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Near-constant total global emissions of 49.3 £ 2.7 TgN

In the time since Aura launched, there has
been a dramatic redistribution of global
emissions.

How has tropospheric ozone responded to
these changes?

Miyazaki et al., in preparation




NO, Emissions Changes Since 2005

China!

- TES Global
[ Measurements
| 2005-2010

Miyazaki et al., in preparation
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Stability of TES Ozone Retrievals with Time

TES global measurements only
captured the first 6 years of these
emissions changes.

y=6.9-0.01x 464 hPa
r* < 0.003

However, the remarkable stability of the
TES ozone record with time allowed us
to use these measurements to quantify
and attribute the ozone changes over
those 6 years.

Verstraeten et al., 2013
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Drivers of Regional Tropospheric Ozone Changes
2005-2010

_ _ _ Half of the increase in mid-tropospheric ozone
Mid-tropospheric 0ZONe IS largely o over Eastern China from 2005-2010 can be
controlled by a combination of emissions, attributed to increasing NO, emissions, while
long-range transport, and downwarad the other half was associated with natural
transport from the stratosphere. variability in stratospheric transport.

Drivers of Regional Ozone Changes

MLS: Temporary increase in downward transport from the stratosphere partly due to 2009-2010 El Nino.
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Over the longer record, there is poor
agreement among satellite measurements of

Wl ] ozone with regard to both the total burden of
] tropospheric ozone and the change in the

burden with time.

difference from 2005 [%]

The differences are large even among
different retrievals from the same instrument.
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Jm What Drives Differences in Trends?

There are 3 likely sources of trend differences:
1. Changes in stability or retrieval quality with time
2. Changes in sampling with time

Boynard et al., 2018
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IASI-FORLI differences with respect to ozonesondes increase from 2011 onward despite
remarkable stability of the total ozone column. Other products include drift corrections, e.g. a
-0.5 DU/decade correction was applied to OMI/MLS based on analysis showing a small row

anomaly flagging error in the total ozone product.

3. Differences in vertical
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Ozone Trend Science Computing with MUSES Processing and Development System
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The Backbone of the Atmospheric Composition Observing
System

Geo-CAPE, TEMPO

Bowman, 2013

The LEO instruments form the backbone of the upcoming atmospheric
composition constellation, helping to tie together geostationary observations




el A Merged Long-Term Ozone Dataset — TES+IASI-TOE

Difference Between TES and IASI-TOE

TES Legacy #2: Developing methodology 70 . ——
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TES Legacy #3: Pioneering the
development of multispectral
retrievals of ozone

Fu et al. (2013) generated the first UV-
TIR multispectral retrievals of ozone by
combining radiances from TES and
OMI. The retrievals have better vertical
resolution and more sensitivity to the
lowest 3 km of the atmosphere than
those from either instrument alone.
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Multi-Spectral Observations Provide Improved Vertical
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Building and Comparing Multiple Records of Tropospheric
Ozone

TES-IASI and AIRS{OMI Ozone over East Asia 681-316 hPa

. AIRS/OMI ozone is highly consistent with
TES SO the TES+IASI-TOE record over the
A }"L‘ / ﬂ}( A/( ! h Western US but appears to be biased low
J,V with respect to TES+IASI-TOE over East
Asia. There is no indication of a positive
s B W BE W9 md mE e B trend in FT ozone over East Asia, Western
TESIAS| and AIRS/OMI Ozone over Western US 681-316 hPa US, or Europe in any of the records.
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Using Chemistry Reanalyses to Evaluate and Understand
Ozone Records

NASA

S I

Relationship Between 0-3 km and
- Surface Ozone Over Europe

TES Legacy #4. Exploring synergistic applications of
data assimilation and measurements

y=1.6"x-40
R=0.75

Ground-based and ozonesonde networks are sparse,
particularly in developing regions. Tropospheric
chemistry reanalyses can help bridge the spatio-
temporal gap between those measurements and

satellite data.
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Nitrogen and VOC Species Help Us Attribute Ozone
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There is tremendous potential for an entire suite of
ozone-related trace gases from IR and multispectral
retrievals, with daily or better global coverage given
enough computing power.




+ TES’s mission may be over, but we can exploit many of the approaches
pioneered by the TES team to quantify and understand changes in
tropospheric ozone based on the Program of Record

+ Because the current IR sounders have lower spectral resolution than
TES, achieving TES-like vertical resolution requires multispectral retrieval
techniques applied to combinations of IR and UV instruments

+ The lower noise levels and daily global coverage of the current IR
sounders, however, present exciting opportunities for retrieval of minor
species such as PAN, NH,, and isoprene.

+ Recent advances in tropospheric chemistry reanalyses mean that these
products provide a plentiful resource for understanding differences in
ozone trends from different satellites.

¢ TES was an Earth System sounder, and its legacy will echo through not
just composition, but also the science of the water, carbon, and nitrogen
cycles.




TOST (2003 zo1z) - OMI/MLS (zoos 2016)
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