Yj{ !

q~The ‘global importance
deforestatlon as an

MSCA Postdoc at IQF-CSIC (Spa/n)
tﬁ{_gygo us[y at M T (USA)

MIT INSTITUTE FOR DATA,
SYSTEMS, AND SOCIETY

- .'dl . 5§ I:_ E -. % L
INSTITUTODE '~ = g »
QUlMlCA Fisica -~
BLAS CABRERA ey - ]1 \ y

s, | o Co-funded by ff" |
- i 0 o i.'
Swiss National - w - the European Un ] "K"

Science Foundation

* #

https://www.dw. com/en/brazil—amazon-deforestati.on-hétg_-ﬁ-ew-high/aﬁl 717387 © picture allianceldpalZUMA Press Wire
y ™y " . = . =




Acknowledgements

e Funding for this project: SNSF EarlyPostdoc.Mobility grant (P2EZP2_195424) and US NSF (#1924148)
e Current funding: Horizon Europe Marie Sktodowska Curie Postdoc Fellowship (#101103544)

e Thanks to all researchers involved in collection of public atmospheric Hg measurement datasets
(Environment and Climate Change Canada, NADP Atmospheric Mercury Network, European Monitoring
and Evaluation Program, GMOS, Ministry of Environment Japan, Ministry of Environment Taiwan, [ISD
Experimental Lakes Area, Defra, UKEAP, NERC, NOAA, EPA) and vegetation uptake fluxes

e Thanks to all colleagues at MIT and collaborators that made this work possible!

-

I—I_'Swiss National ) [
Science Foundation

Martin Jiskra Jagannath

T C S l C
a CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS
! g\ INSTITUTO DE
Thandolwethu Pasquale Viral Shah 110 13 auimica Fisica
Dlamini Borrelli BLAS CABRERA I

the European Union



What image do we associate with mercury?
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Forests play a crucial role in the global mercury cycle



New measurements have led to reevaluation of vegetation sink

Recent literature shows that vegetation uptake of Hg® accounts
for ~30% of total atmospheric sink, 60—-90% of soil Hg source
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Newly recognized (past decade or so) importance of land sink
thanks to field measurements and isotopic analysis



Terrestrial biosphere is an important sink of atmospheric mercury

Troposphere Hg

Disc rded Hg to
land and water

39( .000

Storage on land reduces amount of Hg entering the marine food chain

In soils: Hg is generally less mobile & less methylated than in ocean

(Amos et al., 2013; Gerson et al., 2022; Zhang et al., 2020)
Sonke et al., Ambio (2023) 5



Ensuring that the GEOS-Chem atmospheric model captures importance of vegetation

Study published: Feinberg et al., Environ. Sci. Process. Impacts (2022): “Evaluating atmospheric mercury (Hg) uptake by vegetation in a
chemistry-transport model” doi: 10.1039/D2EMO0032F
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GEOS-Chem Hg model:
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Direct measurements of Hg® uptake by forests

Biomass balance approach
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Revised model improves agreement with atmospheric Hg observations

Global dry deposition of Hg? = 2276 Mg yr!

Evaluated with:

e 93 forest measurements of
ecosystem exchange (flux tower),
litterfall, and throughfall

* Atmospheric Hg measurements from
ECCC, EMEP, AMNet, GMOS, and
LAPAN networks
(Travnikov et al., 2017; AMAP/UNEP,

20 30 40

0Hg0 ameposition (ug M2 yr1) 2018; Sprovieri et al., 2016; Koenig et
al., 2021;Quant, 2021)

Agrees with other recent estimates
(2000-3000 Mg yr?)

(Chen et al., 2024; Yuan et al. 2023; Zhou and Obrist, 2021)



Humans perturb land sink through land use and climate change

Land use and land cover change (LULCC) Climate change and other factors

(de)forestation, wood harvest, crop cultivation, irrigation growing season length, wildfires, drought,
storms, permafrost thaw, CO, fertilization,

(a) Anthropogenic global CO, emissions ) .
nitrogen deposition
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For CO,: land use change is 13% of total anthropogenic emissions (IPCC)

Minamata Convention on Mercury does not address land use change,

IPCC, ARG, WG Chs (2021) role in Hg budget is unknown 9



Which Hg fluxes are affected by deforestation?

Reduced atmospheric uptake of Hg° Increased Hg

Fostier et al. (2015), Zhou et al. rEdUCtion in SO“S,
(2021), Gerson et al. (2022) Hgo emiSSionS

Biomass burning
emissions

2020.08.09

>

Magarelli and Fostier (2005), Carpi

Veiga et al. (1994), Michelazzo et
al. (2010), McLagan et al. (2021)

et al. (2014), Eckley et al. (2021)

Increased soil
erosion

Enhanced Hg
methylation (?)

. Credit: Matthew Finer (MAAP) produced video with Planet satellite data

Finer M, Villa L (2021) Amazon Fire Tracker 2021: Brazilian Amazon Fire Season Intensifies. MAAP.
Roulet et al. (1999), Eckley et al. (2018), Garcia and Carignan (1999), Eklof
Adler Miserendino et al. (2018) et al. (2014), Bishop et al. (2020)

Now with 3-D atmospheric models, can analyze combined effect and Hg fate 10



Apply improved model to study impacts of deforestation on Hg

Study published: Feinberg et al., Environ. Sci. Technol. (2024): “Deforestation as an Anthropogenic
Driver of Mercury Pollution”, doi: 10.1021/acs.est.3c07851

Goal: Estimate net atmospheric fluxes driven by deforestation
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https://doi.org/10.1021/acs.est.3c07851

GEOS-Chem model agrees with measurements of Hg deforestation impacts

Comparison with total land-atmosphere flux changes
Good agreement Need more measurement data! Region definitions
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GEOS-Chem model ®
Amazon refs (see caption)
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Feinberg et al., Environ. Sci. Technol. (2024), doi: 10.1021/acs.est.3c07851 12



https://doi.org/10.1021/acs.est.3c07851

Estimating impact of global deforestation on atmospheric Hg fluxes

Goal: Estimate net atmospheric fluxes driven by deforestation

Regional
emission factors X
(EFs) due to
deforestation

il

Deforested aea over 45 years (1970-2014) Global deforestation emissions
from CMIP6 LUH2 dataset (Hurtt et al., 2020) in 2015

Feinberg et al., Environ. Sci. Technol. (2024), doi: 10.1021/acs.est.3c07851 13
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Global atmospheric Hg emissions due to deforestation are substantial

Ratio with primary anthropogenic

2015 country-level emissions b emiss

0.001 0.01 0.05 0.1 025 0.5 0.75 1 1.5 2
Hg deforestation emissions (Mg yr?) Ratio of deforestation:primary emissions

* Net deforestation emissions are 217 Mg yr?! (134-1650 Mg yrt) in 2015
= 10% of primary anthropogenic emissions of Hg, 2222 Mg yr! (UNEP/AMAP inventory)

* For (sub)tropical countries (e.g., in Africa), deforestation is up to 10—-230% of primary emissions

How will these deforestation emissions vary in future with policy choices?
Feinberg et al., Environ. Sci. Technol. (2024), doi: 10.1021/acs.est.3c07851 14
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Impact of conservation and reforestation policies on Hg fluxes

Amazon deforestation scenarios
Historical 2003 (HIST)  Business as Usual 2050 (BAU)

Governance 2050 (GOV) Full Savannization (SAV)

Forest Loss Non-Forest

Forest

Soares-Filho et al., Nature (2006)

Global reforestation scenario
Potential for conversion to forest for areas where
forests are native, without converting croplands

Reforestation Potential

02 0.4 06 08
Fraction of additional forest area

Griscom et al., PNAS (2017)
Run scenarios in GEOS-Chem model,
evaluate impact on Hg fluxes
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Deforestation increases Hg inputs to ocean, risks for fish consumption

Business as Usual (BAU) Governance (GOV) Savannization (SAV)

, ——
-10* —10° —10° 0 10¢ 10° 10° 10¢ 107 10"
Surface-atmosphere exchange More net change from HIST in surface-atmosphere exchange More net
(kg yr™) deposition (kg yr™) emissions

108 Mg yr! additional Hg deposits to ocean in Business as Usual scenario

92 Mg yr! net emissions avoided by improved conservation (GOV vs. BAU)
Feinberg et al., Environ. Sci. Technol. (2024), doi: 10.1021/acs.est.3c07851 16



https://doi.org/10.1021/acs.est.3c07851

Reforestation impact on surface-atmosphere exchange of Hg

More net -l — o  Less net
deposition —-10% -10°3 —10? 0 102 103 104 deposition
Reforestation change in surface-atmosphere exchange (kg yr—1!)

Reforestation reduces Hg inputs to the ocean by 98 Mg yr! (~*5% of anthropogenic emissions)
Mainly driven by enhanced uptake of Hg® in tropical forests

Feinberg et al., Environ. Sci. Technol. (2024), doi: 10.1021/acs.est.3c07851 17
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Like in CO, case, reducing primary emissions is paramount; however, land use policy

is an overlooked lever in the Hg cycle

a Global Hg emissions

Primary anthropogenic emissions for 2015

Net emissions in 2015 from 1970-2014 deforestation |

0 500 1000 1500 2000 2500
Emissions (Mg yr=1)

b Policy impacts on net atmospheric Hg fluxes

Amazon conservation by 2050 : .
Land use scenarios

Global reforestation scenario !

China air pollution control 2013-2017

US Mercury and Air Toxics Standards (MATS) 2010-2017 Past policy impacts

Canada Risk Management Strategy for Mercury 2007-2017
Global reduction of 50% of emissions at 50% ASGM sites
China implementation of Minamata + stringent climate policy by 2030 Other policy scenarios

European decarbonization of energy system by 2050

0 100 200 300 400
. . . -1
Feinberg et al., Environ. Sci. Technol. (2024), doi: 10.1021/acs.est.3c07851 Emissions reductions (Mg yr™)

Hg emission policy assessments from: Liu et al., 2019; EPA; 2019; Environment and Climate Change Canada, 2020; Bruno et al., 2022;
Mulvaney et al., 2020; Rafaj et al., 2014 18
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How has land sink affected recent trends in atmospheric Hg®?

Trend in land carbon sink
61 Net sink

Land sink

Source \(g\

Deforestation
emissions
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“Global greening”
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and N deposition)

CO, Flux (GtC yr™")
[\ ]
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Jiskra et al. (2018): using carbon ratio, estimate Hg sink grew | | ] ,
+140 Mg yr! from 1990 to 2010 190 0 e 2% 2020
Friedlingstein et al., Earth Syst. Sci. Data (2023)
Could land sink play a role in why atmospheric Hg® (5) East N America
concentrations are declining? 2,58 (S R THE WDUD MOEH N
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Our analysis suggests minor driver (talk: Fri Session 31) £ 501 . \
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Feinberg et al. preprint (2024), doi: 10.31223/X5B38K19
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Just the start of investigating impacts of global change on Hg land sink...

Hg uptake by vegetation Enhanced CO, inhibits the Vegetation sequesters atmospheric
suppressed by drought stomatal uptake of Hg° HgC in glacier retreat areas
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Wohlgemuth et al., Global Yuan et al., Nature Commun. (2024) Wang et al., Proc. Natl. Acad. Sci. (2020)

Biogeochem. Cycles (2023)

Still much to learn, demands close collaboration between modelers and experimentalists across the globe! ,,



Outlook on research on global change and Hg land sink

Deforestation emissions of Hg are substantial and may grow in the future,
highlighting importance to account for them in inventories and policy

Future research needs

e Better accounting of the historical and future Hg fluxes from land use change

e More measurements of Hg stocks and fluxes in areas where deforestation is
occurring (especially (sub)-tropical Africa, Southeast Asia)

e Observations to understand timescales of Hg fluxes during deforestation and
regrowth of vegetation

e Development of terrestrial and Earth System models to capture how Hg land
sink will change in the future
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