UCONN | conreericor . | @mimi
NS )3 (A
SRR 2N 25 ‘

A
:/H'aven ;’ e A f UtP:Ss " | \ Q
w{f/g . R unfo-,-d/'\;; egi R e “’ :

S S L \ L

The N-Sink Tool: Tracking Nitrogen
Through Coastal Watersheds

Chet Arnold
Qian (Rachel) Lei-Parent
UConn CLEAR April 21, 2021

Extension



UCONN |

stol

Today’s Mini-Session

e Introduction
| T Goals & Methods
* N-Sink maps

"« Interactive Web tool




UCDONN | conrecricor § CLEAR

Unindicted Co-Conspirators

* University of Rhode Island Dept. of Natural

Resources Science
» Art Gold, Q Kellogg

e UConn Center for Land Use Education & Research
» Chet Arnold, Cary Chadwick, Rachel Lei, Emily Wilson, Dave Dickson

 EPA Office of Research & Development (Ada, OK and
Narragansett, RI)
» Ken Forshay, Jeff Hollister

. .
EPA Reglon 1 Art Gold diagrams the game-winning play (Hollister
» Mark Voorhees, lan Dombroski to the post) at a recent N-Sink team meeting...
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More at:

UCONN  UNIVERSITY OF CONNECTICUT
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Black Lives Matter

CLEAR believes that Black Lives Matter. We have
come to understand more deeply that the inequities
and racism plaguing society extend to the issues at
the core of our mission, such as environmental
science, climate resilience, geospatial technology,
STEM education and land use planning. As a Center
and as individuals, we pledge to re-examine our
culture and programs to find more inclusive ways to
address these issues. Read More

Student Powered Assessments for

Green Stormwater Infrastructure New Landcq\ier Data

LEARN MORE

AR Blog
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Webinars Online

2021 Webinars
Webinar Archives Library

Mini-Webinar Series: The Social Distancing
Collection

CLEAR hosted a series of 30ish-minute mini-
webinars, two a week, for the past two months.

VIEW VIDEOS

MS4-related Webinars

o CTMS4 Permit update: What should be done and
what's next?
o Stormwater Utilities in Connecticut

o MS4 Permit Year 3 tasks
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* Nitrogen (N) pollution is a growing problem in coastal waters
Background and the watersheds/communities that drain to them.

* Decision makers need a better understanding of the
relationships between land use and the fate and transport of N.
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Our goals

* Create a planning and visualization tool for users to
explore the relationship of land use to N pollution
of their coastal waters

v’ broad applicability
v’ easy to use/understand

v" accessible online

* Anchor the tool in a land use context by identifying
specific areas in watersheds important to N pollution
management.

v’ sink areas (wetlands, riparian areas, ponds & lakes)

v’ areas with high likelihood of efficient N transport




UCONN | conneericor

Caveats, explanations, disclaimers

N-Sink:

* Is a decision support tool, not a rigorous model

* uses widely available national datasets rather than field data

e focuses on sinks and their importance rather than calculations of

sources/loadings

Shifts attention to the watershed,
rather than the receiving waters

§ CLEAR
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Geospatial Data Sources

Uses widely available (national) spatial datasets

1. Hydrography (NHD-Plus V2)

a. NHD, NED, WBD

b. Catchment characteristics, cumulative drainage area characteristics, flow
direction, flow accumulation, elevation grids

c. Flow rate & velocity for each reach in the stream network

2. Soils from USDA/NRCS Soil Survey Geographic (SSURGO) Database

3. Land cover from 2016 National Land Cover Data (NLCD 2016)
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Methods

* Uses Particle Tracking to estimate
N pathway from source to
receiving water

e Estimates N removal based on
characteristics of landscape sinks
along that pathway

https://clear.uconn.edu/projects/nsink/about.htm
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A geospatial approach for assessing denitrification sinks within

lower-order catchments

D.Q. Kellogg*, Arthur ]. Gold, Suzanne Cox, Kelly Addy, Peter V. August
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tyof Department Science, 105 C:

in Kingston, Kingston, Rf 02881, USA

ARTICLE INFO ABSTRACT

Article history: Local decision makers can influence land use practices that alter N loading and processing within the
in of lower-order stream reaches. Because many practices reduce water retention times and
alter the timing and pathways of water flow, local decisions regarding land use can potentially exert
a major influence on watershed N export. We illustrate a geospatial approach for assessing the role of
denitrification sinks in watershed N delivery at the local level using: (a) widely available geospatial data,
(b) current findings from peer-reviewed literature, (c) USGS stream gage data, and (d) locally based data
on selected stream attributes. With high resolution, high quality GIS data increasingly available to local
Nitrogen sink communities, they are now in a position to guide local management of watershed N by targeting upland
source controls and by identifying landscape sinks for protection and/or restoration. We characterize
riparian wetlands, lentic water bodies, and stream reaches as N sinks in the landscape and use geospatial

Received 17 November 2009 drainage
Received in revised form 17 February 2010
Accepted 17 February 2010

Keywords:
Watershed management
Geospatial analysis
Riparian wetland

Reservoir particle tracking to estimate flow paths from N sources and evaluate N removal within sinks. We present
Stream reach an example analysis of the Chickasheen drainage basin, RI, USA, comparing N flux from three equivalent
Best Management Practices ical N source in diffe the role of each

N sink type in mediating N flux. Because our goal is to generate a tool that is used by and useful to decision
makers we are exploring methods to better understand how decision makers understand and respond to
the manner in which information is presented.

regions of the and il

© 2010 Elsevier B.V. All rights reserved.
ce of Research and Development

1. Introduction

Nitrogen (N) export from coastal watersheds exerts profound
effects on the function and value of coastal estuaries. Harmful algal
blooms, hypoxia, and destruction of critical spawning habitat are
among the many problems linked to elevated N contributions to
coastal waters (Howarth et al., 2000; Diaz, 2001; Goolsby et al.,
2001; Nixon et al., 2001; Rabalais et al., 2001; Diaz and Rosenberg,
2008). The annual N loading to the biosphere has more than dou-
bled in the past 50 years, and estuaries are receiving substantially
more N from terrestrial sources than in the past (Vitousek et al.,
1997). High concentrations of nitrate in shallow groundwater and
streams are correlated with agricultural land use and unsewered
residential developments (Gold et al., 1990; Nolan et al., 2002;

sk Management Research Laboratory, Ads, Oklahoma 748:

across a wide range of geographic scales consistently find that
watersheds retain 60-90% of total watershed N inputs (Howarth
etal, 1996; Jordan et al., 1997).

One of the major advances in watershed science over the last
25 years has been the realization that certain areas of the land-
scape have a capacity to function as “sinks” for N. Areas of high N
sink capacity can include riparian wetlands, reservoirs, and lower-
order streams where particular features, such as pools or organic
debris dams play an important role in N removal (Mitsch et al.,
2001; Peterson et al., 2001; Groffman et al., 2003; Mitsch and Day,
2004; Seitzinger et al., 2006). Seitzinger et al. (2006) suggested that
water residence time was a controlling factor for reducing N load-
ing in all these settings and that hydrology and geomorphology
strongly influences residence time. In sink areas, biogeochemical

Nowicki and Gold, 2008). However, P can miti-
gate N delivery to coastal waters. Mass balance studies conducted

+ Corresponding author. Tel.: +1 401 874 4866; fax: +1 401 874 4561.

E-mail addresses: du (D.Q. Kellogg). (AJ. Gold),

suzacox@mail.uri.edu (S. Cox), kaddy@uri.edu (K. Addy).
pete@edcuri.edu (PV. August).

inorganic N, especially nitrate, into organic N
inplant and/or microbial biomass, or into N gases via denitrification
(Gilliam, 1994; Hill, 1996; Gold et al., 2001; McClain et al., 2003),
preventing movement of N into receiving waters. In contrast, where
landscape sinks are absent or are bypassed by land management
practices (e.g., tile drainage or storm water conveyance systems),
activities generating N losses (sources) pose a greater risk of water-
shed N export (Gold et al., 2001; Paul and Meyer, 2001; Dinnes et
al,, 2002).
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A focus on retention time

* Wetlands (hydric soils)
» Based on % hydric In soll mapping units (SSURGO)
* Use NLCD to exclude impervious cover

* Ponds/lakes/reservoirs

 Based on Pond area/Catchment area
(NHD Plus V2)

e Stream reaches

 Based on velocity in stream reach (NHD Plus V2)
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Th e N -Si n k M a ps Watershed Maps

The original version of N-Sink was vector-based and built using ArcGIS API for Adobe Flex (which is no longer available). We are upgrading the tool

but the analytical outputs - the maps produced by the model - have not changed. Here are sample maps for our two pilot watersheds, the Niantic
River Watershed in southeast Connecticut and the Palmer River Watershed in Massachusetts.

Nitrogen Removal Efficiency Nitrogen Transport Index Nitrogen Delivery Index
Neartic Rver Watershed (HUC 12, Neartic over Watershed (MUC 12) /—-,«l Nantic Rover Watershed (WUC 12
-\

&N
{

Niantic River N Removal Niantic River N Transport Index
Efficiency

Niantic River N Delivery Index

VIEW MAP VIEW MAP
VIEW MAP

Netrogen Removal Efficency Nerogen Transport Index
P B3 Woerstod (ML 12

Netrogen Delivery Index
Puinser Bive Watarshad (HUC 12

[a——

Palmer River N Removal

Palmer River N Transport Index
Efficiency

Palmer River N Delivery Index

\/IE\W MAD \/IE\W MAD
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1. Removal Efficiency

» Estimates percent of N removal in landscape sinks

e Removal rates are based on

research results from the literature

* Darker green color indicates higher

percent of N removal.

Implications: IWWC operations, riparian
‘ corridor protection/restoration, open space

acquisitions

Nitrogen Removal Efficiency (NRE, range 0
to 80%) is the estimated percentage of N
removed within three types of landscape
N sinks — wetlands, streams and ponds.

These estimates make use of peer-
reviewed published N removal ranges, as
well as physical characteristics of each
sink that influence residence time.
These landscape N sinks are
color coded, with darker colors
denoting higher NRE and
lighter colors denoting lower
NRE. N removal estimates use:
hydrologic data from NHDPlus
V2, land cover data from NLCD
(2016, 30 m) and soils data
from SSURGO.

Nitrogen Removal Rate
0-20% (no color)

20 - 40% N
B 40 - 60% A D
I 60 - 80%

0 05 1 15 2
s Miles
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Nitrogen Transport Index

2 . Tra ns p 0 rt I n d ex Palmer River Watershed (HUC 12)

Nitrogen Transport Index (NTI, range 0 to

» Estimates cumulative N removal along a pathway || 1oox) estimates the percentage of v

originating at a given location within a

Orlglnatlng at a glven Iocat|0n | watershed that is expected to reach

downstream receiving waters, such as a
coastal embayment.

. . Hotter colors denote more N reaching
receiving waters while cooler colors denote R

¢ Uses pa rtICIe traCkI ng lower N transport from a given point on ) $ A
the map. N-Sink estimates N removal @ =
within landscape sinks—wetlands, {

. . streams and ponds (see N
® E t t t f N h g Removal Efficiency map). The NTI
S I m a es pe rce n O rea C I n is based on particle tracking from
origin to receiving water, with N

Ivi removal occurring within the ‘
downstream receiving water J aYeaS

that path. Particle tracking and
removal estimates use hydrologic
. - - . = data from NHDPIlus V2, land
* Warmer color indicates higher efficiency Couk ey UL
SSURGO. Flow path removal
Of N tra nspo rt was calculated for all points
and interpolated, resulting in
raster flow path removal with ¢
a ~90m resolution.

% N Reaching Coastal Waters
B < 10%

20%

30%

40%

50%
‘ Implications: controls for existing land ol N

uses, zoning review for future land uses —pot A

Il 100%

0 05 1 15 2
ey Miles
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Nitrogen Delivery Index ”

3 m D EI ive ry I n d ex Palmer River Watershéfi fl—fUC 12)

» Estimates relative amount of N being transported The Nitrogen Delivery Index (NDI, range 0

to 100) and is a relative measure of the

from a given location to receiving water estimated N being transported from a

location within a mapped watershed to
receiving waters.

Nitrogen loading estimates are based on
land cover classes, making use of peer-

= Calculates N loading rates based on NLCD

with a range of 0 to 1. These N loading

H factors are then multiplied by the N
& I Ite rat u re Va I u es Transport Efficiency (range 0 to
100) from a given location within
a watershed, to arrive at the NDI.

- - . Darker colors denote higher
[ | M It p I I d g t by T p t I d estimated N transport from a
u I I es oa I n ra e ra n S O r n eX location, taking into account both

potential N sources at a location as
well as N sinks encountered along
the flowpath from that location

* Darker red color indicates combination of o s ecening
high loading and high delivery efficiency Lo lnd cover ata from D 3
(2016, 30 m), hydrologic data

from NHDPIlus V2, and soils
data from SSURGO.

Nitrogen Delivery Index
0 - 20 (no color)

‘ Implications: source controls, - 20-40
. . . . - N
monitoring(?), focus on loading estimates I 60 - 80 A

Il 80-100

0 05 1 15 2
e Miles
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Extent of the web tool

* HUC-12 level of organization
e Covers all of CT and RI coastlines
e 76 (!) coastal watersheds!
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Workflow: from R to Arc

NHD+ —
N-Sink
SSURGO ——
R package
NLCD — Particle Tracking o
1 1 1 1 https://s.uconn.edu/nsink
i I
exPIalned get thee to not today!
(kind of) github not today!

L https://github.com/jhollist/nsink
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Welcome Watershed Maps Watershed Analyses N Tracker

Tracking Nitrogen in the Environment
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N-Sink
Web Tool

An interactive decision support tool to
visualize, explore and analyze N-Sink maps online




