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GCOS-154 (2011) 
Precursors supporting the aerosol and ozone ECVs  
 
Ø  Troposheric Ozone and secondary aerosols 
 
Product A.11.1 Retrievals of precursors for Aerosols and Ozone  
such as NO2, SO2, HCHO and CO:  
•  Short-lived trace gases 
•  Air pollutants 
•  Measuring precursor emissions to better quantify troposheric ozone and secondary aerosols  
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There is a bit more to it ….. 
28.9-1.10, 2015 Precursors: CCI Collocation, Frascati 



Schematic representation of the interactions of ozone 
in the Earth system (EPA, 2009) 
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Monks et al., Atmos. Chem. Phys., 15, 8889–8973, 2015 
28.9-1.10, 2015 

Transport from the stratosphere was long thought to 
be the dominant source of ozone in the troposphere. 
 
Early in the 1970s, Crutzen (1973) and Chameides 
and Walker (1973) suggested that tropospheric ozone 
originated mainly from production within the 
troposphere by photochemical oxidation of CO and 
hydrocarbons catalysed by HOx and NOx. 
Since then, improved understanding of the 
importance of both natural and anthropogenic 
sources of ozone precursors has highlighted the 
dominance of this ozone source. 
  
Ozone photochemical production in the troposphere 
occurs by hydroxyl radical oxidation of CO, CH4 
and non-methane hydrocarbons (NMHC) in the 
presence of NOx. The mechanism of ozone 
formation in the troposphere, although very well 
understood, remains a challenge in practice that will, 
no doubt, require many more years of research to 
fully unravel. 
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troposheric ozone: sources and sinks 

http://tes.jpl.nasa.gov/mission/O3SourceSink/ http://faculty.washington.edu/jaegle/558/ozone_NOx.pdf 

28.9-1.10, 2015 



Natural and anthropogenic sources contribute 
to the emissions of the precursors of 
secondary aerosol, i.e. SO2, NOx  NH3 and 
VOCs and intermediate-volatility organic 
compounds (IVOCs). The sources of SO2 
and NOx are relatively well known, i.e. 
combustion of sulfur-containing fuel and 
fossil fuel combustion. The ability of the 
HNO3 produced by NOx to form secondary 
aerosol depends on the availability of 
NH3 in the gas phase to form ammonium 
nitrate. 
(Fuzzi et al., Particulate matter, air quality and 
climate: lessons learned and future needs, ACP 
2015) 
 
We know the sources but they are still very 
uncertain in magnitude, and sometimes also 
location. This information can be obtained 
from satellites for NO2, SO2, NH3, HCHO, 
glyoxal together with inverse modeling (e.g. 
ESA DUE GOBEMISSION)  
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Secondary formation of aerosols  

Tuija Jokinen, PhD thesis, Univ Helsinki, Sep 2015 
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Secondary formation of aerosols: proxies  

particle scattering efficiency: 

From satellites we can only observe optically active 
particles, i.e. larger than ca 100 nm; hence the only 
way to get information on these smaller particles on a 
global scal eis the use of proxies. 

1)  Regional nucleation driven by photochemistry, 
spatial scales hundreds of km. Assuming 
steady state, the following potential proxies for 
N can be derived (Kulmala et al., ACP, 2011):  
 
 
 
 
 
where UV is the local noon UVB irradiance at 
the surface and [] are satellite-derived columns 
 

2)  Primary nucleation takes places in the immdiate 
vicinty of highly localized sources (e.g. 
combustion, power plants), or at very small 
scales: 

 

P1 =
SO2[ ]⋅UV
AOD

P2 =
SO2[ ]⋅UV
AOD2

𝑃3= [𝑁𝑂2]/𝐴𝑂𝐷  𝑃4= [𝑆𝑂2]/𝐴𝑂𝐷  



Feedback: antropogenic vs. natural emissions 

Paasonen	et	al.,	Warming-induced	increase	in	aerosol	number	concentra6on	likely	to	moderate	climate	change,	Nature	Geoscience,	2013.	

“Our	results	confirm	a	nega6ve	feedback	mechanism	
between	the	con6nental	biosphere,	aerosols	and	climate:	
aerosol	cooling	effects	are	strengthened	by	rising	
biogenic	organic	vapour	emissions	in	response	to	
warming,	which	in	turn	enhance	condensa6on	on	
par6cles	and	their	growth	to	the	size	of	cloud	
condensa6on	nuclei.”		
“the	biogenic	contribu6on	of	B100	has	dis6nct	
consequences	for	the	outcomes	of	anthropogenic	
emission	abatement	policies,	poten6ally	reducing	the	
expected	climate	warming	impact	of	the	lowered	
anthropogenic	emissions”	

Observation of biogenic VOCs from space (HCHO, 
glyoxal) can help better understand SOA formation 
mechanisms  



• Wintertime aerosol concentrations show strongest 
correlations with NO2 throughout most of the Northern 
Hemisphere.  
• During summertime, AOT is often also correlated with 
enhanced HCHO  concentrations, reflecting the importance of 
secondary organic aerosol formation in that season.  
• We also find significant correlations between AOT and HCHO 
over biomass burning regions, the tropics in general, and over 
industrialized regions in southeastern Asia. Over the 
southeastern United States, we observe distinct summertime 
maxima in AOT and HCHO, and these can be attributed to 
biogenic emissions of volatile organic compounds leading to 
the formation of formaldehyde and secondary organic aerosols. 

Satellite observations:  
• low AOT to NO2 ratios over the eastern United States and 
western Europe,  
• high AOT to NO2 ratios over comparably industrialized 
regions in eastern Europe and China.  
We propose that satellite-inferred AOT to NO2 ratios for 
regions with comparable photochemical regimes can be used as 
indicators for the relative regional pollution control of 
combustion processes. 
 
Veefkind et al. (2011) 
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Relation between aerosols and short-lived trace gases 



28.9-1.10, 2015 Precursors: CCI Collocation, Frascati 9 

Relation between AOD, Land Surface 
Temperature (LST) and NO2 

SE USA: Strong differences between 2004-2008 
(used in earlier studies) and later years 
Tero Mielonen, LP fellow (work in progress): ITICA 

Lamsal et al., 2015 
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NOx emissions in China cancel O3 improvements USA 
Policy-driven domestic emissions reductions 
decrease free-tropospheric O3 over the 
western US, but the effect is offset by 
changes in STE combined with increasing 
long-range inflow of O3 and its precursors 
from China. This Chinese export offsets 43% 
of a nominal 0.07 DU/yr domestic O3 
reduction, suggesting that air quality and 
regional climate change mitigation policies 
could eventually have limited impact if not 
considered in a global context, at least for 
free tropospheric O3 and its precursors. 
 
Key in this study was the OMI NO2 
observations needed to capture the O3 
changes observed by TES and to update NOx 
emissions in TM5. 
 
W. Verstraeten et al., NGEO, 2015 
VIDI-project Boersma, WUR/KNMI 
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Emissions: bottom-up vs top-down inventories 

Inverse modeling with up-to-date 
observational information, e.g. from 
satellite data, provides information in 
fast changing environments 
 
(ESA DUE Globemission project: 
Mijling, KNMI) 
 



OMI SO2 data set 
• New data set (Theys et al., 2015) of BIRA-IASB for OMI, time span 2005-2014 

Multi-annual averages:  



OMI SO2 over China 
• Filtered and gridded to monthly means (1/8 degree 
resolution) 
• Linear fit of SO2 over the years 2005-2014 



WP2 
satellite 

data 

Emission 
estimates of 

aerosols 

(FMI) D3.2 
(7.5 PM) 

Emission 
estimates of 
VOCs (BIRA-

IASB) D3.3  
(22.7 PM)  

SO2 emission 
estimates 

D3.4 (3 PM) 

Anthropogenic 
emissions 

(DUTH)  
D3.5 (10 PM) 

Emission esti-
mates of NOx 

and SO2 (KNMI) 
D3.1  (9.4 PM) WP3 



GOME-2 HCHO July 2010 Optimized columns   IMAGESv2 HCHO  

1015 molec.cm-2 

2.  Top-down isoprene fluxes (IMAGES + HCHO obs + adjoint inv.)  

OMI HCHO 



T3.3. Emission estimates of VOCs (BIRA-IASB) 

1.  Historical biogenic emission inventory for China based on MEGAN & 
canopy environment model à emission trends due to warming climate, 
changes in solar radiation, land use changes, 1979-2012 

v  Main drivers : warming rates & 
radiation trends 

 Mean trend over China 5.2%/dec. 
Trend of 10-30%/dec.  in NE China  

Annual % 
isoprene trend  



Importance of precursor gases 
•  Necessary to understand changes/trends in ozone and aerosols.  
•  They tell us about trends in pollution and whether policies are 

effective (USA, EU, now also China) 
•  Test/evaluate and improve CTMs and climate models 
•  Feedback and competition between natural / anthropogenic 

emissions  
•  Biogeochemical cycles 
•  Emission estimates 
•  N and S deposition estimates 
•  Inform epidemiologists 
•  Very powerful for outreach! SO2 plume map or NO2 maps are 

easy to understand. 
•  Troposheric chemistry 
•  AQ and health effects 
•  NO2 warming effect 
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Precursors needed  
and availability from space 
• GCOS:  

• NO2, SO2, HCHO, CO 
• Also needed: 

• CH4, NH3 
• UV radiation (or actinic flux) 
• AOD and aerosol profile info 

• Derived:  
• NMHC, (HCHO precursors, such 
as isoprenes, monoterpenes ,…), 
in general low-volatile HC   

Stavrakou et al., NGEO, 2011 

Instruments: 
•  OMI, TROPOMI 
•  GOME-2, SCIAMACHY, GOME 
•  IASI 
•  TES 


