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Pieternel Levelt (KNIMI) and P.K. Bhartia (NASA GSEC),
June 18-20, 2007, NASA AQ Meeting, \Washington DC




ReyalINEterands Vieteorelegicallinstitie
KINIVI

o \Weatier prediction
o Climate Researnchi (OMI)
o | afirastiructure

450" employees

—
Chemisgry g clima'®



Internatienalf @I eam

Intermational ©OIVIIFSCIEnceE team

o PI(KNMI: RIE. Levelt

o dep.PIFCKINIVIT: J.P. VVeefkind
o CO-PI(EMI) J. lamminen
o USST LLeader (NASA GSEC): RIKE Bhartia

o ... Andiabout 60 - 80 scientists

|nGUSTY

o Dutch: DS, TNO-TPD; SRON
o FElnnish: VAT, Patria

o USA: Northrop GES USA

Duteh, Einnishiand US Space Agencies
o NIVR; FMI and NASA

OMI 1s a Dutch-EFinnish Instrument on the
NASA spacecraft EOS-Aura



@zone VIoRIteRRo
InstrUment @iVl

o UN/ and VIS hackscatter instrument
(2701- 500 nm)

o \Wide swaith telescope: yields danly.
glehal maps (2600 km)

o Ulban scale reselution Is best eve”™ <=

air auality measurements from s IEEE Aura SpeC|aI Issue May 2006
’ J P on AURA instruments, algorithms and first results
(131 x 24 ' km?)

Heritage: GOME, SCIAMACHY,
GOMOS and TOMS

aMI



Statts e O Data Products

Product

- |Level 1B

- Jiotal Column Ozone (TOMS)
- Jotal Column Ozone (DOAS)

- Aerosol (UV and multi-1)

- N©;, totalland trop: coltmn

- Cloud Height (02-02)
- Cloud Height (Raman)
- Surface UVB

- HCHO

- SO,

- BrO
- OCIO
- O, Profile

Provisional release

RReleased
REleased
RReleased
Released
RReleased
Released
RReleased
Released
Released

Released

Released
Released

Released

\/alidated Stage 1 release

(Puklic)

August 2007 (collection=3)r RO

REleased
[Released
Released
Released
Released
Released
Released
Released

Released

Released
Released
FFall 2007 (collection-3)

Algorithmieriginator

KNMI
NASA GSFC & KNMI
KNMI & NASA GSFC
KNMI

FMI & NASA GSFC

Harvard

Harvard
Harvard
KNMI




Statts e O Data Products

Off line data: NASA GSFC DISC

| (http://acdisc.gsfc.nasa.gov)

NRT data: TEMIS website (http://www.temis.nl)

: n://omivfd.fmi.fi)
AVDC Aura Validation Centre (http://avdc.gsfc.nasa.gov)

Product description: IEEE Aura Special I1ssue March 2006 &
read “read-me* files



http://www.temis.nl/
http://omivfd.fmi.fi/

AValianle proauctsirem Oivilier AQ

' INOp (NRIF and oti=1ine)
AEresol Inaex : Smoke anad DUst tiansport
Conrelation With Visionity Tor Gesert dust

O Troooso’mr‘r* J\JJ

(@Verage Jan.=June 2006)
J\Jr\ FC/K J\ J\/J -1

INE Product

OULESY OF B &
ason;, NASA-

JLP. Veetkind, KNIV

~

OM1I




First ever Near Real Time global, serday 16 June 2007
daily; Urianiscale measuements) plrmmeners

O ING@Z e SpaceE!

(KINMIIEN©2 NRAF prieduct)

ttps//AMaviv. kamitnl/emi
Beersmal et al., aceepted im ACP

Sunday 17 June 2007

OMI mean tropospheric NO, 17 Jun 2007 KNMI/NASA/NIVR
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NQ, tropospheric column [10" molec./cm
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o 1 3 4
Vvionday 1c June 200

OMI mean tropospheric NO, 18 Jun 2007 KNMI,/FMI/NASA/NIVR
130 ~ 170 —100 0

—110
=

—120 ~110 ,—100 80 . -80 2770
NQ, tropospheric column [10" molec./¢m
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First ever Near Real Time global, saierday 16 June 2007
dally; Uroan scale me asuiem NS e s,
on N, firom space! g "

e

(KINMIIEN©2 NRAF prieduct)

1

|

it/ knmital/omi i B 3

Beersmal et al., accepted 1 ACPR R = T
I l 8 11

Sunday 17 June 200 Now also available on Google Earth!

OMI mean tropospheric NO, 17 Jun 2007 KNMI/NASA/NIVR

—120 —110 —100

OMI mean tropospheric NO, 18 Jun 2007
130 —120 ~110 ~100 -50

—120 0 RS . —T20 10 - 10
NO, tr NQ, tropospheric

2 3 4 B 8
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=St evers Near Realslimergiolall Saterday 16 June 2007
danly; Uligoaniscalenmeasu FEMents: | I
On Nm 1ﬂ15 moiec.- I I ' =

i Ghl::ag-:; Rwar —< 3 -
et/ @--- B ™ i
g e - Ba-=: U nhattan Island
Boersma®§ =

sund.’

=i

i
iNAS@SFC

Washmg nniﬂc?\-

OMI mean tropo
~130

Bermud

= 1“*“‘4. ﬁ "©/2007 Europa Technulagigg‘
N Image & 2007 TerraMetrics u.-.m.G
Image NASA

e www.temis.nl
§77:01:55! 'm' Wielev 1471 streaming (111111 100%

2P

%

20 =ic R 20 —100 - o =70
NO, tropospheric column [10"® molec./em?] NO, tropospheric column [10'® molec./cm?]
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Avallaible: OMI preducts fior AQ: AEresols

With OMI measurements in the
UV desert dust and biomass

burning plumes can be traced
over large distances.

4 Wildfires in
v rerosol nde: AUSEralia

Tories, Bhartia, NASA GSEC, ATVOS VSR alnds T

Aerosol detection above clouds:
OMI Aerosol Index (color scale)
OMI reflectivity (gray scale)

Aerosol detection above land and ocean.




Petenual productsHirom @IVl ior AQ@

« [[ropospherc Ozone

¢ SO2

o Aeresol SSA and AOT
o HCHO

Schoeeberl et al.
Submitted to
JGRspecial issuge




POLENLIal Products irom ©iviltior AQ

lropespnenc Ozone

25, 0)%
» AErosol SSA ana AOHE
» HCHO Seasonal TOR Mixing Ratio

NASA AQ Meeting,
Dr. P.F. Levelt, KN

#

OM1I




Petentialfpreductsifironi @I e A@

« [[iOposphEeric Ozene

* SO2

o Aerosel SSA and AOT
« HCHO

Schoeeberl et al.

JGR special issue Dec. Feb. - . March=may ==

dr ‘Wp :

Junexk,ég.l'g..‘."l.E




Petentialiproducts:

AVErage (2005:-2006) SO2 hulrdens ever USA; and China

Ohio valley PPs

______________________________________ TR AN R 114

116 118 120 172 124

-80
SO, column [DU]

25.5 million tons of SO2 was emitted
by Chinese factories in 2005
up 27% from 2000

Krotkov et al.

|

116 118 120 122 124
Contact: Simon Carn (scarm@umbc.edu)

To0m1



Aeresoel epuicalideptia (AOHN) and
Single scauterinealvedo (SSA)

Extinction * ssa = SAOT

EXtIRCtIoN = scatterng|+ anserption

Extinction
= AOD
= AOT

SSA : aerosol type

AAOT IS a measure for aeresol anserption

- Extinction * (1-ssa) = AAOT




Poetentiall @M productsiior AQ: AOH! and SSA

Lcsd W OV UnIgUE Teature: measures in
P the UN/: this gIves Information on
A ol the SSA (due to interaction

st S hetiveen aerosol abserption) and
el spectral dependence of the Raleigh
Sl scattering):

o Potentialito distinguish hetween
g ¥ 20sonding and nen-anserving

Sl aerosols
Multiwavelength algorithm KNMI

(Veefkind, Veihelmann et al.):
Distinguish between absorbing

and non-abs. aerosols: biomass
burning, dust, industrial aerosols

a)MI




Poetentiall @M productsiior AQ: AOH! and SSA

Using thesulifspectral Iienmanon,
potential te distinguish:

o Dififerent types of
CAPBNACEOLIS aEeresols
(Secondany erganic and black
canoon) (liemass burning and
Industral pellution)

o Difffierent types of dust from

Multiwavelength algorithm KNMI different deserts
(Veefkind, Veihelmann et al.):

Distinguish between absorbing

and non-abs. aerosols: biomass

burning, dust, industrial aerosols

a)MI




VWiayAIs aereselr U/ alnserption 1nipekiant 2

Satellite (TOMS/OMI) Aerosol “dimming”

overestimation of surface Global Average Ozone effects on UV trends
| | | may enhance reduce,
or reverse effects of
micy stratospheric O,

recovery

| change

N

Nimbus 7 TOMS

Earth Probe TOMS

Ozone (Dobson Units)

Meteor TOMS

i 1980 1990 2000 2010 2020
+ 10%'20% o Year

44N L
. é%ei& <5~
3) Aerosol effects on photochemical S s
smog production: aerosol scattering CIENCE
increases photolysis rates; while B
aerosol absorption decreases it:

The Impact of Aerosols on Solar Ultraviolet
Change in boundary layer ozone mixing ratios as a Radiation and Photochemical Smog
result of direct aerosol forcing

R. R. Dickersen,* S. Kondragunta, G. Stenchikov,
K. L. Civerolo, B. G. Doddridge, and B. N. Holben




SIngle scattennolalieEno o pPolILioN EErOSoIS May/ e
consideranly smalleran DN than visielewavelengins

— Seconaany 0rganic aeresels?
o Increased eptical deptniand ssa at visiple wavelengns
o Absorptioniat UV wavelengtis
o Compositieniisilargely unknown

[_arge: efifiects on
— Bioelogically active U\/

at Surface Thessaloniki, Greece, July 2006
calculation off UN/ Index
_ Photolysis rates in PBLL | %* +\+

New preliminary results from

. oo, UV-MFRSR ( N 02 ca rr)

Krotkov et al, NASA GSFC




NG5 + v (N <4201m) = NO + O(°R)
VIEgacIty experment- 20061 (IViexico iy, Milagre
campaian)

= Clean

= gas only
- UV ssa=0.9
- UV ssa =0.7
= x-polluted

0.E+00 2.E-03 4 .E-03 6.E-03 8.E-03




Emission INVERteKIES

s SO2
o HCHO
o NOZ - diurmal cycle

Courtesy:
CHO-CHO, HCHO and BrO: Kurosu, Chance,

(Harvard) — RS
=wUMN /! BBEEEEEY <0.50 0.61 0.72 0.83 0.94 1.05 1.16 1.27 1.38 1.49 1.60 M°l/em
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ur - Average column for 20050101-20061231

10 15 20 25 30
I "N aS e s AR o : Yi
Rovinari, Turceni, Sl o i 5

Maritza Iztok PP,
Bulgaria

Craiova PP, Romania

42

Etna
volcano,
Italy

Kernerkoy complex in
= Mugla, Turkey

R . : =;I e
i AR TN

SO, column [DU]

Megalopolis
PP in Arkadia,
Greece



ur

- Average column for 20050101-20061231

10 15 20 25 30
S~ R ~=— ; ] Yi
Rovinari, Turceni, Sl o i |
Craiova PP, Romania R BN Maritza Iztok PP,

o |~y & Bulgaria

“In West Europe, the US and Japan the

= emissions of SO, have been reduced
strongly. Over China and for certain power
- plants on the Balkan, OMI is able to detect
. SOZ. Krotkov et al.

& Yatagan, Yenikoy,
Balkan Kernerkoy complex in
—— Mugla, Turkey

SO, column [DU]

Megalopolis
PP in Arkadia,
Greece
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&

i
Pl

OMI: ~13:45

60 80 100 120 140 160

Concurrent measurements of s WS

DEL iy GRO

tropospheric NO, from OMI and SCIAMACHY

Folkert Boersma, Daniel Jacob, Henk Eskes, Rob Pinder, Jun Wang, and Ronald van der A




100 120 140 160 ] 100 120 140 160

3 1 e

- First ever Diurnal variation from satellites
using KNMI’s trop. NO2 NRT product

20 40 60 80 100 120 140 160

Concurrent measurements of | s cnet
tropospheric NO, from OMI and SCIAMACHY

Folkert Boersma, Daniel Jacob, Henk Eskes, Rob Pinder, Jun Wang, and Ronald van der A




(CORCIUSIoNS
OIVIIFdatzawellrsuited o A@ applicatiens

AvailaiplelOVITAGQ Products:
o [EIrst ever daily: NRAIF data i tropespheric NO2 wiith
Unprecedented spatial reselution ( . now. en Google Eartnl)
o OMI*s UV measurements enanle:
s Unigue feature to detect aenosels alneve clouds (Al)
s detect dust andismoke aeresols
Potential OMITAQ products include
s {ropespheric ozone (several metheds ane heing developed)
o SO2

o HCHO
o Unique feature to measure ssa (~aeresol type)
o detect secondary organic aerosels (?)
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PK Bhartia

US OMI Team Leader,
TOMS Ozone algorithm

Pieternel Levelt

OMI-Principal Investigator

Richard McPeters

Co-Lead OMI Validation
WG

Pepijn Veefkind

Deputy Pl, DOAS Ozone &
Cloud 02-02 Algorithm

Kelly Chance
Thomas Kurosu

HCHO, BrO, OCIO and
CHOCHO algorithms

Jacques Claas

Lead Operations & ODPS
Dataprocessing

James Gleason

NO2 algorithm

Marcel Dobber

Lead OMI Calibration

Eric Bucsela Quintus Kleipool

Ed Celarier Nico Rozemeijer

Marghi Hopkins Lead Data processing Mark Kroon Co-Lead OMI Validation WG
Glen Jaross Instrument calibration Remco Braak OMI aerosol validation

Joanna Joiner

Cloud RRS algorithm

Johan de Haan

Ozone profile algorithm

Nick Krotkov
Simon Carn
Alexander Vassilkov

SO2 and UV algorithms

Mirna van Hoek

OMI operations

René Noordhoek

OMI scientific secretary

Maarten Sneep

OMI Cloud product validation

George Mount

Instrument calibration

Ben Veihelmann

Aerosol multi-wavelenght alg.

Mike Newchurch

Ozone validation

Tim Viemmix

GLOBE aerosol project

Paul Newman

Long term ozone trend

Hester VVolten

OMI NO2 Validation

Stanley Sander

NO2 validation

Henk Eskes

OMI key ST member

Richard Stolarski

Long term ozone trend

Folkert Boersma

OMI key ST member

Omar Torres

Aerosol algorithm

Piet Stammes

OMI key ST member

Trop. Ozone algorithm

Hennie Kelder

OMI key ST member

Jerry Ziemke
Johanna Tamminen

Finnish co-Pl

lIse Aben

OMI key ST member

Aapo Tanskanen

Surface UV irradiance

Claus Zehner

OMI key ST member

Seppo Hassinen

OMI VFED products

Frank Dentener

OMI key ST member

Gerrit de Leeuw

OMI key ST member

Ulrich Platt

OMI key ST member

Paul Simon

OMI key ST member

Didier Hauglustaine

OMI key ST member




First ever Near Real Time global, syerday 21 April 2007
aanly; trsan scalermeasurements
O ING@Z e SpaceE!

(KINMIIEN©2 NRAF prieduct)

ttps//AMaviv. kamitnl/emi
Beersmal et al., aceepted im ACP

Sunday 22 April 2007

CMI mean trepospherke By 23 opr 2007
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