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PROBLEM STATEMENT

The Gay Head Cliffs are culturally significant, physically dynamic, and exposed 

to erosion-driving climate stressors like storms and groundwater processes

PROJECT GOAL

Integrate community knowledge, longitudinal data, and slope stability modeling to 

support WTGHA-led stewardship and resilience planning

KEY OBJECTIVES

01
Establish a robust foundation for 

understanding this complex, evolving 

coastal system

02

Develop a portfolio of interventions to 

support the long-term resilience and 

stewardship of the Cliffs by combining 

community priorities with advanced 

modeling tools

Project Motivation and Goals



Historical Perspectives: Clifford Kaye, 1972
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Recent Evolution: 15-Year Time Series
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Interconnected Work Streams 
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Respecting



Tribal Visioning & Data Governance

Four-Tier Data-Access Structure

● Tier 1: Highly restricted identifiable data (protected knowledge).

● Tier 2: De-identified analytical data for authorized research access.

● Tier 3: Aggregated project findings and synthesized insights.

● Tier 4: WTGHA-approved public products and open reports.

Community Engagement

● Ongoing monthly meetings with island and Tribal team members

● On- and off-island group discussions with Tribe members

● Targeted surveys & focus groups within Aquinnah
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Ongoing Community Engagement

2026 WTGHA Powwow
Celebrating Wampanoag culture, identity, and community
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✓ Ongoing meetings, discussions & engagements with Tribe

✓ Tribal knowledge & priorities inform the technical approach 
and ultimately drive the adaptation portfolio

•



Reviewing books, white papers, local articles, maps, 
parcel assessments, engineering reports, etc.

✓ Environmental & Geophysical 

✓ Ecological 

✓ Cultural and Historical 

✓ Climate & Future Scenarios 

✓ Economic & Infrastructure

✓ Governance & Policy

✓ Social & Community

✓ Participatory & Visual

Longitudinal Data Analysis

Historical Data Compilation - More than 60 references spanning all aspects of the Cliffs
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● Sentinel-1 SAR Data: The analysis utilizes Synthetic 
Aperture Radar data from ascending and descending 
geometries, coregistered at a spatial resolution of ~3 ×
10 meters.

● TerraSAR-X Constraints: The methodology incorporates 
constraints from TerraSAR-X observations to resolve line-
of-sight displacement into slope-parallel and slope-
perpendicular ground motion.

● Hotspot Identification: Spatially detailed time series 
identify localized deformation hotspots and areas 
showing persistent or accelerating motion to evaluate 
potential slope instability.

Longitudinal Data Analysis

Remote Sensing Establishes a Baseline for Bluff Deformation from 2015–2026

Line-of-sight (LOS) velocity in mm/year. Larger bubble = lower uncertainty

01. Identify Loss Rates
Line of sight velocity via remote sensing

02. Slice DEM Profile
Import coordinates to slice 2D profile of DEM

Drone Parcel

RS

03. Trace Bluff Slope
Trace slope from behind crest to beyond toe

LOS velocity (mm/yr)
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Land-Climatic Interaction & Forcing

● Transient Hydrodynamics: Seepage and slope stability models simulate pore-water 
pressure variations and infiltration dynamics driven by long-term transient 
environmental forcing.

Physics-Based Modeling

Seepgae Model with LCI → pore-water pressure distribution stabilizes at drone site over 5-year period

Day 0 (0.00 yrs)

Day 363 (0.99 yrs) Day 727 (1.99 yrs)

Day 1091 (2.99 yrs) Day 1462 (4.01 yrs)
Day 1826 (5.00 yrs)
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Physics-Based Modeling
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Stability & Reduced-Order Modeling

● Long-Term Evolution: A parallel reduced-order 
model simulates overall coastal bluff retreat and 
profile transformation across decadal and 
centennial timescales.

● Nested Dual Time-Scale Configuration: 
Effectively couples continuous, gradual bluff 
evolution with episodic, event-driven erosion 
caused by major storm surges and rainfall 
triggers.

Physics-Based Modeling
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Physics-Based Modeling
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Building Toward Actionable Strategies
Baseline analyses and physics-based models provide 
the foundation for evaluating long-term coastal 
resilience strategies for the Gay Head Cliffs.

Next Steps:

● Scenario Pathways Development

● Comprehensive Risk Assessment

● Adaptation and Nature-Based Solutions Portfolio

From Science to Resilience Planning

Integrated Modeling and Monitoring Support Long-Term Coastal Resilience Pathways
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Potential Measures to Evaluate

• Nature-based approaches:  Native 
vegetation, habitat restoration, and 
erosion control.

• Water management:  Surface runoff and 
groundwater management.

• Targeted protection:  Site-specific 
measures to address wave attack and toe 
erosion.

• Adaptive management:  Monitoring, 
intervention triggers, and phased 
implementation.

Developing an Adaptation Portfolio

Evaluating a Range of Adaptation Measures to Support WTGHA-Led Stewardship
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A Partnership Built Through Resilience
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The funding changed; the partnership and shared commitment continued

Early 2024
Partnership begins

Tufts reaches out to 

WTGHA to partner on a 

NASA proposal on equitable 

resilience to geohazards.

Aug. 2024
NASA project 

funded

A multidisciplinary team 

begins the work with a 

shared vision and strong 

momentum.

Apr. 2025
Unexpected 

setback

NASA project is terminated 

following changes in federal 

priorities.

2025
Partnership 

continues

WTGHA and Tufts keep the 

collaboration moving 

forward using internal 

resources.

Late 2025
A new opportunity

WTGHA leads a new 

proposal to Massachusetts 

CZM, with Tufts as a 

technical partner.

Today
A stronger 

partnership

Community knowledge, 

monitoring, modeling, and 

adaptation planning now 

come together.

A project about resilience has itself had to be resilient
Resilience is not only about coastlines and infrastructure - it is also about relationships



FV

Thank you - Questions?

Contact: Farshid.vahedifard@tufts.edu
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