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The recent deployment of strategically designed and launchThe recent deployment of strategically designed and launch--coordinated coordinated ozonesondeozonesonde networks networks 
during Aura has transformed our capabilities for:  [a]  validatiduring Aura has transformed our capabilities for:  [a]  validation and on and intercomparisonintercomparison of satellite of satellite 
ozone products; [b] evaluation of models and assimilation mappinozone products; [b] evaluation of models and assimilation mapping of global ozone; [c] sampling g of global ozone; [c] sampling 
the UT/LS (upper tropospherethe UT/LS (upper troposphere--lower stratosphere) with consistent temporal and vertical resolulower stratosphere) with consistent temporal and vertical resolution; tion; 
[d] determination of dynamical and chemical processes affecting [d] determination of dynamical and chemical processes affecting ozone throughout the troposphere.  ozone throughout the troposphere.  
One example is the SHADOZ (Southern Hemisphere Additional One example is the SHADOZ (Southern Hemisphere Additional OzonesondesOzonesondes) tropical network ) tropical network 
<http://<http://croc.gsfc.nasa.gov/shadozcroc.gsfc.nasa.gov/shadoz>, operating since 1998 [Thompson et al., 2003].  The campaign>, operating since 1998 [Thompson et al., 2003].  The campaign--
based IONS (INTEX [Intercontinental Transport Experiment] based IONS (INTEX [Intercontinental Transport Experiment] OzonesondeOzonesonde Network Study) networks Network Study) networks 
over North America in Julyover North America in July--August 2004 and MarchAugust 2004 and March--August 2006, August 2006, <http://<http://croc.gsfc.nasa.govcroc.gsfc.nasa.gov/ / 
intexb/ions06.html>intexb/ions06.html>,, targeted Aura validation.   An overview of IONStargeted Aura validation.   An overview of IONS--06 06 tropospherictropospheric ozone as ozone as 
applied to satellite, assimilation and models will be given.  Seapplied to satellite, assimilation and models will be given.  Selected discoveries from the 2004 and lected discoveries from the 2004 and 
2006 IONS soundings are described.  IONS2006 IONS soundings are described.  IONS--04 provided ~300 O3 profiles from eleven North 04 provided ~300 O3 profiles from eleven North 
American sites and the American sites and the R/V R H BrownR/V R H Brown in the Gulf of Maine.  With Julyin the Gulf of Maine.  With July--August 2004 dominated by August 2004 dominated by 
lowlow--pressure conditions over northeastern North America (NENA), UT opressure conditions over northeastern North America (NENA), UT ozone consisted of zone consisted of 
approximately 25% stratospheric O3 [Thompson et al., 2007a,b] inapproximately 25% stratospheric O3 [Thompson et al., 2007a,b] interleaved with O3 from aged or terleaved with O3 from aged or 
relatively fresh pollution and lightning [Cooper et al., 2006; Mrelatively fresh pollution and lightning [Cooper et al., 2006; Morris et al., 2006].  IONSorris et al., 2006].  IONS--06 covered 06 covered 
boreal spring and summer, with a greater range (the eleven 2004 boreal spring and summer, with a greater range (the eleven 2004 sites plus a dozen in California, sites plus a dozen in California, 
New Mexico, Mexico City, Barbados and southwestern Canada).  New Mexico, Mexico City, Barbados and southwestern Canada).  TroposphericTropospheric pollution statistics and pollution statistics and 
contrasts in UT/LS O3 between 2004 and 2006 guide retrievals forcontrasts in UT/LS O3 between 2004 and 2006 guide retrievals for various Aura retrievals.  Both various Aura retrievals.  Both 
IONS periods displayed a persistent UT ozone maximum [Cooper et IONS periods displayed a persistent UT ozone maximum [Cooper et al., 2007] over the summertime al., 2007] over the summertime 
southsouth--central US.  March 2006 IONS central US.  March 2006 IONS sondessondes over Mexico manifested persistent UT/LS gravity wave over Mexico manifested persistent UT/LS gravity wave 
influence and more sporadic pollutioninfluence and more sporadic pollution..

http://code916.gsfc.nasa.gov/Data_services/Shadoz.
http://code916.gsfc.nasa.gov/Data_services/Shadoz.


Presentation Road Map
Strategic Ozonesonde Networks in Integrated Observations

IONS-2004 – High variability; both pollution & natural O3 sources
in troposphere.  INTEX JGR Special Issues Vol 111 & 112

IONS-2006
>   Three-phase campaign, > 600 North American soundings
>    Pollution, natural O3 sources dominant again
>    Aura Validation Papers (JGR Special Issue, in press)

On-going Analyses with IONS Profiles
� Hui Poster – IONS-NATIVE-OMI comparisons
� Yorks Poster – IONS/Beltsville (MD) pollution statistics

Future?  Modify, optimize retrievals to account for variability



Synergistic Observations: Synergistic Observations: OzonesondesOzonesondes
Integrate InIntegrate In--Situ Data, Satellites, ModelsSitu Data, Satellites, Models

High vertical resolution (~100 m), consistent High vertical resolution (~100 m), consistent sondesonde location guide location guide 
other sampling, dataother sampling, data--assimilation, satellite sampling & algorithmsassimilation, satellite sampling & algorithms
IONS supports aircraft missions, Aura’s 4 OIONS supports aircraft missions, Aura’s 4 O3 3 sensorssensors



Define IONS-04 Network Requirements
Design No. American O3 sonde network for ICARTT/INTEX –

NA (Intercontinental Transport Expt) to answer:
1. Can O3 pollution be followed during ICARTT?
2. What are O3 transport patterns across NA & to Europe?    
3. How much Asian O3 reaches NA?  How much O3 is

from STE, advected pollution, lightning? 
4.   Can O3 pollution be measured from satellite, predicted?  



Huntsville, AL

DC8 DIAL Ozone (E. Browell, LaRC)
– Huntsvillle Sonde

~300 profiles
collected in 6
weeks.
Data at Ames
& AVDC. Also
WOUDC

Image from
M Avery

Pierce
Et al, 
JGR, 2007



Single site variabilitySingle site variability –– Strong ST influence: Strong ST influence: 
Narragansett, other NE No American (NENA) sites Narragansett, other NE No American (NENA) sites 
below below t’pauset’pause (Thompson et al, 2007b)(Thompson et al, 2007b)
Single day variability (2 Aug)Single day variability (2 Aug),  NENA Sites, ,  NENA Sites, ExTLExTL layer, layer, 
high ST Ohigh ST O33 mixed with pollution, lightning/convection mixed with pollution, lightning/convection 

Ozone Variability in Curtains Ozone Variability in Curtains –– IONSIONS--0404



IONSIONS--04 Contributions 04 Contributions –– OO33 Budgets & ProcessesBudgets & Processes

Northeastern No America ozone budgets from Northeastern No America ozone budgets from laminaelaminae
analysis analysis (Thompson et al, 2007a,b):(Thompson et al, 2007a,b):
•• 25% from Stratosphere25% from Stratosphere
•• 15% RCL 15% RCL –– Regional convection, lightningRegional convection, lightning
•• 10% 10% -- Boundary layer Boundary layer –– local pollutionlocal pollution
•• 50% 50% -- AdvectedAdvected fresh and aged pollutionfresh and aged pollution
Pollution from Alaskan, Canadian fires Pollution from Alaskan, Canadian fires ((PfisterPfister et al, 2005; et al, 2005; 
Morris et al, 2006)Morris et al, 2006)
UT ozone maximum UT ozone maximum –– mostly lightning over southmostly lightning over south

central US, FLEXPART analysis central US, FLEXPART analysis (Cooper et al, 2006)(Cooper et al, 2006)
Comparisons of IONS to “smart balloon,” Comparisons of IONS to “smart balloon,” (Mao et al, 2006)(Mao et al, 2006)
& models & models ((ChaiChai et al, 2007; Pierce et al, 2007; et al, 2007; Pierce et al, 2007; TarasickTarasick et al, et al, 
2007)2007)



IONSIONS--0606 for INTEXfor INTEX--B/ B/ 

MilagroMilagro/Aura & TEXAQS/Aura & TEXAQS--20062006

March 2006 – Milagro
Is there a Mexico-to-Houston

Ozone connection?

April-May 2006 – INTEX-B
Is there an Asia-to-North

America Ozone connection?

August 2006 – TEXAQS-
GOMACCS
What is upwind-downwind
of Houston Ozone?

700 profiles collected Mar-Sept 06
<http://croc.gsfc.nasa.gov/intexb>



SpringSpring--Summer IONSSummer IONS--0606
Seasonal Contrasts, UT/LS VariabilitySeasonal Contrasts, UT/LS Variability



Satellite Comparisons, IONSSatellite Comparisons, IONS--06 & TES06 & TES
Diverge in UT, BL (R Diverge in UT, BL (R NassarNassar, J Logan, , J Logan, JGR, JGR, in press)in press)

Most No Am sites
from IONS; Most SH
Sites from SHADOZ



Summary

IONS-2004 – High variability regionally, temporally
-- Laminae – a consistent approach to tropospheric O3 budgets
-- Northeast US/Maritimes show complex UT/LS: interleaved STE,   

lightning, pollution influences, ie “extra-tropical tropopause layer”

IONS-2006
>    All sites display mixed ozone sources in UT/LS, with a south

central summer “UT ozone maximum” similar to 2004 
>    In progress:  2004-2006 NENA comparisons; 2006 seasonal 

budgets - pollution, natural O3 sources
>    In press: IONS-06 & Validation of TES, OMI/MLS, MLS, HRDLS

Stay tuned for other IONS-06 Results 
� Model & Assimilation comparisons 
� Visit Hui, Yorks Posters



Aura Validation & SHADOZ (M. J. Aura Validation & SHADOZ (M. J. KuryloKurylo); IONS/INTEX); IONS/INTEX--A  (B. G. A  (B. G. 
Doddridge(IONSDoddridge(IONS--04),04), IONSIONS--06/INTEX06/INTEX--B (J. H. Crawford) B (J. H. Crawford) 
NEW SHADOZ CD!  AGU & EGU 10NEW SHADOZ CD!  AGU & EGU 10thth SHADOZ Anniversary SHADOZ Anniversary 

Sessions!Sessions!
Recent References on IONS Recent References on IONS SondesSondes & & SondeSonde PrecisionPrecision
•• H G J H G J SmitSmit et al, Assessment of the performance of ECCet al, Assessment of the performance of ECC--

ozonesondesozonesondes under quasiunder quasi--flight conditions in the environmental flight conditions in the environmental 
simulation chamber: Results from the simulation chamber: Results from the JuelichJuelich OzonesondeOzonesonde
IntercomparionIntercomparion Experiment chamber (JOSIE), Experiment chamber (JOSIE), J. J. GeophysGeophys. Res. Res., ., 
112, 112, doidoi: 10.1029/2006JD007308, in press, 2007. : 10.1029/2006JD007308, in press, 2007. 

•• A M Thompson et al., IONS (INTEX A M Thompson et al., IONS (INTEX OzonesondeOzonesonde Network Study, Network Study, 
2004).  1. Summertime UT/LS (Upper Troposphere/Lower 2004).  1. Summertime UT/LS (Upper Troposphere/Lower 
Stratosphere) ozone over northeastern North America, Stratosphere) ozone over northeastern North America, J. J. 
GeophysGeophys. Res. Res., 112, D12S12, ., 112, D12S12, doidoi: 10.1029/2006JD007441, : 10.1029/2006JD007441, 
2007a.2007a.

•• A M Thompson et al., IONS (INTEX A M Thompson et al., IONS (INTEX OzonesondeOzonesonde Network Study, Network Study, 
2004): 2.  Tropospheric ozone budgets and variability over 2004): 2.  Tropospheric ozone budgets and variability over 
Northeastern North America, Northeastern North America, J. J. GeophysGeophys. Res. Res., 112, D12S13, ., 112, D12S13, doidoi: : 
10.1029/2006JD007670, 2007b.10.1029/2006JD007670, 2007b.

•• A M Thompson, J C Witte, H G J A M Thompson, J C Witte, H G J SmitSmit, S J , S J OltmansOltmans, B J Johnson, V , B J Johnson, V 
W J H W J H KirchhoffKirchhoff, F J , F J SchmidlinSchmidlin, Southern Hemisphere Additional , Southern Hemisphere Additional 
OzonesondesOzonesondes (SHADOZ) 1998(SHADOZ) 1998--2004 tropical ozone climatology.  2004 tropical ozone climatology.  
3. Instrumentation, Station Variability, Evaluation with 3. Instrumentation, Station Variability, Evaluation with 
Simulated Flight Profiles, Simulated Flight Profiles, J. J. GeophysGeophys. Res.. Res., 112, D03304, , 112, D03304, doidoi: : 
10.1029/2005JD007042, 2007c.10.1029/2005JD007042, 2007c.
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ARCARC--IONS IONS –– 2008 Proposed for ARCTAS2008 Proposed for ARCTAS



Major IONS Issue Major IONS Issue –– Sources of UT Ozone.Sources of UT Ozone.
In Progress In Progress –– IONSIONS--WAVES (2007) at Beltsville.  WAVES (2007) at Beltsville.  

Compare to “FLEXPART Budget”Compare to “FLEXPART Budget”

AboveAbove –– ST influence above 8ST influence above 8--9 km (300 9 km (300 hPahPa).  ).  
Lightning too?Lightning too?

RightRight –– Cooper et al (in press): [a] All median OCooper et al (in press): [a] All median O33, , 
1010--11 km, Aug 06;  [b] 11 km, Aug 06;  [b] pvpv <1, stratospheric <1, stratospheric 
influence removed; [c] trop Oinfluence removed; [c] trop O3 3 less ST Oless ST O33 from from 
MPI model = lightning UT OMPI model = lightning UT O3 3 influenceinfluence



TTOR Comparisons TTOR Comparisons –– SchoeberlSchoeberl et al, in presset al, in press
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