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Tropospheric	Ozone	Assessment	Report	(TOAR)	
Global	metrics	for	climate	change,	human	health	and		
crop/ecosystem	research	

Mission:	
To	provide	the	research	community	with	an	up-to-date	scienHfic	assessment	of	tropospheric	
ozone’s	global	distribuHon	and	trends	from	the	surface	to	the	tropopause.		
	
Deliverables:	
1)		The	first	tropospheric	ozone	assessment	report	based	on	all	available	surface	observaHons,	

the	peer-reviewed	literature	and	new	analyses.	
2)		A	database	containing	ozone	exposure	metrics	at	thousands	of	measurement	sites	around	

the	world,	freely	accessible	for	research	on	the	global-scale	impact	of	ozone	on	climate,	
human	health	and	crop/ecosystem	producHvity.	

	

hTp://www.igacproject.org/ac;vi;es/TOAR	

	
	

Stakeholders:			



TOAR	members:			230+	scien;sts	from	36	na;ons,	represen;ng	research	on	all	7	con;nents	

	



TOAR Publications 





The TOAR Database 
As of March 2018: 
 
10989 O3 data series 
at 9791 stations 
 
The database is being 
expanded to include: 
 
NO2 
NO 
PM10 
CO 
Meteorological data, incl. 
COSMO reanalysis @ 6km 
… 



TOAR	Ozone	Metrics	
	
The	TOAR	database	contains	various	ozone	metrics	at	thousands	of	surface	sites	
around	the	world.		Some	key	metrics	are:	
	
Human	Health: 		

	-	Maximum	daily	8-hour	average	
	 	-	annual	number	of	8-hour	exceedances	above	70	ppb	
	
Vegeta;on:		 		

	-	CumulaHve	Exposure	Index:		W126	
	-	CumulaHve	Exposure	Index:		AOT40	
		

Climate	Change:	
	-	Monthly	means,	medians	and	various	percenHles	
	-	Monthly	and	seasonal	mean	verHcal	profiles:		

																	ozonesondes,	lidar,	MOZAIC/IAGOS	commercial	aircraZ	
	-	tropospheric	ozone	burden	or	columns	

																	OMI/MLS,	TES,	GOME/GOME2,	IASI,	ground-based	FTIR	instruments	









A	vector	indicates	the	linear	
trend	at	a	sta;on	for	the	
period	2000-2014.	
	
Warm	colors	indicate	
increasing	ozone	while	cool	
colors	indicate	decreasing	
ozone.	
	
The	legend	shows	the	p-Values	
on	the	linear	trends	associated	
with	each	vector,	as	indicated	
by	the	shading.	
	
StaHsHcally	significant	trends	at	
the	95%	confidence	interval	are	
shown	on	top	in	dark	red	and	
dark	blue.	
	
Medium	orange	and	blue	
provide	an	indicaHon	of	a	
trend.	
	
Light	orange	and	blue	provide	a	
weak	indicaHon	of	change.	
	
Green	indicates	weak	or	no	
change.	



In	collabora;on	with	Jason	West,	UNC	Chapel	Hill,	TOAR	metrics	are	
suppor;ng	NASA	HAQAST	research.	

a	manuscript	to	be	submi;ed	to	Global	Model	Development	



When	simula;ng	surface	
ozone,	6	different	
chemistry-climate	models	
differ	in	their	abili;es	to	
reproduce	the	
observa;ons	from	the	
TOAR	database.	
	
Ozone	metric:		annual	
peak	of	the	6-month	
mean	of	the	maximum	
daily	8-hour	average.	
	
This	metric	aligns	with	
the	ozone	metric	used	by	
Turner	et	al.	2016.	



The	ensemble	mean	of	the	6	models	produces	a	
smoothed	ozone	field	that	misses	the	peak	ozone	
values	in	many	regions.	Observed	

ozone	from	
the	TOAR	
database	

Fusing	the	observa;ons	with	the	most	accurate	
models	in	8	regions	of	the	globe	produces	a	new	
ozone	field	with	greater	accuracy	than	any	
individual	model.		



Next	steps:	
1)  Finish	the	two	remaining	papers	

and	submit	them	to	Elementa	
(TOAR-ObservaBons	and	TOAR-
Ozone	Budget)	

3)  Encourage	human	health,	ecosystem	
								and	climate	researchers	to	uHlize	the					
								database	for	their	impact	studies.	

2)  The	database	of	ozone	metrics	has	
								been	released	to	the	general	public	
	

All	metrics	and	figures	can	be	downloaded	from:	
haps://doi.pangaea.de/10.1594/PANGAEA.876108	





New	review	of	O3	pollu;on	in	
China	

Led	by	Tao	Wang	
Hong	Kong	Polytechnic	

	

Presently,	ozone	producHon	in	
Chinese	urban	areas	is	VOC	
limited.	

	

So	far,	recent	NOx	reducHons	at	
power	plants	have	had	no	
observable	impact	on	ozone	
polluHon.		

	

	



Yearly	distribuHons	of	MDA8	
ozone	at	Shangdianzi	

-	Shangdianzi	



Severe	surface	ozone	pollu;on	in	
China:	a	global	perspec;ve	
	
Xiao	Lu,	Jiayun	Hong,	Lin	Zhang,	Owen	R.	Cooper,	
MarHn	G.	Schultz,	Xiaobin	Xu,	Tao	Wang,	Meng	
Gao,	Yuanhong	Zhao,	Yuanhang	Zhang	
	
Manuscript	in-review	with	ES&T	Le;ers	

Figure	2.	Comparison	of	April-September	ozone	
metrics	(4MDA8,	NDGT70,	AVGMDA8,	AOT40)	
between	China	and	the	industrialized	regions	of	
Japan	and	Korea,	Europe,	and	the	US.	
	
Only	sites	with	at	least	3-years	of	measurements	
are	included.		
	
Values	inset	are	regional	mean	and	standard	
deviaHon	averaged	over	the	N	sites.		



Figure	3	from	Lu	et	al.,	2018	
	
EvoluHon	of	urban	surface	ozone	
polluHon	in	China	(red),	Japan	
(purple),	Europe	(orange),	and	US	
(blue)	from	1980	to	2017.		
	
Also	shown	are	the	ozone	Hme	
series	in	Beijing	(red)	and	Los	
Angeles	(blue).	
	
	Number	of	available	sites	is	shown	
in	the	parentheses.		


