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Assessing the Status 
of Freshwater Ponds 

on Cape Cod



The Cape Cod 
Commission
…is the regional land use planning, 
economic development, and 
regulatory agency created in 1990 
to serve the citizens and 15 towns 
of Barnstable County, 
Massachusetts



M I S S I O N
…To protect the unique values 
and quality of life on Cape Cod by 
coordinating a balanced 
relationship between 
environmental protection and 
economic progress.





Properly Functioning Ponds and Lakes Play 
an Important Role in Cape Cod’s Water Cycle

Ponds are credited with 
reducing up to 50% of the 
nitrogen that passes through 
them on the way to coastal 
embayments.

Inherent ecological value  
in their own right.



Ponds at Risk
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Cape Cod Freshwater Initiative
A science-based, information-driven planning process that engages stakeholders

and enables action to protect and restore Cape Cod’s freshwater ponds



| C A P E  C O D ’ S  H I S T O R Y  O F  P O N D  M O N I T O R I N G

15 towns
20+ years of

pond monitoring

x

1+ data sheet
per town
per year

x

= 125,000+ sample results

= 200+ ponds

= 100+ spreadsheets



10%less 
than
OF CAPE COD’S PONDS AND LAKES 
ARE MONITORED

Limited data prevents our ability to gather a clear understanding of pond health. Consistent and consecutive data 
collection, is needed to inform pond management/improvement strategies.

Independent pond groups collect water quality data, but the 
ponds monitored changes year to year, and many are 
sampled without a Quality Assurance Project Plan (QAPP), 
complicating needed long-term and regional analysis. 

Ponds Monitored by PALS

4%just
HAD SUFFICIENT RECENT WATER QUALITY 
DATA TO GRADE POND HEALTH IN 2021

Lack of Consistent and Consecutive Data Collection 



Ponds Monitored



Ponds 
Monitored



First season of monitoring - 2023

 50 ponds monitored from April to Oct

 346 pond visits by staff and volunteers

Monitoring efforts resumed March 2024

 Expanded in 2024 - March through 
November to capture turn over events
 118 pond visits through May 2024

Regional Pond Monitoring Program



Data Management and Analysis

 Developing pond data management and analysis tools, 
including:

 Freshwater monitoring database

 Processing scripts for trend analyses

 Accessible user interface



Data Management and Analysis

Surface Water Temperature



Surface Water 
Temperature

 Surface temperatures have 
generally been increasing over 
time in most ponds with 
consistent data



Future 
monitoring data

Cape Cod Water 
Quality Database

Identify trend analyses and 
develop processing scripts

Release freshwater public 
data portal / user interface 

Regional data and 
trend analysis

O N G O I N G  D A T A  M A N A G E M E N T  A N D  A N A L Y S I S

Data Management and Analysis



Remote Sensing

Using satellite-derived imagery and existing 
pond water quality data to quantify changes 
in pond characteristics

 Connecting satellite imagery to pond 
water quality monitoring data

 Calibrating with Secchi Disk Depth (SDD) 
collected during satellite overpasses



Remote Sensing

 Satellite imagery well-suited to estimate 
water clarity at 193 Cape Cod ponds.

 Framework defined for routine, large-scale 
monitoring and change assessments.

 Long-term trends generally suggest 
improving water clarity since 1984

 Methods can assist stakeholders in 
resource management and prioritization.



| R E M O T E  S E N S I N G  –  N E X T  S T E P S

 Utilizes pond/lake field data 
from Cape Cod, MA, RI

 Will generate monthly 
estimates of:

 Water clarity

 Chlorophyll a

 Colored dissolved organic 
matter

 Time Period: 2017-2026



 Inlets / outlets
 Pond depth
 Pond volume

Physical Characteristics

Potential Stressors:

 Land cover / land use
 Septic system density
 Phosphorus loading

o Assessed pond and watershed characteristics that may impact water quality
 
o Used GIS to query potential drivers of water quality degradation
 



Physical Characteristics



Physical Characteristics



Stressors 

• Location
o Adjacent to cranberry bog

o Adjacent to golf course

• Quantity & Quality of stormwater runoff (HRU)

o Phosphorus load 

o Nitrogen load

o Total Suspended Solids (TSS)

• Watershed Characteristics
o % of Protected Open Space

o % of Impervious Cover

o Septic/sewer

• Pond Management
o Stocked with fish

• Pond Characteristics
o Depth

o Volume

o Retention time



Pond Stressors Rank

    (28%)     1-5

    (44%)     6-10

    (24%)     11-15

    (4%)      16-20

Physical Characteristics



Physical Characteristics

Pond Town Stressor Score CTI

Long Pond Yarmouth 20 42.2

Wequaquet Lake Barnstable 20 42.1

Ashumet Pond Mashpee 18 46.1

Long Pond Brewster 17 41.4

Mashpee Pond Mashpee 17 50.2

Wakeby Pond Mashpee 17 45

Santuit Pond Mashpee 16 61.1

Shubael Pond Barnstable 15 36.4

Scargo Lake Dennis 14 40.4

Cliff Pond Brewster 12 40.6

 Carlson Trophic Index: 

 A biomass-related trophic state index.
 Indicates the degree of eutrophication 

within a pond. 

 Useful for comparing ponds within a region and 
for assessing status changes over time.



Hydrologic Response Unit (HRU)
HRUs represent areas with similar physical characteristics that respond to precipitation 

in a similar way

Land cover – influences runoff

Land use – determines pollutants

Soil – influences runoff and 
infiltration

Unit – 10x10 m grid cells
~ 2 car garage



HRU Output
Phosphorus Load Results



HRU Hot 
Spots

Phosphorus 
Loading along 
pond shores



|

Sediment, nutrient, algae, 
and vegetation management 

approaches

Vegetated buffers, fertilizer 
management, septic setbacks, 

I/A septic systems

Comprehensive watershed 
planning, land use regulations, 

land protection, advanced 
wastewater treatment

S C A L E  O F  A P P R O A C H E S

P O N D  S T R A T E G I E S  D A T A B A S E

I N  P O N D P O N D  S H O R E W A T E R S H E D



4 0  D R A F T  S T R A T E G Y  F A C T  S H E E T S

M A N A G E M E N T  
A P P R O A C H E S

 Planning & Regulations

 Nutrient Management

 Sediment Management

 Algae Management

 Vegetation Management

 Fisheries Management



Sagamore Lens 
Bourne, Falmouth, 

Sandwich, Mashpee, 
Barnstable, Yarmouth

Outer Cape 
Lenses
Eastham, 
Wellfleet, Truro, 
ProvincetownStakeholder groups 

organized by groundwater 
lenses

S T A K E H O L D E R  
E N G A G E M E N T  

PILGRIM

PAMET

NAUSET

CHEQUESSETT

MONOMOY
SAGAMORE

Monomoy Lens
Dennis, Chatham, 

Harwich, Brewster, 
Orleans



Thank you!

c a p e c o d c o m m i s s i o n . o r g / o u r - w o r k / c a p e - c o d - f r e s h w a t e r - i n i t i a t i v e /

t a r a . l e w i s @ c a p e c o d c o m m i s s i o n . o r g

www.capecodcommission.org/freshwater
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Investigating the Intersection of 
Trail Usage and Water Quality 
Impacts within the Big River 

Management Area

Jessica Morrissey, GISP | 12 June 2024

SNEP Symposium 2024



Agenda

2

 Site Introduction
 Project Background
 Trail Analysis Methodology

 Slope
 Usage
 Trail Density
 Priority for Further Investigation

 Rapid Field Assessment Application using Survey 123



Site Introduction

3

Big River Management Area 
(BRMA)
West Greenwich and Coventry, Rhode Island

8,400 acres 

30 miles of mapped streams

130 miles of trails

36 Stream Crossings



Project Background

4

EA created a method to look at potential 
water quality impacts using desktop 
analysis and a rapid field assessment 
tool.

We tested this method in BRMA since it 
is a potential future water supply area 
for the state, with significant recreational 
usage. Making this an important study 
area for impacts to water quality.



Trail Analysis : Slope

5

GIS Process:
1. Run slope percentage across 

whole site
2. Clip to trails to approximate 

slope along trails

What this tells us:
 Shows slope percentage 

across the trails
 Highlights what areas along 

the trail potentially have 
higher slope



Trail Analysis : Trail Density

6

GIS Process:
1. Create 100/100 yd square 

grid across site
2. Intersect with trail layer to 

get feet of trails per square
3. Symbolize to highlight 

squares with highest density 
of trails

What this tells us:
 Shows us where there is a 

high concentration of trails



Trail Analysis : Trail Usage

7

GIS Process:
1. Using Strava as a reference, 

extract out trails that are 
shown to have the most use 
based on heat maps

What this tells us:
 These trails are the most 

trafficked trails by hikers and 
mountain bikers
 Higher risk of erosion due to 

frequent use



Trail Analysis : Priority Trails for Further Investigation

8

GIS Process:
1. Intersect all trails with higher 

slope, high density and high 
usage

2. Intersect this output with 
wetlands and waterbodies

What this tells us:
 Trails that hit all three analysis 

plus water resources were ranked 
the highest for further 
investigation
 Trails that hit just the three 

analysis were ranked high 
 Trails that were high usage and 

hit water resources were ranked 
medium 
 Remaining trails we ranked low



Rapid Assessment Tool 

9



Rapid Assessment Tool 

10



Trail Impact Examples

11



Trail Impact Examples

12



Trail Impact Examples

13



Summary

14

 There are many factors to consider when 
reviewing trails and their impacts to water quality.

 Slope, Trail Usage, Trail Density and their 
intersection to surrounding watercourses are a 
few important ones to look at.

 The use of a Rapid Field Assessment tool can aid 
in assessing trail systems to identify trails in need 
of maintenance and monitoring. 



15

Thank You!

Jessica Morrissey
jmorrissey@eaest.com



Incorporating Climate Change into Flood Risk 
Mapping in the Housatonic River Watershed

Hurricane Sandy flooding in Fairfield County, CT.James LeNoir
Hydrologist, U.S. Geological Survey New England Water Science Center



Today’s Discussion

Future Flood Risk Project: 
Motivation

Current flood risk mapping 
practices and limitations

Future Flood Risk Project: 
Future Streamflows

How future streamflows 
are determined and results

Future Flood Risk Project: 
Floodplain Mapping

Going from streamflows to 
floodplains and displaying 
floodplains in interactive 
web application (in 
development)



Current Flood Risk Mapping

100-year Floodplain Flood Zones:
• Zone AE (new)
• Zone AE (re-delineated)
• Zone A
• Based on historical streamflow data
• Assumes stationarity

National Flood Hazard Layer (NFHL) displaying the effective flood hazard information 
in the vicinity of the Warwick Mall in Warwick, RI. 
(https://msc.fema.gov/portal/search?)



Future Flood Risk Project
Project Overview

The Housatonic River watershed and 78 streamgages used in 
this study span CT, MA, NY, VT.

• Pilot project in Housatonic River watershed
• Assess how streamflow might change with anticipated 

changes in temperature and precipitation (RCP 8.5 
emissions scenario)

• Use future flood flows to predict future floodplains
• Methods:

• Estimate streamflows using Precipitation-Runoff 
Modeling System (PRMS)
• Scaled precipitation and temperature inputs

• Use model output to characterize changes in peak 
flow hydrology

• Use future flood flows to generate future floodplains
• Compare baseline conditions to changes in streamflow 

and floodplain extent associated with climate change



Future Flood Risk Project
Project Overview

https://www.usgs.gov/centers/new-england-water-
science-center/science/characterizing-future-flood-
flows-flood-insurance



Future Flood Risk Project
Project Overview

https://www.usgs.gov/publications/characterizing-changes-1-percent-
annual-exceedance-probability-streamflows-climate

https://www.sciencebase.gov/catalog/item/63dc12acd34e9fa19a98a183



Future Flood Risk Project
Future Flows

• Characterize 1 % annual-exceedance probability  
(AEP) flood flows for years 2030, 2050, and 2100

• Simulate streamflows using PRMS
• Inputs of temperature and precipitation are 

scaled using estimates from General Circulation 
Models

• Baseline conditions compared to changes 
associated with climate change to develop scalar 
for years 2030, 2050, and 2100

Olson, S.A., 2023, Characterizing changes in the 1-percent annual exceedance 
probability streamflows for climate-change scenarios in the Housatonic River 
watershed of Massachusetts, Connecticut, and New York: U.S. Geological 
Survey Scientific Investigations Report 2023–5090, 16 p., 
https://doi.org/10.3133/sir20235090

Visual representation of the process used in PRMS 
(https://pubs.usgs.gov/of/2012/1274/methods.html).

https://doi.org/10.3133/sir20235090


Future Flood Risk Project
Future Flows

Olson, S.A., 2023, Characterizing changes in the 1-percent annual exceedance probability streamflows for climate-change scenarios in the 
Housatonic River watershed of Massachusetts, Connecticut, and New York: U.S. Geological Survey Scientific Investigations Report 2023–5090, 
16 p., https://doi.org/10.3133/sir20235090

https://doi.org/10.3133/sir20235090


Future Flood Risk Project
Future Flows to Generate Future Floodplains

Non-regulatory product similar to NFHL map 
above



Future Flood Risk Project
Generate Future Floodplains

• Generate future 100-year floodplains using anticipated 
future streamflows

• Method varies by model
• New Zone AE and Zone A models: 

• Take advantage of existing HEC-RAS models 
and API



Future Flood Risk Project
Generate Future Floodplains

• Generate future 100-year floodplains using anticipated 
future streamflows

• Method varies by model
• Redelineated Zone AE: 

• HEC-RAS model not available
• Knowns: present water-surface elevations and 

flow values from Flood Insurance Study report
• Utilize relationship between streamflow and 

water-surface elevation



Future Flood Risk Project
Future Floodplains Data Viewer

(In Development)



Future Flood Risk Project
Future Floodplains Data Viewer

(In Development)



Future Flood Risk Project
Future Products

Anticipated Spring/Summer 2025 (with preliminary flood risk mapping products)
• Online web application to communicate expected difference in floodplain extent
• USGS Report discussing how the future floodplains were generated
• Data Release to support USGS Report and web application
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Housatonic River at 
Falls Village, CT 
USGS gage during 
normal flows on 
March 30, 2017 (top 
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flows following 
Hurricane Irene on 
August 29, 2011 
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MassBays Ecohealth Tracking Tool:
A Regional Approach for Coastal Data Exploration

NEIWPCC 
NPS Conference

April 11, 2024

Prassede Vella, 
Senior Scientist

Bob Hartzel, Principal



• National Estuary Program since 1990

• Watershed area >7,000 sq. mi 

• ~1650 sq. mi extending to Stellwagen Bank

• 1100 miles of shoreline (Salisbury to 
Provincetown)

• 50 communities, 1.7 million residents

MassBays Study Area: 
large, diverse, complex



Ecohealth
Tracking Tool Goals

1. Provide a gateway for the public, scientists, and 
policy makers to access data about coastal 
habitats and water quality in the MassBays region. 

2. Establish a means for visualizing and comparing 
environmental conditions to ecological 
benchmarks for improvement. 

Who am I? 
Why am I here?

Lobster existential crisis



65 MassBays’ 
assessment areas:

• Inland boundaries 
based on head of tide

• Seaward boundary 
based on key habitats 
(primarily eelgrass, 
tidal flats) 

Ecohealth
Tracking Tool Goals

3. National Estuary Programs are required 
by the Clean Water Act to provide 
regular reporting on conditions and 
trends in their study areas. 



Ecohealth
Tracking Tool Goals

4. Increase regional use of Water Quality Exchange (WQX)

• One stop shopping for quality-assured data!

• Make data gaps apparent, to prompt expanded monitoring in 
MassBays region 



Ecohealth
Tracking Tool Goals

5. Provide water quality / habitat data that is 
available and comparable for MassBays region

• Compare apples to apples

• Focus on data with good region-wide 
availability, not all possible parameters



Honorable Mention 
Apple vs. Orange Graphic

Honorable 
Mention

I keep the doctor away. Your mom keeps the 
doctor away.



Ecohealth
Tracking Tool Goals

6. Provide data exploration format that is:

to use

to understand

to update 

Keep it simple…
just because you can doesn’t mean you should



Ecohealth
Tracking Tool Goals

• Users often leave web pages in 10–20 seconds

• Pages with clear value to user can hold  attention 
for much longer. 

• To gain several minutes of user attention, you must 
clearly communicate value within 10 seconds.

6. Provide data exploration format that is:

to use

to understand

to update 









Wellfleet Harbor





Wellfleet Harbor



Wellfleet Harbor % 
of 2050 Goal: 21%







Wellfleet Harbor









Water Quality Data Analysis 

Many data sources = many data formats=
• Units

• Naming

• Reporting Limits

• Depth Zones 

• Etc.

Ecohealth
Tracking Tool



WQ Data from Water 
Quality Data Portal (WQP)



Parameter Units and Naming

Include MPN/100ml and cfu/100ml… these are 
interchangeable 

TKN and Inorganic N not shown on ETT…only used 
to compute TN

Ecohealth
Tracking Tool



Sample fractions Units
Ecohealth
Tracking Tool



Total P and N vs. Dissolved Fractions
Phosphorus

Nitrogen

Present TP and TN 
…exclude dissolved 
fractions

Ecohealth
Tracking Tool



Result Detection Condition Text

Detection Quantitation Limit

Samples Below or Above 
Quantification Limit

Options
• Exclude (skews and limits data set)
• 0 (skews low, optimistic)
• at detection limit (skews high, conservative)
• at ½ detection limit
Other options require more complex statistical 
analysis (e.g., statistical distribution of data > limit)

Based on MassDEP CALM:
• Data < or > quantification limit will be shown 

at the limit (e.g. < 10 ug/L shown as 10 ug/L)

Ecohealth
Tracking Tool



Sample Depth

• Only 3% at Surface

• Nearly 50% are unknown (“blank”) 

• Nearly 50% of all samples are “Midwater”

 Vast majority of “midwater” samples are from  
EPA BEACH and MA DPH bacteria sampling, where 
protocol is to sample at 3 ft …keep these!

Show data in ETT if...
• ActivityRelativeDepthName = blank (OR) “Surface”  AND

• “ActivityDepthHeightMeasure/MeasureValue” <= 0.1 m (OR)  is blank

• Midwater sample = EPA BEACH or MA DPH bacteria sample

Do not show data if...

• Bottom or Near Bottom sample

• Midwater sample depth = > 3 feet

Ecohealth
Tracking Tool



Replicates

Same station, date, no depth info, different values

Histograms of # results per site/date/param

24/day -> continuous?

When no other excluding data is present 
(e.g., depth), ETT includes all data as points 
on time series (not line graph) 

Ecohealth
Tracking Tool



Result status Result value type Ecohealth
Tracking Tool



• How far back in time?

• Vertical profiles/varying depths?

• Multiple values per station/date/parameter?

• Remove outliers (TP=999)?

• Exclude stations with < N samples? (median ~= 10 samples/station)

• Unit conversion necessary for TN, TP, Temperature

• Exclude “preliminary” or “estimated” results?

• Exclude any ambiguous sample fractions?

Data Quality Decisions Ecohealth
Tracking Tool



Ecosystem Services (ES)

Habitat Potential Indices (HPIs)
Reflect the ability to maintain or achieve target extents of healthy habitat supporting all 

associated ecosystem services

Eel Grass Salt Marsh Tidal Flats
Diadromous 
Fish Habitat

ETT Phase 2…

Why is it important to monitor nitrogen? 
 Nitrogen is a key indicator of eel grass health 
 Eel grass supports multiple ecosystem services (e.g., recreational fishing, 

erosion control, etc.).





. 

…in progress



. 

…in progress



Any 
questions?
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