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Why is ozone pollution persisting in Europe

despite stringent controls on regional precursor emissions?

Observations (June-August)
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Changes in surface ozone distribution in Europe
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 Little change btw 1990-2000 and despite precursor emission controls

» Substantial upward shifts during the historic heatwaves and drought of July 1994,
August 2003, and July 2006, with events above the EU target (D60) double to triple
the long-term average exceedances
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How does ozone air quality respond to hot and dry spells?

Air stagnation conducive
to pollutant accumulation

4. Reduced removal by
drought- stressed vegetation

Human activity Land-Biosphere

- The impacts of drought-stressed vegetation are poorly understood

- The widely used Wesely deposition scheme does not account for these factors



Interactive dry deposition scheme in GFDL models

- Atmospheric Chemistry & Climate
(e.g., Turbulence, CO,, T, light, water availability ...)

Ra

Feedbacks

Cropland

* Incorporated into GFDL’s dynamic vegetation land models [Shevliakova et al., 2009; Paulot et al., 2018]
- Stomatal deposition responds mechanistically to photosynthesis (A,), soil water
availability (¢,,), vapor pressure deficit (D;), and atmos. CO, concentration (C)).
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Read Lin M. et al. (Global Biogeochemical Cycles, 2019) for more model details
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Observed and modeled reductions in O; removal by forests

during droud
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Soil drying in Europe over the last four decades

Europe annual soil moisture anomalies 1979-2019

! | 1 ! | I 1 1 I I | ! I | ! ! | ! ! 1 ! ! L 1 I ! L | L 1 1 !

1982 1986 1990 1994 1998 2002 2006 2010 2014 2018
Data source: ERAS Reference period: 1981-2010

European State of Climate 2019




Declining ozone removal by drought-stressed vegetation

over the last four decades
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Declining ozone removal due to stomatal closure under soil

drying as opposed to land use changes
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Impacts of interactive dry deposition on surface air quality

Hohenpeissenberg, Germany
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Reduced ozone removal by drought-stressed vegetation

worsens the most severe ozone pollution episodes

Europe (118 EMEP sites, 40°- 55°N)
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« Accounting for vegetation feedbacks (IAVDEPV) leads to a three-fold increase
in high-O; events above 80 ppb (D80), in good agreements with OBS.

Lin M. et al. (Nature Climate Change, 2020)
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Marked reductions in O; removal by vegetation during N.
America’s historic heatwave/drought of 2012
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Read Lin M. et al. (Global Biogeochemical Cycles, 2019) for more details



https://www.gfdl.noaa.gov/wp-content/uploads/2020/02/Lin_et_al-2019-Global_Biogeochemical_Cycles_FINAL.pdf

Large interannual variability of ozone V4 in the semi-arid,

highly polluted central eastern China

Interannual variability of June-August
daytime mean ozone V4 over natural

and secondary vegetation in GFDL
LM4.0 over the last 35 years (1980-
2014) expressed as the relative
standard deviation (top) and the ratios of
maximum and minimum values (bottom)

Monthly mean V o5 for the
highest years is two to three
times that of the lowest, with
significant implications for ozone
air pollution extremes in this
region
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Read Lin M. et al. (Global Biogeochemical Cycles, 2019) for more details


https://www.gfdl.noaa.gov/wp-content/uploads/2020/02/Lin_et_al-2019-Global_Biogeochemical_Cycles_FINAL.pdf

TAKE-HOME MESSAGES

Climate Penalty

Reality

Target

Accounting for land-biosphere feedbacks during drought is central to determining
extreme pollution events in Europe and other midlatitude populated regions.

The ozone climate penalty may be significantly larger than estimated by current
generation CCMs since these models typically do not include the drought-

vegetation feedbacks.

As hot and dry summers are expected to increase over the coming decades,
effective emissions policies must consider the drought-vegetation feedbacks

Lin M. et al. (Nature Climate Change, 2020)
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Bonus slides for model evaluation



Observed versus modelled ozone dry deposition velocities (V, o3)
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Observations are compiled at 41 locations from 26 literature sources published during 1990-2018.
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Reduced O; deposition over forests in Mediterranean summer climate
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Reduced O; deposition over crops in Mediterranean summer climate
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Observations:
Coyle et al. (2009)
Stella et al. (2011)



Ozone deposition over tropical forests during wet vs. dry season
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