
Tropospheric Ozone in the North Atlantic: Comparison 

of UKCA and remote sensing observations for 2005-2018

KEY QUESTIONS:

• What is the observed seasonal, interannual and decadal variability of

tropospheric ozone in the North Atlantic region?

• How well can UM-UKCA reproduce the key characteristics of ozone (what 

are the reasons for model biases)?

• What drives variability of tropospheric ozone in the North Atlantic?



Seasonal variability:

(surf-tropopause)

Decadal variability:

(surf-tropopause)

Interannual variability: role of AO/NAO



Key findings for tropospheric ozone in the North Atlantic:

● The observed and modelled seasonal cycles show a broad maximum in Spring/Summer. This is consistent with 

the two major sources of tropospheric ozone: transport from the stratosphere (with a maximum in Spring) 

and photochemical production from ozone precursors’ emissions (with a maximum in Summer).  

● UKCA overestimates tropospheric ozone column in the tropical part of the domain. Use of OMI data in 

conjunction with OMI-MLS data shows that this is the result of a large bias in the tropical upper troposphere.

● The tropical upper troposphere bias can be linked to the parameterised emissions of NOx from lightning. This 

is supported by sensitivity experiments and comparison with LIS-OTD observations of lightning flashes.

● The Arctic Oscillation and North Atlantic Oscillation modulate the distribution of north atlantic ozone in the 

winter months. Use of a stratospheric ozone tracer in UKCA suggests that this is due to a shift in the location

of stratosphere to troposphere transport of ozone associated to different phases of the AO and NAO.

● Observed tropospheric ozone trends in the North Atlantic for 2005-2018 are ~5-10% (consistent with 

previous studies); however, UKCA trends are close to zero. This discrepancy could be due to different 

modelled and observed trends in lower stratospheric ozone, and consequently differences in ozone 

transported from the stratosphere.



Poster slides



Tropospheric ozone

Sources:

1) photochemical oxidation of volatile organic 

compounds (VOC) in the presence of nitrogen 

oxides (NOx)

2) Stratosphere to troposphere transport (STT), 

larger at mid-latitudes in Spring

Sinks:

1) photolysis in the presence of H2O

2) dry deposition at the surface (plant, water, soil)

Observations: monthly gridded datasets

● OMI-MLS tropospheric column ozone (TCO); 2005-2018. (Ziemke et al. 2006)

● OMI ozone layers: surf-450hPa (LTCO), 450-170hPa, 170-50hPa; 2005-2018. (Siddans personal comm.)

Model integrations

● UKCA vn11.5 constrained by ERA-Interim

● Typical climate resolution (1.875o x 1.25o, or ~150km), 

85 vertical levels with model top at 80km

● Emissions of short lived gases from inventory used in 

CMIP6 (historical + SSP3-7.0)

● Interactive emissions of isoprene from vegetation and 

NOx from lightning (LiNOx)



Seasonality of tropospheric ozone in the North Atlantic

Good agreement between observed and modelled

seasonal cycle of tropospheric ozone.

• Broad maximum in Spring and Summer

• Smaller seasonal amplitude for lower 

troposphere compared to full troposphere

• Modelled TCO has a maximum over northern

Africa and a positive bias in the tropical North 

Atlantic compared to observations

• Modelled LTCO has a meridional gradient with 

higher ozone values at northern mid latitudes

(surf-tropopause)



Impact of transport on interannual variability of ozone

OMI-MLS TCO (and to a smaller extent OMI LTCO) show a significant correlation to AO and NAO index in the 

winter months  

UKCA TCO also correlate to AO/NAO in winter months, but shows a different geographical pattern

However, a tracer in UKCA, representing ozone transported from the stratosphere, has a very similar pattern of

correlation to OMI-MLS. This suggests that the observed correlation pattern between tropospheric ozone and 

AO/NAO is driven by the difference in stratospheric transport linked to different phases of the AO/NAO



Tropospheric ozone trends

• Observed tropospheric ozone trends are ~5-10% per 

decade).

• Uncertainty range of trends from different satellite platform

is large (Gaudel et al. 2018) 

• For both observed ozone datasets, trends are consistent in

sign and magnitude in the tropics

• UKCA trends are smaller than observed

(surf-tropopause)



What drives UKCA tropospheric ozone trends in the NA?

SOURCE

LiNOx emissions Tg(N)/yr

Isoprene emissions Tg/yr

NOx emissions Tg(N)/yr

O3 from STT DU/yr

TREND %

NA NH Tropics

0 0 0

0 0 0

- 10 % + 10 % + 15 %

- 3 % - 3 % - 6 %

TREND %

NA NH Tropics

0 0 0

- 10 % - 8 % - 9 %

- 25 % 0 + 10 %

0 0 0

TREND %

NA NH Tropics

0 0 + 17%

- 5 % 0 + 14 %

0 + 4 % + 20 %

+ 6 % + 6 % + 5 %

1992-2018: three different trends 1992-2001: positive trend 1998-2006: negative trend 2005-2018: zero trend

NH: 2.1 ± 0.7               Tropics: 2.8 ± 0.8  NH: -0.8 ± 0.7            Tropics: -1.3 ± 0.9  NH: -0.1 ± 0.4            Tropics: -0.5 ± 0.6  

R between TCO(NA) - LiNOx R between TCO(NA) - isoprene R between TCO(NA) - NOx R between TCO(NA) – O3 from STT

(NA) (NH) (Tropics) (NA) (NH) (Tropics) (NA) (NH) (Tropics) (NA) (NH) (Tropics)

0.15 0.40 0.72 0.01 0.13 0.50 -0.12 0.39 0.35 0.77 0.76 0.62



Seasonal ozone trends in the lower stratosphere (2005-2018)

Observed ozone in the 

lower stratosphere shows 

large positive trends in 

regions and season where 

STT occurs (black boxes). 

This would lead to 

positive trends in ozone 

transported from the 

stratosphere

In contrast, modelled 

ozone does not have 

positive ozone trends in 

the same regions and

seasons, leading to zero 

trend in ozone 

transported from the 

stratosphere



Conclusions

● UKCA captures the seasonal variability of tropospheric ozone in the North Atlantic

● UKCA overestimates tropospheric ozone column in the tropics. This is attributed to a large bias in the tropical 

upper troposphere and a small bias in the tropical lower troposphere

● Although not shown here, the tropical upper troposphere bias can be linked to the parameterised emissions of

NOx from lightning. This is supported by sensitivity experiments and comparison with LIS-OTD observations

● Observed tropospheric ozone trends in the North Atlantic are relatively small for 2005-2018 (5-10%) 

● UKCA underestimates observed ozone trends for 2005-2018. Possible causes include underestimate of 

isoprene emission trends, underestimate of LiNOx emission trends, underestimate of mid latitude lower 

stratospheric ozone trends in the Spring hemisphere.


