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Table	1.1:	Overview	of	the	trace	gas	species	and	aerosol	aspects	discussed	in	this	CAMS	near-real	time	
validation	report.	Shown	are	the	datasets	assimilated	in	the	CAMS	analysis	(second	column)	and	the	datasets	
used	for	validation,	as	shown	in	this	report	(third	column).	Green	colors	indicate	that	substantial	data	is	
available	to	either	constrain	the	species	in	the	analysis,	or	substantial	data	is	available	to	assess	the	quality	of	
the	analysis.	Yellow	boxes	indicate	that	measurements	are	available,	but	that	the	impact	on	the	analysis	is	
not	very	strong	or	indirect	(second	column),	or	that	only	certain	aspects	are	validated	(third	column).	

Species,		
vertical	range	

Assimilation	 Validation	

Aerosol,		
optical	properties	

MODIS	Aqua/Terra	AOD	
PMAp	AOD	 	

AOD,	Ångström:	AERONET,	GAW,	Skynet,	
MISR,	OMI,	lidar,	ceilometer	

Aerosol	mass	
(PM10,	PM2.5)	

MODIS	Aqua/Terra	 European	AirBase	stations	

O3,		
stratosphere	

MLS,	GOME-2A,	GOME-2B,	OMI,	
SBUV-2,	OMPS	

Sonde,	lidar,	MWR,	FTIR,	OMPS,	ACE-FTS,	
OSIRIS,	BASCOE	and	MSR	analyses	

O3,		
UT/LS	

MLS	 IAGOS,	ozone	sonde	

O3,		
free	troposphere	

Indirectly	constrained	by	limb	and	
nadir	sounders	

IAGOS,	ozone	sonde	

O3,		
PBL	/	surface	

-	 Surface	ozone:	WMO/GAW,	NOAA/ESRL-
GMD,	AIRBASE	

CO,	
UT/LS	

IASI,	MOPITT	 IAGOS	

CO,		
free	troposphere	

IASI,	MOPITT	 IAGOS,	MOPITT,	IASI,	TCCON		

CO,		
PBL	/	surface	

IASI,	MOPITT	 Surface	CO:	WMO/GAW,	NOAA/ESRL	

NO2,		
troposphere	

OMI,	partially	constrained	due	to	
short	lifetime	

SCIAMACHY,	GOME-2,	MAX-DOAS	

HCHO	
	

-	 GOME-2,	MAX-DOAS	

SO2	
	

GOME-2A,	GOME-2B		(Volcanic	
eruptions)	

-	

Stratosphere,		
other	than	O3	

-	 NO2	column	only:	
SCIAMACHY,	GOME-2	

CO2,	surface,	PBL	 	 ICOS	

CO2,	column	 	 TCCON	

CH4,	surface,	PBL	 	 ICOS	

CH4,	column	 	 TCCON	
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Global	CAMS	forecast	validation	report:		
Published	every	3	months	
Last	available	report	DJF	2018	  
(published	1	June	2018)		

Why	3-monthly	?	
The	CAMS	analysis/forecast	system	is	evolving,	 
about	2	updates	/	yr	
Up-to-date	validation	results			

Approach	
Compare	o-suite	and	control	run	against	
independent	observations
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Importance	of	IAGOS	for	CAMS	validation:		
Vertical	profile	information	
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Figure	3.2.4.	Selection	of	daily	profiles	for	ozone	from	IAGOS	(black)	and	the	two	NRT	runs	(o-suite:red,	

control:	blue)	over	West	Africa	during	December	2017	–	February	2018.	

ozone	 in	 the	 upper	 troposphere	 likely	 due	 to	 the	 intrusion	 of	 stratospheric	 air.	 At	 Seattle	 (26th	

January	 2018),	 the	 control	 run	 underestimates	 ozone	 in	 the	 UTLS,	 whereas	 the	 o-suite	

overestimates	O3	with	slightly	better	results	in	bias.	At	New	York	on	8
th	January	2018	the	observed	

tropopause	is	very	low,	this	not	detected	by	any	of	the	models.	At	San	Diego	on	5th	December	2017,	

the	peak	observed	near	5000	m	of	about	100	ppbv	is	related	to	the	transport	of	smoke	from	bush	

fires	in	Mexico.	
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Figure	4.2.4.	Profiles	of	CO	from	IAGOS	(black)	and	the	two	NRT	runs	over	North	America	during	December	
2017	–	February	2018.	

	
Figure	4.2.5:	Profiles	of	CO	from	IAGOS	(black)	and	the	two	NRT	over	India	during	December	2017	–	February	
2018.	
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Figure	3.3.2.7-b.	Profiles	of	CO	from	IAGOS	(black)	and	the	two	NRT	over	North	Eastern	Asia	during	the	
period	JJA	2017.	

3.3.3 Validation	against	FTIR	observations	from	the	NDACC	network	

In	this	section,	we	compare	the	CO	profiles	of	the	CAMS	models	with	FTIR	measurements	at	Maido	
(21°S,	55°E,	 i.e.	southern	tropics,	altitude	2.2km)	and	Lauder	(46°S,	169.7°E,	altitude	370m’.	These	
ground-based,	 remote-sensing	 instruments	are	sensitive	 to	 the	CO	abundance	 in	 the	 troposphere	
and	lower	stratosphere,	i.e.	between	the	surface	and	up	to	20	km	altitude.	Tropospheric	CO	profiles	
and	 columns	 are	 validated	 (up	 to	 10km).	 A	 description	 of	 the	 instruments	 and	 applied	
methodologies	can	be	found	at	http://nors.aeronomie.be.	

Table	 3.3.3.1	 and	 Fig.	 3.3.3.1	 show	 that	 the	 tropospheric	 columns	 of	 CO	 agree	well.	 The	 o-suite	
underestimates	CO	at	Lauder	with	values	around	2%,	which	is	within	the	measurements	uncertainty	
range	(6%).	At	Maido	the	o-suite	underestimates	the	CO	abundance	(approx.	-6%,	underestimation	
seems	to	decrease	in	time).	The	mean	uncertainty	on	these	measurements	is	5%,	so	the	observed	o-
suite	 biases	 are	 now	only	 slightly	 larger	 than	 the	measurement	 uncertainty).	During	 the	biomass	
burning	season	(SON)	the	control	is	slightly	closer	to	the	observed	concentrations.		

For	both	stations,	the	control	run	overestimates	the	background	CO	with	MBs	between	20%-30%,	
clearly	showing	the	positive	effect	of	assimilation.	
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Importance	of	IAGOS	for	CAMS	validation:		
Vertical	profile	information	
Operational,	with	real-time	data	delivery, 
Coverage:	Multiple	airplanes,	multiple	profiles	per	day	
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Figure	3.2.1.	Map	of	the	flights	(top)	and	the	visited	airports	(bottom)	during	the	period	December	2017	-	
February	2018,	by	the	IAGOS-equipped	aircraft.	The	size	of	the	plotting	circle	represents	the	number	of	
profiles	available.		

Fig.	3.2.3	also	shows	ozone	profiles	at	Frankfurt	on	29	December	2017	and	20	January	2018	with	a	
peak	 of	 about	 120	 ppbv	 in	 the	 UTLS	 around	 the	 altitude	 of	 7000	 m	 likely	 due	 to	 stratospheric	
intrusions.	 This	 peak	 is	 not	 reproduced	 by	 the	 models,	 and	 CAMS-global	 fails	 to	 determine	 the	
altitude	of	tropopause	which	is	found	at	an	altitude	close	to	the	observed	peak		

510	flights	in	3	months	time	(DJF	2018	report)
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Figure	3.2.1.	Map	of	the	flights	(top)	and	the	visited	airports	(bottom)	during	the	period	December	2017	-	
February	2018,	by	the	IAGOS-equipped	aircraft.	The	size	of	the	plotting	circle	represents	the	number	of	
profiles	available.		

Fig.	3.2.3	also	shows	ozone	profiles	at	Frankfurt	on	29	December	2017	and	20	January	2018	with	a	
peak	 of	 about	 120	 ppbv	 in	 the	 UTLS	 around	 the	 altitude	 of	 7000	 m	 likely	 due	 to	 stratospheric	
intrusions.	 This	 peak	 is	 not	 reproduced	 by	 the	 models,	 and	 CAMS-global	 fails	 to	 determine	 the	
altitude	of	tropopause	which	is	found	at	an	altitude	close	to	the	observed	peak		

61	airports	in	3	months	time	(DJF	2018	report)
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Importance	of	IAGOS	for	CAMS	validation:		
Vertical	profile	information	
Operational,	with	real-time	data	delivery, 
Multiple	airplanes,	multiple	profiles	per	day,	coverage	
Flights	to/from	Europe:	  
evaluation	regional	AQ	models	
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Figure	S4.	Daily	time	series	of	ozone	at	Frankfurt	for	the	period	September,	October,	November	2016.	The	
IAGOS	observations	are	in	black,	the	regional	ensemble	is	shown	in	red,	and	the	global	o-suite	is	shown	in	
green.	The	dashed	red	line	is	the	monthly	mean	of	the	observations	(MOZAIC)	over	the	period	2003-2012,	
the	black	dashed	line	shows	1	standard	deviation	from	the	monthly	mean	and	the	blue	dashed	line	shows	3	
standard	deviations	from	the	monthly	mean.	This	shows	that	the	high-ozone	episodes,	which	occurred	in	
September,	were	exceptional.	

Comparisons	 to	 ground	 based	 remote	 sensing	 MAX-DOAS	 retrievals	 at	 four	 different	 European	
stations	(see	Figure	S6)	show	that	mean	column	amounts	are	comparable	for	urban	stations.	For	the	
rural	background	station	OHP,	there	 is	a	negative	bias	compared	to	MAX-DOAS	for	the	ensemble,	
while	the	o-suite	performs	better	at	this	 location.	The	simulation	of	diurnal	cycles	of	tropospheric	
NO2	columns	are	dependent	on	the	location,	with	very	good	results	at	De	Bilt	and	moderate	results	
at	other	urban	stations	for	the	ensemble.	

2016
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Figure	5.6.	Profiles	of	ozone	from	IAGOS	at	Frankfurt	and	Paris		for	all	models.	The	MNMB	for	the	boundary	
layer	is	also	indicated.	

22%	for	MOCAGE	in	the	boundary	layer	on	16May.		In	the	free	troposphere	all	models	overestimate	
ozone.	 Figure	 5.7	 shows	 two	 profiles	 of	 ozone	 obtained	 at	 Athens	 where	 the	 models	 have	
overestimated	ozone	at	all	altitudes	with	MNMBs	up	to	26%.		
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Importance	of	IAGOS	for	CAMS	validation:		
Vertical	profile	information	
Operational,	with	real-time	data	delivery, 
Multiple	airplanes,	multiple	profiles	per	day,	coverage	
Flights	to/from	Europe:	  
evaluation	regional	AQ	models	
Long	time	series:	MOZAIC-IAGOS-CARIBIC 
Evaluation	of	the	CAMS	reanalysis	
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Figure	S.5.	Monthly	averaged	profiles	of	CO	over	Frankfurt.	The	CAMS	reanalysis	is	in	red,	the	MACC	
reanalysis	in	green	and	the	CAMS	control	in	blue.	The	solid	black	line	is	the	MOZAIC-IAGOS	observations	and	
the	dashed	black	line	shows	the	standard	deviation	of	the	observations.	

Compared	to	MOZAIC-IAGOS	aircraft	observations	the	CO	profile	shapes	are	in	good	agreement,	but	
the	concentrations	are	somewhat	smaller	than	observed,	see	Fig.	S.5.	The	negative	bias	is	largest	in	
the	 lower	 troposphere,	 but	 this	 bias	 has	 improved	 considerably	 as	 compared	 to	 the	 MACC	
reanalysis.			

CO	surface	mixing	ratios	are	slightly	underestimated	for	European	and	Asian	GAW	stations	(mean	
MNMBs	 -5%),	 whereas	 for	 North	 American	 stations	 and	 sites	 in	 the	 southern	 Hemisphere,	 an	
overestimation	 of	 surface	 CO	 with	 MNMBs	 of	 around	 10%	 (North	 America)	 and	 18%	 (Southern	
Hemisphere)	are	observed.	Correlation	coefficients	 for	European	stations	are	mostly	greater	 than	
0.7,	for	North	American	stations	mostly	greater	than	0.6,	and	for	stations	in	Asia	greater	than	0.8.			

Times	series	of	CO	total	columns	from	MOPITT	v6	and	v7	and	the	2003	-	2007	reanalysis	as	well	as	
the	control	run	over	eight	selected	regions	have	been	compared.	The	zonal	biases	observed	in	the	
control	run	are	efficiently	removed	in	the	reanalysis.	The	CO	total	column	seasonality	as	well	as	the	
magnitude	in	the	different	regions	is	in	general	well	reproduced	by	the	reanalysis	model,	with	the	
small	exception	of	Europe	and	US,	where	the	control	run	is	generally	in	better	agreement	with	the	
satellite	observations	than	the	reanalysis	run	(but	both	are	relatively	close).	
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Figure	4.4.1.	Time	series	of	the	monthly	differences	between	models	and	observations	for	ozone	during	the	
period	2003-2007	at	Frankfurt	from	IAGOS	(MOZAIC).	The	results	for	the	CAMS	reanalysis	are	presented	on	
the	top	panel,	for	associated	control	run	on	the	centre	panel,	and	for	the	MACC	reanalysis	on	the	bottom	
panel.	Units:	ppbv.	

Ozone	profile	CAMS-IAGOS

Reduced	CO	bias	wrt	MACC	reanalysis

CAMS	reanalysis	2003-2007
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Importance	of	IAGOS	for	CAMS	validation:		
Vertical	profile	information	
Operational,	with	real-time	data	delivery, 
Multiple	airplanes,	multiple	profiles	per	day,	coverage	
Flights	to/from	Europe:	  
evaluation	regional	AQ	models	
Long	time	series:	MOZAIC-IAGOS-CARIBIC 
Evaluation	of	the	CAMS	reanalysis	
CO,	ozone	are	key	species	targeted	by	CAMS  
Extensions	to	CO2,	CH4,	H2O,	NOx,	aerosol	
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The IAGOS NOx Instrument – Design, Operation and First 
Results from Deployment aboard Passenger Aircraft 
Florian Berkes1, Norbert Houben1, Ulrich Bundke1, Harald Franke2, Hans-Werner Pätz1, Franz Rohrer1, Andreas 
Wahner1, and Andreas Petzold1  

1 Forschungszentrum Jülich, IEK-8, Jülich, Germany 5 
2 Enviscope GmbH, Frankfurt, Germany 

Correspondence to: Florian Berkes (f.berkes@fz-juelich.de) 

Abstract  
We describe the nitrogen oxides instrument designed for the autonomous operation on board of passenger 

aircraft in the framework of the European Research Infrastructure IAGOS (In-service Aircraft for a Global 10 

Observing System, www.iagos.org). We demonstrate the performance of the instrument using data from two 

deployment periods aboard an A340-300 aircraft of Deutsche Lufthansa. The well-established 

chemiluminescence detection method is used to measure nitrogen monoxide (NO) and nitrogen oxides (NOx). 

NOx is measured using a photolytic converter, and nitrogen dioxide (NO2) is determined from the difference 

between NOx and NO. This technique allows to measure at high time resolution (4s) and high precision (2σ) in 15 

the low ppt range (NO of 24 ppt and NOx of 35 ppt) over different ambient temperature and ambient pressure 

altitude ranges (from surface pressure down to 190 hPa). The IAGOS NOx instrument is characterized for (1) 

calibration stability and total uncertainty (2) humidity and chemical interferences (e.g. ozone, HONO, PAN) and 

(3) inter-instrumental precision. We demonstrate that the IAGOS NOx instrument is a robust, fully automated, 

and long-term stable instrument suitable for unattended operation on airborne platforms, which provides useful 20 

measurements for future air quality studies and emission estimates.   
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Figure 13: Statistical vertical distribution of NO and NO2 (only at day time) of a,c) for NO and b,d) NO2 over 
Düsseldorf airport in summer (JJA) 2015. Note the different x-axis-scale. 
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