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Coastal wetlands are some of the most productive ecosystems
on Earth and provide multiple ecosystem services

Storm surge protection, flood mitigation
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Coastal wetlands are also vulnerable to sea level rise
and saltwater intrusion
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E3SM lacks representation of coastal wetland vegetation,
biogeochemistry, and hydrological interactions

Current model Proposed model
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Coastal wetland vegetation

PLANT FUNCTIONAL TYPE

TEMPERATURE TOLERANCE
Phenology, mortality

| ﬁ

PLANT HEIGHT

o e LEAF TRAITS
Limited C fixation underwater

C fixation, respiration, litter quality

IONIC SALINITY TOLERANCE
Maintenance respiration,
leaf senescence

BIOMASS ALLOCATION
Leaf:root:stem
ratios, plant height

ANOXIA, PHYTOTOXICITY
Root function

OSMOTIC SALINITY
TOLERANCE
Water uptake, C fixation

PLANT-MEDIATED
OXYGEN TRANSPORT
Root function

LaFond-Hudson and Sulman, 2022, New Phytologist
%OAK RIDGE

National Laboratory




Model development: PFT-specific salinity responses
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Salinity response improves model accuracy for salt marshes
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Developing a mangrove plant functional type
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Modeling coastal wetland biogeochemistry
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E3SM Land Model biogeochemistry
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Sulfur and iron redox cycles drive coastal wetland biogeochemistry
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We coupled the E3SM Land Model to the PFLOTRAN reactive
transport model to simulate hydro-biogeochemical interactions.
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A little more detail about ELM-PFLOTRAN implementation

ELM vegetation, ELM External Alquimia/PFLOTRAN:
hydrology, etc. Model Interface BGC updated
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Biogeochemistry in fresh
and saline simulations
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Water level (m)

We use a coastal setup of the E3SM Land Model that uses a
hydrological boundary condition to drive water level and salinity.

Tidal boundary condition
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Applying this model framework across multiscale gradients in the
COMPASS-FME project
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COMPASS-FME: Hydrology and salinity patterns drive cross-site variability

WESTERN LAKE ERIE BASIN

Lake sitt and clay
W Lake sand and gravel
Lake clay, silt, sand and gravel

e d '4.1)51;74

Crane Cr.
Portage R.

Old Woman Cr.

%"b;‘%

%OAK R1

Soil depth (m)

Soil depth (m)

Soil depth (m)

0.0

0.2

0.3

0.4

Portage River Wetland

LA B BNV

T
Jun-25

Jun-25

Jun-25

Jun-25

National Laboratory

T T
Jul-15 Aug-04

Time (year)

Soil water content

Jul-15
Time

Soil Oy

Aug-04

Jul-15
Time
Soil salinity

Aug-04

|

Jul-15
Time

Aug-04

©
)

Volumetric water
(fraction of saturation)

0.0

5

w

N

Salinity (ppt)

0

Oxygen concentration
(mmol/L H,0)

Water level (m)

-0.8 -

Soil depth (m)

Soil depth (m)

Soil depth (m)

0.2

0.0

-0.2

-0.4 -

-0.6 -

0.0

0.2

0.3

0.4

0.0

0.2

0.3

0.4

Portage River Transition

T T T
Jun-25 Jul-15 Aug-04
Time (year)

Soil water content

Jun-25 Jul-15 Aug-04

Time
Soil O,

Jun-25 Jul-15 Aug-04

Time
Soil salinity

Jun-25 Jul-15 Aug-04

Time

o o
o o

o
N
Volumetric water

(fraction of saturation)

o
N}

o
o

Oxygen concentration

5

w

[N}

Salinity (ppt)

(mmol/L H,0)

Water level (m)

GCReW Wetland

0.2

0.0
-0.2 4
-0.4 7
-0.6
-0.8
-1.0 T T T

Jun-25 Jul-15 Aug-04
Time (year)

Soil depth (m)

Soil depth (m)

Soil depth (m)

Soil water content

Jun-25 Jul-15 Aug-04
Time
Soil Oy
0.0
0.1
0.2
0.3
0.4
Jun-25 Jul-15 Aug-04
Time
Soil salinity

0.0

Jun-25 Jul-15

Time

Aug-04

0.1
0.2
0.3
0.4

o
IN)

0.0

Volumetric water
(fraction of saturation)

o
o

o
=3
@

o

o

(o)
Oxygen concentration

o
o
=

e
o
]

0.00

w EN o

N

Salinity (ppt)

0

(mmol/L H,0)

Water level (m)

Soil depth (m) Soil depth (m)

Soil depth (m)

0.2

0.3

0.4

GCReW Transition

|

Jun-25

Jun-25

Jun-25

e

Jun-25

b J\N\Aﬂ/ﬂhﬂﬂ ¥

Jul-15 Aug-04
Time (year)

Soil water content

Jul-15
Time

Soil O,

Aug-04

Jul-15
Time
Soil salinity

Jul-15 Aug-04

CHESAPEAKE BAY

Moneystump
(¢)

Sweethall

o
I3

o
o

o
~

©
)

0.0

Oxygen concentration

w

N

Salinity (ppt)

Volumetric water
(fraction of saturation)

(mmoliL H,0)

Marine

COMPASS



The model captures the impact of cross-site contrasts in drivers on
biogeochemical cycling and surface gas fluxes
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Scaling up to regional scales using wetland maps SETX
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And eventually to the continental scale using larger-scale
hydrology and wetland spatial data
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Coastal domain of the Continental U.S. combined with water depth from
National Water Model combined with high-res HAND (Chucho Gomez Velez)
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New vegetation and biogeochemistry capabilities allow more
accurate representation of coastal regions across scales

ELM-PFLOTRAN Decomposition and Redox Reaction Network
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