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• Marsh Migration
• Living Shoreline Economic Benefits
• Stormwater BMPs  



A critical factor controlling marsh 
sustainability is the rate of vertical 

development compared to the rate of 
relative sea-level rise

To keep pace with SLR:

 • Marshes accrete vertically
  (organic accumulation & 
    inorganic sediment deposition)

 • Marshes migrate horizontally

Tidal Marshes & Sea Level Rise (SLR)

(Nunez et al., 2020)

BackgroundK. Nunez. Mapping Marshes & Shoreline Conditions in webinar: Moving Marshes: Tidal Marsh Migration Science & Tools. June 25, 2025



Rising Sea Levels

Existing marshes face inundation as water levels increase.

Topography and Elevation Gradient of Adjacent Uplands
Gentle, low-lying uplands allow marshes to shift inland, while steep  
 or high terrain limits movement.

Presence or Absence of Barriers (Natural or Human-Made)
Natural features and human development can block marsh migration, 
causing habitat loss through coastal squeeze.

What Drives Marsh Migration

BackgroundK. Nunez. Mapping Marshes & Shoreline Conditions in webinar: Moving Marshes: Tidal Marsh Migration Science & Tools. June 25, 2025



Why Marsh Migration Matters

- Marshes buffer coasts, store carbon, and support biodiversity

- Sea-level rise outpacing marsh vertical growth

- Marshes must migrate upland — or drown

- Migration pathways critical for wetland survival

- Management relies on data + models

- Strategic mapping and modeling enable effective adaptation

BackgroundK. Nunez. Mapping Marshes & Shoreline Conditions in webinar: Moving Marshes: Tidal Marsh Migration Science & Tools. June 25, 2025



(Nunez et al., 2021)

VIMS -Tidal Marsh Model 

https://www.vims.edu/ccrm/research/modeling/schism/tidal_marsh/

K. Nunez. Mapping Marshes & Shoreline Conditions in webinar: Moving Marshes: Tidal Marsh Migration Science & Tools. June 25, 2025



Forecast Period:
 50 years (2020-2070)

VIMS -Tidal Marsh Model 

Increase in sea level by the end of the simulation:
- Intermediate Scenario: 622 mm (2.04 ft)
- Extreme Scenario: 1,243 mm (4.08 ft)

(Nunez et al., 2021)

K. Nunez. Mapping Marshes & Shoreline Conditions in webinar: Moving Marshes: Tidal Marsh Migration Science & Tools. June 25, 2025



Chen et al. 2023. Unique biogeochemical characteristics in coastal ghost forests – The transition from 
freshwater forested wetland to salt marsh under the influences of sea level rise. Soil & Environmental 
Health.

K. Nunez. Mapping Marshes & Shoreline Conditions in webinar: Moving Marshes: Tidal Marsh Migration Science & Tools. June 25, 2025



M. Mitchell. Marsh Migration Models & GIS Tools: Visualizations for informed decisions in webinar: Moving Marshes: Tidal Marsh Migration Science & Tools. June 25, 2025



Marsh migration – largest potential for marsh gain – how to facilitate 
in a manner that 1) allows for the continued benefits provided by 
marshes, 2) recognizes landowner needs, and 3) addresses local 
government priorities (i.e. tax base)?

Photo: VA Institute of Marine Science





https://www.vims.edu/ccrm/topics/shoreline/





Living Shoreline economic benefit, water quality bmp– how to 
facilitate for local communities? (landowner incentives?)



Stormwater BMP lifecycle / design life
Issue of increased frequency of intense rain events (legacy BMPs)

Chesapeake Bay Program. 2014. Strengthening Verification of Best Management Practices Implemented in the 
Chesapeake Bay Watershed: A Basinwide Framework.

Increased intensity of rain events



Historic rainfall events



Historic rainfall events



1” rain event

Projected rainfall events



1” rain event

Projected rainfall events



1” rain event

Projected rainfall events



3” rain event

2” rain event1” rain event

Projected rainfall events



Ruekert & Mielke, IncCT Stormwater Quality Manual

Penn State Extension

More frequent and intense downpours can overwhelm design capacity. How to 
facilitate adjustments to stormwater infrastructure as precipitation events intensify?



Questions?
Kirk Havens

Center for Coastal Resources Management
Virginia Institute of Marine Sciences 

kirk@vims.edu 

mailto:kirk@vims.edu
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