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Nutrient Loads and Trends in
Chesapeake Bay Nontidal

Network Streams: An Update
and interpretation of results

Objectives for this presentation are to
answer the following questions:

(1) What are the current loads across
the Bay watershed?

(2) How have these loads changed
during 2007-2016?

(3) What are the environmental and
management factors that govern
loads and trends?

= USGS



Charge of the WQGIT - “to evaluate,

focus and accelerate the implementation of
practices, policies and programs that will restore
water quality in the Chesapeake Bay and its
tributaries ...".

Challenge — Ensuring that jurisdictions, from State to

local levels, understand and have access to our science -
to better inform decision making. Strategies

+  Watershed
Improvement Plans

* Mid-Point

Inform Assessment

USGS leading efforts to explain conditions and trends: « CBPWSM

(1) Across the nontidal bay watershed :  USGS
(2) Nontidal/Tidal Interface Explain  Enhance SPARROW

(3) Sediment and Geomorphology Change Models
(4) Susquehanna Rerservoir

USGS computes nutrient and suspended
sediment loads and trends for all NTN stations Measure Progress

Observed water-quality and streamflow Monitor Conditions
collected by 6 Bay States, DC, SRBC, and
USGS



Explanations of nutrient loads
and trends can be used to inform
decision making on local scales

Today’s presentation describes and
explains patterns of nutrient loads
and trends throughout the
watershed.

This information can be focused to

more specific regional areas to V\\ e
describe the unique conditions and SN
stressors within different states, ! N
counties, or watersheds. ? WYy NS :
W X
We are working through the CBPO X » N
to develop strategies to ensure that AN
jurisdictions have access to this
information.
Doug Moyer Joel Blomquist Emily Trentacoste
USGS Load and Trend Rep USGS Explaining Trends Rep EPA/CBPO Jurisdictional Rep
804-261-2634 443-498-5560 410-267-5797
dimoyer@usgs.gov jdblomqu@usgs.gov trentacoste.emily@epa.gov
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Loads and trend results are
available at an increased

number of stations

The computation of loads and trends at
these additional stations strengthens our
science and is possible because of the

continued investment from the
Chesapeake Bay Program.

Juris. " n L&
Stations| load |Trend| Load | Trend

NY 5 5 5 5 5
PA 31 24 19 24 (5) | 19
MD 29 28 23 28 (5) | 23
DE 2 2 2 2 2
VA 34 33 32 (23 (11)] 12
wv 10 8 4 8 (4) 4
DC 4 1 1 1 1

TOTAL| 115 |101 86 91 (25)| 66

Values in parenthesis indicate the number of new load or
trend stations in 2016.
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Load and trend results have been computed
through 2016 to provide timely information
available for decision making

Potomac River at Chainbridge, Washington DC: Total Phosphorus

14

The mOSt recent 10 year Upper Confidence Interval (90% Cl)
(“short-term”) trend? is Flow-Ngmalized load |
computed between 2007 A i
and 2016. Short-term
trends were previously
computed between 2005
and 2014.

These new results have
been thoroughly vetted
and this talk will focus on

placing the new ! r 1
information in context
with our explaining
change efforts.

B o 15% reduction**

L

B 7% increase* .

Load, in millions pounds per year

1985 1990 1935 2000 2005 2010 2015
Water Year

USGS IMoyer and
others, 2017
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Nitrogen and phosphorus loads
vary throughout the watershed
based on human activities and

ke —

Nutrient loads measured in streams Nit[ogelg

Nutrient per-acre

environmental settings joadt

Low —

High | ./

N

throughout the watershed are highly -
variable as a result of:

1. The amount of nutrients applied
to the landscape or added
directly to streams (“nutrient
inputs”), which reflects the
intensity of human activities.

2. The movement of nutrients
from the landscape to streams
(“nutrient transport”), which is
primarily a function of geologic
setting and climatic conditions.

2Ator and
others, 2011.




The spatial distribution of

nutrient per-acre loads has
remained relatively similar
through time

stream.

High per-acre loads have persisted

in these areas because:

1. Nutrient inputs have not been
substantially reduced.

2. There has been a long history
of elevated nutrient inputs in
these locations.

3. The environmental setting of
these areas promote the
transport of nutrients to the

a USGS

science for a changing world
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Watersheds with the highest R

nutrient per-acre loads have...
The largest nutrient inputs

The largest nutrient inputs typically occur in Landuse in 2012°
agricultural watersheds from fertilizer and/or || ] Undeveloped
manure applications, however, urban areas still | | (__] Agricultural
yield more nitrogen and phosphorus than I Urban

undeveloped watersheds.
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Watersheds with the highest

. Phosphorus
nutrient per-acre loads have... =

The longest history of elevated
nutrient inputs, which can result in:

Phosphorus saturated soils.

. Average phosphorus
Phosphorus can be stored in balance® In 2012, In

soils when applications pounds per acre
exceed crop removal rates. | |15 10 5 0 |5
In areas where this has —

occurred, up to half of the

total phosphorus load is
exported in dissolved form?.

Average nutrient load! between
2007 and 2016, in Ib/ac

@ Low O Medium @ High

SGS P balance is computed as the difference between ag. inputs (°Sekellick, 2017) and crop  !Moyer and
g uptake. Crop uptake rates are based on methods presented in ®Ator and Denver, 2015.  others, 2017

4Fanelli and
others, 2017




Watersheds with the highest
nutrient per-acre loads have...

The longest history of elevated
nutrient inputs, which can result in:

Nitrogen movement to

grou ndwater. Probability of
Groundwater is the primary nitrate
deli th f nit concentrations
elivery pathway of nitrogen in groundwater
to streams and groundwater exceeding
. . 7
nitrogen concentrations (as 3mg/LasN
I >50%

nitrate) are typically
elevated in agricultural
watersheds.

Average nutrient load! between
2007 and 2016, in Ib/ac

@ Low O Medium @ High

1Moyer and ’Greene and
others, 2017 others, 2005




Watersheds with the highest

Nitrogen

nutrient per-acre loads have...

Environmental settings that allow
nutrients to be efficiently transported
to streams

Watersheds with carbonate Pr°:;'::t'tey of
geology or portions of the concentrations
coastal plain with coarse- in groundwater

. . exceeding
grained sediments have 3 mg/L as N’
very low denitrification I >50%

rates, which allows nitrogen
inputs to move relatively Gg':z:z;id
unaltered into the Carbonate
groundwater. I e CeRrse
Coastal Plain

Average nitrogen load! between
2007 and 2016, in Ib/ac f
@ Low O Medium @ High f/

yer and ’Greeneand  2King and
ers, 2017 others, 2005 Biekman, 1974




Watersheds with the highest

nutrient per-acre loads have...

Environmental settings that allow
nutrients to be efficiently transported

to streams

More nitrogen is removed
from warm streams than
cool streams by
denitrification. Nitrogen is
transported more
efficiently to streams in
northern regions than in
southern regions because
of this process.

1Moyer and
others, 2017
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Watersheds with the highest

nutrient per-acre loads have..,

Environmental settings that allow

nutrients to be efficiently transported

to streams

Runoff of sediment-bound
phosphorus is the primary delivery
pathway of phosphorus to streams.

This process is enhanced in areas with
highly erosive soils.

Suspended

Sediment Yield®

Low

l

High

remove phosphorus from the river network (

the stream corridor.

Unlike nitrogen, there are no natural processes that

denitrification) Impoundments and flood plain
deposition retard phosphorus movement through

like

streams differs and therefore requires differe
management strategies.

The movement of N and P from the land to

nt

Average phosphorus load?
between 2007 and 2016, in Ib/ac

% USGS 1Moyer and 9Brakebill and

science for a changing world others, 2017  others, 2010
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Nutrient Loads and Trends in Chesapeake

Bay Nontidal Network Streams: An Update
and interpretation of results

What's
New

Areas




Trends in nitrogen loads

result from changing

nitrogen inputs or transport

In the most recent ten year -
period (2007 - 2016): "

Nitrogen loads (n=86) have

improved at 50%, degraded

at 31%, and have no trend
at 19% of stations?.

Across the network, the
median N improvement is
10% and the median

degradation is 7%
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How are we doing where it
really matters: high-loading

areas?

In the most recent ten year
period (2007 - 2016): f

Nitrogen loads in the highest loading \
watersheds (n=30) have improved at
67%, degraded at 23%, and have no \

trend at 10% of stations?. \

ad
N
Susquehanna I
% ,. P Across these
@ ! watersheds, the
Eastern Shore I c
0 &2 median N
! improvement is 10%
Western Shore l 1
Q0 and the median
® degradation is 4%
Potomac | i
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Virginia | },
| §
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others, 2017




Trends in phosphorus loads
result from changing

phosphorus inputs or transport

In the most recent ten year
period (2007 - 2016):

Phosphorus loads (n=66) Across the network, the

have improved at 38%, median P improvement is
degraded at 26%, and have 23% and the median
no trend at 36% of stations. degradation is 21%
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1Moyer and
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Management efforts should focus
on reducing nutrient loads in high
yielding watersheds

O
In the most recent ten year
period (2007 - 2016): o
Phosphorus loads in the highest O
yielding watersheds (n=40) have
improved at 35%, degraded at 28%, 4
and have no trend at 38% of stations?. Ovo MARI
(@YA ’A‘ PEQ.
Susquehanna ' MARI a Y,
® _C CONO Across these Ox 2CONO
O O A’",_’,
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Nutrient Loads and Trends in Chesapeake
Bay Nontidal Network Streams: An Update and

interpretation of results

New Stations
TN — 15 load and 5 trend stations (n=101)
TP — 25 load and 6 trend stations (n=91)

Website Updated
https://cbrim.er.usgs.gov/index.html

Loads
High-loading regions for TN and TP:

* Have remained consistent over time
* Occur in agricultural and urban areas
that receive the largest amount of

nutrient inputs

Trends in High-Loading Regions

TN — 67% of the stations in high-loading regions
are improving with a median improvement of 10%
TP — 35% of the stations in high-loading regions
are improving with a median improvement of 22%

Environmental Setting

Geologic and climatic properties are highly variable across the watershed and may enhance or
retard the transport of nutrients to streams. These properties influence both loads and trends.

Doug Moyer
804-261-2634

dimoyer@usgs.gov

a USGS

science for a changing world

Joel Blomquist
443-498-5560
jdblomqu@usgs.gov
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Load and trend results have been computed
through 2016 to provide timely information
available for decision making

The most recent 10 year Upper Confidence Interval (90% Cl)
(“short-term”) trend is fm:' ((:)c;rr?fi:lli:?cjel-mirvalwo% c)
Computed between 2007 12 === Flow-Normalized Load (1985-2014)
and 2016. Short-term
trends were previously
computed between 2005
and 2014.

—
=

These new results have
been thoroughly vetted
and this talk will focus on
placing the new
information in context
with our explaining

change efforts. - 25% reduction®

15% reduction**

a

o

7% incregse*

a

Load, in millions pounds per year

18% reduction*

a

1985 1990 1935 2000 2005 2010 2015
Water Year
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