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Version History 
Site-Specific Salt Marsh Decision Support Tool version 1.0….…………………….…...March 2020 

User Guide provides description and guidance on using the Decision Tool. Version 1.0 
incorporates feedback from one workshop (held in July 2019). 

Wetland Assessment Tool for Condition & Health: User Guide version 2.0…………….March 2021 
Guides data input, interpreting output, and includes training scenarios. Produced for the 
release of WATCH at the March 30, 2021 training webinar and was provided to all attendees 
and made available on the PDE website. 

 
Disclaimer: Conclusions drawn from the output of the WATCH tool are the sole responsibility of the 
user. A comprehensive attempt was made to ensure that all relationships and model output reflect the 
best available science to date. The Partnership for the Delaware Estuary, National Fish and Wildlife 
Foundation, and NJ Department of Environmental Protection, along with all other collaborators, 
assume no liability for any damages caused by inaccuracies in WATCH or the accompanying 
documentation; and make no warranty, expressed or implied, as to the accuracy, completeness, or 
utility of this information, nor does the fact of distribution constitute a warranty. 
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1. Introduction 
Purpose 
Salt marsh acreage decline, and the contemporaneous loss of ecosystem services, is a principal concern 
to natural resource stakeholders in the Delaware Estuary. Intervening these losses is a high regional 
priority. It is difficult, however, to assess the vulnerability of a salt marsh to the suite of stressors that 
it may experience. Many tools and data products currently exist to quantify site-specific metrics, but 
they tend to focus on a singular outcome (e.g., habitat quality, inundation, erosion) without considering 
the variety of feedbacks that contribute to a cohesive diagnosis. Although multi-metric monitoring 
protocols exist to score overall health, these relative, instantaneous measures are not intended to serve 
as diagnostic tools for intervention tactics. Yet, holistic assessments of current and future site-specific 
salt marsh function are a necessary step to inform enhancement efforts. A consistent means to integrate 
multiple salt marsh attributes to diagnose sources of functional deficiency among factors that 
contribute to marsh health is an important component of developing or designing intervention 
strategies. 

The Wetland Assessment Tool for Condition and Health (WATCH) is a flexible, systematic 
framework that integrates data regarding a suite of attributes, shown to be fundamental in salt marsh 
function, to gain a holistic understanding of site-specific salt marsh condition. For each attribute 
(lateral and vertical position, biology, hydrology, soil condition, and water quality), WATCH 
evaluates data against user-defined criteria and trajectories to identify evidence of current and/or future 
deficiencies. These attribute-specific deficiencies are subsequently integrated to identify unique 
combinations indicative of diminished functionality. When the data suggest diminished functionality 
for one or more attributes, but the evidence is not strong enough to indicate site-wide deficiency, 
WATCH identifies interrelated attributes for continued monitoring. The output of this tool will inform 
the user whether there is enough evidence to further consider an intervention project, and discuss this 
potential with landowners, funding agencies, and regulatory agents. Additionally, it will facilitate the 
gathering and documentation of pertinent regulatory information (e.g., endangered species, critical 
habitat) prior to regulatory conversations and/or application submission. 

This user’s guide describes the basic purpose and applications of WATCH, as well as general 
instruction for site evaluation.  

For in depth descriptions of WATCH features (e.g., attributes, criteria standards), cell-specific 
calculations, and integration formulas, please see Moody et al 2020, located here: 
https://www.delawareestuary.org/data-and-reports/science-reports/.  

Stepwise data input instructions are listed in Section 3 Stepwise Data Input Instructions (this 
report, page 9). You can also find them in the Instructions tab (first tab) of the WATCH 
spreadsheet. 

More detailed background information and definitions used throughout this user’s guidance can 
be found in Section 4 Input and Calculations. 

  

https://www.delawareestuary.org/data-and-reports/science-reports/
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Goals 
WATCH provides a holistic overview of site-specific functionality and encourages users to consider 
multiple aspects of wetland function independently and holistically. WATCH evaluation is relevant to 
those planning restoration projects (e.g., restoration practitioners, municipalities) and those evaluating 
the merits of proposed projects (e.g., regulatory agents, funding agencies).  

• Restoration Project Planning: For restoration practitioners or natural resource managers, 
WATCH supports two types of evaluations:  

1. Within site evaluation: WATCH guides the user in considering the primary attributes 
influencing salt marsh function and identifying qualities that are likely either currently 
deficient, on a negative trajectory, or both.  

2. Among site prioritization: Comparison among multiple sites will allow the user to identify 
the magnitude and timeframes of deficiency among prospective sites for either intervention 
prioritization or intervention strategy alignment with particular funding agencies or team 
membership.  

• Proposed Project Evaluation: For those evaluating proposed projects (e.g., regulatory 
agencies, funders), this tool will summarize the quantitative findings of site evaluation and 
present them alongside user-contributed justifications for all data selection/collection activities 
and decisions.  

2. Decision Tool Approach  
The Decision Tool integrates data produced from any source (personally collected or referenced) to 
gain a holistic understanding of site-specific salt marsh condition. The Decision Tool itself is an 
interactive spreadsheet into which the user enters data regarding the current state and rates of change 
of each described attribute. The user operates WATCH as follows (Figure 1): 

• The user selects a metric for each attribute; 

• The user inputs data regarding its current state, the criteria against which it will be evaluated, 
trajectory data (if available), and a forecasting timeframe (if using trajectory data), along with 
written justifications for each entry (see section 3). 

• WATCH will evaluate the current data against criteria and, if projecting into the future, 
forecast current metric values using the trajectory data (a rate of change) and timeframe. 

• WATCH includes a sea-level rise term in the vertical position attribute, which is used to 
recalculate the possible change in the acceptable criteria range based on the relative rise in sea 
level. Future vertical position (trajectory) is then compared to this new criteria. 

• WATCH identifies current or projected attribute violations based on the evidence that the user 
provides to the Tool. 
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• The user selects the next attribute and repeats these steps until all attributes are evaluated. 

• Once the user completes all the attributes, WATCH delivers an output of either deficiency 
detected, no deficiency detected, or further evaluation recommended with suggestion of 
associated attributes to evaluate, along with summary tables of the results. 

Important Notes: 

• All WATCH evaluations weigh the evidence supplied by the user (metric values, current and 
trajectory) against criteria supplied by the user to determine if there is evidence of a current or 
future deficiency. 

• WATCH assumes no deficiency at the site and relies on quantitative evidence to suggest one.  

• Confidence in the output will match the confidence the user has in their input metric, criteria, 
and trajectory values. Since WATCH output is dependent on these values, the burden is on the 
user to provide the most accurate and representative values for a high confidence output. 

• Soil condition and water quality inputs will not produce violations but are included to provide 
context for other violations and overall site condition. 

• WATCH will not complete any calculations unless ALL justification boxes are complete 

 
Figure 1 Workflow for WATCH and relationships among the various components. 
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3. Stepwise Data Input Instructions 
1. For each attribute, choose one Metric from the dropdown menu that will be evaluated (column 

A). 

2. Click on the Method cell for the selected Metric (column B) and select a method from the 
dropdown menu. 

3. Enter the current Metric value in the Metric Value cell (column C) and its associated units 
(column D). 

4. Use the Metric Justification (column E) to describe data collection methods or source of the 
data, providing detail as appropriate. 

5. Enter the appropriate range of values for the Criteria in the row associated with the selected 
Metric in columns F & G, along with the appropriate units in column H *Note units should 
match in columns D & H. 

6. Select the appropriate Reference Criteria type from the drop down menu in column I 

7. Use the Justification (column J) to describe Criteria value choice, how they relate to the Metric 
and Goal, and from where they were sourced. 

8. Enter the Trajectory Metric range values in columns K & L and their associated units in 
column M *Note: the numerator units in column M should match units from columns D & H 
with year in the denominator, e.g., enter “m” for m/yr. 

9. Use the Justification (column N) to describe the source of the trajectory data and why it was 
deemed appropriate 

10. Enter the number of years over which metric change will be evaluated in the Years in Future 
(column O)  

11. Use the Justification (column P) to describe the reasoning for selecting the number of Forecast 
Years entered in column O. 

12. The Forecasted or Projected Metric (columns Q & R) will calculate the projected change in 
the metric from today's value based on the Metric Trajectory and the Forecast Years. 

13. Columns Q–W will populate automatically. 

Notes: 

• All Justifications must be filled out for the Decision Tool to calculate violations 
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• If there is no data for an attribute, the assumption is that it meets the chosen Criteria; absence 
of data cannot trigger a deficiency. 

• For binary data types (presence/absence, yes/no, etc…) code the favorable outcome as 1 (e.g., 
no invasive, presence of a species of interest) and the unfavorable as 0 (e.g., invasive, faunal 
movement inhibited) where numerical input is required. 

• For Horizontal Position data, a negative number indicates erosion and a positive number 
indicates accretion/progradation 

• For Vertical Position, data should be entered relative to a vertical datum (NAVD88 or local 
tidal datum). After inputting the local relative sea level rise rate, WATCH recalculates how 
the acceptable criteria changes relative to rising sea levels and then compares the future 
elevation (trajectory) to these new criteria. This approach assumes that the vertical datum units 
do not change with rising sea levels, as what might be expected through using NAVD88. 
Although the tool can be populated using any datum, it is likely that tidal datum (e.g., MHW, 
MLW) will also change over time relative to sea level rise. 

Points of Contact: 
Joshua Moody, Restoration Programs Manager, jmoody@delawareestuary.org 
LeeAnn Haaf, Wetlands Coordinator, lhaaf@delawareestuary.org 
Ella Rothermel, Science Technical Analyst, erothermel@delawareestuary.org  

4. Input and Calculations 
Regulatory Checklist 
WATCH provides a Regulatory Checklist on the second tab of the spreadsheet to assist DE/NJ users 
in compiling information that is useful for determining input metrics and organizing data pertinent to 
regulatory applications. This checklist streamlines the data collecting process by identifying attributes 
that meet assessment criteria as well regulatory inquiries. For example, a WATCH user may analyze 
historical imagery to quantify change for the horizontal position attribute, which, if desired, is also 
required to obtain an Army Corps of Engineers NWP27 permit for Bank Stabilization. By selecting a 
permit on the Regulatory Checklist tab that the user thinks may be appropriate for a future intervention, 
WATCH will track the user’s progress in collecting information for those listed permit requirements 
on the Output Reflection Tab. Please note that the regulatory checklist for each included permit, 
is NOT a comprehensive list of permit requirements, but a truncated list that identifies where 
specific items meet requirements for a specific permit and an attribute-specific metric. 

Attributes 
“Attribute” refers to the various interactive factors, like inundation, elevation, and plant production, 
empirically shown to be fundamental for proper and resilient salt marsh function (Fig. 2). For the 
purposes of WATCH, these dynamic factors, or attributes, represent measurable qualities of a marsh 

mailto:jmoody@delawareestuary.org
mailto:lhaaf@delawareestuary.org
mailto:erothermel@delawareestuary.org
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(Table 1). An important part of WATCH is that it integrates information from multiple attributes to 
provide a holistic assessment of condition. For further information, see Appendix A for attributes and 
associated metrics table. 

Metrics & Methods 
Attributes are quantified using relevant metrics, which are characteristics associated with the attribute 
that the user derives using scientifically sound methods. For example, the state (current and future) of 
the vertical position attribute (unitless) is evaluated using an elevation metric (units; e.g., meters, and 
potentially relative to a datum; e.g., mean low water) for which data is collected following a specific 

method (e.g., LiDAR, RTK-GPS survey). For each attribute, the user selects a single metric, and for 
that metric, a single method. All WATCH metrics and methods align with the Framework for 
Developing Monitoring Plans for Coastal Wetland Restoration and Living Shoreline Projects in New 
Jersey and the Developing Monitoring Plans for Living Shoreline Projects in Delaware: A Goal-Based 
Framework. 

Criteria & Trajectories 
Criteria are a range of values provided by the user that WATCH compares the metric values against 
(current and future) to evaluate evidence of deficiency. In this sense, they are analogous to reference 
data. A user inputs, what they consider, acceptable criteria values for each metric per attribute. 
WATCH delineates criteria into three categories. Quality criteria represent optimal values that have 
been peer-reviewed or otherwise published in a high-standard format (e.g., scientific publication, 

 

 
Figure 2 WATCH attributes 

https://www.conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/Framework-Coastal-Wetland-Shoreline-Projects-New-Jersey.pdf
https://www.conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/Framework-Coastal-Wetland-Shoreline-Projects-New-Jersey.pdf
https://static1.squarespace.com/static/59b69f4f2994caee6bf52abe/t/5c2f944ec2241b6e53673b3a/1546622031144/DELS+Framework+V.2.0._Final.pdf
https://static1.squarespace.com/static/59b69f4f2994caee6bf52abe/t/5c2f944ec2241b6e53673b3a/1546622031144/DELS+Framework+V.2.0._Final.pdf
https://static1.squarespace.com/static/59b69f4f2994caee6bf52abe/t/5c2f944ec2241b6e53673b3a/1546622031144/DELS+Framework+V.2.0._Final.pdf
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textbook, regulatory report). Reference criteria are values sourced from representative sites (e.g., 
public or proprietary databases, or from studies conducted at other representative sites), and typically 
represent an “average” reference. Target criteria represent a specific metric value or range that the 
user requires at the site (e.g., 0 m yr -1 erosion rate). 

Trajectories represents the rate of change for a given metric. For the appropriate application of 
restoration efforts, it is important to understand current, and the trajectory of, site function. 
Disturbances can have large or small impacts on salt marshes, and current site conditions may not be 
indicative of its long-term prognosis. Salt marshes that display reasonable function but are on a 
downward/negative trajectory may be susceptible to future impairment without intervention. 
Conversely, salt marshes that exhibit a current deficiency but are on an upward/positive trajectory may 
be recovering naturally, and an investment of limited resources at this location may be impractical. 

Violations 
Violations indicate that either the current or projected state of an attribute lays outside the user’s 
acceptable bound (criteria), or therefore there is evidence of current or future diminished function. 
WATCH evaluates three types of violations: current, trajectory, and attribute. A current violation 
indicates current diminished function of an attribute. This type of violation occurs when the current 
metric value for a particular attribute does not fall within the criteria range. A trajectory violation 
indicates likely diminished function of an attribute over the user-selected timeframe. This type of 
violation occurs if the change in forecasted metric value does not fall within the criteria range. An 
attribute violation occurs when unique combinations of metric-specific current and trajectory 
violations occur.  

Violation combinations that trigger an attribute violation are not consistent across attributes. A 
horizontal position violation occurs when there is either a current or a trajectory violation (Fig. 1). 
Vertical position, biology, and hydrology violations require a trajectory violation unless trajectory data 
are unavailable.  In that instance a current violation is enough to provide an attribute violation. 
WATCH prioritizes trajectories over current data values for attribute because long-term trends account 
for temporal variability. For example, a site may currently be in a deficient state, but changing in a 
positive direction, or may be OK currently but on a negative trajectory. If trajectory data are not 
available and the site displays a deficient current state for that metric, WATCH errs on the side of 
caution and provides an attribute violation based on the current deficiency. Soil condition & water 
chemistry are considered "global" attributes, in that their condition is likely reflective of the 
condition of these qualities at a larger scale than the site level. Although these attributes can 
receive violations, soil for instability and water chemistry for not meeting desired criteria, these 
violations do not contribute to a site-wide deficiency status. Any violations incurred by these attributes 
will be reflected only in the attributes of concern table. For more information on the soil condition and 
water quality attributes, please see Appendix B.  

Violations: Metrics, Criteria, & Trajectories 
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Current metric values, criteria, and trajectories are used together to evaluate the existing and future 
state of a site. For example, if a user is evaluating the biological attribute using the percent cover 
metric, they may decide that 64-100% cover is an acceptable criteria value based on either primary 
literature, other reference sites, or personal research. If the current metric value is 70%, there is no 
evidence of current deficiency. If trajectory data (rate of change in percent cover) show a decline in 
percent cover by 1% per year, then in 10 years, percent cover might decline by 10%. If the user is 
evaluating conditions 10 years from today, WATCH will calculate that the expected percent cover 
(based on the user provided data) will be 60%. Thus, there is evidence of a future biological deficiency. 

Required Justifications 
WATCH requires justifications for the user’s current metric value, criteria ranges, trajectory source, 
and forecast timeframe for the chosen metric within each attribute. These justifications should describe 
the spatial and temporal resolution of the data collected and/or the rationale regarding metric, criteria, 
or trajectory choices. Justifications allow reviewers to understand user-based data decisions and 
document the evaluation process. WATCH requires complete justifications for calculations to occur. 

5. Output Summary 
Based on the unique combination of attribute violations, WATCH will classify the site condition into 
one of three groups: Deficiency Detected (DD); Further Evaluation Recommended (FER); or No 
Deficiency Detected (NDD). WATCH assigns a site-wide status of Deficiency Detected to 
combinations of attribute violations that display evidence of an immediate or imminent deficiency. 
This violation occurs when either a horizontal position violation or two or more vertical 
position/biological/ hydrologic violations occur. A site-wide Deficiency Detected Table in the output 
summary tab lists all combinations of attributes that triggered this status. A status of Further 
Evaluation Recommended occurs when attribute violations occur, but the combinations do not merit a 
Deficiency Detected classification. In this situation, there is not enough evidence to classify the site as 
holistically deficient, but accrued violations are important to note. The Attributes of Concern Table 
lists all violated attributes along with any attributes to which they have a close association. A status of 
No Deficiency Detected indicates no attribute violations.  

6. Output Reflection 
Regulatory Checklist 
If a permit has been selected, column A will indicate that the requirements are either “complete” or 
incomplete”. If incomplete, the user should review selected permits on the Regulatory Checklist tab 
to identify any requirements not yet evaluated. Permits not selected are marked “N/A”. 

Interpretive Guidance 
The Interpretive Guidance section provides the user with troubleshooting advice, data exploration 
ideas, and anecdotes to support the synthesis of thoughtful conclusions from WATCH outputs.  
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Additional Considerations 
This section includes items that, although not explicit permit requirements, are of interest to many 
stakeholders and need to be understood before proposing a site-specific intervention.  

7. Training Scenarios 
The two scenarios provided below are for training purposes, and do not reflect any specific occurrence 
or site. The first guides the user in data input, and the second will highlight WATCH versatility in 
considering output confidence, timeframes and prioritization, and the value of the multi-attribute 
approach. 

Scenario 1: Bird Blind 
Goal: For the user to become familiar with data input, and answering the question, should there be 
site intervention based on the evidence described below? 
 

Scenario Description 
An urban wildlife refuge is an important stopover for migratory birds along the Atlantic flyway. The 
refuge is beginning restoration and resiliency planning, and want to ensure that the habitat and visitor 
features are suitable and protected into the future. Fifteen years ago, the refuge installed a bird blind 
10 m from the marsh’s edge to allow visitors to better view and experience the migratory birds, and 
safety regulations require a minimum of 5 m distance. In recent years, refuge staff documented active, 
ongoing erosion of 0.25 m and 0.75 m per year, using RTK-GPS survey data. The most recent data 
placed the bird blind six meters from the shoreline’s edge. In the next five years, will the bird blind 
need relocation? Hint: Horizontal Position attribute. 

Additionally, annual random plot sampling data showed that salt marsh hay, an important habitat 
feature of the refuge, decreased from 50% to 45% coverage in the high marsh areas over the last five 
years. Healthy marshes in the region range in 45% to 55% plant species coverage, and decreases in 
salt marsh hay coverage have led to increases in common reed coverage, which exhibits low habitat 
quality. Should you be worried about the current rate in species change in 5-years? Hint: Biology 
attribute. 

Refuge staff thinks the habitat loss is due to changes in the vertical position of the high marsh, which 
they monitor annually. This year, the average treatment plot elevation was +0.8 m NAVD88, a decline 
from +1.4 m NAVD88 eight years prior, respectively. The appropriate vertical position, as provided 
by scientific literature, is between +1.0 and +1.2 m NAVD88, mean sea level is +0.15 m NAVD88, 
and is increasing by 4 mm yr-1. Is the elevation a current or future concern? Hint: Vertical Positon 
attribute. 

Pressure sensors deployed for one year showed water levels were above mean higher high water (+1.0 
m NAVD88) 100 days out of the year. Preferred inundation for the ideal vegetation is between 25% 
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and 35%. Inundation rates are increasing 0.01% to 0.5% per year, according to recent studies in the 
area. In the next five years, will the percentage of inundation time be within the appropriate range for 
vegetation persistence? Hint: Hydrology attribute. 

Data Inputs: 
Horizontal Position: 

• Inputs:  
o Current Metric: 6 m 
o Criteria: 5-10 m (regulatory standard and original position) 
o Trajectory: -0.25 to -0.75 m yr-1 
o Forecast Years: 5 

• Output:  
o Forecasted Metric: 4.75 m – 2.25 m  
o Trajectory and Attribute Violations (green, red, red) 

• Interpretation: In the next 5 years the bird blind will need to be moved 

Biological: 

• Inputs  
o Current Metric: 45% 
o Criteria: 45% - 55% 
o Trajectory: -1% - -1% yr-1 
o Forecast Years: 5 

• Output:  
o Forecast Metric: 40% - 40% 
o Trajectory and Attribute Violations (green, red, red) 

• Interpretation: There is concern that coverage of optimal plant species will be below the 
desired threshold in the next 5 years. 

Vertical Position: 

• Inputs  
o Current Metric: 0.8 m NAVD88 
o Criteria: 1.0 – 1.2 m NAVD88 
o Trajectory: -0.075 – -0.075 m NAVD88  
o Forecast Years: 5 
o Sea Level Rise Rate: 0.004 m 

• Output:  
o Forecast Metric: 0.425 – 0.425 m NAVD88 
o Forecasted Criteria:1.020 – 1.220 
o Current, Trajectory, and Attribute Violations (all red), current and projected future 

position is within range of criteria standard 
• Interpretation: There is evidence of a current elevation deficiency, which is expected to 

continue into the future. 
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 Hydrology: 

• Inputs  
o Current Metric: 27% 
o Criteria: 25% - 35% 
o Trajectory: 1% – 5% 
o Forecasted Years: 5 

• Output:  
o Forecast Metric: 27.5% - 29.5% 
o No Violations (all green) 

• Interpretation: Percent inundation time is currently appropriate for the target vegetation, but 
it is expected to increase outside of the desired range. 

Output Summary 
• Table 1: Site-wide Deficiency Detected 

o Horizontal Position 
o Vertical + Biology+Hydrology 

• Table 2: Attributes of Concern & Associated Attributes 
o Horizontal Position: N/A 
o Vertical Position: Bio, Hydro 
o Biology: Vertical Position, Hydro 
o Hydrology: Vertical Positon, Biology, Water Chemistry 

• Table 3: Violations Summary 
o 3 Attribute Violations 
o 1 Current Violations (today) 
o 3 Trajectory Violations (tomorrow) 

• Figure 1: Deficiency Summary 
o Current & Trajectory Deficiency: Vertical Position 
o Current Deficiency: 
o Trajectory Deficiency: Horizontal Position, Biology, & Hydrology 

Interpretation 
If no intervention occurs (e.g., shoreline stabilization), the bird blind will likely need relocated within 
the next five years. Additionally, the expected increase in inundation with the decline in elevation is 
likely contributing to the decline in desired vegetation cover, and this trend is projected to continue 
over the next five years. The decline in elevation could be due to sediment export, so efforts that aim 
to retain sediment while allowing for greater drainage are worth consideration. This site is likely a 
good candidate for both shoreline and platform intervention. 
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Scenario 2: Evacuation Route Buffer 
Goal: The goal of this exercise is to showcase how data and output exploration can provide useful 
information regarding attributes without violations, timeframes of concern, and appropriate criteria 
selection that can contribute to a more thorough interpretation. 

Scenario Description 
A salt marsh site tract is located along a back bay adjacent to the only evacuation route from a 
barrier island to the mainland. The marsh is currently 500 m in length along the highway and 100 m 
wide, with the waterward margin exhibiting a 5 m wide, highly sloped, low marsh fringe before 
levelling onto the high marsh platform. Data from previous studies suggest that the marsh needs to 
be a minimum of 75 m wide to prevent sunny day flooding on the road at its current elevation. 
Analysis around the bay shows an average erosion rate of between 0.25 and 1.5 m yr-1.  
 
The tide range for the region is 1 m, with the average elevation of the marsh platform positioned at 
0.77 m relative to MLW. Based on scientific literature regarding proper flooding time for the marsh 
platform, and local knowledge of the relationship between the elevation and the tide range, this a 
vertical position of 0.75 to 0.95 m relative to MLW is required for the marsh to receive the proper 
flooding regime to persist. Data from a local SET suggests that accretion is occurring at a rate 
between -1 and 2 mm yr-1, and state authorities plan for 4 mm yr-1 sea level rise.  
 
Vegetation cover was 60% in 2019, but productivity has been declining 2-3% per year for the last 
decade. As it is a small, sloped marsh, drainage density was not the primary concern, but pannes 
comprise 10% of the total area. Many local marshes deteriorated rapidly when intra-marsh open 
water increased beyond 15% of the total area. At this site, pannes have been stable for the past 20 
years, with some shrinking by ~0.5% and some increasing by 0.01%.  
 
The community is currently putting together a 10 year resiliency plan and is wondering if they need 
to allocate funds for restoration work at this marsh in that timespan to prevent roadway flooding 
along the evacuation route. 

Data Inputs and Outputs 
Horizontal Position  

• Inputs  
o Current Metric: 100 m 
o Criteria: 75-100 m 
o Trajectory: -0.25 to -1.5 m yr-1 
o Forecasted Years : 10 

• Output:  
o Forecasted Metric: 97.5 – 85 m 
o No Violations (all green), current and projected future position is within range of 

criteria 

Vertical Position  
• Inputs 

o Current Metric: 0.77 m MLW 
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o Criteria: 0.75 - 0.95 m MLW 
o Trajectory: -0.001 to 0.002 m MLW 
o Forecasted Years: 10 
o SLR Predicted Rate: 0.004 m yr-1 

• Output:  
o Forecasted Metric: 0.760 – 0.790 m MLW 
o Forecasted Criteria: 0.790 – 0.990  
o Current Violation: no violation (green) as the current value is within the bounds of 

the standard 
o Trajectory Violation: violation was identified (red) as the forecasted relative 

elevation may be outside the range of the standard.  
o Attribute Status: violation occurred (red) since evidence suggests site may be on a 

negative trajectory. 

Biology  
• Inputs  

o Metric: Vegetation productivity was the metric of interest, as aboveground 
vegetation facilitates sedimentation and attenuates waves. 

o Method: Percent cover  
o Current Metric: 60% 
o Criteria: 50-100% 
o Trajectory: - 2% - -3%  
o Forecasted Years: 10 

• Output 
o Forecasted Metric: 40- 30%  
o Current Violation: no violation (green) - current vegetation coverage is acceptable to 

perform the desired functions,  
o Trajectory Violation: violation (red) - percent cover is on the decline  
o Attribute Status: violation (red) - evidence suggests site may be on a negative 

trajectory. 

Hydrology 
• Inputs 

o Metric: drainage - concerns about pannes changing hydrology 
o Method: percent open water within marsh 
o Current Metric: 10% 
o Criteria: 0-15% 
o Trajectory: Between -0.5% - 0.01% 
o Forecasted Years: 10 

• Outputs 
o Forecasted Metric: 5%-10.1% 
o No Violations (all green)  

Soil Condition: These data are not supplied in the word problem for the sake of simplicity.  If 
characterizing soils as part of your monitoring activity, these are common metrics. The outcome 
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of these inputs is an “A” classification, indicating that the substrate is peaty/sandy, is likely 
aerated, and largely stable. 

• Input 
o Organic Thickness: Depth (cm): 100 cm – Grade = A 
o Parent Material: sandy, loamy-sand – Grade = A 
o Decomposition State: L1” H1-H4, Fibric. Peat, Oi – Grade = A 

• Outputs 
o Suggested Soil Type: Mispillion/Pawcatuck 
o Attribute Status Final Grade: A 

Water Quality: N/A 

Output Summary 
• Table 1: Site-wide Deficiency Detected 

o Vertical + Biology 
• Table 2: Attributes of Concern 

o Vertical Position: Bio, Hydro 
o Biology: Vertical Position, Hydro 

• Table 3: Violations Summary 
o 2 attribute violations 
o 0 current violations (today) 
o 2 trajectory violations (tomorrow) 

• Figure 1: Deficiency Summary 
o Vertical Position and Biology Trajectory Deficiencies 

Interpretation 
• Vertical position and biology (vegetation percent cover) were both adequate for today, but 

exhibited evidence of being on negative trajectories. As these two attribute are closely 
related, it is likely that there is a negative feedback between the two – as vegetation declines, 
it traps less sediment, which reduces the potential for steady elevation gain, which in turn can 
negatively affect vegetation growth. 

• Evaluation of unvegetated area (pannes, hydrology attribute) did not provide evidence that 
the either the current state or trajectory were concerning regarding expansion, so their 
presence was not likely a contributing factor to the vertical and biological deficiencies. 

• As hydrology was identified as a close associate of both the vertical position and biology 
attribute, the user may want to consider evaluation an additional hydrologic metric such as 
drainage density, to confirm confidence in this attribute. 

• Soil are largely stable and well drained so likely OK  
• Potential drives of poor condition: 

o Not enough sediment in system to keep up, but did see up to 2 mm accretion was 
possible (Vertical attribute high trajectory), the range of future vertical position was 
forecasted at a maximum to be at an acceptable position (0.75 m MLW).  

o Trapping potential – check for spatial correlation between vertical position trajectory 
and percent cover, if correlated, likely localized 
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o Augmenting vegetation in declining areas or adding some sediment may jump start 
o The user may want to consider additional drivers such as herbivory and overall water 

quality. 

Scenario 2: Modification A 
Goal: To show user how to investigate the trajectory violations by adjusting timeframe data. 

Data Inputs and Outputs 
Horizontal Position: Increase erosion rate to trigger a trajectory violation 

• Inputs 
o Change trajectory: -2 to -4 m yr-1 

• Outputs 
o Current Violation: no violation (green) 
o Trajectory Violation: violation (red) 
o Attribute Status: violation (red) 

Vertical Position: Increase elevation gain to compensate for SLR. Now there are no violations 

• Inputs 
o Change trajectory: 0.004 – 0.004 m yr-1 MLW 

• Outputs 
o Current Violation: no violation (green) 
o Trajectory Violation: no violation (green) 
o Attribute Status: no violation (green) 

Output Summary 
• Table 1: Site-wide Deficiency Detected 

o Horizontal Position 
• Table 2: Attributes of Concern 

o Horizontal Position: N/A 
o Biology: Vert, Hydro 

• Table 3: Violations Summary 
o 2 attribute violations 
o 0 current violations (today) 
o 2 trajectory violations (tomorrow) 

• Figure 1: Deficiency Summary 
o Horizontal Position and Biology Trajectory Deficiencies 

Interpretation 
• There is evidence of a future erosion problem, but when will the problem be a real issue? 

Adjust the value for “Years in the Future” under the Horizontal Position Attribute tab 
Forecasted or Projected Metric section and see when the violation occurs. Here, a horizontal 
position violation does not occur until year 9. The user can now decide if there is a need for 
direct intervention now, or if it is better to watch the erosion, and reevaluate the horizontal 
position and trajectory in a few years. 
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• There is no evidence that elevation cannot keep pace with SLR for next decade, or that 
excessive panne expansion is occurring. Soils are fine indicating that waterlogging is not an 
issue. 

• There is evidence that vegetation is on a negative trajectory and will surpass desired percent 
cover in 4 years. 

• Next steps: As vegetation is on the decline, without a vertical position violation, further 
hydrologic evaluation may be a good idea (e.g., drainage density). Additionally, it is 
probably a good idea to continue monitoring vertical position and hydrology for next few 
years to confirm trajectory and reevaluate 

Scenario 2: Modification B 
Goal: To highlight the importance of evaluating all attributes, and how global attributes, such as soil 
condition, can provide context for other attribute violations.  

Data Inputs and Outputs 
Horizontal Position: Create violations for criteria and trajectory violations - a problem today that 
will continue into tomorrow. 

• Input 
o Current: 95 m 
o Criteria: 100-100 m 

• Outputs 
o Current Violation: violation (red) 
o Trajectory Violation: violation (red) 
o Attribute Status: violation (red) 

Biology: Create criteria and trajectory violations - a problem today that will continue into tomorrow. 

• Input 
o Current metric: 40% 

• Outputs 
o Current Violation: violation (red) 
o Trajectory Violation: violation (red) 
o Attribute Status: violation (red) 

Hydrology: Create criteria and trajectory violations - a problem today that will continue into 
tomorrow. 

• Input 
o Current: .20% 

• Outputs 
o Current Violation: violation (red) 
o Trajectory Violation: violation (red) 
o Attribute Status: violation (red) 
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Soil Condition: Characterize the soils as being composed of fine, poorly drained material with a 
shallow organic layer. 

• Input 
o Organic Thickness: Depth (cm): 20 cm – Grade = C 
o Parent Material: silt, silt-clay – Grade = C 
o Decomposition State: L3: H8-H10, Sapric. Muck, Oa – Grade = C 

• Outputs 
o Suggested Soil Type: Broadkill/Appoquinimink 
o Attribute Status Final Grade: C 

Output Summary 
• Table 1: Site-wide Deficiency Detected 

o Horizontal Position 
o Biology+Hydrology 

• Table 2: Attributes of Concern 
o Horizontal Position: N/A 
o Biology: Vertical Position, Hydrology 
o Hydrology: Vertical Position, Biology, Water Quality 
o Soil Condition: Vertical Position, Hydrology 

• Table 3: Violations Summary 
o 4 attribute violations 
o 3 current violations (today) 
o 3 trajectory violations (tomorrow) 

• Figure 1: Deficiency Summary 
o Horizontal Position, Biology, Hydrology, Soil Condition Current & Trajectory 

Deficiencies 

Interpretation 
• Evidence of obvious erosion problem today and projected to continue into tomorrow 
• Evidence suggests vertical position is ok and projected to stay that way 
• Biology and Hydrology conditions are already below desired threshold (criteria violation) 

and evidence suggests that they will continue on that trajectory 
• Soil condition is also poor 
• These may suggest water logging, and as such a hydrologic intervention 

o Water logging results in pond expansion and vegetation die off, with erosion being 
observed along the edge 

o If just considering the erosion rate, shoreline stabilization may be sought, but if that 
is all we do, we will not attend to the underlying problem – we need drainage 

o This output said something was necessary, but without looking at the underlying 
conditions (Soils + Hydo), we may not have understood it – GET A WETLAND 
HYDROLOGIST ON THE TEAM! 

Scenario 2: Modification C 
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Goal: To show the importance of identifying appropriate reference data (i.e., criteria and trajectory 
ranges) in which user confidence.  

Data Inputs and Outputs 
Horizontal Position: Let us say there are variable erosion and accretion rates measured along the 
shoreline of the site, sometimes at the same location at different points in time. As such, requiring 
zero erosion may not be necessary, as you expect periods of erosion and accretion. Since the marsh 
only needs to be 75 m wide to prevent flooding on the road, and we saw in Modification A that 
excessive erosion may not take place for 9 years, lets accept a wider criteria range. 

• Inputs  
o Current Metric: 100 m 
o Criteria 80-100 m 
o Trajectory: -0.25 to -1.5 m yr-1 
o Forecasted Years: 10 

• Outputs 
o Forecasted Metric: 85 to 97.5 m  
o Current: no violation (green) 
o Trajectory: no violation (green) 
o Attribute Status: no violation (green) 

Vertical Position: If you have been moving through the modification successively, there should be 
no current vertical position violations. The scenario description originally described the trajectory as 
being within the range of -0.001 m to 0.002 m MLW, so let go back to those measurements. 
Additionally, data showed that for the vegetation to persist, the marsh requires an elevation of 0.75 
to 0.95 m MLW. These data resulted in trajectory and attribute violations. Let us say that the vertical 
position requirements for the vegetation were not ideal, but that the vegetation could actually persist 
over a wider range of elevations, but may just not be as robust. The justification for the original data 
identifies primary literature as the source, but how transferrable are those values? Maybe the studies 
that supplied those data were from a different geography where important factors such as tide range 
also differ from this site. At this location, if there are observations of the vegetation persisting at a 
wider range with no deficiencies, a wider range of criteria may be appropriate.  

• Inputs 
o Trajectory: -0.001 to 0.002 m MLW 
o Criteria: 0.6 to 0.95 m MLW; justification is that this range is observed in nearby 

locations where no deficiencies have been detected. 
• Outputs 

o Current: no violation (green) 
o Trajectory: no violation (green) 
o Attribute Status: no violation (green) 

Biology: Create a trajectory violations – no evidence of a deficiency today, but likely to be one 
tomorrow. 

• Input 
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o Criteria metric: 40% -100% 
• Outputs 

o Current Violation: no violation (green) 
o Trajectory Violation: violation (red) 
o Attribute Status: violation (red) 
o  

Output Summary 
• Table 1: Site-wide Deficiency Detected 

o Biology+Hydrology 
• Table 2: Attributes of Concern 

o Biology: Vertical Position, Hydrology 
o Hydrology: Vertical Position, Biology, Water Quality 
o Soil Condition: Vertical Position, Hydrology 

• Table 3: Violations Summary 
o 3 attribute violations 
o 1 current violations (today) 
o 2 trajectory violations (tomorrow) 

• Figure 1: Deficiency Summary 
o Hydrology, Soil Condition Current & Trajectory Deficiencies 
o Biology Trajectory Deficiency 

Interpretation 
o Since narrow criteria ranges are easier to violate than wider ranges, careful thought 

must be applied when choosing the most appropriate range. In the original scenario, 
the ideal vertical position range resulted in trajectory and attribute violations. In this 
modification, we suggest that the acceptable vertical position range is wider than the 
ideal and applying those data result in no vertical position violations. Here the user 
needs to decide: is only the ideal acceptable? Additionally, how confident is the user 
in the ideal (i.e., its sources)? If vegetation is seen persisting at a wider range of 
elevations in marshes where no deficiencies have been detected, it is plausible for the 
user to select the wider range as being appropriate. Criteria selection is not always 
clear-cut, and the user will have to make and justify (in the appropriate cells) their 
choices. 

o Hydrology and Soil Condition are current and likely on-going issues. Biology 
(vegetation percent cover)  is a future issue without evidence of an elevation 
deficiency. It is therefore likely a hydrologic issue (e.g., drainage) needs investigated 
BEFORE it causes biological issues.  

o In this modification, using the most appropriate vertical criteria range for the site, 
allows for a more precise diagnosis of the underlying cause of the issue -hydrology. 
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Appendices 
Appendix A: Attribute & Metric Table 
. 
 
 

  

Table 1 WATCH attributes and associated metric descriptions and citations 
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Appendix B: Soil Condition Attribute Information 
 

Although soil condition does not contribute to a site-wide deficiency, an attribute violation can occur 
based on calculated stability. Soil stability is calculated through the integration of organic thickness, 
parent material, and degree of humification (i.e., decomposition state) characteristics (Table 2). These 
characteristics also help describe the soil type (Table 3; see USDA NRCS website for more about soil 
classifications). An attribute violation occurs if the soil condition is deficient; specifically WATCH 
assigns a deficiency if the organic thickness is less than 8” (~20 cm), the parent material is primarily 
silt-clay or clay, and the degree of humification is L3 level (levels H8-H10 in von Post classification 
classifies those organic horizons as sapric/muck/Oa). This translates as category C for all 
characteristics (Table 4). These qualities indicate that the soil has a shallow organic layer of highly 
decomposed peat with a clayey base. These qualities suggest that the soil drains poorly and may not 
support peat development (i.e., decomposition outpaces peat formation). Thus, the soil—as it currently 
exists— is unlikely to provide suitable substrate for a robust biological community and is vulnerable 
to disturbance or drowning. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Table 2 Levels of soil characteristics and their associated categories. 
Combinations of which lead to an overall stability determination are reported int 
the last thee rows. 
 

 

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051232.pdf
https://usace.contentdm.oclc.org/utils/getfile/collection/p266001coll1/id/7640
http://nesoil.com/properties/horizons/sld003.htm
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Table 3 General soil type based on organic thickness and parent material. 
Classifications are based on USDA NRCS descriptions. 
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