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What long-term 
elevation data reveal 
about coastal marshes

Primary production + sea level + surface elevation →   
understanding, prediction, and better decisions
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Talk logic: from records to prediction

1. What coastal question are we trying to answer?

2. Which long-term measurements make it answerable?

3. What patterns emerge in plants, water levels, and elevation?

4. Which mechanisms explain the patterns?

5. What can managers and modelers do with the result?

Pace Measurements
Prediction
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The central question
Can marshes keep pace with rising water - and where are the thresholds?

For managers: Which marshes are 
resilient, which are at risk, and where 

should limited monitoring or restoration 

effort go?

For scientists: Which feedbacks link 

flooding, plant growth, mineral sediment, 
and vertical accretion?

The answers are not simple. Accretion depends 
on relative elevation and location in the marsh.

2nd Gen SET survey pipe

• James Morris, 2026



Study system: North Inlet, South Carolina
Long-term records turn a local observatory into a generalizable test bed.

NORTH INLET RECORD

A young, tidally dominated estuary (70 cm tidal 

amplitude) with long-running measurements of:

- Spartina primary production

- water levels

- SET-based surface elevation change

- nutrients and sediment chemistry

North Inlet long-term data with marsh elevation measurements 

beginning in 1990, 1991, 1996, or 2000 depending on site, and 

continuing 
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Data backbone: coherent records of production, elevation, porewater nutrients and sea level

Production Elevation Data stewardship

Pairing these records lets us separate climate forcing from plant response and soil volume response.
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Primary production: measured as a living time series
Permanent plots can be followed without destructive harvest every month.

Tagged stems are measured 

repeatedly and nondestructively. 

Allometric regressions convert 
stem length into biomass.

This creates a long, comparable 

record of plant production without 

repeatedly clipping the same 

plots.

Morris and Haskin 1990 Ecology
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Elevation: small changes need long records
Surface Elevation Tables make millimeter-scale change measurable over decades.

Key interpretive 

step:

Location matters: 

Low marsh and 

creek-edge plots 

fluctuate most; 

interior marsh 

elevation is often 

explained by 

changes in soil 

biovolume.

Timing matters: 

There are seaonal

changes in 

elevation.

2nd Gen SET- my preferred
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Installing the stable survey pipe using a ‘slammer’.  

This is probably the reason why the 2nd gen SETs 

were replaced by the rSET. 
The rSET has a stainless-steel survey rod 

that is pounded in using a hammer drill (not 

good for your spine)..
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Water-level trends and anomalies leave a biological signal
Sea level is not just a background trend; anomalies and cycles change production.

INTERPRETATION

Long records show that 

mean water-level anomalies 

affect primary production.

The sign of the response 

depends on whether the 

marsh is above or below the 

growth optimum.

That is the bridge from 

observations to equilibrium 

theory.

Morris and Sundberg 2024 Estuaries and Coasts
Year
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Herrmann, M., Najjar, R. G., Feagin, R. A., 

Fuentes, J. D., Huff, T. P., Jiao, W., & 

Lerner, J. E. (2026). Climate-driven long-

term increase in tidal wetland gross primary 

production in the United States. Global 

Biogeochemical Cycles, 40, 

e2026GB009093. 

https://doi.org/10.1029/2026GB009093

“Decomposition analysis 

indicates that rising 

shortwave radiation (PAR?) 

and air temperature are the 

primary drivers of productivity 

increases, outweighing 

declines in vegetative canopy 

coverage and apparent 

greenness.”

But ….

Evidence for a CONUS-wide increase in 

marsh productivity.  Is it due to SLR? 
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Spatial pattern: accretion is not uniform
A station network makes it possible to see where elevation gain and loss occur.

Monitoring sites separate positive accretion, elevation 
loss, and stations now underwater. Initial elevation 
helps explain different trajectories.  It parallels biomass.

Morris and Sundberg 2024, Responses of Coastal Wetlands to Rising Sea-Level 

Revisited: The Importance of Organic Production.  Estuaries and Coasts.
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Temporal pattern: seasonality and multi-year cycles
Monthly and decadal records show different parts of the same system.

Seasonal elevation change can be detected within the year; the 18.6-year lunar nodal cycle helps 

explain longer-period water-level variability that affects productivity.

Elev (cm) = m1 + a1sin(month x 2 + p1)
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Parameter Estimate
Approx 
Std Err t Value

Approx 
Pr > |t|

m1 42.8 0.0 1213.1 <.0001
a1 0.1 0.0 1.6 0.14
p1 6.0 0.6 9.6 <.0001

Nonlinear OLS Parameter Estimates

Parameter Estimate
Approx 
Std Err t Value

Approx 
Pr > |t|

m1 17.97 0.09 190.69 <.0001
a1 0.12 0.13 0.87 0.41
p1 1.49 1.15 1.29 0.23

Nonlinear OLS Parameter Estimates

Parameter Estimate
Approx 
Std Err t Value

Approx 
Pr > |t|

m1 40.65 0.03 1263.28 <.0001
a1 0.11 0.05 2.42 0.04
p1 0.60 0.41 1.46 0.18
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Sediment delivery is by a set of pathways
Mineral sediment matters, but it is not the entire equilibrium story.

Pathways:
• Tides deliver suspended sediment
• Stems trap sediment mainly in low marsh
• Spartina leaves are hydrophobic
• Animals generate bioturbation and feed the 

tidal conveyor belt (this is why traps and 
plates fail)

• Roots and rhizomes create soil volume

Video courtesy of Volkenborn, N, C Meile, L Polerecky, CA Pilditch, A Norkko, J Norkko, JE 

Hewitt, SF Thrush, DS Wethey, SA Woodin. 2012. Intermittent bioirrigation and oxygen dynamics 

in permeable sediments: An experimental and modeling study of three tellinid bivalves . Journal of 

Marine Research. 70: 794-823.
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Why sediment alone is not enough
The historical equilibrium idea (Krone’s model) needs a biological term.

CORE POINT

Krone-style models link marsh elevation to water 

levels and suspended sediment.

But Krone’s model requires more suspended 

sediment than possible, concentrations near 112 

mg/L near Golden Gate Bridge, while 

concentrations average only 26 mg/L Downing-Kunz, 

Schoellhamer, and Work USGS 2017.

That gap motivates the plant-soil feedback: 

organic production must be part of the marsh 

equilibrium.

From Krone 1987
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Plum Island, MA marsh

1. It’s 3 m of peat 

2. It’s 3,000 years old

3. Tide range is 3 m

4. NI is mineral dominated, young (300 

yrs old)

5. NI is growing its belowground organic 

matter

How do we reconcile the Marsh 

Equilibrium Model of Morris with the 

mineral-centric model of Ganju?

1. Minerals are needed to establish 

the minimum vertical elevation

2. Once colonized, the organic 

contributions accelerate; the 

mineral contributions decelerate.  
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Organic production expands soil volume
Belowground production is a mechanism, not a decoration.

Roots and rhizomes occupy volume, persist 
belowground, and explain vertical accretion in the 
interior marsh platform. This sets up the model term for accretion by 

organic production.

CT scans from Wigand et al. 2015.

The cohort model (Morris and Bowden 1986)
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Nutrient additions reveal the importance of plant biomass
Experimental manipulation tests whether more production changes elevation.

North Inlet NPP is N-limited. Fertilization increased production and vertical accretion, strengthening the 

case for organic production as a driver.
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Morris and Sundberg. 2904. Responses of Coastal 
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DOI:10.1007/s12237-023-01313-8
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The vertical range and optimum relative elevation for growth
Marsh organs convert the flood-gradient problem into a direct bioassay.

The growth curve has a sweet spot. If the marsh is too high, rising water can stimulate 

growth. If it is already too low, rising water suppresses growth and accretion can 

decline.

Morris et al. 2013 Oceanography



Marsh equilibrium theory in plain English

FEEDBACK LOOP

Relative elevation controls biomass.

Biomass plus mineral sediment controls 

vertical accretion.

Vertical accretion changes relative 

elevation.

That feedback can be stabilizing or 

destabilizing depending on where the 

marsh sits on the biomass-elevation 

curve.

Morris and Callaway. 2018. In: A Blue Carbon Primer: The State of 

Coastal Wetland Carbon Science, Practice, and Policy

Morris et al. 2002 Ecology

Picasso
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Model predictions for managers and modelers

PREDICTED BY MEM

- equilibrium elevation and productivity depend 

on the rate of sea-level rise

- an optimum sea-level-rise rate can maximize 

production and carbon sequestration

• James Morris, 2026

- tidal range controls how strongly an equivalent 

change in water-level affects growth



Scaling from plots to marsh landscapes
Remote sensing, models, and LiDAR extend plot-level measurements across the landscape.

Plot-level biomass-elevation relationships can 
be mapped to identify where production, 
accretion, and vulnerability vary across the 
estuary.

Miller, Morris, and Wang 2019 for biomass estimation using 

Planet multispectral imagery and LiDAR. Remote Sensing.
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Implications for NOAA and academic users
A shared monitoring logic makes long-term datasets more useful for decisions and theory.

- pair SET measurements with plant production (when 

possible) and water-level

- stratify monitoring by elevation zone and distance to 

creeks (understand the drivers)

- treat organic production as a core accretion mechanism

- use remote sensing to scale plot-level measurements to 

management units

- archive data and metadata in a public repository to 

facilitate meta-analyses and to support model validation. 
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I N  S U M M A R Y

Main takeaways

1 Location matters

Low-marsh, creek-edge, and interior-platform sites behave 

differently and have different drivers.

2 Plants build elevation, animals move 
sediment
Belowground organic production is a major elevation-building 

process.

3 Relative elevation sets the sign

Sea-level rise can stimulate or suppress growth, depending on 

where the marsh sits.

4 Long records earn trust

Long-term, public, paired data make predictions credible.
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Thank You  
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