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My first recollection of Kelly:
“We can use Chappius Bands to get information about
tropospheric ozone.” (circa 1990)
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Subsequently, Kelly and Jack Have Been an Integral Part of Studies of
Using Satellite Measurements to Study Tropospheric Air Quality

2005: Decadal Survey White 2006: Community Workshop
Paper Written by NASA Langley Consensus Report

Submitted to
the NRC Decadal Study

Earth Science and Applications from Space
May 2005

Earth’s First Time Resolved Mapping of Air Pollution ” oy
Emissions and Transport from Space S~

oreenNeil, James Crawford, R. Bradley Pierce COMMUNITY WORKSHOP ON AIR QUALS

NS4 REMOTE SENSING FROM SPACE:
DEFINING AN OPTIMUM OBSERVING STRA

David Edwards a g 4 2006
National Center for Atmospheric Research Februa ry 21 - 23,

National Center for Atmospheric Research
Kelly Chance. Thomas Kurosu Boulder, Colorado, USA
Harvara-

ninsonlan Center for Astrophysics

W_ Paul Menzel
NESDIS Senior Scientist
NOAA

Gary Foley
Director, Natienal Exposure Research Laboratory
Rich Scheffe
Leader, Ambient Air Monitoring Group
US EPA




17 (of >100 submitted) New Missions
Recommended: “Minimal Yet Robust”

3D-Wind ERT SCGEm.
inds ACE APPLIGATIONS rrom SPAGE

CLARREO

ASCENDS |
~ .

Missions Classified into 3 Tiers:

Tier 1: 2010-2013 GEO-CAPE (Geostationary
. Coastal and Air Pollution

Tier 2: 2013-2016 Events) Classified as a

Tier 3: 2016-2020 Tier-2 Mission

NASA Created Science Working Groups for Tier-2 Missions:
Assess Technical Feasibility, Cost and Implementation

& LIST



Decades of Collaboration:

REMOTE SENSING OF
TROPOSPHERIC POLLUTION
FROM SPACE

¥ JACK FisHmAN, | (eviN WY, Bowmany, JorN P. Burrows, ANDREAS RICHTER, KeLLY V, CHANGE,

Davio P. Eowanns, RANDALL V. MAaTIN, Gary A. Mores, R, BRADLIY Psce, JERALD R. ZEMKE,
Jassive AL AL-Saaoy, Josn K. Creason, Tooo K. Schasck, AnD ANNEM, THompson
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Fishman et al. (2008):

Summarizes Community-Wide
Capabilities of Measuring Air Pollution
from Satellites and lllustrates What
Can be Done from a Geostationary
Platform




Science Working Group Report Published in BAMS (2012):

Define “Hosted Payload” Concept to Reduce Cost

W EXTRATROPICAL CYCLONE ATLAS T I—I E U N IT E D STAT ES * N E XT

i GENERATION OF ATMOSPHERIC
COMPOSITION AND COASTAL
ECOSYSTEM MEASUREMENTS

A.Mission for NASA's Geostationary stal and Air Pollution
Air Quality I:-?-.r‘T.-: ._ u_JI:M_ F £) Missior
and Coastal
: L. T. Inac ] AL-Saso K, CHancE)
P

ECOSYStemS SohanconD, D Eowanos, A ELoetiee %) Hesrman, ©. Hu, D ). Jacos, €. Joroan,
3 R Kaws, R, Ker, X, Lo, 5, Losrenz, A, Manwino, ¥, Matra), D MNew, | Mew, M. MewcHurcH,
K. Pickerimg, ). Saiseusy, H. Sosi, A, Susramaniad, M. Tzorrziow, |. Wake, ano M. YWane

Volume 93 Number 10 October 2012

 CHavez, M. Chin, P Coale, T, Davis,

GED-CAPE will measure tropospheric trace gases and aerosols and coastal ocean
phytoplankton, water quality, and biogeachemistry from geostationary orbit to benefit air
guality and coastal ecosystern management.




The Clandestine Birth of

A Concept...




An lllegitimate Meeting to Discuss a Concept during a government shutdown:

Arlin Krueger and P.K. Bhartia Invited to NASA Langley by
Doreen Neil to Discuss Placing Geostationary Versions
of TOMS and MAPS on a Communications Satellite

Because of Government Shutdown, Group Forced to Meet (illegally)
at Pizza Restaurant and Fishman’s House in Poquoson



The NASA Meeting in Poquoson was not the only Clandestine
Activity Taking Place during the Government Shutdown

TNT

1595 94 GOUERNVENT SHUTDOWN &

This govemmant shutdows lested 21 days, from
Decembear 16, 1995 untl January 6, 19946

Monica Lewinsky and Bill Clinton Were Meeting
at the White House



GEO TROPSAT (1996) proposed to ESSP-1:

Rated “outstanding science” and invited to submit
Step-2 proposal

Step-2 proposal rated “non-compliant” because
spacecraft and launch vehicle could not be identified

GEQ TROPSAT
() S— ) S
Pusicn SATesie GEO-TROPSAT CONCEPT formally published:
“Remote sensing from geostationary orbit
,,;— AL (GEO-TROPSAT), a new concept atmospheric
,z:‘;’: \ remote sensing,” Alan D. Little, Doreen O.
N B Neil, Glen W. Sachse, Jack Fishman and Arlin
N Y / Krueger, Proc. SPIE 3221, 480 (1997)
allm




The Scientific Evolution of TEMPO:

Which Scientific Discipline Hatched This Mission?

Aeronomy? TEMPO

AER*OMN*O*MY lLAlE)R-AN-O-ME\N
[FR. Gx AERDO-] A BERAMCH OF
SCIENMCE THAT DEALS WITH THE
ATMOSPHERE OF THE EARTH AND
THE OTHER PLANETS WITH
REFERENCE TO THEIR CHEMICAL
COMPOSITION, PHYSICAL
PROPERTIES, RELATIVE MOTIOMN,
AMND RESPOMNSES TO RADIATIOMN

Atmospheric (Air)

Chemistry?

FROM SFACE.

e AGA {C In;g;réatlonal

IUGG 27‘212“.?3':1‘:‘:. pr— Commission

Sydney Chapman
Described the chemical
mechanism that explains
the existence of the
stratospheric ozone layer

“Chapman” Chemistry

1888-1970

Chris Junge
Recognized as the
“Father of Atmospheric
Chemistry”: Studied

Chemical Cycles of CO,

05, CH,4, H,, others
“Junge” Layer

1912-1996




What did the Science Look Like Before there were Satellites?

Opening remarks
IAGA Meeting
Kyoto, Japan (1973)

The Ozone War
Lydia Dotto and Harold Schiff
Doubleday (New York) 1978

1921-2003

Once upon a time there lived in the land of IAGA, in the kingdom of Aeronomy, strange
creatures called aeronomers. Little was known about these creatures because they lived
most of their lives in the remote areas of the kingdom, more than 60 kiloleagues from Earth.

Not so long ago, a part of their kingdom, known as Stratos, was threatened by the invasion of
a flock of big birds who make noises that sound something like—sst. Some of the creatures
of Aeronomy rushed to Stratos to try to discover what these birds might be doing to their
kingdom. Some came because they heard that these birds could also lay golden eggs.

We soon learned that there are three kinds of aeronomers. Thereis group of high priests
called modelers. They never go outside their temples where they try to prophesy what the
big bird will do by examining the entrails of large animals called computers. Another group,
who appear to be the worker drones called experimenters, spend most of their time in noisy
smelly rooms called laboratories playing with little boxes whose purpose seems to be the
generation of random numbers called data. A strange relationship exists between the
modeler priests and the experimenters. The priests feed the data to the computer animals
and then they study their entrails. They then tellthe experimenters what kind of new data
the animals need and the experimenters rush back to their laboratories and make more
black boxes.



The third group is called observers. They also make black boxes but they throw their boxes
into the sky. Most of the time the black boxes break. Sometimes they too give data which
the high priests also give to their animals. However, the animals sometimes get sickif they
eat this data and may even die if too many different kinds of data are fed to them at the
same time. However, the high priests become very clever at getting their animals to accept
almost anything.

The diet of these animals seem to lack one essential nutrient called transport data.
Unfortunately, these data are grown mostly by dynamicists who live in the land of Tropos.
Only recently have the borders between Tropos and Stratos been opened to allow
dynamicists and aeronomers to talk to each other.

Simplified Schematic Picture of Ozone (~1970)
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What Did Ozone Science Look Like Before the “Ozone Hole?”

C

The International Ozone Commission was established in 1948 as one of the special
commissions of the International Union of Geodesy and Geophysics, who represent
the entire community of geophysical scientists around the world. The purpose of the
IO3C isto help organize the study of ozone around the world, including ground-
based and satellite measurement programs and analyses of the atmospheric
chemistry and dynamical processes affecting ozone.

International
Ozone

Commission




First Ozone Conference: 1936

Mom. D. Barbier

De. JA Ratclife Dr. TW. Wormel
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Participants of the Ozone Conference held in Oxford, 9-11 September 1936. Remarkable is
the mixture of many pioneers in ozone studies with prominent figures of general meteorology
and national meteorological services. (Courtesy: Oxford university)
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Where does ozone in the troposphere come from?

No One from the Kingdom of Stratos seemed to care!
This is the question We’ve been trying to answer for 50+ years

Classical studies Assumed Only Source of Tropospheric O; was from stratosphere (<1977)

Classical View of Tropespheric Orone Cycle TABLE 1. Results of Studies of the Tropospheric Ozone Budgel
Estimated
. ) Ozone Flux,
: molecules
cm-¥s~! Domain of Interest Reference
& E = m_a &
I 4 100 | global average Paetzold [1955]
_______ : 1510 | global average Junge [1962]
Lhx thew |1 1 6 X 10 | one local calculation  Kroening and Ney [1962]
‘!yh-mww' : I 4.4-7.6 % 10" ! northern hemisphere Fabian and Junge [1970]
VoL | 37-82x 107 30e-50°N Fabian [1973]
" equel j 7410 Inur:hern hemisphere Fabion and Pruchreiwicz | 1976]
__Se_ L p7e5x10®  [30°-40°N Fabian and Pruchniewicz [1976]
0zone destruction near ground a} Dege sition : | 4.3 x 10" southern hemisphere Fabian and Pruchniewicz [1976]
_/////A{/////y./////{/////;l'//////(:40/./// 90-\_f_s_“::e..l | 7% 100 y northern hemisphere  Danielsen and Mohnen [1977]
90 60 30 0“*:“ 0970 ) L Ly
Ir heric PhotochemicalM ls (<1977) Ignit ntrover in Scientifi mmunit

e Crutzen (1973; 1974): Identified chemistry that could be significant source of O,

e Chameides and Walker (1973; 1976): CH, oxidation primary source of tropospheric O,
¢ Fishman and Crutzen (1977): One-dimensional photochemical model of tropospheric
chemistry (my dissertation)




Measurements of CO Ccritical for Understanding
Origin of Tropospheric O, in Original Theoretical Papers

(Erprntrd from Nohire, Vol 28, Mo, S8, pp. 835838, Augpore B, F078) Teflus (1979), 31, 432446
@ Macanitlten Soarrmals Lad,, 1978

The origin of ozone in the troposphere Observational and theoretical evidence in support of a
Jack Fishman significant in-situ photochemical source of

Dicpwriment of Atseipheric Scitmos, Calerado Sase University, Fi Collisg, Colorado 20573 (l‘opospheﬂc ozone
Paul J. Crutzen
Mational Cepter e &freweboris Bessarcb, B Far W eolder  Cnlarsds 0007

By JACK FISHMAN, Department of Atmospheric Science, Colorado State Unlversity, Fi. Collins,

Colorado 80323, US A, SUSAN SOLOMON, Natlonal Centre for Atmospheric Research,' P.O. Box

OO0, Boulder, Colorado 80307, U.S A. and Depariment of Chemistry, University of Caljfornia, Berkeley,

Berkeley, Callfornia 9720, USA., and PAUL ). CRUTZEN, Nadonal Cemtre for Atmospheric
Research,' PO, Box 3000, Bowlder, Colorado 80307, U.S A,

Table |. Calewlated photochemical destruction rafes of various frace gases in the froposphere

MH 5H Global

Photochemecal doikruction of O, A (1L 15.4
From O'D) =« HO (R1Y BOLA (52 %) 5.0 (45 %) 1.7 (30%%)
0y, + Dy (R14) B.5 (42 %) 5 (42%) 6.8 (48%)
(BRI L1 (6%} L& (Ao L (6%

Photockemscal onsdstion of OO0 28.6 193 139

Photschemeral anduion of CH, 3.2 L1 3.0

wr
Pl'u-:h:l-llll-;:l. 1977 L] EE ] 5.6

Oxidation of CO is a significantly
larger source of O; than transport
from the stratosphere




Fishman works with Seilerin 1979 to Analyze Aircraft Measurements from 1974:

Altitude, km

13

12

n

Analyses published in three journal articles (1980, 1981, 1983)

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 82, NO. C6, PAGES 3662-3670, APRIL 20, 1983

Correlative Nature of Ozone and Carbon Monoxide in the Troposphere:
Implications for the Tropospheric Ozone Budget

Jack FisHMAN
NASA Langley Research Cenver, Hampion, Virginka 23665

WOLFGANG SEILER

Max Plaack Insticute for Chemistry, D650 Mainz, West Germany
Pacific Ocean U1°N; 1260W) Distribution of Oy and CO correlations

Altitude, km

45 3 15 E 15 10 1 o0
Southern hemisphere Northern hemisphere

.

TABLE |. Swmmary of 0 and OO Profiles Analyzed

Latitude Domasn

L L T L e | L ] 1F5-0F r-15N IF-30FN  WP-AFN 4F-3FN SPETN

Profiles analyzed 5 & 3 7 & T T L]
Correlation
Significantly 2 F 1 ] 2 4 L] F 4
pasitive (<10.5)
ignificantly i 0 I 1 1 1 0 I
negative (< —0.5)
1 I A L. A A A J Average concentration
20 40 @ 00 e B0 100 120 140 O, ppbv 40 * 2 n 2 3% b %
OO, ppbv b T ™ & [114] |0 L1 1%

Oy concontration, QO concest ration,



MAPS (Measurement of Air Pollution from Satellites) flies on
Space Shuttle in 1981 and 1984

Tropospheric Carbon Monoxide
MAPS Experlment October5 -13, 1984

180 W 120 W 60 W GM 60 E 120 E 180 E
Longitude

25 35 45 55 65 75 8 95 105 115 125
Average Mixing Ratio in Free Troposphere (ppbv)



Atmospheric Chemistry Achieved Unparalleled Respect in 1997:

The Nobel Prize in Chemistry Was Not Awarded Solely for the Chemistry
Related to Stratospheric Ozone Depletion

“.. the Royal Swedish Academy of Sciences awarded

the 1995 Nobel Prize in Chemistry to

Paul Crutzen, Mario Molina and F. Sherwood Rowland
for their work in atmospheric chemistry, particularly
concerning the formation and decomposition of ozone.”

¥ 4
-

1927-2012
Observationalist

1933-2021 1943-2020
Modeler/Meteorologist Kineticist
(Experimenter)



Atmospheric Chemistry Achieved Unparalleled Respect in 1997:

The Nobel Prize in Chemistry Was Not Awarded Solely for the Chemistry
Related to Stratospheric Ozone Depletion

“.. the Royal Swedish Academy of Sciences awarded

the 1995 Nobel Prize in Chemistry to

Paul Crutzen, Mario Molina and F. Sherwood Rowland
for their work in atmospheric chemistry, particularly
concerning the formation and decomposition of ozone”

Subsequent to receiving to their Nobel Prize, Each Laureate’s research
focused on understanding an aspect of tropospheric chemistry:

Crutzen — Global Tropospheric sources of Ozone and other trace gases
Molina - Focus on air pollution in Mexico City (MILAGRO)
Rowland - Sources of methane and other trace gases in remote regions




Christian junge Junge’s Students:

Dieter Ehhalt (CH,)
1912-1996 Wolfgang Seiler (CO)
“father of atmospheric chemistry” Peter Fabian (O;)

Ulrich Schmidt (H,)

R4 ;‘ |
THE INVENTION OF ATR CHEMISTRY - CHRISTIAN JUNGE (1912 -1996)

In 1963 the book “Awr Chenustry and Radicactivity”™ by Chnistian Junge was published.

The book was very well received and served for many years as a reference for trace substances

and tracer studies m the atmosphere Actually it has comed the term “Awr Chemuistry™ or
“Atmosphenic Chemistry™ as the name for a completely standalone science. His study was
concentrated on those trace substances of the atmosphere, which many scientists of those days
regarded as unavoidable dut. However, substances hike aitmosphernic aerosols and trace gases like
methane N>0, and the chloroflooromethanes (CFMs) might dwecily and indirectly influence
weather. climate, and the environment. The Max Planck Society appomnted Junge as director at
the Max Planck Institute for Chemistry after a long search. Junge drove forward this research

field so today 1t 13 a prosperous science.



While Working at NOAA’s Aeronomy Laboratory Crutzen Had
Access to Latest Chemical Kinetics Research and Concluded
that Sources of Several Key Trace Gases Were Missing

 New Reaction Rate for NO + HO, 2> NO, + OH Could have Significant Impact on
Global OH Distribution

* "Diagnostic” Tropospheric Chemistry Model Implied Considerably Lower OH in
Troposphere than Previously Calculated

AVERAGE CONCENTRATIONS OF OH IN THE TROPOSPHERE,
AND THE BUDGETS OF CH,, CO, H, AND CH,CCl,

Abstract. An average tropospheric OH concen-
tration in the Northern Hemisphere of about
3 x 10° cw~? is not in disagreement with present
photokinetic information. This has important
implications for the tropospheric budgets of CHy,
C0, H, and CH3CCly. Present concentrations of

ﬁﬁ-ﬁink at the ground (Seiler, 1974), there must
be additional sources of CO than considered in
presently evaluated budgets.



Consensus ~1970 was that Source from Forest Burning was

not Significant (NAS Report, 1977)

TABLE 3-4 Estimated Carbon Monoxide Production Rates from MNatural
and Anthropogenic Sources, 1970

CO Emission Kare,

Souree 10" metric tons yr (107 kg ¥r) CARBON
Anthropogenic 159 MONOXIDE
Methane oxidation 2,500
Forest fires 1
Terpene oxidation 549
Plant synthesis and
degradation a0
Oceans 220

[

TD'ti].l.. all l:ﬂl.'b-l:lll'.l [ g;Tleol:;té\S CCCCCC }
monoxide sources 3,233 HAS-NAE




Seminal Papers Published on Biomass Burning

wnrrcans SEILER* and PAUL 1. CRUTZEN
Climane Change r for Atmospherie Research, ** P.0. Box 3000, Boulder, Colorado 80307, U.5.A.

Absitract: In order to estimate the production of charcoal and the atmospheric

s emissions of trace gases volatilized by burning we have estimated the global
amounts of biomass which are affected by fires. We have roughly calculated

/ annual gross burning rates ranging between about 5 Pg and 9 Pg (1 Pg = 10'% g)

of dry matter (2-4 Pg C). In comparison, about 9-17 Pg of above-ground
dry matter (4—-8 Pg C) is exposed to fires, indicating a worldwide average burning
efficiency of about 50%. The production of dead below-ground dry matter varies

Biomass Burning in the Tropics: Impact on Atmospheric Chemistry
and Biogeochemical Cycles

PAUL J. CRUTZEN AND MEINRAT O. ANDREAE
21 Dec 1990 Vol 250, Issue 4988  pp. 1669-1678

AVAAAS




Crutzen Invited Wolfgang Seiler to NCAR in 1978 to
Re-Examine Global CO Budget

The cycle of atmospheric CO

By WOLFGANG SEILER, Max-Planck-Institut fir Chemie (Otto-Hahn- Institut), Mainz,
West Germany

(Manuseript received June 20; reviged version October 15, 1973)

Seiler’s dissertation under
Junge published in 1974



The Atmosphere
After a Nuclear War:
Twilight at Noon

BY PAUL | CRUTZEN AND JOHN W BIRKS




DISCOVER

THE NEWSMAGAZINE OF SCIENCE

Crutzen Honored as Discover
Magazine’s Scientist of the Yearin
1985 for Introducing the World to
the Concept of “Nuclear Winter”

PROPHET OF THE
COLD AND DARK

{n 1982 Paul C rutzen predicted that life could end : - o s R ichoren
in a nuclear winter. Now a succession of shidies : : ' N =  f bié native Holland

evokes the aftermath

shouws that his grim message may be trye E B Ty A

Paul Crutzen altered
the equations of nuclear



Crutzen’s Search for Missing CO Source Ignites Interestin
Burning in the Tropics and the Science of Burning

Leads NCAR Field Mission to Consults with Missoula Fire
Brazil to Study Biomass Burning Research Centerto
Understand Fire Science



NASA Becomes Interested in Tropospheric

Chemistry in Late 1970s

e Environmental Quality Project Office Established at Langley
e Becomes Part of AESD at NASA Langley

Planning Meeting of Global Tropospheric Experiment (1984):
Tony Delany to Showed Results from NCAR Expedition

OZONE DISTRIBUTION AT SOUTHERN TROPICAL LATITUDES
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In his search for understanding the ozone Dlszg'omswll'lou IAT sIOU'l;HEnIN TH,OPKTAL LATITUDES
sources of ozone in the © [ owseredturing 19
troposphere, Crutzen made the "

first comprehensive measurements
trace gases where tropical
biomass burning was occurring
and found considerably higher
concentrations than what had been
published previously

g
|

burning season,
Crutzen etal. 3§
(1985)

— Fishman et al. {1979) 4 6

+— Routhier et al. (1980}
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(from Fishman, Minnis & Reichle, JGR, 91, 1986)

e Can the 10-20 Dobson Unit Enhancement Be
Identified from TOMS Total Ozone
Measurements?

» Such Enhancements are Better Observed at Low Latitudes
Due to Less Stratospheric Variability

 TOMS Precisionis 1% (~ 3 DU)



Enhanced Total Ozone
Observed in Conjunction
with Biomass Burning in

1980 Episode

LATITUDE

August 12, 1980

. regions of high
total ozone

70W 60W 50W  40W 70W 60W 50W  40W
LONGITUDE

1200 GMT 1600 GMT

(from Fishman, Minnis & Reichle, JGR, 91, 1986)

TOTAL OZONE OVER SOUTH AMERICA

DURING BIOMASS BURNING EPISODE

High Total Ozone Variable
on Day-to-Day Basi

August 13 August 14

Total Ozone in Dobson Units

235 245 255 265 275 285 295




High Surface Ozone Concentrations During
Pollution Episode Also Observed in TOMS
Total Ozone

TOMS TOTAL OZONE AND
SURFACE OZONE - 8 AUG 1880

280 290 300

TOTAL OZONE IN DOBSON UNITS

(from Fishman et al., J. Clim. Appl. Met., 26, 1987)



Separate Stratosphere from Troposphere to Compute
Tropospheric Ozone Residual (TOR)

Schematic Diagram Showing How Tropospheric
Ozone Residual (TOR) is Derived

TOMS Total Ozone

l~300 DU

\ Stratospheric Ozone

Profile Derived from

Ayom SAGE or SBUV

10-18 knf--¢----—-=--=="="-===----- Tropopause

(determined from
NCEP analysis)

~55 km

Surface

Calculate Tropospheric Residual
300 DU

-270 DU
~30 DU




Seasonal Depictions of Tropospheric Ozone

SBUV Tropospheric Ozone Residual (TOR) DJF 1979-2000 SBUV Tropospheric Ozone Residual (TOR) MAM 1979-2000

SBUV Tropospheric Ozone Residual (TOR) JJA 1979-2000 SBUV Tropospheric Ozone Residual (TOR) SON 1979-2000

15 20 25 3G 35 20 45 50
Integrated Tropospheric Ozone (Dobson Units)



SCIAMACHY mean trepospheric NGO 2003
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Integrated Tropospheric Ozone (Dobson Units)

Measurement of Ozone
Precursors such as Nitrogen
Dioxide (NO,) on Aura will
Provide Important
Information that Should Lead
to a New Understanding of
the Origin and Distribution of
Global Ozone (Smog)
Pollution

Fishman et al. [2003, ACP, 3, 1453]




Summary:

<1975
e The scientific disciplines that led to the launch of TEMPO have two origins:
- Aeronomy
- Atmospheric (Air) Chemistry

e Being awarded the Nobel Prize in Chemistry greatly enhanced the legitimacy of both
disciplines
- Nobel citation recognized both formation and destruction of ozone

e Crutzen searched for missing source of CO to balance global budget
- Interest in biomass burning resulted in NCAR expedition to quantify source
- Theoretical calculations suggested tropospheric Oz source linked to CO

>1975
e Global-scale tropospheric chemistry NASA becomes core program (GTE)

* Results from 1979 NCAR field study presented at initial GTE planning meeting
- Elevated tropospheric O5 profiles shown for first time
- Is there a strong enough O signal to be seen in TOMS total ozone satellite data?

* Results published in 1990 showing that existing satellites can see large-scale
distribution of tropospheric O,



The Scientific Evolution of TEMPO:

Which Scientific Discipline Hatched Us?

Aeronomy?

AER*OMN*O*MY lLAlE)R-AN-O-ME\N
[FR. Gx AERDO-] A BERAMCH OF
SCIENMCE THAT DEALS WITH THE
ATMOSPHERE OF THE EARTH AND
THE OTHER PLANETS WITH
REFERENCE TO THEIR CHEMICAL
COMPOSITION, PHYSICAL
PROPERTIES, RELATIVE MOTIOMN,
AMND RESPOMNSES TO RADIATIOMN

Atmospheric Chemistry?

Junge’s Students:
Dieter Ehhalt (CH,)
Wolfgang Seiler (CO)
Peter Fabian (O,)
Ulrich Schmidt (H,)

FROM SFACE.

e AGA {C In;g;réatlonal

IUGG m: e Commission

Sydney Chapman
Described the chemical
mechanism that explains
the existence of the
stratospheric ozone layer

1888-1970

Chris Junge
Recognized as the
“Father of Atmospheric
Chemistry”: Studied
Chemical Cycles of CO,
05, CH,4, H,, others

al

1912-1996




Atmospheric Chemistry Achieved Unparalleled Respect in 1997:

The Nobel Prize in Chemistry Was Not Awarded Solely for the Chemistry
Related to Stratospheric Ozone Depletion

“.. the Royal Swedish Academy of Sciences awarded

the 1995 Nobel Prize in Chemistry to

Paul Crutzen, Mario Molina and F. Sherwood Rowland
for their work in atmospheric chemistry, particularly
concerning the formation and decomposition of ozone.”

¥ 4
-

1927-2012
Observationalist

1933-2021 1943-2020
Modeler/Meteorologist Kineticist
(Experimenter)



Where does ozone in the troposphere come from?
e Aeronomers Didn’t Venture into the Land of Tropos

e Atmospheric Chemistry Community Focused on Urban Air
Pollution (Kinetics & Urban-scale Meteorology)

e Meteorologists Focused on Regional-Scale Transport
- Mesoscale Meteorologists Concentrate on Severe Storm Environment

e No “Home” for Global-scale Atmospheric Chemists

Classical Studies Assumed Only Source of Tropospheric O,; was from stratosphere (<1977)

Classical View of Tropospheric Orome Cycle TABLE 1. Results of Studies of the Tropospheric Ozone Budgel
Estimated
Ozone Flux,
molecules
cm-ts-! Domain of Interest Reference
B 3 r |
Ly | global average Paerzold |1955)
|
(-- T N | 1S5E ) global average Junge [1962]
- Trfux thew |1 j 610 j one local calculation  Kroening and Ney [1961]
‘“&-y_,._‘-rf 1 | 44-76X IU“'l northern hemisphere Fabian and Junge [1970]
I 3782 = 10" 300 -50"N Fabian [1973]
L I aa) I 7.4 ¥ 10" northern hemisphere Fablan and Pruchreiwicz [ 1976]
3. 0 7.95 = 10" J0e-40°N Fabian and Pruchniewicz [1976]
L oooooooooooooooooooooooo ek " Degesition | 1 4,3 ¥ 10 southern hemisphere Fabian and Pruchniewicz [1976]
LLLLLALL LY L L AL AL 4 @ surface) ) L? X |0 Innrthi:rn hemisphere Danielsen and Mohnen [1977]
Ditsck 0 L ——————




Special Recognition for the Advancement of Global
Scale Atmospheric Chemistry Should be Given to

Ralph Cicerone

President National Academy of Science
2005-2016

1943-2016

Cicerone welcomed this new breed of atmospheric chemists
into the American Geophysical Union



Despite Their Scientific Credibility and Claim to Fame, Each of
these Remarkable Individuals Remained Approachable and
Involved in the Advancement of Science

From a Personal Perspective:
| have been blessed to have known these
incredible people for the past half century



Last, but not least:
Air Quality Forecasts Will Require Infusion of Satellite Observations and
Merging of Global and Regional Chemical Transport Models

How did we get here?
The Vision of Brad Pierce

D/ ¥ 4 & Regional
Prediction

NASA, NOAA&
must co pget

Global
Assimilation

Scientific

@standmg ; ..:

In Situ and
Satellite
Observations

RAQMS ASSIMILATED Column O3 February 27th, 2001 00Z

s s el | Eventual Requirement: Capability of
nested global- to regional-scale

meteorological and chemical modeling for
assimilating and predicting the chemical
state of the atmosphere (air quality)
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Massive Air Pollution Episode from 1988

Average Tropospheric Ozone Average O; Daily Maximum
Residual: 2-13 Jul 1988 . DU OTAG Episode: 2-13 July 1988

Al

am

25n

From Fishman et al. (2003)



Observation of Pollution Plumes in Total Ozone TOMS
Measurements Suggested in Initial TOR Study (1990)

JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 95, NO. D4, PAGES AW 17, MARCH 20, t_wo
Distribution of Tropospheric Ozone Determined From Satellite Data

Jack Fisusan,' CaTHemINE E. WaTson,? Jack C, Lagsen.! anp JEnmiFer A. LoGan®
OCTOBER 1985

Unusually Elevated HNO -
25°N

Concentrations Measured in
Hawaii in October 1985 (Huebert) E o

~ June- ~ September-November 25°8 *\

Integrated Tropospheric Ozone (Dobson Units) 285 265 275 285 205 305 315
TOTAL OZONE IN DOBSON UNITS
TOTAL OZONE DIFFERENCE 200
APRIL 1983 - APRIL AVG. L sl
0°N . o Strong ELNifio in 1983—

B 25°N Eﬂm— .,
B o Leads to Unusually ol ]
. - High Total Ozone e i
50°S R . 9250 ]
180°W  120°W  60°W  ©O° 60°E  120°E  180°E throughou? Tropics %m " — 1083 ToMS
R rom Burning over 230 | — TOMS AVERAGE

o Indonesia B N RS

-30 -20 -10 0 10 20 30



Comparison of U.S. Air Pollution Using
Satellite Measurements

Avaraga Daily Maximom Qzone - 1938 OTAS Episode

TOR and Surface O5 Depiction During July 3-15 Pollution Episode



Interannual variability of stratospheric and tropospheric ozone
determined from satellite measurements

Jack Fishman, John K. Creilson,’ and Amy E. Wozniak'
MASA Langley Research Cenler. Hasrpion, Vingime, USA

Paul J. Crutzen’ PSP USRI SISO, o
Maz-Manck-Inststule for Chimisiry, Mase, Genmsany P ; T
i ' al /\'
e /5 e 0s
u’ . . ’r.‘- {
E ‘ - 1 "'/ {/ '~" l. ‘ES:
g * < ¥ / \ 00 =
oo a
© ¢ \ 08
“ -
£« . A0
TR 28204050007 58 80 90 91 82 99 99
Year
SN Figure 9. Reclationship between summer TOR over India
R BE TER. SR T Tmne R e e and ENSO Region 4 SSTAs. TOR values over northern
June 1982 June 1999 India between 1979 and 1999 for the years that complete

. = summertime data are available and the SSTA over the
R R SO pen R O o western Pacific (i.c., Region 4, see Figure 4). Blocked arcas
FOR fokuan Onis; D15 refer to strong El Niflo episodes.



Satellite remote sensing of atmospheric pollution:
The far-reaching impact of burning in southern Africa

Jack Fishman®®, Jassim A. Al-Saadi”, Doreen O. Neil ®, John K Creilson”, Kurt Severance ”,
Larry W. Thomason* and David R. Edwards "
“NASA Langley Research Center, Hampton, VA 23681
" National Center for Atmospheric Research, Boulder, CO 80307

SAGE !l aerosol extinction data (6km)

TOR TOMS-SBUV 1079-2005 CLIM Sep-Oct-Nov

N U W P R B DR ®» D e ans

’
Aerosol extinction  110°(tAm)

Figure 8. The September-November aerosol dastribution from SAGE at an altitude of 6 km 15 shown in the panel on the lefl; the nght
panel shows the cimatological distnibution of troposphenic czone and is the same dataset depicted in Figure 2, but from a different
perspective and with a color bar more consistent with the SAGE data shown in the left panel.



Summary (Welsh and Fishman)

e CAMx Model Provides Good Simulation of July 2012 Pollution Event in St. Louis
- Surface concentrations increased to ~90 ppb during episode
- Plume transported by prevailing weak southwesterly winds
- Model calculations correlate with observations: r=0.69 to 0.87

¢ O; Plume Emanating from St. Louis is ~16 DU
- Calculation consistent with size of urban source (?)

¢ Plumes from Large Air Pollution Events in 1980s as large as 40-60 DU
e Emission Controls Might Be Primary Reason for Smaller O; Episodes

¢ Seeing O; Pollution from TEMPO will Be More Challenging:
Synoptic-scale Episodes seen in the 1980s will likely not Exist in the 2020s



ozone (ppb)

Surface O; Model Calculations

120 July 1-5, 2012 surface ozone
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Surface O; Model Calculations
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Integrated O; Model Calculations

0600 LT 0900 LT !

117 42000 ~16 DU

4.0667

3.9333

1200 LT 1500 LT 3.8000

3.6667

3.5333
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