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|. Introduction
A. Rationale for a Coordinated Statewide Monitoring Plan

Healthy salt marshes provide valuable functions and ecosystem services by sequestering and
storing carbon, mitigating impacts of coastal storms, filtering pollutants, providing habitat for fish,
shellfish, and marine birds, and serving as important areas for recreation and connection to
place. Marshes have been degraded over time due to past agricultural and mosquito control
practices and more recent stressors (e.g., sea level rise, nutrients, sediment starvation, crab
herbivory and burrowing, invasive species). Strategically focused and coordinated action is
urgently needed to restore and adapt salt marshes, enhance their sustainability in the face of
climate change, and maintain their essential functions and ecosystem services.

To ensure that salt marsh interventions are effective and to identify and mitigate any unintended
adverse outcomes, it is necessary to monitor salt marsh restoration and adaptation projects and
use knowledge gained from monitoring to improve management techniques. Salt marsh
assessment (snapshots in time) and monitoring (changes over time) are also useful for
understanding the status and trends in salt marsh condition throughout coastal Massachusetts.
More specific approaches can be used to assess and monitor threats, such as crab herbivory or
sediment starvation due to dredging projects or hardened coastal structures (e.g., seawalls,
bulkheads, revetments, groins, jetties, etc.). Status and trends and threat monitoring provide
important information about the need for, and potential for success of, salt marsh
restoration/adaptation project.

Various salt marsh monitoring efforts have taken place and continue to be implemented by
organizations, academic institutions, and federal, state and local agencies to achieve a variety
of objectives. These monitoring efforts have occurred at different geographic and temporal
scales and have utilized different methodologies to achieve varying objectives. To achieve a
more comprehensive understanding of salt marsh condition and vulnerability in Massachusetts,
it will be necessary to better coordinate monitoring efforts.

Without a coordinated monitoring strategy, it will be difficult to compare outcomes from different
restoration approaches and different regions of Massachusetts so that practitioners,
researchers, and regulators understand the efficacy of specific restoration approaches and
make informed decisions about future restoration/adaptation projects. A coordinated monitoring
strategy would establish a common baseline for measuring salt marsh function, condition,
vulnerability and resiliency, and a shared understanding of how marshes are changing
statewide. Specifically, a monitoring strategy should coordinate 1) project-based monitoring over
the short- and long-term, 2) long term status and trends monitoring to document marsh

condition in managed marshes that have or are currently undergoing restoration as well as
unmanaged marshes, and 3) monitoring threats to salt marsh integrity (See lll. B, C, D).

The Massachusetts Department of Environmental Protection (MassDEP), recognizing the
urgent need for a coordinated, science-based, statewide strategy for monitoring, protecting, and
restoring salt marshes, asked a team from the University of Massachusetts Amherst (UMass
Ambherst) to create and implement a long-term, salt marsh monitoring program for
Massachusetts (MassMarsh). MassMarsh is a collaborative monitoring program that includes
conservation organizations, state and federal agencies, local government boards and
commissions, academic and research institutions, and environmental businesses, designed to



facilitate the monitoring of salt marshes and efforts to restore the ecological integrity of coastal
marshes in Massachusetts.

To inform MassMarsh program development and to ensure representative knowledge and
information is shared and considered from across Massachusetts, the UMass team formed a
MassMarsh Advisory Committee in fall 2024. Advisors include 19 government, nonprofit, and
private sector subject matter experts (see Appendix A for a committee list). The Program Core
Team, composed of nine UMass Amherst faculty and staff, four representatives from MassDEP,
and three external experts, participate in Advisory Committee meetings. See the developing
website for more detail.

The MassMarsh Core Team works with the Advisory Committee to advance MassMarsh
program goals:
e Support practitioners, researchers, and regulators in providing coordinated
monitoring and assessment of the Commonwealth’s salt marshes along the entire coast;
e Integrate project-based monitoring, threat monitoring, and long-term condition
monitoring (See |ll. B, C, D) using standardized monitoring protocols (SOPs), data
curation, and development of novel monitoring approaches and technologies; and
e Ensure the ecological integrity of coastal marshes are maintained over time by
ensuring that salt marsh restoration/adaptation projects are effective and efficiently
implemented.

In our initial year of work, the MassMarsh program developed this statewide monitoring plan.
This document shares plan development progress in year one (2024-25), and lays out an
ambitious plan for further development of the MassMarsh program over the next five years and
with an eye to sustaining and expanding the program in the years beyond that. The plan will be
a living document with regular updates as research advances, as data collection informs our
process, and as coordination is achieved to focus our collective actions.

1. MassMarsh Statewide Plan

MassMarsh will develop a statewide Plan to:
1. Establish a robust salt marsh monitoring framework for comprehensive use across
Massachusetts.
2. Develop long-term data collection strategies and analyses, enabling stakeholders to
assess the condition of marshes and track changes over time.
3. Develop standardized operating procedures (SOPs) that will
a. evaluate effectiveness of specific restoration and adaptation techniques,
b. ensure consistency in facilitating comparison of outcomes across projects and
different regions of Massachusetts.
Identify and track current and emerging threats to salt marsh ecosystems.
5. Provide technical assistance for monitoring project design and data analysis, including
the development of new monitoring approaches and technologies.
6. Establish systems to compile and share data from past, current, and future efforts.

e


https://www.umass.edu/gloucester-marine-station/massmarsh-massachusetts-long-term-salt-marsh-resilient-research-monitoring-program

ll. Exploring Monitoring Metrics & Methods

This section describes efforts to gather initial baseline information from across the Northeast
community of salt marsh researchers, practitioners, and regulators to inform development of the
monitoring plan objectives, metrics, and methods. The initial information gathering process
included:

A broadly distributed survey, with the goal of informing MassMarsh program
development. Survey results were shared with the Advisory Committee and feedback
was solicited using online tools (e.g., Padlet) and through open discussion at meetings
to identify data needs, knowledge gaps, and priority standard operating procedures
(SOPs) for the statewide plan.

Additional one-on-one meetings with subject matter experts helped fill, or in some
cases further identify, data gaps and inform strategy frameworks, processes, research
needs, and identify opportunities to support practitioners through the MassMarsh
program.

Initial exploration of the monitoring metrics that were used by practitioners included metrics in
three areas:

1.

2.
3.

Adaptation methods: metrics used to assess the effectiveness of restoration or
adaptation techniques over time

Marsh condition: metrics used as proxies for ecological function

Threats: metrics used to assess the impacts of various stressors negatively impacting
salt marsh condition

Ongoing development of data tools and SOPs will continue in the coming years with the support
of the Advisory Committee and future subcommittees (Fig. 1).



Process of Metrics and Methods Development

Phase 1. Information Gathering

Advisory Committee

« Recruited and assembled an
Advisory Committee consisting
of 19 experts in salt marshes
from state, federal, nonprofit,
and university sectors.

» Held monthly meetings to
exchange expertise, insights,
and data.

- Facilitated feedback during the
development of the plan.

Phase 2. Information Synthesis

Phase 3. Information Creation

SOP Development Data Tools and Viewer

- Detailed standard methodology for « Fill data needs through the development of
restoration monitoring based on remote sensing methodologies and metrics

identified current methods « Support data sharing through the creation
of a common data viewer

Figure 1. Process for the development of Program’s monitoring methods and metrics

A. Stakeholder Survey: Baseline Data Collection

Development of the monitoring plan objectives, metrics, and methods was informed by a survey
of stakeholders across the region. The goal of the survey was to collect information on metrics
and methods currently being implemented, as well as metrics that may be needed but are not
currently being collected/implemented (from here on referred to as “wish list” metrics).

The survey was advertised through listservs for the Massachusetts Salt Marsh Working Group
and the New England Estuarine Research Society, to reach the largest number of salt marsh
researchers, restoration practitioners, and resource managers across the Commonwealth and
the broader New England region. The survey was attempted by 129 people and completed in its
entirety by 54% of respondents.



Based on survey results, we identified vegetation, hydrology, elevation, and sediment as the
highest priorities for the first phase of SOP development across all three of the management
objectives (adaptation methods, marsh condition, and threats; See |l.) (Fig. 2).
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Figure 2. Stakeholder survey responses show the number of metrics currently being collected
in specific metric categories (see Appendix C), separated by the three management objectives.
Red boxes indicate metrics prioritized for SOP development.

Survey responses also suggest that current monitoring methods are perceived to be heavily
reliant on costly and time-consuming field methods (Fig. 3). When asked about which metrics
respondents wish that they could collect, there was an interest in developing more remotely
sensed monitoring methodologies across all metric categories. However, cost and knowledge of
existing or to-be-implemented methods, was reported as the greatest barrier to utilizing these
methodologies (Fig. 4).
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Figure 3. Stakeholder survey responses show the number of metrics currently being collected,
separated by five data collection methods (See Appendix C).
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Figure 4. Stakeholder survey results illustrate the number of “wish list” metrics. Each metrics
category is separated by the reported challenge to collecting those metrics.

In addition to survey respondents indicating the desire for/knowledge of more remotely sensed
monitoring methodologies for their monitoring data collection (Fig. 4); comparison of the threat
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monitoring metrics that are currently being used by practitioners (Fig. 2) to "Wishlist" threats
monitoring metrics (Fig. 5), indicates a greater need for ways in which to measure threats
overall.
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Figure 5. Stakeholder survey results illustrate the number of “wish list” metrics. Each metrics
category is separated by the three management objectives.

In summary, the survey provided baseline information that identified an overall need for:

1. Development of SOPs focused on vegetation, hydrology, sediment, and elevation;
Exploring new remote sensing tools and data sharing capabilities, as well as the
need to incorporate remote sensing technologies into standard operating procedures
(SOPs) as technologies advance and knowledge is gained, and

3. Support for the development of threat monitoring methods and metrics.

The survey was also used to develop a list of stakeholders and their content expertise, which
were used to identify one-on-one meeting requests in year 1 and will be used to form
subcommittees during Phase 2 SOP and data tool development (Fig. 1).

B. One-On-One Meetings

MassMarsh Core Team members attended one-on-one meetings and site visits with
practitioners to discuss current and future restoration sites, understand methods and monitoring




being deployed, discuss practitioner assistance needs, and gain an understanding of
opportunities to assess planned vs. “as-built” salt marsh restoration methods.

Table 1. Names, organizations, and titles, of one-on-one meeting participants

Name(s)

Organization

Title

Russ Hopping

The Trustees of Reservations

Ecology Program Director

Sara Grady, Alex Hackman

Massachusetts Audubon

Senior Coastal Ecologist, Director
of Ecological Restoration

Nancy Pau, Marissa Gast

U.S. FWS Parker River National
Wildlife Refuge

Wildlife Biologist, Biotechnician

Brad Holmes

Environmental Consulting and
Restoration LLC

Founder and Manager

Cristina Kennedy, Georgeanne
Keer, Elizabeth Gorrill

Massachusetts Division of
Ecological Restoration

Coastal Wetlands Restoration
Specialist, Wetland Restoration
Program Manager, Coastal
Wetlands Restoration Specialist

Jordan Mora

Association to Preserve Cape Cod

Lead Ecologist and Science
Advisor

Patricia Huckery

Division of Fisheries and Wildlife
(Mass Wildlife)

Northeast District Supervisor

Chris LaPoint Essex County Greenbelt President
Rachel Jakuba Buzzards Bay Coalition Science Director
Cathy Wigand EPA Research Ecologist

C.Developing Standard Operating Procedures (SOPs): Vision

and Scope

Ongoing innovation in marsh restoration is welcome and needed, given the urgency of sea level
rise and the degraded state of many marshes in Massachusetts. At the same time, there is a
long history of untested management practices, some of which ultimately reduced marsh
resilience, thus warranting prudence as we innovate.

Various approaches for restoring salt marsh vegetation, hydrology, and sediment dynamics are
being developed, tested, and/or deployed. These include:
e elimination or reduction of tidal restrictions
o sediment deposition (at a small scale through the creation of marsh islands, and at a

larger scale via thin-layer deposition)
ditch remediation (to reduce drainage in some areas)
the use of runnels (to improve drainage in other areas)

Three of these approaches (ditch remediation, runnels, and creation of marsh islands) are often
used together and are collectively referred to as the “marsh trio.” See Appendix B. for salt marsh
restoration context and commonly used restoration/adaptation techniques, including the “marsh

trio.”
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To ensure that commonly used salt marsh restoration and adaptation techniques are effective,
and to identify and mitigate any unintended adverse outcomes, it is necessary to monitor salt
marsh restoration and adaptation projects for their efficacy across geographies and compare
knowledge gained from different monitoring methods to improve resilient marsh management.

SOPs are being developed by the MassMarsh program to standardize the collection of
monitoring data, which will allow results to be combined from salt marsh restoration/adaptation
projects across all regions of the Massachusetts coast, offering researchers and managers a
more comprehensive understanding of management technique efficacy. Over the years, SOPs
have been developed for salt marshes by a number of organizations and for a variety of
objectives. However, MassMarsh SOPs were developed to meet a specific objective: to define a
baseline of effort that is sufficient for acquiring meaningful data yet practical to implement, in a
context where Massachusetts state permits are needed for restoration/adaptation projects.

In the first year of the MassMarsh program, SOPs have been developed to address project-
based monitoring at two scales:

e Performance-based Monitoring: evaluates the performance of management projects in
achieving their short-term objectives. These short-term objectives may include
restoration of tidal hydrology, drainage of pannes and pools that are contributing to
marsh degradation, sediment trapping in remediated ditches, and revegetation of areas
of sediment deposition (marsh islands). Performance-based Monitoring generally takes
place in close proximity to areas of restoration actions where short-term outcomes are
likely to be detected within five years of the restoration/adaptation project.

e Ecosystem-based Monitoring: involves monitoring of ecosystem characteristics and
function throughout the intended impact area of a managed salt marsh, including areas
of the marsh that were not the subject of restoration efforts but that could potentially be
affected by those actions. This includes the assessment of hydrology, vegetation, and
marsh elevation throughout the marsh and not just in the vicinity of active management.
Ecosystem-based monitoring should begin prior to restoration and include both the
target area and suitable reference areas against which to compare. Monitoring can serve
to create a starting point for long-term status and trends monitoring to track
outcomes and restoration trajectories with support from the MassMarsh program.

Additional SOPs will need to be developed, further standardizing data collection to better
evaluate the efficacy of salt marsh restoration or climate adaptation projects. Other elements of
salt marsh monitoring — threat monitoring and long-term status and trends monitoring — will be
more successful if those efforts are coordinated and data collection standardized. Thus, we
anticipate the need for SOPs that are specific to long-term monitoring and/or the need to
monitor current or emerging threats to salt marsh integrity.

An important goal is for the SOPs to be useful to, and embraced by, the restoration, monitoring,
and regulatory communities. If SOPs are widely adopted, data can be better utilized to gain a
broad perspective on salt marsh condition and vulnerability to sea level rise and to assess the
efficacy of various approaches for salt marsh restoration/adaptation over time.

SOP development is based on the following assumptions.
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e SOPs are not intended to be comprehensive for all monitoring objectives but will set
minimum expectations for monitoring sufficient to document marsh change or the
efficacy of salt marsh restoration/adaptation projects over time.

e SOPs are modular and allow practitioners to choose monitoring metrics pertinent to
management goals and monitoring objectives.

e SOPs are being written to provide general guidelines for long-term use, and will be open
to the incorporation of new data collection processes (e.g., direct data inputs from the
field).

e The procedures are written as guidance rather than a series of commands. However, the
steps can easily be converted for other, related uses. For example, by changing the
voice to “we will” they can be adapted for use in quality assurance project plans
(QAPPs).

Standardized monitoring SOPs, and a centralized data repository to store observations, will
allow for a holistic view of marsh resilience across the Commonwealth and facilitate assessment
and improvement of restoration methodologies. This repository will be maintained by designated
personnel with documented QA/QC procedures.

As monitoring relates to restoration, MassMarsh SOPs are intended to increase efficiencies in
project permitting, and in pre- and post-project monitoring. For example, restoration permit
applications can reference MassMarsh SOPs for pre- and post-monitoring, thereby saving the
applicant and reviewer time and speeding up the process. Furthermore, the MassMarsh
program is developing continuously updated remote sensing products that practitioners will be
able use to augment field observations, allowing for low cost and spatially integrative project
monitoring.

lll. Moving Forward: Years 2-5

A. Overview

MassMarsh will continue to work with the Advisory Committee to advance the program goals
(stated on page 4-5) over the next five years, with an eye toward maintaining and expanding the
program for the next 20+ year. Specifically, we discuss how MassMarsh plans to address three
core components of the MassMarsh monitoring program: threat monitoring, short-term project-
based monitoring, and long-term status and trends monitoring, all of which are necessary for a
comprehensive, statewide, salt marsh monitoring program.

1. Threat monitoring. Threat monitoring involves identifying threats to salt marsh integrity
and tracking those threats to assess the level of threat or marsh vulnerability,
determine whether those threats are spreading geographically, the degree to which
salt marshes can recover from those threats, and inform conservation action to
prevent or address marsh degradation. Some aspects of threat monitoring are often
part of project-based or status and trends monitoring. Other aspects of threat monitoring
are separate, either because they require monitoring of specific aspects of salt marshes
not covered by these other elements or because they are geographically focused to
monitor the emergence or spread of particular stressors.
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2. Status and Trends monitoring. Long-term monitoring projects are necessary for
documenting status and trends for salt marsh condition. Some projects already exist and
will likely yield important data for assessment status and trends; others may evolve from
ecosystem-based monitoring of restoration/adaptation projects. Monitoring marshes
undergoing, or that have undergone, restoration is an important component of status
and trends monitoring. To understand how salt marshes are changing over time and how
management is affecting salt marshes it is also necessary to monitor unmanaged
marshes, establishing a comparative baseline (e.g., via a stratified random sampling
approach).

3. Project-based monitoring. Salt marsh monitoring to evaluate the efficacy of marsh
restoration/adaptation projects can be performance-based, to evaluate performance of
management projects in achieving their short-term goals, or ecosystem-based, to
assess the long-term impacts of management activities on ecosystem characteristics
(e.g., hydrology, vegetation, and elevation) and function throughout the marsh, and not
just in the vicinity of active management. By using standardized protocols and
contributing data to the MassMarsh program, participating organizations will help
accelerate the process of developing and refining management techniques and expedite
the permitting of future restoration/adaptation projects.

The MassMarsh Core Team will work with the Advisory Committee to support SOP
development, provide practitioner assistance, data management and sharing, continue remotely
sensed data collection and tool development, and UAS coordination.

B. Threat Monitoring

1. Objective

The objective of MassMarsh threat monitoring is to identify and prioritize current and future
threats to salt marsh integrity and sustainability and to develop monitoring strategies and
protocols that can be used to track these stressors and determine whether they are spreading
geographically, the degree to which salt marshes can recovered from those threats, and inform
conservation action to prevent or address marsh degradation.

2. Measurements, metrics & methods

To begin the process of developing measurements, metrics & methods for threats monitoring,
the MassMarsh Core Team, with input from the Advisory Committee, compiled a list of stressors
that should be considered for specific threat monitoring (see Appendix E). Some of these
threats are widespread and could potentially be monitored by analysis of broadly available
remote sensing data (aerial photogrammetry and satellite data). Others may require ground-
based data collection or remote sensing data that only Unoccupied Aerial Systems (drones and
sensors) can provide. A number of threats might be considered relatively “static threats” in that
they involve elements of human development that are not expected to significantly increase,
even as their impacts are likely to increase over time. Other threats, or potential threats, have
the potential to expand or contract over time.
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Below is a list of threats grouped into three categories based on potential monitoring strategies:
1) site-specific monitoring, 2) analysis of widely available remote sensing data, and 3) use of
remote sensing to detect episodic events. There may be other threats not listed here that can be
added over time as they are identified.

e Site-specific threat monitoring via ground-based and/or UAS data collection
o Invasive plants (Phragmites, perennial pepperweed)
Crab-caused marsh degradation (herbivory and burrowing)
Bank erosion
Marsh edge erosion
Lateral erosion/pool expansion
Sediment starvation (dredging projects, hardened coastal structures, living
shorelines)
o Relative elevation loss (sea level rise + insufficient aggradation of sediment and
peat)
o Water quality (e.g., nutrients)
e Use of widely available remote sensing data to document threat changes over time
Increase hydroperiod due to sea level rise
Waterlogging/swelling
Vegetation density/above ground biomass
Below ground vegetative biomass
Marsh dieback
Barriers to marsh migration (hardened structures, Phragmites, forest)
e Use of remote sensing to detect episodic events
o Significant sediment deposition in/on salt marshes
o Breaches of protective barrier beaches
o Opening or closing of natural tidal restrictions (inundation, draining)

O O O O ©O

O O O O O O

Over the next five years, MassMarsh will work with the Advisory Committee to prioritize these
stressors based on threat severity and the feasibility of developing monitoring protocols with
sufficient buy-in from partners to initiate specific threat monitoring projects. For those threats
chosen for project development we will convene expert groups made up of core management
team members, members of the Advisory Committee, and outside experts to establish
monitoring objectives, metrics, and methods to be developed and incorporated into SOPs.

Example: Documenting and tracking crab-caused marsh degradation

Degradation of salt marshes caused by a combination of crab herbivory and burrowing has
been identified by the Advisory Committee as a serious threat to salt marsh integrity and
sustainability with the potential to expand over time. This is a threat that we intend to address
within the next five years. An objective for such monitoring would be documenting the
geographic extent of crab degradation, the severity of degradation, trends in threat severity
(increasing, decreasing), and potential for geographic spread. Threat monitoring would focus on
characterizing the degradation, tracking changes in severity and geographic distribution of the
degradation, and tracking the changing distributions of native and non-native crabs that
contribute to this degradation.

Potential metrics for this monitoring project might include linear feet of degraded channel banks,
area of denuded marsh platform, presence/absence of various crab species, an index of crab

14



abundance for species present, density of crab burrows, and density of crab burrows by
species. It will be up to the expert team to evaluate the utility and feasibility of potential metrics
and then recommend metrics and specific methods for documenting those metrics for inclusion
in an SOP. If enough organizations participate in crab threat monitoring it would allow us to
compile and synthesize information from different geographies of Massachusetts to get a
broader, clearer picture of the threat that crab herbivory and burrowing present.

C. Status and Trends Monitoring

1. Objective

The objectives of MassMarsh’s status and trends monitoring are to collate, standardize, and
centralize new and existing observations and datasets; put in place a system for the continual
collection, aggregation, standardization, and dissemination of local field data and statewide
marsh observations; establish new long-term monitoring sites in critical gap areas; and work
toward standardizing data collection protocols across existing monitoring programs. The focus
will include detailed field observations across a network of partner (CZM, NERR, PIE LTER)
sentinel sites and monitored restoration sites, in combination with remotely sensed observations
providing statewide coverage. To understand how salt marshes are changing over time and how
management is affecting salt marshes, monitoring will include both marshes undergoing
restoration and unmanaged marshes to establish a comparative baseline.

Defining the current status of marshes throughout Massachusetts and improving mechanisms
for long-term monitoring is essential for identifying early warning signals for marshes in need of
intervention, prioritizing management efforts, and defining baseline conditions against which the
efficacy of restoration or intervention efforts can be assessed.

Some examples of current programs and their data availability that serve as models for this
work:

¢ National Estuarine Research Reserves (NERRS, National Oceanic and
Atmospheric Administration): NERRS provides monitoring data from
wetland/estuarine monitoring sites nationwide, disseminated through their website
(nerrsdata.org), with continuously updated and historical datasets. Of relevance to
MassMarsh, is Waquoit Bay NERR, spanning 2,700 acres on Cape Cod with established
Surface Elevation Tables (SETs), continuous water quality sensors, and vegetation plots
tracking species population coverage.

e Plum Island Ecosystems Long Term Ecological Research (PIE LTER, Marine
Biological Laboratory (MBL)): the PIE LTER, is a consortium of scientists hosted by
MBL that collects, maintains, and distributes data from restoration sites along Plum
Island from their website (pie-lter.mbl.edu/) through web maps and data catalogues.
These data include SET sites, eddy covariance flux towers, water level sensors, and
vegetation transects.

e Buzzards Bay Coalition (BBC): The Coalition monitors over 12 salt marsh sites from
Westport to Falmouth, through collaboration with Buzzards Bay NEP, Woodwell Climate
Research Center, and USGS. Monitoring ranges from analysis of long-term sequences
of aerial photography and field surveys, focusing on issues from water quality to platform
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degradation. Data are released through various channels such as quadrennial reports
and online portals stormwater.buzzardsbay.org which host their water quality datasets
through an interactive web map.

e Massachusetts Office of Coastal Zone Management (CZM): CZM scientists update,
maintain, and distribute many datasets through interfaces such as the Massachusetts
Ocean Resource Information System (https://czm-moris-mass-eoeea.hub.arcgis.com/),
which serves as their primary data portal and includes hundreds of GIS layers of
monitoring, environmental, and infrastructure data. Specific to marshes, CZM has
established sentinel sites in Essex, Barnstable, and Westport marshes, monitoring
vegetation changes using permanent transects from creek banks across marsh
platforms into uplands to track sea level rise impacts on vegetation. They also host data
such as _the interactive SLAMM Viewer which maps potential wetland distribution
changes under multiple sea level rise scenarios.

e Massachusetts Division of Ecological Restoration (DER): DER monitors salt marsh
restoration sites statewide, including eight long-term monitoring sites on Cape Cod, as
well as sites in the Great Marsh (North Shore), South Shore, and Buzzards Bay.
Monitoring protocols include vegetation transects, water level and quality sensors,
sediment deposition monitoring, and marsh surface elevation measurements. Project
documentation, data, and updates are disseminated online through their online project
web map (https://www.mass.gov/info-details/the-division-of-ecological-restoration-
project-map) , annual reports, and their quarterly Ebb & Flow newsletter.

The above list includes examples of existing monitoring programs but is not comprehensive.
2. Measurements, metrics, and methods

Status and trends monitoring aims to provide comprehensive support for salt marsh monitoring
efforts by assisting existing programs, identifying critical observational gaps, and guiding and/or
establishing new monitoring sites as needed to fill observations gaps and provide better
statewide coverage.

e Linking remotely sensed observations of biophysical conditions with direct field
observations to create continuous statewide data products accessible from a public
viewer,

e Focus field observations on hydrology (i.e. inundation of the marsh platform and impacts
of features such as channels, pools, and ditches), vegetation, and marsh platform
accretion and elevation change relative to sea level,

e Mapping and consolidation of existing monitoring infrastructure/observations and access
via the MassMarsh geo-database and data server.

e Integrating monitoring of partner and MassMarsh long term monitoring sites,
Establishing new marsh monitoring sites in critical gap areas, with a focus on Marsh Trio
(see Appendix B.) sites to assess efficacy and develop recommendations for improved
implementation,

Developing consistent standards for long-term monitoring efforts,

e Assisting in the installation of sensors and in monitoring efforts such as UAS flights when

needed (See section Support for Salt Marsh Monitoring)

Significant effort is currently underway to assess and collate existing datasets and address
fundamental questions about statewide monitoring coverage, such as:
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What monitoring sites currently exist across Massachusetts marshes?

Where do critical geographic and/or environmental gaps exist in monitoring coverage

(particularly for essential measurements such as Surface Elevation Tables or marsh

inundation characteristics)?

e How do monitored and unmonitored sites differ in their characteristics/vulnerability (i.e.
where do new sites need to be established to fill in knowledge gaps)?

e Do existing sites maintain minimum requisite instrumentation (e.g., established marker

horizons and water level sensors)?

This assessment will identify where establishment of baseline monitoring is required, where
existing efforts need augmentation or further support, and how to prioritize project placement.

The resulting database will streamline research efforts by providing practitioners with clear
guidance on monitoring needs and opportunities as well as current status and trends of
statewide marshes.

D. Restoration/Adaptation Site Project-based Monitoring

1. Objective

The objective of MassMarsh project-based monitoring is to provide standardized observations to
facilitate rigorous efficacy assessments of restoration practices and ensure that salt marsh
restoration/adaption projects are effective and efficiently implemented and the ecological
integrity of coastal marshes are maintained over time.

2. Measurements, metrics, and methods

Short-term, performance-based monitoring: Assessing whether short-term management
objectives are met.

Restoration project-based monitoring usually involves performance-based monitoring for 3-5
years depending on permit stipulations and project objectives. SOPs are now available to
standardize data collection for performance-based monitoring of vegetation, hydrology, and
elevation change. Beyond the initial performance-based monitoring period, the MassMarsh
community (Core Team, partner organizations) may continue longer-term, less intensive
monitoring, largely through regular (e.g., every five years) gathering and assessment of remote
sensing metrics. MassMarsh will continue monitoring the long-term impacts/efficacy of
restoration techniques and to understand how marshes are changing statewide. By comparing
results across a wide range of restoration site as-built dimensions and pre-restoration marsh
conditions (elevation capital, vegetation trajectories) these data can be used to develop best
practice implementation recommendations to improve restoration outcomes for future projects.
MassMarsh SOPs will standardize and offer guidance regarding methods and metrics and
standardize reporting of how restoration projects are constructed (as-built) and the resulting
marsh response. Restoration practitioners have specific, project-based objectives and desired
outcomes, however, it is valuable for practitioners to be able to compare their restoration
metrics to other sites across the state to better determine optimal restoration potential and best
practice techniques. MassMarsh SOPs are offered as guidance with standardized reporting
structures. MassMarsh can assist with short-term performance-based monitoring through
project design or SOP interpretation (See E.).
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Longer term, ecosystem-based monitoring: assessing project/place-based restoration technique
efficacy over time.

MassMarsh will assist with collection of field data and deployment of field sensors at project
partner sites as well as any additional MassMarsh monitoring sites — establishing and growing a
network of observations using consistent SOPs for statewide monitoring. New MassMarsh long-
term monitoring sites will be focused in areas that have been recently restored or have planned
and funded restoration with two sites in mesotidal (northern) marshes, and two sites in
microtidal (southern) marshes. Field data and observations will be hosted and regularly updated
on the MassMarsh website following collection. Monitoring will occur across three site
categories: control/reference regions, areas of concern, and project sites (e.g. ditch remediation,
runnel, and sediment placement sites) to track marsh condition in both restoration and control
areas, as well as evaluating long-term restoration efficacy. Each MassMarsh monitoring site will
include the following standardized measurements described briefly below and in greater detail in
associated SOPs:

e Groundwater and Surface Water Monitoring: Wells instrumented with pressure
transducers will monitor groundwater levels alongside surface water loggers deployed in
channels to constrain tidal datums. MassMarsh team members will visit instruments
regularly to download data and ensure continuous operation (refer to hydrology SOP).

e Marker Horizons: Marker horizons will be used to track surface elevation change and/or
vertical accretion of the marsh platform. Marsh accretion and elevation change will be
assessed in relation to local tidal datums and associated sea level rise trends for
accurate elevation change assessment (refer to elevation SOP).

e Vegetation Transects: Data will regularly be collected using permanent transects to
document vegetation population density/composition shifts over time (refer to vegetation
SOP).

Data collected by practitioners throughout the state will add substantially to our collective
understanding of restoration efficacy. Use of MassMarsh-developed SOPs by practitioners will
ensure that all measurements will be spatiotemporally discreet and precise, with robust
metadata, standardized units, and consistent methodology. This standardization will enable
seamless data integration/analysis across sites and organizations and will help facilitate
incorporation into models and remote sensing analyses. The developing remote sensing viewer
(see E.) will guide optimal placement of sensors and observation points to streamline monitoring
planning while minimizing redundancy with existing programs. Other common, continuous
datasets such as Surface Elevation Table (SET) measurements gathered at partner sentinel
sites will be hosted and regularly updated through the data viewer.

SOPs will provide guidance for integrating field observations with remote sensing data. These
procedures will specify how to integrate remote sensing outputs from the MassMarsh viewer
into monitoring and permitting documents. This will enable practitioners to leverage satellite
data effectively and easily, maximizing the value of each monitoring approach while ensuring
results remain comparable across sites and through time.

To effectively assess restoration outcomes, the MassMarsh initiative will rely on accurate
reporting of how and where intervention actions were implemented, herein referred to “as-built”
conditions. As-built conditions are often adjusted from initial permit designs based on field
conditions and represent the actual condition against which marsh response should be
assessed. Restoration 'as-built' documentation will be readily recordable within customizable
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shapefile templates made available to practitioners. These templates will feature predefined
standards for coordinate systems, date formats, and measurement units. Dedicated attribute
fields for each specific restoration procedure within the marsh trio as well as sediment
placement will standardize practitioner reporting and serve as a baseline for statewide
retrospective efficacy analyses by the MassMarsh team.

E. Supporting Salt Marsh Monitoring

The Commonwealth’s investment in a long-term salt marsh monitoring program provides an
opportunity to build capacity for the creation of new data and tools to make monitoring easier, as
well as opportunities to provide direct assistance to organizations and agencies engaged in or
planning for salt marsh monitoring. Some of this assistance will come from capacity at UMass
Ambherst supported by core funding provided by the Commonwealth. Conservation
organizations, state and federal agencies, private consultants, and other universities and
research institutes (those who are a part of the MassMarsh community and beyond) also have
capacity to assist practitioners in the development and implementation of monitoring plans.
Ideally, we will use this Plan and supporting SOPs as guidance toward standardized, collective
action.

1. Objective

The MassMarsh supporting salt marsh monitoring objective is to build capacity by providing
training and assistance to partners engaged in salt marsh monitoring and facilitate effective and
efficient monitoring to meet regulatory requirements and practitioner objectives.

The following are examples of direct assistance that the MassMarsh program may be able to
provide to organizations/agencies engaged in monitoring.

e Technical assistance: Examples include assistance in developing monitoring plans,
consultations about monitoring techniques or equipment, and site visits to help set up
monitoring and use RTK to document temporary and/or permanent benchmarks.

e Data collection: This can include the installation of groundwater wells or the generation
of remote sensing data via UAS, as well as other possibilities.

e Data analysis: Examples include the interpretation of water logger data (conversion of
raw data to hydrology metrics) and mapping vegetation assemblages from UAS imagery.
MassMarsh can also serve as a supportive player for data interpretation and analysis.

e Data compilation, curation, management, and sharing: UMass has invested in a
significant amount of computer hardware to support MassMarsh. There will be capacity
to store and analyze large datasets and a geo-database and data server to make it easy
for partnering organizations to access spatial data in GIS without having to store those
data on their own computers.

e Reporting templates: Each SOP generated by the MassMarsh program will include a
reporting template (e.g., Excel files) to make it easy to submit data for inclusion in the
MassMarsh monitoring database. We are exploring the possibility of creating apps for
smartphones and tablets that will allow partners to collect/record data electronically in
the field and then automatically upload those data, along with photos, directly into the
MassMarsh database.

e Metrics from remote sensing time series data: UMass Amherst is already involved in
creating and testing metrics derived from remote sensing data that are broadly available
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thereby providing statewide coverage. Those data and metrics will be shared via web
data viewers and decision support tools.

e Equipment for loan: UMass will have limited supplies of water level loggers (to borrow)
and materials for constructing sediment traps or groundwater wells (for keeps). It might
be possible to loan out an RTK unit for documenting elevation. As the MassMarsh
program develops and we discover other needs for equipment or supplies we will add
these items to the list of materials available from UMass.

e Training: UMass will organize or directly provide training on monitoring SOPs, the use
of UAS, data analysis, and other topics.

F. Development of Remote Sensing Capabilities and Data
Distribution

1. Objective

MassMarsh is developing an interactive remote sensing data viewer and metrics analysis tool
that will enable managers, practitioners, and researchers to easily determine site-specific
metrics and evaluate remotely sensed observations using a self-guided web interface. The
viewer is intended to help practitioners locate areas of ecological, geomorphic, or hydrologic
concern within marshes that require further field assessment; help inform the selection of
appropriate intervention approaches; assist in hindcasting marsh conditions; provide
approximate status updates on monitoring sites and for project-based monitoring after the initial
period of ground-based, performance-based monitoring; and serve as a project justification tool
providing supplemental quantitative evidence to support restoration planning and resource
allocation decisions.

2. Remote Sensing Data Viewer and Distribution Portal:

Remote sensing imagery (relevantly, images captured from satellites) can provide valuable
approximations of marsh biophysical status. It can serve as a resource for tracking marsh health
trends across multiple spatial scales (from specific regions of interest within marshes to
statewide analyses of marsh complexes) and provide temporal context on timescales beyond
periods of direct field observations enabling evaluation of whether marsh conditions are stable,
variable, or trending toward improved or degraded conditions. Combined, these spatiotemporal
capabilities are invaluable for identifying areas of concern, planning restoration projects, and
tracking project efficacy.

MassMarsh efforts have yielded several new remote sensing methodologies that enhance
project planning capabilities and marsh condition and project efficacy assessment (Fig. 6).
These developments include creating and refining methods for analyzing and mapping time-
series trends of remote sensing indices at individual grid points across marsh surfaces. These
provide detailed approximations of marsh status and trajectory, which we have validated and
calibrated with field-captured metrics and environmental modeling datasets such as ocean
water levels to identify stressors and to link satellite indices to marsh physical processes.
Ultimately, we aim to calibrate and convert remote sensing trends into physical parameter units,
such as net accretion/erosion of marsh elevation relative to sea level rise, which are easily
interpretable without remote sensing expertise.
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Current capabilities of the remote sensing data viewer include:

1.

Interactive Mapping Interface: Users can select any marsh complex within the state to
view statistical analyses (mean, median, standard deviation, time-series slopes, and
correlations with coincidental sea level and ocean water levels) mapped at each available
pixel. Data are extracted from the complete time series of calculated indices (UVVR, NDVI,
NDWI, MNDVI) from Landsat (30m resolution, every 1-2 weeks, 1985-present) and Sentinel-
2 (10m resolution, every 2-5 days, 2018-present) missions.

Statewide Marsh Status Comparative Analytics: Overall marsh statistics can be exported
and compared across complexes to help identify which marshes need the most attention for
project planning.

Pixel-Level Time Series Analysis: Users can select any point/location within the marsh to
view a plot of the complete temporal history of satellite index values (e.g., vegetation vigor
or water on the marsh) at the selected location. These time series plots are customizable -
users can subset temporal ranges to examine trajectories or view characteristics before/after
significant events such as weather events or restoration actions. They can also isolate data
to only be from dates within certain tidal ranges (with ranges customizable by user) or
season. All data are exportable for further analysis.

GIS Integration: Users can upload shapefiles to extract information at either interactively
selected individual polygon boundaries or file-wide statistics. This enables temporal tracking
of marsh health at project sites, comparison of marsh health trajectories between project
sites/methodologies, and monitoring of specific marsh features like pools, channels, and
ditches.
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Figure 6. Panels from the prototype remote sensing data viewer. Top: Interactive map interface.
Bottom: Time series of all selected index values at the selected pixel location from the Top
panel. The time series will offer customization options and a data & plot export function (not
shown here).

3. Data and Tool Development

To support and enhance the remote sensing viewer, validation research is underway to
correlate satellite-derived indices (namely variations of the Normalized Difference Water Index,
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NDWI, and the Normalized Difference Vegetation Index, NDVI) with coincidental field data
including water logger data, tidal levels, flood data, feature abundance (e.g. pools, ditches,
channels), vegetation population density/cover, and measurements of vertical marsh accretion
or elevation change (i.e. surface elevation table and other similar methods). These validations
are critical for determining which remote sensing metrics are appropriate for a given intent/focus
and improving the accuracy of the interpretation of remotely sensed observations.

Future Development: While the prototype remote sensing viewer and all the aforementioned
tools are presently functional, the web-hosted version of the viewer is under development.
MassMarsh project partners will drive the ultimate roll-out of the viewer and associated tools.
The following additional products and developments are planned or underway:
e Remote Sensing Viewer Enhancements: NOTE: “*” below indicates features currently
in development
e Integration of additional datasets:
o Sentinel-1 SAR data* (allowing enhanced penetration of vegetated marsh
surface to interpret inundation)
o Drone imagery integration for ultra high-resolution analysis
o Historic aerial photography for extended temporal analysis
e Enhanced analysis capabilities:
o Multi-pixel polygon selection for area-based statistics extraction*
o Dynamic shapefile uploading with automated feature extraction*
o Integration of other well-established metrics such as
Unvegetated/Vegetated Ratio (UVVR) (Ganju et al., 2022)
e Auxiliary Products:
e Statewide pool polygon/geometry database extracted from NAIP data* combined
with satellite-derived temporal assessment pool geometry changes.
e Comprehensive ditch dataset (Peck and Walker et al., 2025) combined with
satellite-derived health-status statistics.
e Annual UVVR statistics from the USGS accessed on ScienceBase.

4. Development of Remote Sensing Metrics and Methodologies

Methodologies are being refined to identify marsh pools and track changes in pool geometry
throughout the state. Our approach combines high-resolution feature extraction from NAIP
aerial imagery with temporal index data from Sentinel-1, Sentinel-2, and Landsat satellites. This
creates both a comprehensive statewide pool dataset and temporal classifications (stable,
shrinking, or expanding pools). These analyses support overall marsh condition assessment
and enhance project planning by identifying problematic areas while revealing those that may
have been misidentified.

These methodologies are being adapted for several existing marsh feature datasets.
Applications include the comprehensive Northeast marsh ditches dataset (Peck and Walker et
al., 2025) and project shapefiles from the U.S Fish & Wildlife Service restoration actions at the
Parker River National Wildlife Refuge and restoration efforts by the Trustees. Analysis of
existing ditch features will further help identify areas needing attention, while project site
analysis will reveal which interventions have been most effective and which require additional
attention.
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MassMarsh is planning collaborations with partner agencies to create comprehensive decision-
support tools. Holistic decision-making guidance maps will be generated by integrating the
MassMarsh remote sensing time-series trend maps and feature analysis products with existing
marsh health metrics (such as UVVR, SLAMM, and marsh lifespan models). These integrated
products, along with all previously mentioned datasets, will be easily accessible through the
raster viewer platform for inspection and dissemination to practitioners and researchers.

G. UAS Coordination and Collaboration

UMass Amherst has been engaged in research exploring the use of UAS (drones and sensors)
for assessing and monitoring salt marshes. UMass has SOPs and a QAPP for collecting,
processing, and analyzing UAS data. The National Estuarine Research Reserve System
(NERRS) has developed a standardized drone protocol for tidal monitoring on Reserves in the
Southeastern U.S. and the Caribbean. There are other organizations, agencies, businesses,
and individuals that are likewise using UAS to collect imagery and monitor coastal systems,
including salt marshes. Rather than centralize UAS effort, the MassMarsh program seeks to
coordinate efforts among the various UAS practitioners and to collectively standardize UAS
methods and quality control so that data from various projects and a variety of sources can be
compiled and combined to provide a broader perspective on salt marsh condition.

1. Objective

MassMarsh will coordinate the efforts of individuals and organizations involved in using UAS for
monitoring salt marshes to create standardized methods for collecting, processing, and
analyzing UAS data and using those data to monitor salt marsh condition and threats.

2. SOPs: Standardizing UAS data collection, image processing, and
analyses

The MassMarsh program is creating a computer system for storing, processing, analyzing, and
sharing of UAS data. Data contributed to the MassMarsh database will need to be compatible
with the data structure and meet certain data quality standards. To ensure that a variety of
individuals and organizations are able to utilize the database, standardized protocols and
QA/QC methods are needed. MassMarsh will assemble a working group of UAS practitioners to
identify UAS-based metrics, methods, and QA/QC standards for inclusion in SOPs addressing
1) data collection, 2) image processing, and 3) calculation of metrics from UAS data.
MassMarsh will also explore the NERRS protocol and seek information about similar efforts in
other states in the Northeastern U.S. Once SOPs are developed, MassMarsh will provide
training on those SOPs for UAS practitioners.

H. Data Management Plan

1. Objective

The data management plan will outline how the MassMarsh program will collect, structure,
store, back up, and provide access to a wide range of salt marsh data. Some of the systems
and structures have been established. Development of a detailed plan will continue, with the
goal of building a robust, reliable, and consistent system.

24



Early steps include defining the types of data that will be stored, and for each type, the standard
formats, field names, and metadata information that will be needed for data to be compiled. The
MassMarsh Core Team will build a database to compile and curate datasets and a system that
allows collaborators to contribute and access the data. A data server will be provided to publicly
serve a subset of spatial data from a geo-database and make it easy for partnering
organizations to access spatial data in GIS without having to store those data on their own
computers. See Appendix F for developing a Data Management Plan.

V. Future Work

This plan for a long-term salt marsh monitoring program focuses primarily on work to be done in
the next five years. Much of it is likely to be relevant for much longer. A list of program elements
that MassMarsh expects to be developed eventually, but that might not be addressed within the
next five years, is included here:

e Coordination/integration with other state salt marsh monitoring programs: Other
Northeastern states are also implementing salt marsh monitoring programs and there is
likely to be much to gain from coordinating our efforts with those states. Coordination
with other states will be easy to implement over the next few years. Asking the leaders of
those programs to join the MassMarsh Advisory Committee to learn from each other and
coordinate strategies across states may be advantageous. For the longer term, it might
be interesting to consider what opportunities there might be to integrate the MassMarsh
program with other state programs to create a regional approach to salt marsh
monitoring.

e Data synthesis: In the early years of MassMarsh a lot of focus will be on developing
SOPs, reporting templates (and perhaps smartphone- or computer-based apps), a
database to house monitoring data, and compiling/curating data from a variety of
monitoring projects. Eventually, there will be enough data collected to begin synthesizing
and analyzing those data and drawing conclusions about long-term trends and
trajectories, threats, and the efficacy of restoration/adaptation projects and techniques.

e Restoration Guidelines: The compilation of monitoring data from projects using
somewhat different restoration/adaptation methodologies from different regions of the
state should make it possible to identify particular methods or approaches to salt marsh
restoration/adaptation that are more effective than others. This information can help
guide the development of best management practices (BMPs) and eventually SOPs for
various salt marsh restoration and adaptation techniques and approaches.

e Scalability to other ecosystems: Success for the MassMarsh program will depend on
the creation of a programmatic infrastructure sufficient to sustain coordinated and
collaborative monitoring efforts over time. Once that infrastructure is in place, it could
potentially be used to coordinate monitoring of other coastal ecosystems, such as
eelgrass beds, tidal flats, rocky intertidal zones, coastal beaches, and barrier beach
systems.

e Incorporation of salt marsh role in fisheries and food systems: One of the most
economically important wetland functions performed by salt marshes, and one of the
eight interests of the MA Wetlands Protection Act, is fisheries. Yet, most salt marsh
monitoring does not directly address the role that individual salt marshes play in
providing spawning, nursery, and foraging habitat, and food chain support for marine
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fisheries. We believe that eventually the MassMarsh program, in coordination with the
MA Division of Marine Fisheries (DMF), should develop monitoring methodologies that
effectively integrate the value of salt marshes to marine fisheries (e.g., economic and
food security) as part of salt marsh monitoring and restoration.

V. Conclusion

MassMarsh is a long-term monitoring program because salt marsh systems are dynamic by
nature and now are rapidly changing as a result of sea level rise. Efforts to restore or adapt salt
marshes to these changing conditions are still being developed. The effectiveness of
restoration/adaptation techniques and approaches in different regions of the state and under
different settings and conditions must be evaluated before these techniques can be used with
confidence. Only through a coordinated effort using standardized monitoring approaches can
we understand when, where, and how these techniques should be used and avoid potential
unintended consequences of our conservation actions.

Only through widespread salt marsh restoration and adaptation will we be able to slow and
potentially stop or reverse the degradation and loss of these important ecosystems. By
monitoring their status and trends, threats, and the efficacy of our management actions we can
streamline our efforts and make more effective use of available resources to achieve this goal.

VI. Glossary

Agricultural Features:

Embankment: Earthen berm structures built to keep out saltwater from flooding tides and
thereby freshen landward marshes. Series of parallel embankments served to terrace the
farms with freshest fields most landward.

Ditch: There are several types of ditches that pertain to marsh management for agriculture
and mosquito control. Mosquito ditches, deep and straight, were dug extensively in the
mid-20t" century to drain water from the marsh surface to remove breeding areas in the
marshes. Ditch varieties described below were dug to facilitate agriculture on the marsh.
Borrow ditches were dug to provide material for agricultural embankments. Embankments
and dikes needed drainage features to carry away water from upland rivulets and drain the
fields of rainwater. The main drainage ditch was called a trunk ditch and featured a passive
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tide gate to drain freshwater and exclude saltwater; cross ditches ran through fields and
into the trunk ditch. A marginal ditch carried freshwater from uplands surrounding the
marsh out to the tidal marsh.

Marsh Features:

Pools: Pools are small (up to 100 m?), relatively deep (30-100+ cm depth) with steep sides
and lacking peat substratum. They may be vegetated with widgeon grass (Ruppia
maritima) and algae.

Mega-pools: mega-pools are large (1,000 m? and larger) areas of standing water with
mostly shallow submerged peat but also containing small pools and hidden ditches. Mega-
pools form as part of secondary succession following the abandonment of farming
practices.

Pannes: Pannes are often very wet but typically dry out several times a year during
periods of lower tides and rainfall. Pannes can cover large areas of waterlogged marsh;
they are vegetated and dominated by short form Spartina alterniflora.

Forb Pannes: In contrast to pannes, forb pannes are small areas of typically waterlogged
soil (1-2 m across) that supports some grasses but characteristically features less common
forbs such as Agalinis maritima, Triglochin maritima, Plantago maritima, Limonium spp.,
Salicornia spp.

Figure G1. Upper Left: Salt marsh pool with steep sides surrounded by medium height S.
alterniflora. Upper Right: Mega-pool with floating algae in foreground. Lower Right: Panne in
foreground partially bare, with short form S. alterniflora dominating on marsh platform. Lower
Left: Agalinas maritima in a forb panne.
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Thatch: The dead detached stems of tall Spartina alterniflora or Phragmites australis can
be called thatch and once was used as a roofing material and to construct duck blinds. In
modern parlance, thatch is used to describe the dead attached stems of Distichlis spicata
and Spartina patens that form a mat over the surface of the marsh, which can be 10 cm
thick or more, and provide a strong base for salt marsh sparrow nests.

Marsh Restoration Techniques

Ditch Remediation: By fixing braided grasses in the bottoms of ditches using stakes and
twine, smooth cordgrass (Spartina alterniflora) can move in, and peat can be regrown in
deep parallel drainage ditches. The goal is not to eliminate ditches, but to make them so
shallow that their drainage does not allow adjacent peat to drain and oxidize, which leads
to subsidence.

Runnel: A shallow drainage feature (up to 3 feet wide and 1 foot deep) constructed to
connect waterlogged areas of marsh to the creek network and enhance productivity and
promote revegetation.

Habitat Islands or Marsh Mounds: Rather than removing the peat excavated to form
runnels, the peat spoils can be reused to form small mounds of higher elevation where
high marsh grasses can thrive and potentially support salt marsh sparrow nests. Re-use of
the peat to form nearby mounds minimizes disturbance that could result from removal of
runnel spoils with heavy machinery.

Trio: The marsh ‘trio’ are three techniques (ditch remediation, runnels, and habitat Islands)
that can be applied in a coordinated fashion to promote single channel hydrology and
increase resilience and health of the marshes.

Untreated Remediated Untreated Runnel Habitat Island No Island
Ditch Ditch Waterlogged Area Treatment Area

« MMIMW »/- 10cm

Zome of Saturation
at or near the wirface

Zone of Saturation
controlled by thalweg
depth and soil porosity

Figure G2. Diagram of Trio restoration actions to promote single channel hydrology.

Thin Layer Placement and Sediment Placement: Sediment placement on the marsh
surface has been investigated for decades to build up elevation of vegetated marsh. Thin
layer deposition (1-3” of sediment placed on the surface) is generally supportive of the
existing perennial vegetation and will stimulate root growth. Thicker applications of
sediments will kill the underlying plants. Replanting can facilitate vegetation recovery,
although natural recolonization has occurred at some early restoration sites in 3-5 years.

Ditch Plugging: An approach to increase standing surface waters to promote wildlife,
ditches were blocked from draining. Some ditch plugs were augmented with wing berms
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that extended further from the ditch to hold more water on the surface. Ditch plugs have
been shown to be intensely damaging to marshes and have been largely discontinued in
the Northeast.

Tidal Flow Restoration: The process of removing or mitigating human-constructed
obstructions to tidal flow such as culverts, dykes, tide gates, and narrow bridges in order to
restore tidal flushing to the upstream formerly restricted marsh unit.

Marsh Zones:

Low marsh: Areas that are regularly flooded (at least once per day) and typically
vegetated by tall-form Spartina alterniflora. They may be narrow bands along larger tidal
creeks and ditches, along relatively steeper ramps rising toward the marsh platform, and
across broad low elevation marshes. In microtidal parts of Massachusetts including
Buzzard’s Bay and Martha’s Vineyard Sound, this definition applies to the bulk of the
marsh platform.

High marsh: A term once used to describe any broad marsh plain (platform) irregularly
flooded by higher tides (especially spring tides) and typically dominated by perennial
grasses and reeds (Spartina patens, Distichlis spicata, and Juncus gerardii). These
areas, once in dynamic balance with sea level rise, are undergoing transformations
associated with faster rates of sea level rise and are now best described using dominant
plants and their vigor.

Upper Edge Marsh: At the upper reach of spring tides, the marsh vegetation becomes
taller and a narrow band of Juncus gerardii gives way to tall grasses (Panicum virgatum,
Spartina pectinata, Hierchloe odorata) and shrubs (lva frutescens, Hibiscus moscheutos,
Myrica spp. Rosa spp.). The presence of old embankments and freshwater seepage
often results in narrow-leaved cattail (Typha angustifolia) and common reed (Phragmites
australis) at the upper edge of the marsh.

Tidal Characteristics

Spring Tide: Also known as “king tides,” spring tides are higher than average high tides
and lower than average low tides that occur during full moon and new moon phases when
the gravitational pull of the sun and moon are in the same plane.

Neap Tide: Neap tides are lower than average high tides and higher than average low
tides that occur during half-moon phases when the gravitational pull of the sun and moon
are at right angles to each other.

Elevation Capital: Elevation capital refers to the height of a wetland within the tidal
frame. With an even slope and no restrictions to hydrologic flow, salt marsh plants can
grow over a specific range of elevations for a specific tidal range. If the marsh platform is
high in elevation relative to the plant growth range it is thought to have high capital
because the marsh would be protected from sea level rise for a relatively long time,
compared to a marsh with low elevation, hence capital, that would be able to survive only
a few centimeters of sea level rise.

Tidal Frame: The elevational range of the tides at a particular location.

UVVR: The ratio of unvegetated to vegetated marsh area is a geospatially derived metric
comparing vegetated and unvegetated pixels within a specific area.
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UVVR =X Unvegetated Pixels / X Vegetated Pixels
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Graphic from Philadelphia Army Corps, but Army Corps "Seattle District uses the mean higher high water mark as the geographic limits of the high
tide line."

* MA WPA salt marsh performance standards essentially prohibit destruction of salt marsh. In a DEP adjudicatory case (In the Matter of John Van
Loan, Newbury, MA case), the judge ruled that Phragmites in this transition zone was defined as salt marsh.

Figure G3. Salt marsh cross-section with regulatory zones.
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VIl. Appendices

Appendix A. Advisory Committee Membership

First Last
Adam Finkle
Adrienne Pappal
Anne Giblin
Jordan Mora
Carole Ridley
Cathy Wigand
Danielle Perry
Cristina  Kennedy
Jason Steiding
Kris Houle
Megan Tyrrell
Nancy Pau

Pat Huckery
Rachel Jakuba
Russ Hopping
Sara Grady
Steve Smith

Lisa Rhodes
Tay Evans
Nate Corcoran
David Hilgeman
Marc Carullo

David Burdick
Amanda Davis

Organization

Woods Hole Group

Massachusetts Office of Coastal Zone Management
Marine Biological Lab + Plum Island LTER

Mass Bays / Assoc to Preserve Cape Cod

Ridley & Associates

EPA Region 1

NOAA

Massachusetts Division of Ecological Restoration
Mashpee-Wampanoag

Tighe and Bond

Waquoit Bay National Estuarine Research Reserve
USFWS Parker River National Wildlife Refuge

Mass Wildlife

Buzzards Bay Coalition

Trustees

Mass Audubon

National Park Service

Massachusetts Department of Environmental Protection
Massachusetts Department of Environmental Protection
Massachusetts Department of Environmental Protection
Massachusetts Department of Environmental Protection
Massachusetts Office of Coastal Zone Management
University of New Hampshire, Jackson Lab
Massachusetts Division of Marine Fisheries

Scott Jackson UMass Amherst
Brian Yellen Massachusetts Geological Survey at UMass Amherst
Katie Kahl UMass Amherst
Julie Walker UMass Amherst
William  Speiser UMass Amherst
Jon Woodruff UMass Amherst
Tim Cook UMass Amherst
Ryan Wicks UMass Amherst
Sintra Reves-Sohn UMass Amherst

Appendix B. Salt Marsh Restoration Context
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Introduction

During the latter half of the 20th century, salt marshes came to be recognized as valuable
coastline features, reversing a decades long trend of viewing them as wasteland to be filled or
drained. This change in perception and legislation in the 1960s and 1970s ushered in a desire
and framework to restore the form and function of salt marshes as they existed prior to
extensive modification by humans. In the Northeastern U.S., dense road and rail networks built
across the landscape have impaired many salt marshes by reducing tidal flushing through
undersized culverts and bridges (Roman and Burdick, 2012). Thus, tidal restrictions became
one of the first problems addressed to restore marshes, restoring tidal flushing to marshes by
expanding the flow capacity of tidal creeks that had been restricted by culverts, bridges, berms,
and other impediments to flow. MassMarsh will leverage observations from 40+ years of tidal
flow restoration projects completed in Massachusetts and across the Northeast to evaluate
where these projects have been most effective at fostering saltwater vegetation and the building
of marsh capital (intertidal elevations that support healthy salt marsh).

Since the late 2010s, several new and innovative salt marsh restoration practices have been
implemented in Massachusetts, and surrounding states, in response to ongoing degradation of
marshes and the continued acceleration of sea level rise (Perry et al., 2022; Burdick et al.,
2020, Raposa et al. 2022). While rapid marsh loss justifies the need for innovation and action,
rigorous science is needed to evaluate the efficacy of using specific restoration techniques.

Action must be based on scientific principles whereby restoration of hydrology and elevation
capital is needed to support vegetation and maximize resilience. It supports effective restoration
in three main ways: (1)
1. Conducting a retrospective analyses of marsh restoration projects done to date to
assess commonalities in the most successful projects;
2. Developing SOPs for pre- and post-project monitoring will allow for continued
assessment of specific practices when applying various marsh restoration approaches;
3. Assessing restoration efficacy, in collaboration with project partners, to use the
community's observations and satellite/drone data to identify the most effective protocols
for marsh restoration.

Conducting Retrospective Analyses

In recent years, greater appreciation of the negative impacts on salt marshes of 1930s-era
mosquito ditching, and earlier earthworks related to farming in salt marshes has spurred new
restoration methods to address the legacy of these marsh impairments. Collectively referred to
as the “Marsh Trio” method, this holistic approach focuses on reestablishing “single channel
hydrology” to marsh tidesheds to reverse deleterious impacts of salt marsh ditching. The Marsh
Trio involves three combined practices: ditch remediation, runnelling, and construction of marsh
islands. Each of these approaches is described below, along with other common restoration
techniques.

Types of projects

o Tidal Flow Restoration: This is the longest practiced method of marsh restoration in the
Northeast US. Tidal restrictions are identified by a reduction in the tidal range upstream
of a human-made impediment to tidal flow (e.g., road/railroad crossing undersized
culvert, embankment, tide gate, etc). Among other changes, restricted marsh areas will
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often convert to freshwater wetlands resulting in significant subsidence and methane
emissions. Restoration involves the widening of a constricted channel, removal of an
impediment to partially, or completely restoring tidal flow to the upstream marsh. Project
success is often defined in the short term by the degree of restored hydrology and in the
long term by marsh building, the re-establishment of saltwater plants in place of
freshwater vegetation, and the restoration of a functional
7] Freshwater vegetation ~ salt marsh ecosystem. Particular consideration during
[ salt marsh vegetation ~ Project planning should be given to marshes that
=== Tidal flow restriction experienced significant subsidence while tidally
restricted, as a complete flow restoration may lead to
further marsh degradation and vegetation dieback.

E ° Runneling: Whereas marsh
g ditches were historically intended to

drain the marsh peat by excavating >

0.6 m, runnels are shallow (<0.3 m

deep) channels typically dug by hand

or specialized low pressure
excavators to drain expanding surface water features and allow salt
marsh vegetation to recolonize formerly expanding marsh pools or
pannes. Runnels are appropriate where marsh ponding or
waterlogging can be linked to the legacy of agricultural embankments
or grid ditch networks and associated spoils that impede platform drainage (Watson et
al., 2022). Runnels are often used in combination with other restoration methods (e.g.,
ditch remediation, sediment placement) to address hydrological concerns.

Marsh Islands: The digging of a runnel results in a small volume of spoils material
which can be repurposed to mound a ~2-3 m diameter “island” that will remain above all
but the highest tides. Once revegetated, which typically only takes 1-2 growing seasons,
these marsh islands may provide refuge to the

federally listed salt marsh sparrow (Ammospiza

caudacuta), which is endemic to these marshes and

nests on high marsh locations that flood infrequently

to allow for their offspring ~28 day gestation and

fledging period. Other salt marsh obligate species

such as Seaside Sparrows (Ammospiza maritima) Marshisland
and Willets (Tringa semipalmata) may also derive —_—
habitat benefits from these high marsh capital
“islands.”

r,,,,"e

Ditch Remediation: Marsh ditches lower the salt marsh water table exposing formerly
anoxic peat to air and allowing it to oxidize. The conversion of salt marsh peat to CO2
reduces the marsh volume and thereby its elevation relative to sea level, while also
contributing carbon to the atmosphere. To counteract peat oxidation and subsidence
caused by historic marsh ditching, Adamowicz and Wilson have developed a new
method of ditch filling that is inexpensive, scalable, and effective in “healing” historic
ditches. The primary goal of ditch remediation is to bring the marsh water table closer to
the marsh platform within densely ditched and subsided marsh areas and reverse the
process of peat oxidation. To perform a ditch remediation, a swath of salt marsh hay is
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mowed late in the growing season adjacent to the ditch that is to be treated. The thatch
is allowed to dry for 24 hr and then secured to the ditch bottom with stakes and natural
sisal twine, which comprises a treatment. Subsequent treatments in years 2 and 3 may
be necessary to bring the elevation of the ditch bottom within 20 cm of the adjacent
marsh platform (see figure XX). This plan provides for an efficacy assessment of ditch
remediation, which is a relatively understudied and new restoration practice.

e Thin Layer Deposition: This practice involves depositing dredged sediment on a marsh
using a high-pressure hose to spray sediments. Long prohibited in Massachusetts by the
Wetlands Protection Act (MassDEP), this widely applied method is now being
considered in the state as of 2025. Some people caution against applying low pH
sediments when conducting sediment placement, which could kill the perennial grasses.
There is also concern that
applying thick layers of Thatchfills ditch
sediment (>10 cm) atop (
thick peat accumulations
can compress low density
peat, offsetting any elevation
gains. However, a recent
study in Rhode Island found
that thick application of
sandy sediment (10-48 cm)
resulted in successional
colonization by marsh
dominants within four years and net elevation gains up to four years after treatment
(Raposa et al., 2022).

e Passive Sediment Augmentation: In 2024, Mass CZM funded a pilot study to assess
whether sediment placed in a subtidal location adjacent to a salt marsh could provide
sediment and elevation capital to the salt marsh. The study, which was completed in
“model space” and did not involve an actual experiment, showed promising results. A
follow up study is scheduled for 2025-2026. Both the phase 1 and phase 2 of this
modelling experiment were completed at Waquoit Bay NEER in Mashpee, MA.

Developing SOPs

SOPs are being developed by the MassMarsh program to standardize the collection of
monitoring data, which would allow results to be combined from salt marsh
restoration/adaptation projects across all regions of the Massachusetts coast, offering
researchers and managers a more comprehensive understanding of management technique
efficacy.

Assessing restoration efficacy

MassMarsh will conduct regular retrospective assessments of marsh restoration projects across
the state using remotely sensed observations paired with more infrequent but richer field
observations. MassMarsh provides a framework for centralized data collection and curation,
thereby allowing us to track new projects as pre-restoration and post restoration monitoring data
are added to the centralized data repository. SOP-aligned field observations will document
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baseline conditions at project sites, with remotely sensed observations allowing for more
continuous monitoring and outcome comparison across projects and regions. Leveraging
observations from project design, pre-project conditions, and restoration outcomes across the
state, MassMarsh will work with the advisory committee to offer adaptive suggestions to
restoration approaches to optimize project efficacy. The Massachusetts Department of
Ecological Restoration has already made great strides in assembling restoration data over the
last 50 years, and MassMarsh will build off this foundation to help refine “Marsh Trio”
methodologies.

Appendix C. Survey metrics and methods categories

Metric
Category Examples of Metric Category
Vegetation Cover and Composition, Diversity, Change, Structure, Density, Monitoring
Vegetation and Zonation, Biomass, Productivity
Hydrology Water Level, Tidal Regime, Inundation, Ponding, Redox potential

Avian, Macroinvertebrates, Benthic Fauna, Nekton, Horseshoe crabs, Community
Fauna Composition

Elevation Subsidence, Elevation change, Marsh Surface and platform elevation
Sediment Accumulation and Deposition, Soil Properties and Strength, Soil Carbon and
Sediment Decomposition, Historical Analysis

Water Quality Salinity, Nutrients, Nitrogen, Algal Blooms, Chlorophyll, Water Quality Parameters

Bank Erosion, Lateral Erosion, Marsh size and Area, Marsh Edge movement, Marsh Loss,
Erosion Creek Width

Herbivory Crab Abundance, Crab Burrows, Crab Herbivory

Invasives Phragmites coverage, Invasive plants cover, invasive species
Greenhouse

Gas Methane exchange, carbon exchange, GHG, Greenhouse gas emissions
Geomorphology Ditch depth, Bank erosion, Creek edge erosion, runnel width and depth
Migration Landward migration, migration potential, ecotone migration

Contaminates Biota, Sediment Contamination
Anthropogenic  Dock Proliferation, Effects of climate change, Anthropogenic Impacts
SLR Sea-levelrise

Weather Precipitation
Methods
Category Examples of Methods Category
Field Transect and Quadrat, In Field Use of Technology and Equipment, Soil and Sediment

Observations Sampling, Benthic and Faunal Sampling
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Remote
Sensing Aerial Imagery, LiDAR, drone surveys, bathymetry, GIS, NAIP, UVVR

Formalized GPAC, NERRs National Protocol, SHARP (Saltmarsh Habitat and Avian Research Program)
Protocol Rapid Assessment

Models Hydrology Models

Experimental
/ Other Microscopy, Fluorometry, and DNA sequencing, Wet Chemistry, Elemental Analysis

Appendix E. Advisory committee threat polls

For each of seven threats that we explored with the Advisory Committee, we summarized their
feedback in two figures: importance of monitoring the threat compared to the difficulty of
measuring it (Left) and geographic differences in threat risk across the state based on CZM
regions (Right). Below is a summary of the results on a scale of zero to five.

General observations: All threats were perceived to be highest in the Cape and
Islands, the regions with highest gap in knowledge (where most Advisory Committee
members skipped questions on threats) were Boston Harbor and the South Shore.

Invasive Plants (Phragmites, Pepperweed)

e Responses indicate that invasive plants pose a very low threat across all
surveyed regions.

e Cape Cod and the Islands reported the highest concern with an average rating of
3, while the South Shore had the lowest concern (1.7).

Crab Herbivory

e While generally considered a moderate threat, Cape Cod and the Islands
reported a significantly higher concern (4.4), suggesting a greater impact in that
region.

Crab Burrowing

e Crab burrowing was mostly viewed as a lower threat, except in Cape Cod and
the Islands (4) and the South Coastal region (3), where it was rated slightly
higher.

e It was noted that measuring crab burrowing was more difficult than measuring
direct herbivory, and burrowing was a biggest concern at the creek edges

e Also noted was that fiddler crab burrows may be an issue at some sites but not
others — difficult distinguishing what crabs are responsible for which burrows

Bank Erosion
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e Responses suggest that bank erosion is a concern across most regions, with
Cape Cod and the Islands experiencing the highest average rating of 3.7.

e Mixed opinions on whether it is difficult to measure

Sediment Starvation

e The advisory committee generally sees this as a moderate level threat, with
Cape Cod and the Islands expressing the most concern (3).

e Mixed opinions on the difficulty of measuring

Relative Elevation Loss

e Rated as a high concern in general, but a low concern in most regions, Cape
Cod and the Islands (4.3) and South Coastal (3.6) reported higher risk

perceptions.

o Noted difficulty in tracking elevation changes; could be related to its
compounding with multiple factors, such as sediment deposition, erosion, and

plant biomass

Water Quality

e The results show that concerns about water quality are low across all regions,
with ratings ranging from 1.5 to 2.6.

e Water quality concerns are difficult to assess due to the many contributing factors
(nutrient loading, pollution, salinity changes)

Invasive Plants (Phragmites, pepperweed)
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Bank Erosion
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Appendix F. Data Management Plan

Terms

1. Geo-database: The geo-database is the computer system (hardware and software)
that is used to store, process, organize, and back-up all the relevant spatial data for
saltmarsh studies. The system will be used by core members to store original data,
process those data where needed, and store derived data products for the long term. It
will additionally store contributed data from MassMarsh cooperators.

2. Data server: The data server is the computer system (hardware and software) that is
used as the primary interface for the public to access, query, browse, and preview
spatial datasets. The datasets that are available via the data server will be a subset of all
data that are available on the geo-database, which have been specifically tagged to be
searchable and viewable for the general public. The data server hosts both public-facing
web pages and GeoServer, the software that serves GIS data to the web apps (hosted
on-site or remotely) and GIS applications running on users’ computers.

3. Roles

A. Geo-database Administrator: The geo-database administrator has two primary
roles: 1) to ensure the organization and integrity of data on the geo-database 2)
to ensure that dataset submissions from collaborators are organized
appropriately within the database and that all requisite meta-data are included.

B. Data server Administrator: The data server administrator is the individual
responsible for the operation of the data server; this includes the tools for serving
websites and data to the general public.

C. IT Administrator: The IT administrator maintains the geo-database and data
server hardware and system software, ensuring continuous functionality and
integrity. This role consists of 1) administering operating system updates and
managing the backup system, 2) managing user accounts and permissions, and
3) replacing hardware components as they fail or approach their end-of-life cycle.

D. Core member: A core member is an individual who has access to the geo-
database’s computing capabilities and storage.

E. Collaborator: A collaborator is an organization, company, or individual that
contributes data to the geo-database.
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II. Data Types and Metadata Requirements

While the specific requirements for structure and storage vary by data type, all data
shall have the following requirements for storage on the geo-database and
searchable attributes for the Data server:

Title

Authoring entity

Point of contact

Data collection or data production date range
Spatial extent

Type

mmo o w>»

Examples of types of data are listed below, as are any specific metadata
requirements for those data. Part of our work will be to maintain a complete list of
data types we work with and standardize the structure, format, and metadata for
each type.

1. Time series data: time series data from devices such as water loggers. Examples
of specific types are:

A. Surface water data — barometric calibration source and method must be
cited.

B. Groundwater data — barometric calibration source and method must be
cited.

C. Barometric data

All data points in time series data must have a timestamp with the appropriate
number of significant figures and units to denote the precision of time
measurement. All columns must be labeled with standard column headers and
metadata fields for the data type. The metadata will track whether it is spatially
explicit and if it is the Coordinate Reference System (CRS) and extent of the
data. The metadata will also include approximate accuracy (1-sigma) of lateral
and vertical measurements. Barometer data, for example, are data that could be
tagged as not spatially explicit as the exact location may not be necessary for
analysis. Conversely, data such as groundwater logger data needs to be tagged
as spatially explicit as its location and accuracy are necessary for data analysis.

2. In situ survey data: in situ surveys are any data that were collected, sampled, or
recorded in person with ground crews. Examples of in situ survey data include:

Landcover classifications
Plant surveys

Elevation profiles

Crab traps
Sedimentation traps
Core samples

Loss On Ignition (LOI)
Carbon density

Bulk density

TIOMmMOOw>
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For each data type we will standardize the structure of the data including
field/column names, file format, metadata fields and file format. Examples of some of
the metadata we might require and collect include:

A.

D.
E. date: date and possibly time of data collection.

spatially_explicit: 0 (not spatially explicit) or 1 (spatially explicit). Data
locations, along a transect, or within a region.

CRS: (when spatially explicit) the coordinate reference system (CRS) as
either an EPSG code preceded by “epsg:” (preferred) or the well-known
text definition of the CRS including projection, vertical datum, and geoid.
vertical _accuracy, lateral_accuracy (when spatially explicit): approximate
accuracy (1-sigma) of lateral and vertical measurements (meters).

site: site code.

3. Remotely sensed data: remotely sensed data are captured from sensors aboard
remote crafts such as satellites, occupied aircraft (aerial data), or unoccupied aircraft
systems (UAS). Remotely sensed data are typically stored as geoTIFF files with
included geolocation data. Examples of remotely sensed data include:

mmoow»>

LiDAR (*.las)

LiDAR-derived raster products (geoTIFF)
Photogrammetry DEMs (geoTIFF)
Orthomosaics (geoTIFF)

Spectral indices maps (geoTIFF)

Maps of derived model results (geoTIFF)

Examples of metadata that might be required for remotely sensed data include:

A.

mo o

F.
G.
H
l.

CRS: the coordinate reference system (CRS) as either an EPSG code
preceded by “epsg:” (preferred) or the well-known text definition of the
CRS including projection, vertical datum, and geod.

vertical _accuracy, lateral_accuracy: (when spatially explicit): approximate
accuracy (1-sigma) of lateral and vertical measurements (meters).
platform: Platform used to carry sensors

sensor: The imager or sensor used

resolution: Resolution (where appropriate) cell dimension in meters. At
least one value, optionally two for x and then y dimensions.
pc_density: point cloud density

bands: For multi-band data, what a label for each band.

. date: the date or date-time of data collection.

site: site code

lll. Classification of Data by Use Case and Accessibility

Data stored on the geo-database will have one or more of the following
classifications:

1.

Long-term storage of raw data or derived data products for core members
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2. Short-term storage of raw data or derived data products for core
members; these will be data used for exploration, or interim data used in
model development or analyses.

3. Long-term storage of final data products intended to be accessible to the
public. These data will be stored on both the geo-database and the data
server.

IV. Data Collection and Storage Plan

We hope to build an online system that allows collaborators to upload data along
with the requisite metadata and formatting. New dataset additions would be subject
to both automated and human quality control before being integrated. Initially we
expect some of this work to be done manually but over time we hope to automate the
more tedious or time-consuming aspects.

Initial development will focus on a web app that allows collaborators to identify and
upload datasets, storing entered metadata in a database, and placing uploaded data
on the Geo-database for deployment by a member of the core team. This will make
the process of submitting data far more predictable and convenient and, reduce a
major source of errors.

Eventually, we would like to automate this back-end deployment, which would result
in seamless data sharing from cooperators to the Data Server with a minimum of
personnel time and almost no lag time. This back-end system would eliminate a
potentially error-prone process. In the interim, we will develop a protocol and
checklist for data deployment.

V. Data Query and Access Plan

In general, access to each class of data on the geo-database will be dependent on
an individual’s role.

1. The general public will have access to long-term data products that are
made publicly accessible via the data server.

2. Core team members will additionally have direct access to geo-database
with read permissions for all data and write permissions for a subset of
data that is relevant to their work.

3. Administrators will have access to all data on both the geo-database as
well as the data server files and functions and will be able to assign or
change roles for individuals, companies, or organizations.

VI. Geo-database hardware and software
1. Hardware

A. Geo-database data storage: Data will be stored on a Synology RS2423+
Rackstation NAS populated with 7 Synology 20 TB 3.5” magnetic hard
drives. The NAS will have RAID 6 redundancy, allowing for up to 2 drives
to fail simultaneously and still maintain data integrity. This will functionally
allow users access to 100 TB of storage space with the ability for
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administrators to expand storage as needed. New drives will be installed
to replace any failed drives. A secondary NAS with identical capabilities
will be set-up in an alternate server room, and data on the primary NAS
will be copied to secondary NAS at regular intervals (nightly for high-value
smaller datasets and weekly for the rest) using an automatic versioning
system to provide additional redundancy.

B. Geo-database computing: The geo-database will have computing power
dedicated to modeling analysis work. This hardware will include 2 Intel
Xeon Platinum 8562Y+ 2.8G processors, 256 GB of RAM, an NVIDIA
Ampere A2 graphics card, and 6 TB of SSD storage with error detection.
A portion of the geo-database computing assets will be held in reserve as
a back-up data server in case the primary data server fails and for
temporary use during system updates of the data server.

C. Data server hardware: The data server will serve GIS data to support
graphical browsing and previewing of data to multiple simultaneous users.
The data server will leverage 2 AMD EPYC 7413 2.65GHz processors,
256 GB of RAM, 8TB of SSD storage with error detection. High-use data
will be stored locally; additional data may be stored on the same NAS as
used by the geo-database.

2. Software

A. Operating System: Both the data server and the geo-database will have
Windows server installed as their operating systems.

B. GeoServer will be installed on the data server platform to serve web tools
that will run in users’ browsers, served by a separate server, as well as
GIS software such as ESRI ArcGIS Pro and QGIS.

C. ESRI ArcGIS Pro, QGIS, Agisoft Metashape, R, Python, and Hoboware
Pro will be installed on the geo-database platform to give core members
access to tools to support their analysis and modeling work.

VII. Security

The geo-database and back side of the data server will only be accessible through a
secure network managed by the IT Administrator and the broader IT services team at
UMass Amherst.

The data server will host GIS data via GeoServer and public-facing web pages.
These public-facing elements of the data server will be managed using commonly
accepted security practices.

Data will be backed up regularly using an incremental backup system that tracks
changes to the data to allow recovery not just of the most recent backup but also of
prior states of the data.
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