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LIS NEEDS MORE WQ IMPROVEMENTS
 Meeting some TMDL N reduction targets

 Significant WQ improvements

* Hypoxia, other WQ challenges persist
 Reductions needed from nonpoint sources

DO in LIS Bottom Waters

1 London

:I-:-'E.‘ J-r"‘
/- Dissolved Oxygen

Map & Data: CTDEEP/LISS

Severity of impact

Severe

Moderately severe

Moderate

Marginal

Interim management goal

Excellent - Supportive of marine life



https://portal.ct.gov/DEEP/Water/LIS-Monitoring/Hypoxia-maps---Summer-2019

TRADING AS A TOOL FOR CLEANER WATER?

« CT Nitrogen Credit izi\
Exchange — successful
for WWTFs!

» Point — Nonpoint Trading? 1

e Interstate Trading?
- Trading beyond single- 18 @ g
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Trade equalized N loading to the LIS
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https://longislandsoundstudy.net/wp-content/uploads/2017/12/tmdl-map-1rev-2020.pdf

LEARNING FROM OTHERS: WHAT IS SUCCESSFUL TRADING?

» Watershed-Specific

» Simple, Flexible, Accountable, &
Transparent

e Reduce costs (transaction,
administrative, monitoring)
e Build on existing programs, partnerships

o Stack credits, recognize co-benefits

e Point — Nonpoint Trading
e PS — Ag NPS most common

* NPS trades require tracking, accounting L o NE
N




LEARNING FROM OTHERS: BALANCING GOALS

» Baselines set the starting point for trading

e Trade ratios account for differences
between buyers + sellers

o Address and mitigate risks
e Determine market size and participants



https://technofaq.org/posts/2019/08/tips-to-help-your-child-to-balance-school-work-and-mobile-games/
https://creativecommons.org/licenses/by-nc-sa/3.0/

BALANCING GOALS: MAXIMIZE TRADING PROGRAM

e Baseline less stringent

* Trade ratios closerto 1:1

e Address and mitigate liability, economic
risk

 Maximize market size and participants



https://technofaq.org/posts/2019/08/tips-to-help-your-child-to-balance-school-work-and-mobile-games/
https://creativecommons.org/licenses/by-nc-sa/3.0/

BALANCING GOALS: MAXIMIZE ECOSYSTEM IMPROVEMENTS

e Baseline more stringent

e Trade ratios reflect variation in discharge
types, locations, etc.

« Address and mitigate risk of pollution
hotspots, lack of WQ improvement

e | ocal markets — small watershed or
subwatershed



https://technofaq.org/posts/2019/08/tips-to-help-your-child-to-balance-school-work-and-mobile-games/
https://creativecommons.org/licenses/by-nc-sa/3.0/

BALANCING GOALS: FIND A HAPPY(ISH) MEDIUM?

e Ecosystem conditions & goals
e Supply & demand factors
 Frameworks to reduce risk
 EXisting programs & support

* Goals need to be clear



https://technofaq.org/posts/2019/08/tips-to-help-your-child-to-balance-school-work-and-mobile-games/
https://creativecommons.org/licenses/by-nc-sa/3.0/

RECOMMENDATIONS REPORT - FALL 2021

 What goals can trading support in the LIS Watershed?
* Lessons from existing trading programs

« Recommendations for successful trading:
e Economic factors
e Ecosystem considerations

e |dentification of potential drivers needed for trading
e What further studies, information are needed?




WQ TRADING # CARBON / CLIMATE TRADING

* Pollution Scale: Watershed vs. planetary
 Markets: Local vs. global
* Drivers: Regulatory, social pressure

CO2 emissions per capita, 2017 “
Average carbon dioxide (CO:) emissions per capita measu red in tonnes per year.

: State boundary
LISS watersheds

Source: OWID based on CDIAC; Global Carbon Project; Gapminder & UN

Map: EPA

By Our World in Data - CO, emissions per capita.
Our World in Data., CC BY 4.0

12 'A PCC


https://www.epa.gov/sites/production/files/2015-06/documents/2003_8_28_mtb_cwns_2000rtc_cwns2000-chapter-5.pdf
https://commons.wikimedia.org/w/index.php?curid=81588890
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A Thought Experiment.:
Nutrient trading in the
LIS watershed

Presented to: LIS Nutrient Trading Options and Obstacles Evaluation
June 23, 2021




Overall Project Purpose Statement and Tasks

» Purpose: To explore the economic opportunities and obstacles in developing a
nutrient trading program for the Long Island Sound Watershed.

» Tasks:
» Task 1: Literature Review
» Task 2: Interviews
» Task 3: Inventory

» Task 4: Conclusions and Recommendations

This presentation describes the results of a “thought experiment” that we are using to
explore and demonstrate our findings.

@ rbouvier
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An ldealized Credit Market

Price
Supply

Demand

Quantity

@ bouvier /




A thought experiment

e How many pounds of nitrogen and phosphorus are currently being discharged into
Long Island Sound? And what is the breakdown by source?

How do the current discharges of nitrogen and phosphorus compare to the limits

-:é:-@
== that are in place?
o What are the possible physical strategies (BMPs) that could be followed in order to

reduce nitrogen and phosphorus from entering Long Island Sound?

$ What are the costs of these strategies, and how do the costs of these strategies
compare to the cost of treatment facility upgrades?

What are the possible “wedges” between supply and demand?

g

What trends are likely to affect these economic factors in the future?

rbouvier

consulting
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Thought Experiment Methodology and
Limitations

» We used a report written by the University of Maryland’s Center for
Environmental Science (Price et al., 2019).

» They collected data (types, efficacy, and cost) on 353 BMPs from the
Chesapeake Bay Partnership’s Chesapeake Assessment Scenario Tool (CAST).

» Data on cost include construction, engineering, land acquisition and
opportunity cost, installation, operations and maintenance, annualized over
the lifespan of each BMP.

» Data on efficacy come from CAST, and are presented in edge-of-tide terms.

» CAVEAT: Dollar figures are average annualized costs. Actual BMP costs can
vary widely. Actual BMP efficacy can vary widely. Edge-of-tide depends on
geographic area. Results are suggestive, not conclusive.

@ rbouvier
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Question 1: How many pounds of nitrogen
and phosphorus are currently being
discharged into Long Island Sound? And
what is the breakdown by source?

@ rbouvier
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Question 1. How many pounds of nitrogen and phosphorus are currently being
discharged into Long Island Sound? And what is the breakdown by source?

Nitrogen Total Aggregated Load (lbs)
Point/Non-Point
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15000000
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5000000
0

Point MNorn-Point

Point and non-point nitrogen load for the Long Island Sound watershed (United States
Geological Survey, 2020)

@ rbouvier




Question 1. How many pounds of nitrogen and phosphorus are currently being
discharged into Long Island Sound? And what is the breakdown by source?

Phosphorus - Point/Non-Point (lbs)
FlLLLLLE

6000000
SO00000
400000
000000
2000000

1000000

1]
Point MNon-Point

Point and non-point phosphorus load for the Long Island Sound watershed (United
States Geological Survey, 2020)

@ rbouvier




Nitrogen Total Aggregated Load (lbs)

16,000,000
14,000,000
12,000,000
10,000,000
8,000,000
6,000,000
4,000,000
2,000,000 I I
0 N - l Hm [] _ I -— . [] L™ — =
Municipal Urban Land Septic System Farm Fertilizer Manure Nitrogen Fixing Atmospheric
Wastewater Effluent Crops Deposition
Treatment

Discharge

= 010801 - Upper Connecticut m 010802 - Lower Connecticut m 011000 - Connecticut Coastal m 020301 - Lower Hudson (partial) m020302 - Long Island (partial)

Source: United States Geological Survey, 2020.
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Question 2: How do the current discharges of
nitrogen and phosphorus compare to the
[imits that are in place?




Question 2: How do the current discharges of nitrogen and phosphorus compare to the
limits that are in place?

Wastewater Treatment Plant Point Sources-Nitrogen Trade
Equalized (TE) Loads, 1995-2020

75k

50k

25Kk —

TE Pounds Per Day
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Highcharts.com

(Source: Long Island Sound Study, 2020)




Point sources discharging into impaired
waterways: percent over NPDES limits

Nitrogen Load Over Phosphorus Load
Year Limit % Total Load Over Limit % Total Load
2012 14,549 0.07% 801 0.08%
2013 3,786 0.02% 1,094 0.02%
2014 4,679 0.03% 577 0.02%
2015 2,887 0.02% 1,555 0.07%
2016 2,127 0.01% 349 0.01%
2017 12,718 0.01% 908 0.02%
2018 7,784 0.05% 385 0.01%
2019 10,955 0.07% 40,418 1.02%
2020 3,755 0.00% 10,680 0.24%

Source: ECHO




Question 2 (continued): How do the current discharges of nitrogen
and phosphorus compare to the limits that are in place?

» Addressing nitrogen and phosphorus reductions from nonpoint sources will be
more challenging.

» 75 percent of nitrogen loads in the Long Island Sound Study area comes from
non-point sources, while reverse is true for phosphorus.

» Very few cases of WWTPs in the watershed exceeding their allocated load.

» Atmospheric deposition is an issue.




Question 3: What are the possible physical
strategies (BMPs) that could be followed in
order to reduce nitrogen and phosphorus
from entering Long Island Sound?

@ rbouvier
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Question 3 (continued): What are the possible physical
strategies that could be followed in order to reduce
nitrogen and phosphorus from entering Long Island Sound?

Rain gardens

Bioretention

Bio-swale

Filters

Tree Planting

Infiltration Basins or Trenches
Catch Basin Cleaning

Stream Restoration

Wet Ponds and Wetlands

And others...

vV v vV vV v vV vV vV VY

By Drm310 - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.phpZcurid=335
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Question 4: What are the costs per pound of
these strategies, and how do the costs of
these strategies compare to the cost per
pound of treatment facility upgrades?




Question 4, part 1: What are the costs per pound of BMPs for nitrogen, and how do the
costs of these strategies compare to the cost per pound of treatment facility upgrades?

$100.00
$90.00
$80.00
$70.00
$60.00
$50.00
$40.00
$30.00
$20.00

$10.00



Question 4, part 1: What are the costs per pound of BMPs for phosphorus, and how do the

costs of these strategies compare to the cost per pound of treatment facility upgrades?

$200.00

$180.00

$160.00

$140.00

$120.00

$100.00

$80.00

$60.00

$40.00

$20.00

o

Grass Buffer -

Narrow with

Exclusion Fencing Exclusion Fencing

Grass Buffer -
Streamside with

rbouwer

consuau

lting

Manure Transport WWTP upgrade  Barnyard Runoff Conservation High Residue Grass Buffers
Control Tillage Tillage

Cost per pound of phosphorus removal. 2020 dollars. Note:
than $200 per pound are included in the table. (Source:




Question 5. What are the likely
“wedges” between supply and demand?

@ rbouvier
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Question 5: What are the likely “wedges” between supply and demand?

<— Marginalized Supply (Transaction
i costs, baseline, uncertainty, trust, etc.)

Marginalized Supply/Demand
y (Trading ratio, admin. costs)

Marginalized Demand (Transaction

costs, baseline, trust, uncertainty, etc.)

Quantity

Price \ |
v v
Null Marginalized Ideal
market market market

(Source: Adapted from Hoag et al., 2017)




Farmers’ willingness to participate

€€ b B
Wed geS Trust and perceived fairness

Between Administrative costs (regulatory design, credit creation,
market transaction, monitoring and enforcement)

Supply and -
Demand

Trading ratio

Uncertainty




Question 6: What trends are likely to affect
these economic factors in the future?




Factors
Influencing
Potential
Demand

CCCCC

Regulatory pressure
Population growth
Growth in impervious surface area
Transactions costs

Cost of alternatives to trading

.

Geographic area

7\ 4



Share of land cover in agriculture

Factors Shellfish and seaweed aquaculture
Inﬂuen.(:mg Opportunity cost of installing BMPs
Potential , -
Suppl Baseline

PPty <

Geographic restrictions |

@"”i”bouvieg
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Conclusions/Implications

» Under current conditions, potential for trading is marginal at best.
» Point sources generally meeting their allocated loads.

» In other trading schemes, demand seems to be the “limiting reagent” in any
trades. Scenario seems to be similar here.

» Supply is a wildcard - we don’t know how much potential supply is out there
without a comprehensive survey of farms / MS4s to determine how much they
are discharging, what kind of BMPs are in place (if any), and what reductions
are possible.

» We also don’t know how willing the “sellers” are going to be.

» Interstate trading has never arisen in the Chesapeake Bay. Not likely to be
politically viable, even if it were ecologically sound (also not likely).

» Personally (and this is an opinion, rather than something | can demonstrate),
stormwater may be the best bet for trading, rather than ag. But there’s a
difference between economically viable and ecologically viable.

@ rbouvier
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THANK YOU!

» Rachel Bouvier, PhD, President rachel@rbouvierconsulting.com

» Joie Grandbois, Research Associate / Project Manager
joie@rbouvierconsulting.com

» Averi Varney, Research Assistant averi@rbouvierconsulting.com

» Claire James, Research Assistant claire@rbouvierconsulting.com

» www.rbouvierconsulting.com
» 207-272-8692

@ rbouvier
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http://www.rbouvierconsulting.com/
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TRADING IN TR E ECOSYSTEN
(CONMEXI
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LISS Enhancement Project

. Long Island Sound Study Development of a Watershed and Nonpoint Source
A Partnership to Restore and Protect the Sound Decision Support Framework and Tool at a Local Scale
using a Conservation Approach

— Chet Arnold Cary Chadwick

COLLEGE OF AGRICULTURE, HEALTH AND NATURAL RESOURCES

Center for Land Use Education & Research Emily Wilson DaVid DiCkson
Qian (Rachel) Lei-Parent

(9 CLEAR

@  Chris Bellucci

“7—~<<w Mary Becker

env\®
Disclaimer: The opinions expressed in this presentation are
those of the presenter. They do not purport to reflect the opinions
or views of those persons or entities acknowledged here, or the
authors of materials cited or quoted in this presentation.



Management Challenges:
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project

half the earth for the rest of life

: If we conserve half the land and sea, 85% of
all species will be protected from extinction
and life on Earth enters the safe zone.

— E.O. Wilson
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What's causing it?

Earth at Night
More information available at:
http://antwrp.gsfc.nasa.gov/apod/ap001127.html

NASA Earth Observatory = = 54



The 1972 Clean Water Act aimed to
collectively "restore and maintain the
chemical, physical, and biological
integrity of the nation’s waters.”

e
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Identlfyl ng and Protecting
Healthy Watersheds

Concepts, Assessments, and Management Approaches

February 2012

> wEPA

' (i Healt
S C@'iaterheds

Geomorphology
Stream channels with natural geomorphic dynamics.

Water Quality
Chemical and physical characteristics of water.

Biological Condition
Biological community diversity, composition,
relative abundance, trophic structure, condition,
and sensitive spedies.

Landscape Condition
Patterns of natural land cover, natural disturbance regimes,
lateral and longitudinal connectivity of the aguatic
ervironment, and continuity of landscape processes.

Habitat
Agquatic, wetland, riparan, floodplain, lake, and shoreline
habitat. Hydrologic connectivity.

Hydrology
Hydrologic regime: Quantity and timing of flow or water
level fluctuation. Highly dependent on the natural flow
(disturbance) regime and hydrologic connectivity, induding
surface-ground water interactions.

Figure 2-4 Healthy watersheds assessment components



e ) Em EPA/SOO/R-14/475F | January 2015 | epa.goviresearch
United States

Environmental Protection

Agency

DRIVERS

Connectivity of Streams & Wetlands

to Downstream Waters:
A Review & Synthesis of the Scientific |

INFLUENCING FACTORS =

Office of Research and Development
INCEA (Washington DC, Cincinnati OH). NERL (Cincinnati OH, Las Veegas NV) and NHEERL (Corvallis OR)

CLIMATE FACTORS
+ Annual watersurplus

Seasonality
Rainfall intensity
Temperature

LANDSCAPE FACTORS

Topography

Landform

Soil type ;
Aquifer permeability %,
Spatial distribution

SPECIES' TRAITS

Life cycle

Dispersal capability ln.,_‘

Dispersal cues
Dispersal behavior

HUMAN ACTIVITIES

STRUCTURE & FUNCTION

.
",

HYDROLOGIC ™

CONNECTIVITY

CHEMICAL
CONMNECTIVITY

BIOLOGICAL
CONNECTIVITY

COMNNECTIONS =

FUNCTIONS

PHYSICAL & CHEMICAL
INTEGRITY

- Habitat quality
= Waterguality
* Toxicity

MATERIAL FLUX

ENERGY FLUX

BIOLOGICAL INTEGRITY

* Community structure
* Indicatorspecies
DYMNAMICS * Functional groups
t * Population attributes
COMMUNITY
DYMNAMICS

ECOSYSTEM INTEGRITY,
‘ SUSTAINABILITY, RESILIENCY ’

EVOLUTIONARY
DYNAMICS

ASSESSMENT

PROCESSES = EFFECTS = ENDPOINTS & METRICS



United States Government Accountability Offlce United States Government Accountability Office

GA@ Report to Congressional Requesters GAO Report to the Honorable Sheldon
Whitehouse, U.S. Senate

preember ot CLEAN WATER ACT e WATER POLLUTION

Changes Needed If Some States Have
Key EPA Program Is Trading Programs to

to Help Fulfill the .
Nation’s Water Quality Help Address Nutrient
Goals Pollution, but Use Has

Been Limited

= Pollutants had been reduced « The importance of nutrient
in many waters, but few discharge limits
impaired water bodies have The challenges and

fully attained water quality uncertainties of nonpoint
standards. source nutrient reductions

GAO-14-80 GAD-18-84




What Ever Happened to Nutrient Criteria?

A &Z-R-

R The goal was for the
Nutriont Ortieria o States/Tribes to establish
these criteria as part of their
water quality standards
within three years o
completion of the quidance
I.e., by the end of the

calendar year 2003




Nitrogen: Nutrient Criteria Adoption Status

States with Total Nitrogen or Total Phosphorus Criteria

States with Chlorophyll-a Criteria
[ 1092 | 2008 [ 2013 [ 2014 J 2015 [ 2016 [ 2017 [ 201 [ 201 J 2020 ] current]

Some waters with N and/or P criteria (Level 2)
Lakes/Reservoirs Partial P Criteria
Rivers/Streams Partial P Criteria

Other Related Parameters: Mitrate

Massachusetts

Some waters with N and/or P criteria (Level 2)

Lakes/Reservoirs Partial P Criteria

Other Related Parameters: none

Rhode Island

1 watertype with N and/or P criteria (Level 3)

Lakes/Reservoirs Statewide P Criteria
Rivers/Streams No N/P Criteria

ther Related Parameters: none

u

*"Watertypes™ on the national maps and tables within this webpage refers to three watertypes: lak irs, i ies. Criteria for additional watertypes are included
under the State/Territory Details tab.

* "Watertypes" on the national maps and tables within this webpage refers to three fank irs, ri ies. Criteria for additional watertypes are included
under the State/Territory Details tab.




Trading Fundamentals

Common water quality. preblem

Technically feasible tormeet pollutant reduction: target
Compelling member benefits, especially: economic
ADbility: tor quantify and track pollutant leads

Credit costs based upoen agreed protoecols

Diverse market, viable supply and demand

Reduce overall cost

Transaction costs low relative to price



Causal Analysis:

<EPA

A Practitioner’s Guide to the Biological

Condition Gradient: A Framework to Describe
Incremental Change in Aquatic Ecosystems

February 2016

EPA 842-R-16-001

Five Major Factors that Determine Biological Condition

Alkalinity
j Temperature

D.O.
T~ Water —

<—pH
Quality P
Organics — A

Hardness 7
Turbidity

Solubilities

Adsorption

Nutrients

Sunlight \
\

Organic Matter Inputs ——» Energy

Source
Pasdae

Erodycion Seasonal Cycles

Riparian Vegetation

Velocity ~ High/Low

Diversions l Extremes

~)

Adsorption
Flow
Regime

Ground

Aatex Precipitation
& Runoff

Biological Condition of the,
- Water Resource

Non-native

Species Competition
Siltation i

e 3 T{h\{)ﬂtcat' - Width/Depth  Hatcheries—» Biotic
abita

. " Interaction
Sinuosity ——————— Strycture ‘\Ba":'c’tabl'my Harvest/
Channe
Current — A f

4 Disease
“———Predation

\ Morphology

Substratecanopy Instream Gradient

ReproductionI

Parasitism
Cover

Feeding




Benefits of an Ecosystem Approach

A single pressure.index for assessment, planning and decision
SUPPOrt

Integrates and harmonizes multiple external drivers and
pressures

Relates to a robust response indicator of aguatic ecosystem
health, and viinerabiity.

Incorporates a'range of ecosystem furnctional outcomes
reflective of structural healthor condition to guide management

Widely applicablethroughout the trading domain
Provides a simple and salient platform and currency for trading



The Biological Condition Gradient (BCG)

EPA 842-R-16-001

<EPA

A Practitioner’s Guide to the
Condition Gradient: A Frame
T G INOLENT=CRIWAG[IE] Levels of Biologica

Level 1. Natural structura
and taxonomic integrity i

The Biological Condition Gradient:
Biological Response to Increasing Levels of Stress

February 2016
Level 2. Structure & funct
to natural community wi
additional taxa & biomass
level functions are fully

Level 3. Evident changes
due to loss of some rare

shifts in relative abundan
level functions fully main

Level 4. Moderate changs
due to replacement of so
ubiquitous taxa by more

taxa; ecosystem function

maintained.

Level 5. Sensitive taxa
diminished; conspicuous
distribution of major taxo
ecosystem function sho
complexity & redundan

Biological Condition

Level 6. Extreme changes
! and ecosystem function;
RIS # ; : changes in taxonomic co

o . extreme alterations
densities.

Level of Exposure to Stressors

Watershed, habitat, flow regime Chemistry, habita d/or flow
ang = SOSNEE = = SPSITSC P ter o= ol from

—— e Figure 2. Conceptual model of the BC heir
cumulative effects on the biota is likely nonlir r, the r NSNIL pr r ; F ate the concept.




Macroinvertebrate Response Indicator:

Biological Condition Gradient (BCG) Data 2020 Assessments

oMacroinvertebrates

MMI =
Macroinvertebrate
Multimetric

Index

160 Samples

From 144
1st — 3rd Order Streams

CT Dept. Energy and Environmental Protection
Ambient Biological Monitoring Network
https://ctdeepwatermonitoring.github.io/BCGMap/




Table 1. Aggregation of land cover classifications into three categories for data sets used in the analysis.

Aggregated
Class

30-meter NLCD - 2011
WikiWatershed.org

30-meter CCAP - 2016
CLEAR

10-meter CCAP - 2016
CLEAR

1-meter CCAP - 2016
CLEAR

Natural

Deciduous Forest

Evergreen Forest

Mixed Forest

Shrub/Scrub

Woody Wetlands

Emergent Herbaceous
Wetlands

Open Water

Grassland
Deciduous
Evergreen
Mixed Forest
Scrub/Shrub
Bare Land

Palustrine

Forested Wetland
Scrub/Shrub Wetland
Emergent Wetland
Aquatic Bed

Estuarine

Scrub/Shrub Wetland
Emergent Wetland
Aquatic Bed
Unconsolidated Shore
Bare Land
Open Water

Upland Forest
Scrub/Shrub
Bare Land

Palustrine

Forested Wetland
Scrub/Shrub Wetland
Emergent Wetland
Aquatic Bed

Estuarine

Scrub/Shrub Wetland
Emergent Wetland
Aquatic Bed
Unconsolidated Shore
Bare Land
Open Water

Grassland
Deciduous
Evergreen
Mixed Forest
Scrub/Shrub
Bare Land

Palustrine

Forested Wetland
Scrub/Shrub Wetland
Emergent Wetland
Aquatic Bed

Estuarine

Scrub/Shrub Wetland
Emergent Wetland
Aquatic Bed
Unconsolidated Shore
Bare Land
Open Water

Agriculture-
Like*

Barren Land
(Rock/Sand/Clay)
Grassland/Herbaceous

Pasture/Hay
Cultivated Crops

Developed Open Space
Cultivated Land
Pasture/Hay

Upland Herbaceous

Developed Open Space
Cultivated Land
Pasture/Hay

Developed™

Developed Open Space
Low Intensity

Medium Intensity

High Intensity

High Intensity
Medium Intensity
Low Intensity

Impervious Cover

Impervious Cover

*Originally comprised the “Non-Natural” category.




Legend
I1-Meter Resolution! CT Towns

™ Connecticut Town

\‘) CLEAR CT High Res Land Cover (NOAA CCAP)
N .

Water

CT High Res Landcover (NOAA CCAP)
NOAA CCAP 2016 High Res Landcover

D Impervious

D Developed Open Space

. Cultivated Land

D Pasture/Hay

nd

. Mixed Forest

Scrub/Shrub

O

Palustrine Forested Wetland

 Watershed Condition (WClI)
e Buffer Condition (BCl)

Palustrine Serub/Shrub Wetland
Palustrine Emergent Wetland
Estuarine Scrub/Shrub Wetland
Estuarine Emergent Wetland
Unconsolidated Shore

Bare Land

e EEOm N

CCI - : Open Water
WCI X (1+(BCI-WCI)) ' - B ralustine Aquatic Bed

- Estuarine Aquatic Bed
[ 1/0.8310) 4 1. 305 ll)(:g,}%‘ ]
S =N ]




The CCI Puts on Some Weight:

Natural
Ag-Like

Developed/
Impervious

Watershed Condition Index (WCI) WCI = Natural acres/(Natural acres + (Ag-Like acres * 2) +
(Developed acres * 7))

Buffer Condition Index (BCI) BCI = Natural acres/(Natural acres + (Ag-Like acres * 2) +
(Developed acres * 7))

Weighted Combined Condition Weighted CCI = WCI * (1 + (BCI — WCI))
Index (CCI)




* Watershed Condition (WCI)
» Buffer Condition (BCl)

CcCl =
WCI x (1+(BCI-WCI))

Minimum Recommended Buffer Widths for Various Buffer Functions
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X . CAENSIRE™S | AN D www . bufferoptionsnh.org

230 FT Habitat for Terrestrial Wildlife



Weighted CCI, 1-m, 100' Buffer w/o Outliiers

y=0.6165x+0.1927
R% =0.4937

>
>
o
)
N
©
=
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o
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Weighted CCI




Benchmarking:

Tier

Benchmark

1.0 -

0.8

0.6

0.4

0.2 -

0.0 -

BIOCONDITION GRADIENT (BCG)

Tier 1
ier 2
Tier 3
Tier 4 s
£
Tier 5
Tier 6
0.2 0.4 0.6 0.8 1.0

rshed Condition (CC



H Hopel .
OPE aNd HORSISSSAEsS: BIOCONDITION GRADIENT (BCG)

T|er2

Tier | Benchmark

Tier 3 |
Recovery

0.6 ‘
Tler 4 Ve

0.4 -

"

0.2 -

HOPELESS
0-0 -

0.0 0.2

*After Bellucci, Beauchene

and Becker (2008)

Streams of Hope concept. e
ershed Condition (CCI) \




LISTMDL | Literature

Urban
Ag-Like 6.8
Forest 3.8

y = 12.104e2662
R?*=0.969
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Trading Ground Rules

Consistent with EPA Tirading Policies and' Guidance
Consistent withi State and Federal Regulations

Performed on a Watershed Scale that Assures Connectivity.
Meets Water Quality Standards in each Trading Sub-Unit
Consistent with Antidegradation Policies

Meets Most Sensitive Desighated Use, I.e., Aguatic Liie Use
Integrates and Balances Ecosystem Goods & Service Benefits
Fair and' Equitable Accounting and Accountability




Currencies:

Currency ____________lUnits | CreditCalculation

Biocondition or Biointegrity Acres CCI * area in acres

Total Nitrogen Pounds/yr (12.104e"2-66(cCD))¥acres

Enrichment Factor (EF) TN Normalized Yield TN Yield/0.84
(Proportional Dose)

UNDER DEVELOPMENT
CCl v N Yield

=
00

y =12.104e2-66%
R*=0.969

==

oN
®

®

N Yield (lbs/acre-yr)
]

EF = Enrichment Factor (Becker, 2014)




Proportional Dosing:

Nitrogen Loads (Tons N/Year) by Source

Baseline Load = Delivered to Long Island Sound Enrichment Factor =
61,351 tons N/Year Load/Natural Load
Pre-Colonial _
Baseline Upstream 3980 Nonpoint/
Enrichment Factor = (MA, NH, VT) | Storm Water

/ 4907 58.5% Reduction =

Total Load/ 13565 24 570 tons N/Year

Pre-Colonial Load =

TMDL Load =
CT POTWs 36,781 tons N/Year
9875

TMDL
Enrichment Factor=
TMDL Load/
Pre-Colonial Load =

~ 9

AR

T N w /
MP'SHIRE

e Albany { (50 .h ) v“ ») 3
4 ! ‘ T.T:ST
X oy BT T =

BN /A" Boston
w % NY

> B rovidence™N"

(HATIOMISE | \
s POTWSs/CSO

29024

EF = Enrichment Factor (Becker, 2014)



.mn Local Basin Enrichment Factors
Tier

0.60
0.43

Enrichment Factors

Mean 3.85
S.E. 0.05

Median 2.88 .
Count 2791 Enrichment F

LIS EF ~ 15




Newvember 2020

: Water Quality Trading on a Watershed Scale

Executive Summary

The Envirenmental Protection Agency’s (EPA's) 2019 memorandum Updating the Environmental
Protection Agency's Water Quality Trading Policy to Promeote Market-Based Mechanisms for Improving
Water Quality identifies six broad market-based principles that, if implemented, will help modernize and
promote the development of environmental markets. The first of those principles is that “states, tribes,
and stakeholders should consider implementing water quality trading and other market-based programs

“Establishing an appropriately defined trading
area is necessary to provide a viable trading
market and to ensure that targeted water
quality concerns are addressed
throughout the trading area.

“EPA recommends that the scale of a market-
based water quality improvement program,
including water quality trading, be informed
by the hydrology and ecology of the
watershed in conjunction with the effects
and the extent of the pollutants of
concern.”

Water Quality: Goals, Connectivity: and
Pollutant Processing

|dentify water quality goals, including
pollutants of concern and their sources, and
waters targeted for improvement.

Determine how upstream and downstream
waters are connected using the best available

maps and tools for the watershed of interest.
Determine the upstream and downstream
extent of impact for the pollutant of concern.
|dentify watershed features that may inform
the trading area.




Full coverage within CT

Partial coverage within CT, flagged and no
quantitative analysis

Basins included that are not part of LIS watershed

BO0-0.25

70.25- 0.50 AR e
B 0.50 - 0.75 CT Basins

BN 0.75 - 1.00
CREDIT: Q. Lei-Parent




Local Basin Areas (< 5000 acres) (>97%)

W
=
"N
(g8 ]
o0
T
o
-
QD
e
&=
.
=

Area (acres)

Median
Count Local Watershed Size {(Acres)
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Weighted CCI

CCl/Predicted MMI 1m, 100' Buffer Local Basins

(0.1, 0.2] (0.3, 0.4] (0.5,0 (0.7, 0.8] (0.9, 1.0]
[0.0, 0.1] (0.2, 0.3] (0.4, 0.5] (0.6, 0.7] (0.8, 0.9]

Weighted CCl/Rredicted MMI Score

ed Condition ( ondition (MMI



0.88
0.75
0.60
0.43

1

2

3

4
5 02
6 | 000

Weighted CCI

Mean
S.E.
Median
Count

Number of Watersheds

Local Watershed Count by Tier Benchmarks

616
o3 ses { sonemamy
{ Chapter’

Tier 6 Tier 5 Tier 4 Tier 3 Tier 2 Tier 1
(0.0-0.19) (0.20-0.42) (0.43-0. 3.60-0.7 .75-0.87) (0.88-1.0)

Tier Benchmd<!s (CCl R|<|ge)

Tier 2 (0.75)



e cor e

0.88 <1.16

3 0.60 2.45

4 ). 4 . C
5 020 712
6 000 >712

N Yield (Ibs/acre-yr)

7]
o
Q
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.
Q
-
=
e
o
L =
L
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£
-
=

Mean 3.26
S.E. 0.04
Median 2.44
Count 2791

Local Watershed Count by Tier Benchmarks

569 567

Tier 6 Tier 5 Tier 4
(7.12-11.55 (3.85-7.11) (2.45-3.8

Tier Benchmar

614

Tier 3

. 65-2.4¢

N Yield

Tier 2 (1. 65)

Tier 2 Tier 1
.16-1.64) (0.84-1.15)

ihnge)




Salmon River Watershed Salmon River Trading
Tier Yleld
5 seg.
- 95,353 acres (150 sq. mi) 0.88 <1.16 E

* 11 sub-basin trading units Lz B
0.60 2.45
- 82 segments (local basins) 0.43 3.85

Tier 3 Benchmark = 0.60

‘ 6 seg.

Sub-Ba cres] Segments wcl BCI ccl 7,119 ac ’
Raymond 5,791 5 0.55 0.68 0.62
3,271 3 0.58 0.80 0.70 8,195 ac
Meadow 7,119 6 0.43 0.70 0.54
16 seg.
Pine East | 3,211 2 0.63 0.93 0.82 16,681 ac
Jeremy 8,239 6 0.59 0.83 0.73
Fawn 8,195 5 0.58 0.88 0.76
Blackledge; 16,681 16 0.55 0.79 0.68 9
seg. 13 seg.
Dickinson 9,614 5 0.63 0.80 0.74
Pine West! 9,966 9 0.57 0.70 0.64 12 seg.
11,995 ac
Moodus 11,271 13 0.58 0.72 0.66
Salmon 11,995 12 0.73 0.85 0.81
Total 95,353 82 0.58 0.78 0.70




Jeremy River Trading Ledger:
BIOCONDITION CREDITS

BASIN_UID

Name

Jeremy River Watershed

— Current Status

Watershed
Area (acres)

WCI
Developed
(acres)

WCI Ag-like
(acres)

WCI
Natural
(acres)

Weighted
WCI (N=1;
AL=2; IC=7)

BCI

Developed
(acres)

BCI Ag-like
(acres)

BCI Natural
(acres)

Weighted
BCI (N=1;
AL=2; IC=7)

Weighted
CCI (N=1;
AL=2; IC=7)

4705-00

Jeremy River

5420

263

607

4075

0.57

10

10

455

0.84

0.72

4705-01

Jeremy River

826

40

92

640

0.58

52

0.86

0.74

4705-02

Jeremy River

533

8

8

475

0.87

42

0.94

0.93

4705-03

Jeremy River

545

21

59

411

0.61

51

0.79

0.72

4705-04

Jeremy River

333

10

23

258

0.69

40

0.79

0.76

4705-05

Jeremy River

581

40

59

420

0.51

56

0.72

0.62

4705-SUM

BASIN_UID

Jeremy River Tot

Name

8239

6280

Tier 3 Benchmark = /g

0.59

Watershed
Area (acres)

Weighted
CCI (N=1;
AL=2; IC=7)

CCl Target =
0.6

ccl
Surplus(+)/
Deficit(-)

Credit(+)/
Deficit(-)
(acres)

Cumulative
Credit
Balance

4705-00

Jeremy River

5420

0.72

0.12

662

662

4705-01

Jeremy River

826

0.74

0.14

116

778

4705-02

Jeremy River

533

0.93

0.33

175

953

4705-03

Jeremy River

545

0.72

0.12

65

1018

4705-04

Jeremy River

333

0.76

0.16

54

1072

4705-05

Jeremy River

581

0.62

0.02

10

1082

4705-SUM

Jeremy River Tot

8239

0.73

0.13

1082

0.83

0.73

* Watershed Condition (WCI)
* Buffer Condition (BCl)

CCl =

WCI x (1+(BCI-WCI))




Jeremy River Trading Ledger: Jeremy River Watershed
BIOCONDITION CREDITS

— Managed Status

wcl wcl Weighted Weighted = Weighted |

Watershed WCI Ag-like 5
BASIN_UID Name Developed Natural WCI (N=1; BCI(N=1; | CCI(N=1; |
Area (acres) (acres)

(acres) (acres) AL=2; I1C=7) AL=2;1C=7) | AL=2; IC=7) |

Jeremy River 5420 : 10 0.96
Jeremy River 826 5 0.97
Jeremy River 533 ; 0.99
Jeremy River 545 5 0.90
Jeremy River 333 | 0.93
Jeremy River 581 ; 0.87

Jeremy River Tot 8239 | 0.95

Managed State

BCI Ag-like | BCI Natural
(acres) (acres)

Weighted e upAulative CCl Credit(+)/ | Cumulative
CCl Target = . . . . . .
0.6 Deficit(-) Credit Surplus(+)/ | Deficit(-) Credit

AL=2; IC=7) Deficit(-) (acres) Balance Deficit(-) (acres) Balance
4705-00 Jeremy River 5420 0.72 . 0.12 662 662 0.19 1045
4705-01 Jeremy River 826 0.74 . 0.14 116 778 0.21 172
4705-02 Jeremy River 533 0.93 . 0.33 175 953 0.38 200
4705-03 Jeremy River 545 0.72 . 0.12 65 1018 0.18 101
4705-04 Jeremy River 333 0.76 . 0.16 54 1072 0.26 87

4705-05 Jeremy River 581 0.62 . 0.02 10 1082 0.10 56
4705-SUM Jeremy River Tot 8239 0.73 . 0.13 1082 0.20

Watershed
BASIN_UID Name € CCI (N=1;
Area (acres)




Meadow Brook Watershed
— Managed Status

Meadow Brook Trading Ledger:
BIOCONDITION CREDITS

WCI
Developed
(acres)

WCI
Natural
(acres)

Weighted
WCI (N=1;
AL=2;I1C=7)

Weighted
BCI (N=1;
AL=2;1C=7)

Weighted
CCI(N=1; |
AL=2; IC=7)

Watershed
Area (acres)

WCI Ag-like
(acres)

BCI Natural
(acres)

BCI Ag-like

BASIN_UID
- (acres)

Name

1961
1193
1569
316
417
1663

7118

Meadow Brook
Meadow Brook
Meadow Brook
Meadow Brook
Meadow Brook
Meadow Brook

Meadow Brook -

Current State Managed State

WClI WCI

BASIN_UID

Name

Watershed
Area (acres)

Developed
(acres)

WCI Ag-like
(acres)

Natural
(acres)

Weighted
WCI (N=1;
AL=2; IC=7)

Developed
(acres)

BCl Ag-like
(acres)

BCI Natural
(acres)

Weighted
BCI (N=1;
AL=2; IC=7)

Weighted
CCI(N=1; |

AL=2;1C=7) |
4703-00
4703-01
4703-02
4703-03
4703-04
4703-05
4703-SUM

1961
1193
1569
316
417
1663

7118

177
118
106
77
90
83

260
194
189
58
97

1383
761
1115
157
213
1264

4892

0.44
0.38
0.50
0.19
0.20
0.56

0.43

129
105
149
17
10

0.72
0.62
0.80
0.37
0.27
0.88

0.70

Meadow Brook

Meadow Brook

Meadow Brook

Meadow Brook

Meadow Brook

Meadow Brook

Meadow Brook °




Meadow Brook Watershed
— Managed Status

Meadow Brook Nitrogen Trading Ledger:
'NITROGEN CREDITS

Current State

BASIN_UID

Watershed
Area (acres)

Weighted
WCI (N=1;

Weighted
BCI (N=1;

Weighted
CCI (N=1;

AL=2;IC=7) AL=2;IC=7) AL=2;IC=7)

N Yield

(Ibs/acre-

yr)

N Yield
Target =
2.45

N Yield
Surplus(+)/
Deficit(-)
(Ibs/ac-yr)

N Load
Credit(+)/
Deficit(-)

(Ibs/yr)

Cumulative
N Load
Credit
Balance

4703-00

Meadow Brook

1961

0.44

0.72

0.56

2.71

2.45

-0.26

-517

4703-01

Meadow Brook

1193

0.38

0.62

0.48

3.40

2.45

-0.95

-1132

4703-02

Meadow Brook

1569

0.50

0.80

0.65

215

2.45

0.30

466

Meadow Brook

316

0.19

0.37

0.23

6.62

2.45

-4.17

-1318

Meadow Brook

417

0.20

0.27

0.22

6.76

2.45

-4.31

-1798

Meadow Brook

1663

0.56

0.88

0.74

1.67.

2.45

0.78

1296

Meadow Brook

Managed State

BASIN_UID

7118

0.43

0.70

0.54

2.84

Watershed
Area (acres)

Weighted
WCI (N=1;

AL=2;1C=7) AL=2;1C=7) AL=2;IC=7)

Weighted
BCI (N=1;

Weighted
CCI (N=1;

N Yield
(Ibs/acre-
yr)

2.45

N Yield
Target =
2.45

-0.39

N Yield
Surplus(+)/
Deficit(-)
(Ibs/ac-yr)

-2786

N Load
Credit(+)/
Deficit(-)

(Ibs/yr)

Cumulative
N Load
Credit
Balance

4703-00

Meadow Brook

1961

0.44

0.91

0.65

2.45

0.28

548

4703-01

Meadow Brook

1193

0.38

0.88

0.57

2.45

-0.18

-210

4703-02

Meadow Brook

1569

0.50

0.92

0.71

2.45

0.61

957

4703-03

Meadow Brook

316

0.19

0.81

0.31

2.45

-2.82

-890

4703-04

Meadow Brook

417

0.20

0.66

0.30

2.45

-3.03

-1262

4703-05

Meadow Brook

1663

0.56

0.95

0.78

2.45

0.94

1568

Meadow Brook -

7118

0.43

0.90

0.63

2.45

0.18

1313




Salmon River Watershed Summary: Current State  Managed State

Biocondition Nitrogen
Sub-Basin Area (acres 8

- Credits | Credits

Segments WCI

Raymond

Meadow

Pine East

11,804 51,253



innipiac River Watersh Quinnipiac River Tradin

« 105,955 acres (165 sq. mi) 0.88 <1.16

9 seg.
9 sub-basin trading units 0.75 1.65 E-

0.60 245

« 73 segments (local basins)

0.43 3.85

11 seg.
12,967 ac

Tier 3 Benchmark = 0.60

Segments

Eightmile 9,442 9

Tenmile 12,967 b ’
3 seg. 4 seg.
Misery 3,993 3,080 ac 3,377 ac

Broad 3,080

Sodom 3,377

X : 3 seg.
Harbor 7,752 i y g 4,895 ac

Wharton 4,895

13 seg.

Muddy 13,948 13,498 ac

24 seg.
46,501 ac

Quinnipiac; 46,501

Total 105,955




Quinnipiac River Watershed Summary:

Tier 3 Benchmark = 0.60 Tier 4 Benchma

Biocondition| Nitrogen
Sub-Basin Area (acres] Segments
--“ Credits Credits

0.60

NOT
INCLUDING
POINT
SOURCES!




Put You in the Driver’s Seat:

“Cembined Watershied Condition IndeX

Artinteractive Tool to Monitor WatershetPgalth

Combined Watershed Condition Click the Select tool (upper left corner of the map) and then select watershed(s) of your interest on the map.
Index The selected watershed(s) will be highlighted in blue. The charts will be interatively updated for the selected Watershed 4010-00
watershed(s).

Watershad Condition Index Combined Watershed Condition
L Index: 0.28

iy 05-1.0 Watershed Recovery

. 0.25-05 Up NeXt Category: Recovery
~-  CCI Dashboard/Trading Exchange Dashboard Acre: 4,262.62

] ' 0-0.25 L
Decision Support Framework/Dashboard P IRl el Cover
_ Recovery Potential/Best Attainable Condition in the wholle basin: 41.02%
Local Basin Boundary . . . . inside riparian zone: 71.77%
Nitrogen Normalization/Enrichment Factors outside rivarian zone: 39.24%
‘ S oo meed onctolen Trading Report & Recommendations What is Watershed Recovery Category?
Watershed Condition Index (WClI) is an index that Trad I ng M a rket VI a bl I ItY/I m plementatl On fias i dBe v Ctegt il cate e olgos

land use stragtegy for a watershedbased on the current

\ - s- CWCl value. Recovery Category is considered:

Esri, NASA, NGA, USGSIMDC Esri, HERE, Garmin, SafeGraph, METI/NASA, USGS, EPA, ... Powered by Esri

describes the probable health of a watershed. WCI

is calculated based on

Natural vs. Unnatural Natural vs. Unnatural Land Cover Land Cover
parren 1.£7%
3k Forest 23.3%
2.5k ok
0
g . Unnatural 59% v o Water 1.2% Developed 23.6
< 2k 1.7k & . Wetland 11.5%
= Mankdl 4k Shurb 2.1%
1.5k o ; 894 52 494 49 ’
Natural Unnatural Grass 36.9%
Forest Grass Wetland Barren
This bar chart represents acreage of natural This pie chart represents percent area of natural This pie chart represents percent area of each land cover
and unnatural land cover within a whole and unnatural land cover within a whole watershed. Natural UE Sl pr et ue G B i caRe

watershed. land cover includes forest, wetland, and water. Wbws C RE DIT: Q . Lei = Pa rent




A Viable Method!

Applications:

Assessment
Diagnostics/Feasibility
Biointegrity Endpoints
Nutrient Targets

Management Planning/TMDLs
Watershed Management
Buffer Management

Biocondition and Nutrient
Trading

Whole Ecosystem Outcomes!

Natural Recovery is:

Functional

Adaptive

Transitional

Resilient

Low Cost

Aimed at Well-being Outcomes



RESOURCES

« Becker, M.E. 2014. Interim phosphorus reduction strategy for Connecticut freshwater non-tidal waste-receiving rivers
and streams technical support document. Connecticut Dept. of Energy and Environmental Protection, Hartford, CT. 70
p. https://www.ct.gov/deep/lib/deep/water/water_quality_standards/p/interimmgntphosstrat_042614.pdf

» Bellucci, C.J.,, M. Beauchene and M. Becker. 2008. Streams of hope: characterizing the biological potential of
moderately urbanized Connecticut streams. CT Dept. Env. Protection, Hartford, CT. 37 p.

« Connecticut Department of Energy and Environmental Protection Ambient Biological Monitoring:

« Goetz, S.J., R.K. Wright, A.J. Smith, E. Zinecker, and Erika Schaub. 2003. IKONOS imagery for resource management:
Tree cover, impervious surfaces, and riparian buffer analyses in the mid-Atlantic region. Remote Sensing of
Environment 88 (2003) 195-208.

« NASA Earth Observatory “Earth Lights”

« NLCD 2011 Land Cover (CONUS):

« Smith, M.P, R. Schiff, A. Olivero and J.G. MacBroom. 2008. The active river area: A conservation framework for
protecting rivers and streams. The Nature Conservancy, Boston, MA. 59 p.

« Stroud Water Research Center, WikiWatershed: and

« University of Connecticut, Center for Land Use Education and Research:

« U.S. EPA Nutrient Criteria Adoption Status site:


https://ctdeepwatermonitoring.github.io/BCGMap/
https://eoimages.gsfc.nasa.gov/images/imagerecords/55000/55167/earth_lights_lrg.jpg
https://www.mrlc.gov/data/nlcd-2011-land-cover-conus-0
https://wikiwatershed.org/
https://modelmywatershed.org/
http://clear.uconn.edu/index.htm
https://www.epa.gov/nutrient-policy-data/state-progress-toward-developing-numeric-nutrient-water-quality-criteria

RESOURCES

U.S. EPA. 1998. National strategy for the development of regional nutrient criteria. EPA 822-R-98-002. U.S.
Environmental Protection Agency, Office of Water, Washington, DC. 53 p.

U.S. EPA. 2012. Identifying and protecting healthy watersheds. Concepts, assessments, and management
approaches. EPA 841-B-11-002. U.S. Environmental Protection Agency, Office of Water, Washington, DC. 296 p.

U.S. EPA. 2015. Connectivity of streams and wetlands to downstream waters: A review and synthesis of the scientific
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QUESTIONS, COMMENTS, FEEDBACK?

Online form: (case sensitive!)

Send feedback directly to


http://bit.ly/LIS-Trading-Feedback
mailto:egildesgame@neiwpcc.org
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