosphere

- Solar flux change
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SOLAR MAX — SOLAR MIN (11 yr)
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Figure 4-6 (a) Comparison of the ozone response calculated at the equator by the 2D
model in March (solid) and by the 1D model (dotted) with the observed results (A)
analyzed by Hood et al. (1993) from the Nimbus 7 SBUV observations. (b) The same
as (a) except the comparison of the temperature response and the observed results are
from NMC temperature data. :



Changes in Middle Atmosphere Temperature

Enhanced levels of CO; and other greenhouse gases lead
to increased infra-red emissions to space and hence to
stratospheric and mesospheric cooling.
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Figure 12. Time series of March 100 mb zonal mean temperatures at 80°N from NCEP

reanalysis (1968-97) and‘MSU data (1979-97).



CONCLUSIONS

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. :

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

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

The mesosphere is probably most affected by_‘ global
" change forcing.

~ 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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