Stratospheric Chemistry: An Overview
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REGIONS OF THE ATHMOSPHERE

R L ME SOSPHERE

STRATOSPHERE
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Stratospheric Ozone Profile




Theory of Stratospheric O,




SUN

Ozone and oxygen atoms

are continuously
interconverted by solar
photolysis of ozone and
oxygen atom reactions
with oxygen molecules

Oxygen molecules are

photolyzed, vyieldin
2 oxygen atoms

(SLOW).

e ——]

This interconversion process

Ozone is lost by a reaction of oxygen atoms

- converts UV radiation into
e O 0ZONe molecules with each other, or some thermal energy, heating the I
B other trace gas (SLOW). stratosphere. —
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Theory of Stratospheric O,

F A\ /"
|

I\Il N LI 4
J

r\ ~ SN S S 4
C yman- (1L

o)
o)

4

L
P !) hi-‘\_’\
e







LI9OU

el

O/70)

Chapman

Crutzen

NAVA

2N 1
== AN = =

“Ulre oxvadencCc

™M
O
&)
T
)]
L

O
)
@)
e
O
 _—
e
)
(€ -
@)

=\
-
@)
)]
L
_I

cnemis
ydrogen chemistry: Bat

1 1 VA N \J\ /J

T TITTICVUT ]







Sources of NO,: N,O
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Sources of NO,: HSCTs




Geographical Distribution of Civil Aviation

130°W  150°W  120°W  90°W  o0°W  30°W 0 I0°E 60°E Y0°E 120°E IS0PE 18(FE

Longitude
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Predicted Impact
of Aviation on
Ozone

% O, change
based on EI=5,
500 HSCT aircraft
(2015)

Ref: IPCC (1999)
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Oxides of Chlorine

Cly Catalytic cycles




Contribute

HCFC-2&
{ 3%)




(970 Million Kg)




(1130 Million Kg)
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Figure 1: Ozone production and destruction rates, including absolute and relative contributions by the
Chapman reaction R4 (D), NOx catalysis R11 + R12 (Dyy), NOy catalysis R5 + R6 (Dyy) and ClOy catalysis
R21 + R22 (D). (120). The calculations neglect the heterogeneous halogen activation which become very

important below 25 km under cold conditions.




Polar Ozone Depletion
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Antarctic Vortex




Polar Stratospheric Clouds

Type | PSC: Nitric acid trihydrate (HNO3- 3*H,0])
Ternary solution (H;0, H;S0,, HNOj3)

Formation Temp: 195 K

Particle diam eter: 1pm

Altitudes: 10- 24 Km

Settling rates: 1km/30 days

Type IPSC: W ater Ice
Formation Temp: 188 K
Particle diameter: > 10 pm
Altitudes: 10- 24 Km
Settling rates: > 1.5 Kmiday

Type Il PSC cloud

Heterogeneous reactions take place on PSCs,

releasing chlorine from HCl and CIONO, into

reactive forms (ClO) that can rapidly destroy
ozone.

P5C over Norway, January 1989, taken from the NASA DC- 8
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Chlorine-Catalyzed Polar Ozone Depletion




Ozone Depletion - Summary

MN\T MN\ O
— |
ALV VD

— O CO1IO StratospriertC COnaitonrns, up e

halance hetween “reservoir chlorine” (ozone inert)

V,
T4

A w w & 7




IMPACT Model

NASA Langley IMPACT GCM

Interactive Modeling Project
for
Atmospheric Chemistry and Transport

P

Dobson Units




—IMPACT(Interactive-Modeling-Projectior-Atmospheric—
J—vqe4;nstrgu;u;le _Transport)
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Ozone Depletion: IMPACT Model

IMPACT Madel O; Column Sep 1



http://asd-www.larc.nasa.gov/lectures/ozone_hole_big.mpg
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Montreal Protocol Effectiveness Validated

Total Chlorine derived from UARS HALOE, compared with ground
measurements, show 5.3 year lag for transport to the upper stratosphere and that

Surface Measurements
(Total Chlorine Mixing Ratio)
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W\ HALOE @ 55 km
(HCL Mixing Ratio*)

— — UNEP

w=+= Montrka et al. (1999)

=~ ALE/GAGE/AGAGE

— ALE/GAGE/MGAGE Slope (5.3 yr iag)
# HALOE
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ozone values = 22000
average ares - 30 day maximum
verical ines = minimum & maxmum area
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Daily Estimates of Ozone Hole Area
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Minimum Ozone Levels

Antarctic ozone minimum (60° - 90° 5)

0

1979-1982 Nimbus 7 TOMS
1993-1984 Meteor 3 TOMS
1985 {no TOME in orbit]
1996-2000 Earth Probe TOMS
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Midlatitude Ozone Trends
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HALOE Observes Regional Mid-latitude

O: Column Amount (DU)
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Total O3 column above 100.00 mb

HEI 35, 00 mb .
Rise + Set 21-FEB to 18-MAR-1996 Rise + Set 21-FEB to 18-MAR-1996

= HALOE Measures Ozone, HF, HCI, CH4, NO, NO2H20, temperature and
aerosols
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Ozone at Arosa, Switzerland since 1926
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SAGE Data Established Ozone Trend for SPARC
International Assessment
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Stratospheric Modeling







O, (Dobson Units)
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