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Measurement sites carry information about
unique production and loss processes
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We select sites predominantly impacted by
one surface exchange process

Dry deposition in Artisanal and small-scale Biomass burning
northeastern United gold mining (ASGM) emissions in northern
States emissions in Peru Australia

Harvard Forest, USA Chacaltaya, Bolivia Gunn Point, Australia
Obrist et al., 2021 Koenig et al., 2021 Howard et al., 2017 Q
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Existing dry deposition measurement at
rural site offers method validation

Previously unaccounted atmospheric mercury
deposition in a midlatitude deciduous forest

Daniel Obrist>", Eric M. Roy®®, Jamie L. Harrison®, Charlotte F. Kwong¢, J. William Munger?®, Hans Moosmiiller®®,
Christ D. Romero?, Shiwei Sun®', Jun Zhou?, and Réisin Commane®*

Can we recover a
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(3x greater than litterfall proxy)

top-down approach?

ICMGP 2024




|

Inverse modeling framework

yi=F(6,5) +ie

Forward model

-

6 = State vector

p = Parameter vector
Measurement-
model error

ICMGP 2024 W W W.MERCURYCAPETOWN .COM




|

Inverse modeling framework

yi=F(6,5) +ie

Forward model 14-
Observations

6 = State vector 13-
ﬁ = Parameter vector 21.2-
Measurement- £11-
model error B

0.9 -

2019-06-15 2019-07-01 2019-07-15 2019-08-01

ICMGP 2024 W W W.MERCURYCAPETOWN.COM




|

Inverse modeling framework

yi=F(6,5) +ie

Forward model 14-
Observations

9 — State VeCtOr L3 — Forward model #1
p = Parameter vector SN
Measurement- £11-
model error B

0.9 -

2019-06-15 2019-07-01 2019-07-15 2019-08-01

ICMGP 2024 W W W.MERCURYCAPETOWN.COM




|

Inverse modeling framework

yi=F(6,5) +ie

Forward model 14-
Observations

g —— Forward model #1
0 = State vector 1.3+ Forward model #2
p = Parameter vector SN
Measurement- 11+ /\ \/\//\ /\//\,\\/v\
model error glo_\\; '\

0.9+

2019—I06—15 2019—IO7—01 2019—IO7—15 2019—I08—01

ICMGP 2024 W W W.MERCURYCAPETOWN.COM




|

Inverse modeling framework

yi=F(6,5) +ie

Forward model 1.4-

Observations

prg —— Forward model #1

9 = State vector 1.3- Forward model #2

- Forward model #3

p = Parameter vector
Measurement-
model error

ICMGP 2024 W W W.MERCURYCAPETOWN.COM

Concentration (ng m~3)

| | T |
2019-06-15 2019-07-01 2019-07-15 2019-08-01




|

Inverse modeling framework

yi=F(6,5) +ie

Forward model 1.4-

Observations

g —— Forward model #1
9 = State vector 1.3 Forward model #2
Forward model #3
Forward model #4

p = Parameter vector
Measurement-
model error

ICMGP 2024 W W W.MERCURYCAPETOWN.COM

Concentration (ng m~3)

| | T |
2019-06-15 2019-07-01 2019-07-15 2019-08-01




|

Inverse modeling framework

yi=F(6,5) +ie

0.3 -
Forward model Obeervations
- —— Forward model #1
9 — State vector 0.2 Forward model #2

Forward model #3
Forward model #4

p = Parameter vector
Measurement-
model error

ICMGP 2024 W W W.MERCURYCAPETOWN.COM

Concentration (ng m—3)

-0.2 I I I |
2019-06-15 2019-07-01 2019-07-15 2019-08-01




|

Inverse modeling framework

yi=F(6,5) +ie

0.3 -
Forward model Observations
g — Forward model #1
9 — State vector 0.2 1 Forward model #2

— Forward model #3
— Forward model #4

-
p = Parameter vector

Measurement-
model error:

Concentration (ng m~=3)

Defined as difference in
95t percentile range

—-0.2 | | | |
2019-06-15 2019-07-01 2019-07-15 2019-08-01

ICMGP 2024 W W W.MERCURYCAPETOWN.COM




|

Inverse modeling framework

yi=F(6,5) +ie

0.3 -
Forward model Observations
g — Forward model #1
9 — State vector 0.2 1 Forward model #2

— Forward model #3
— Forward model #4

-
p = Parameter vector

Measurement-
model error:

Concentration (ng m~=3)

Defined as difference in
95t percentile range

—-0.2 | | | |
2019-06-15 2019-07-01 2019-07-15 2019-08-01

ICMGP 2024 W W W.MERCURYCAPETOWN.COM




|

Inverse modeling framework

yi=F(6,5) +ie

0.3 -
Forward model Observations
g — Forward model #1
9 — State vector 0.2 1 Forward model #2

— Forward model #3
— Forward model #4

-
p = Parameter vector

Measurement-
model error:

Concentration (ng m~=3)

Defined as difference in
95t percentile range

—-0.2 | | | |
2019-06-15 2019-07-01 2019-07-15 2019-08-01

ICMGP 2024 W W W.MERCURYCAPETOWN.COM




|

Inverse modeling framework

yi=F(6,5) +ie

0.3+
Forward model Observations
g — Forward model #1
9 — State vector 0.2 1 Forward model #2

— Forward model #3
— Forward model #4

-
p = Parameter vector

Measurement-
model error:

Concentration (ng m~=3)

Defined as difference in
95t percentile range

—-0.2 | | | |
2019-06-15 2019-07-01 2019-07-15 2019-08-01

ICMGP 2024 W W W.MERCURYCAPETOWN.COM




|

Inverse modeling framework
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Transport model uncertainty approximated
using multiple models

Global chemical transport model
 Tracks production/loss processes

* Expensive







Transport model uncertainty approximated
using multiple models
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Dry deposition estimates at Harvard Forest
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- Mountaintop Hg" concentration record
impacted by poorly constrained ASGM
emissions

(Koenig et al., 2021)
Madre de Dios
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Optimized emissions in Madre de Dios
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Optimized emissions in Madre de Dios
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Gunn Point, AU concentration frequently
sample savannah biomass burning plumes

Annual Biomass burning Hg® emissions
GFED4s, 2014
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Gunn Point, AU concentration frequently
sample savannah biomass burning plumes
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Gunn Point, AU concentration frequently
sample savannah biomass burning plumes
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Optimized Biomass Burning Emissions

Existing estimates lie within

_ range of optimized emissions
for several models.
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Optimized Biomass Burning Emissions
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Concluding remarks

* Demonstrate inverse modeling framework for top-down
constraint of regional surface fluxes.

* Informative results rely on an adequate representation
of uncertainty (e.g., measurement, meteorological, and
structural errors).

« We extract additional value from already existing
measurements, justifying the continued support of long-
term monitoring stations.
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