
Tropospheric Ozone Assessment Report (TOAR): 
A community-wide effort to quantify tropospheric 
ozone in a rapidly changing world 

Mission: 
To provide the research community with an up-to-date scientific assessment of tropospheric 
ozone’s global distribution and trends from the surface to the tropopause.  
 
Deliverables: 
1)  The first tropospheric ozone assessment report based on the peer-reviewed literature and 

new analyses. 
2)  A database containing documented data on ozone exposure and dose metrics at hundreds 

of measurement sites around the world (urban and non-urban), freely accessible for 
research on the global-scale impact of ozone on climate, human health and crop/ecosystem 
productivity. 

Stakeholders:   

Global metrics for climate change, human health and  
crop/ecosystem research 
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Increase of daytime average ozone (nmol mol-1 yr-1) between 2000-2014 in 
winter of the Northern Hemisphere 

1374 non-urban sites in DJF 



1784 non-urban sites in JJA 

Decrease of daytime average ozone (nmol mol-1 yr-1) between 2000-2014 in 
summer of the Northern Hemisphere 



MAM SON 

Increase of daytime average ozone (nmol mol-1 yr-1) between 2000-2014 all 
seasons over East Asia 



Increase of nighttime ozone at 8 Northern Hemisphere mountaintop 
sites at all seasons 

Winter Spring 

Summer Autumn 



Increase of nighttime ozone at 8 Northern Hemisphere mountaintop 
sites at all seasons 

Winter Spring 

Summer Autumn 



Increase of nighttime ozone at WaLiGuan (China) at all seasons, 
especially in spring and autumn 

Winter Spring 

Summer Autumn 

WaLiGuan, China 



Decrease of nighttime ozone at 2 Northern Hemisphere mountaintop 
sites in spring, summer and autumn 

Winter Spring 

Summer Autumn 

Whiteface Mountain Summit, NY Summit, Greenland 



Increase of nighttime ozone for the 4 seasons at Mauna Loa where 
there is the longest record of ozone starting in 1973 

Winter Spring 

Summer Autumn 

Mauna Loa 



Mauna Loa 

Increase of nighttime ozone at Mauna Loa driven by dry air masses 
Impacted by emissions from Asia 

0.15 +/- 0.06 nmol mol-1 yr-1 0.17 +/- 0.22 nmol mol-1 yr-1 



Mauna Loa 

Increase of nighttime ozone at Mauna Loa driven by dry air masses 
Impacted by emissions from Asia 

High Altitude 

Low Altitude Mauna Loa, Hawaï 

China US 

Dry 
Moist 

0.15 +/- 0.06 nmol mol-1 yr-1 0.17 +/- 0.22 nmol mol-1 yr-1 

0.23 +/- 0.06 nmol mol-1 yr-1 0.11 +/- 0.06 nmol mol-1 yr-1 



Mauna Loa 

Increase of nighttime ozone at Mauna Loa driven by dry air masses 
Impacted by emissions from Asia 

High Altitude 

Low Altitude Mauna Loa, Hawaï 

China US 

Dry 
Moist 

From 2000s 

0.15 +/- 0.06 nmol mol-1 yr-1 0.17 +/- 0.22 nmol mol-1 yr-1 

0.23 +/- 0.06 nmol mol-1 yr-1 0.11 +/- 0.06 nmol mol-1 yr-1 

0.42 +/- 0.22 nmol mol-1 yr-1 0.11 +/- 0.20 nmol mol-1 yr-1 



Profiles of ozone over 2 sites in Western Europe: increase in winter 
and decrease in summer  

Sondes 

Commercial Aircraft IAGOS 

Lidar 
Winter Spring Summer Autumn 

ΔO3=3% ΔO3=-3% ΔO3=-3% ΔO3=-2% 

ΔO3=11% ΔO3=1% ΔO3=-2% ΔO3=5% 

- 1994-2004 
- 2005-2013 

- 1994-1999 
- 2009-2013 

O3 (nmol mol-1) 

O3 (nmol mol-1) 

OHP (South of France) 

Frankfurt (Germany) 



Commercial Aircraft IAGOS 

Lidar 

- 2000-2007 
- 2008-2015 

- 1994-2004 
- 2005-2013 

ΔO3=-9% ΔO3=0% ΔO3=7% ΔO3=-5% 

ΔO3=7% ΔO3=7% ΔO3=0% ΔO3=3% 

Winter Spring Summer Autumn 

O3 (nmol mol-1) 

O3 (nmol mol-1) 

Profiles of ozone over 2 sites in US: increase in winter and decrease 
in summer for Eastern US, decrease in winter and increase in 
summer for Western US 

Table Mountain (California) 

North East US (NY, Boston, Philadelphia, Washington) 



NE China/Korea 

SE Asia 

Soutern 
India 

- 1994-2004 
- 2005-2014 

Sondes 

Commercial Aircraft IAGOS 

Winter Spring Summer Autumn 

ΔO3=4% ΔO3=8% ΔO3=15% ΔO3=14% 

ΔO3=12% ΔO3=32% ΔO3=70% ΔO3=45% 

ΔO3=12% ΔO3=25% ΔO3=20% ΔO3=31% 

O3 (nmol mol-1) 

Profiles of ozone over 3 regions in Asia: increase for all seasons and 
regions 



Dobson 

FTIR 

Time series of tropospheric column 
ozone (TCO) from the ground 



Dobson 

FTIR 

Increase of tropospheric column 
ozone (TCO) over Mauna Loa 



Dobson 

FTIR 

Increase of tropospheric column 
ozone (TCO) over Lauder and Perth 
Decrease of TCO over Wollongong 



Dobson 

FTIR 

Decrease of 
tropospheric column 
ozone (TCO) over Kiruna 
(Sweden) 



Satellite 

Global tropospheric column ozone (TCO) using Satellite data 

UV-vis 



Satellite 

Global tropospheric column ozone (TCO) using Satellite data: discrepancies 

UV-vis 

IR 



Satellite 

UV-vis 

IR 

3 retrievals 
from OMI 

2 retrievals 
from IASI 

Global tropospheric column ozone (TCO) using Satellite data: discrepancies 



Number of products with statistically 
significant  
- positive (red) trend 
- negative (blue) trend  
in each 5° x 5° grid cell 

Global tropospheric column ozone (TCO) using Satellite data: agreement 



Number of products with statistically 
significant  
- positive (red) trend 
- negative (blue) trend  
in each 5° x 5° grid cell 

Very new exciting result: 
For the first time, the ozone 
burden for 2014-2016 has been 
calculated from 5 satellite 
products: 296 Tg, with a range of 
285-310 Tg, or ± 4%. 

Global tropospheric column ozone (TCO) using Satellite data: agreement 
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