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Using Monitoring Data To Measure Progress and Explain Change

Elements of STAR Mid-Point Assessment Workplan

1. Measure progress Inf
* Trends of nitrogen, phosphorus and n OI’I’T\
sediment in the watershed. Strategies

* Trends of water quality in the estuary

2. Explain water-quality changes

. Explain Enhance
* Response to management practices

Change Models
3. Enhance CBP models

4. Inform management strategies

*  WIPs Measure Progress
* Water-quality benefits

Monitor Conditions



Outline

% Nontidal Trend Results
@ Discuss integration with MPA, Milestones, and WIPs.

@ Explaining Changes in nontidal streams

@ Sett expectations for products that support decision
making

@ Discuss mechanisms to get information into your
processes

@ Estuarine trends and explanation

@ Feedback on effort to demonstrate progress in tidal
waters

a USGS 3
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Using Monitoring Data To Measure Progress and Explain Change

Elements of STAR Mid-Point Assessment Workplan

Measure progress
* Trends of nitrogen, phosphorus and
sediment in the watershed.
* Trends of water quality in the estuary

Inform
Strategies

2. Explain water-quality changes Explain
* Response to management practices

Enhance
Change Models
3. Enhance CBP models

4. Inform management strategies
*  WIPs Measure Progress

* Water-quality benefits \

Monitor Conditions



Questions Addressed

Which NTN stations yield the greatest amount of
Nitrogen, Phosphorus, and Suspended Sediment?

How have these yield changed during the last 10
years (2005 to 2014)?

Questions for GIT

What are the target conditions (i.e. loads) and how
are they allocated (e.g. major basin, NTN station,
county, ...)?

What timeperiod for trend is most beneficial for
assessing progress?

How can we best integrate our results into GIT
processes?



Chesapeake Bay Nontidal

NTN Stations Monitoring Network
How are nitrogen, phosphorus,
e NTN2014_10YR 3 c
NTN2014_LTOVR : and suspended-sediment loads
s (e responding to restoration activities
Eastern Shore -
= L ‘ and changing land use?
o A Monitoring Stations (126 stations)
appahannock ; . .
el / 2024 &7 stations with > 5 years
P s ‘__ X « 381 stations > 10 years

» 43 stations with > 30 years

» Drainage areas range from 1 to
27,100 mi?

Monitoring:

New York, Pennsylvania,
Maryland, Delaware, Virginia,
West Virginia, Washington D.C.,
SRBC, and USGS
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Water Quallty Loads and Trends at Nontldal llomng Stations in the Chesapeake Bay Watershed

Download Results

— Estimated Loads and Concentrations

— Flow-Normalized Loads and Concentrations
— Trend in Flow-Normalized Loads

Interactive Map to display yields and trends in yields
Load (yield) and Trend Summaries

Static Maps

— Trend in Yield

— Yield

— Combined Yield and Trend in Yield

e Avallable January 2016
a2 USGS




Summary of Stations with
Reported Loads and Trends

Newly
Ten-Year Short-Term Implemented
Long-Term : _
Constituent (1980s to Trends Loads Only Stayon_s.
2014) (2005 to (2007 to Monitoring
2014) 2014) Only

(2011 to 2014)

Total 43 (+13)
Nitrogen

Total 18 (-12)

Phosphorus

Suspended 18 (-12)
Sediment

< USGS



Total N|trogen Yield Total Nitrogen Yields: 2005-2014

Average Yield (tons/mi?)
0.38-2.20
2.21-4.40

4.41-10.70
Squares with black outline are
yields based on 2010-2014.

Susquehanna

| Eastern Shore
Western Shore
Potomac
Rappahannock /- 7§
York

James
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Total Nitrogen Yield: 2005-2014

| What are the target yields
for the major watersheds @Ffé)”f;;ogfezi(vef
and/or NTN stations? ’
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Changes in Nitrogen Yields: 2005-2014
Example from the Susquehanna Watershed

Susquehanna

UMADILLA RIVER ROCKDWALE

SUSOUEHANN A RVER COMKLIM

EXPLANATION
SUSCREHAMNA FNWVER WANERLY
COMOCTON RIVER CAMPBELL I:l improving
CHE MIUNG RINVER CHEMUMG
SUSCHIEHANMA RIVER TOWANDA |:| DE‘QFEIIJII'IC_I
SUSCHIEHANMA RIVER WILEES-EARRE
SUSOUEHANNA RIVER DANVILLE | NoTrend
W ISCHMEHANMNA RIVER EARTHAL! T T
B S50 WPLA RAVER KARTHALIS Improving of degrading trends
WE SUSQUEHMAMMNA RIVER JERSEY 5 i e
WB SUSCUEHANNA RIVER LEWISEURG classited as hkelihdod |-'-I|.'.| |..'!-.--.
PEMMNS CREEK PENMS CREEK : greater than or equal to 66%
RAYSTOWS BRAMCH JUMIATA RIVER ; & _ _
: " N : The number next to each bar represents
JUKIATA RIVER NEWPORT he total h total
t ot rcent change in total nitrogen
SHERMAN CREEE SHERNLANS DLE e Al pe ' ft o T
COMDDOGLINET CREEK HOGESTOWN A4 yield over the specified time period
YELLOW BREECHES CREEE CAMF HILL

SWATARA CREEK HERSHEY

WEST CONEWAGD CREEK MANCHESTER
SUSOUEHANNA RIVER MARETTA
CONESTOGA RIVER COMNESTOGA
PEQUEA CREEK MARTIC FORGE
SUSDUEHAMNA RIVER CONDWINGD

1
o > ) ~
o N \) N
R . S S
P e A% : 3

Change in Total Nitrogen Yield between 2005 and 2014, in pounds per square mile




Susquehanna

UNADILLA RIVER ROCKDALE

- .
SUSQUEHANNA RIVER CONKLIN EXPLANATION
SUSQUEHANNA RIVER WAVERLY
COHOCTON RIVER CAMPEELL I improving
CHEMUNG RIVER CHEMUNG )
l:l Degrading

SUSQUEHANNA RIVER TOWANDA
SUSQUEHANNA RIVER WILKES-BARRE
SUSQUEHANNA RIVER DANVILLE l:l NoTrend

WB SUSQUEHANNA RIVER KARTHALS Improving or degrading trends

- -
WB SUSQUEHANNA RIVER JERSEY 5. . . .
= WE SUSQUEHANNA RIVER LEWISBURG classified as likelihood estimates
PENNS CREEK PENNS CREEK greater than or equal to 66%
L RAvsTOwW j‘f:,;\-r;:—i,?jf;;'i;;?;i? *The number next to each bar represents

SHERMAN CREEK SHERMANS DALE the total percent change in total nitrogen
CONODOGUINET CREEK HOGESTOWN yield over the specified time period.

YELLOW BREECHES CREEK CAMP HILL
SWATARA CREEK HERSHEY
WEST CONEWAGO CREEK MA
— SUSQUEHANNA RIVER MAI
CONESTOGA RIVER CONESTOGA -150

PEQUEA CREEK MARTIC FORGE
SUSQUEHANNA RIVER CONOWINGO

Eastern Shore

NANTICOKE RIVER BRIDGEVILLE
MARSHYHOPE CREEK ADAMSVILLE

Trend in load (yield) network [

DEER CREEK DARLINGTON

. . .
, GUNPOWDER FALLS GLENCOE
1 S e lrs O 1 S 1 I I NB PATAPSCO RIVER CEDARHURST
GWYNNS FALLS VILLA NOVA

PATUXENT RIVER UNITY
PATUXENT RIVER BOWIE
WESTERN BRANCH UPPER MARLBORO,

Western Shore

Potomac

O O GEORGES CREEK FRANKLIN

44 f 8 1 54(y St WILLS CREEK CUMBERLAND
O 0 a I O n S I I l r V I n PATTERSON CREEK HEADSVILLE

5B POTOMAC RIVER SPRINGFIELD

CACAPON RIVER GREAT CACAPON

TONOLOWAY CREEK HANCOCK

Average Improvement = 634 lbs/mi? [

OPEQUON CREEK MARTINSBURG

- ANTIETAM CREEK WAYNESBORO
o ANTIETAM CREEK SHARPSBURG

Ve rag e e rce n e u C I O n -_— MUDDY CREEK MOUNT CLINTON
SOUTH RIVER NEAR WAYNESBORD

SF SHENANDOAH RIVER LYNNWOOD

SF SHENANDOAH RIVER FRONT ROYAL

SMITH CREEK NEW MARKET

NF SHENANDOAH RIVER STRASELIRG

ATOCTIM CREEK MIDDLETOWN

CATOCTIN CREEK TAYLORSTOWN

- - MONOCACY RIVER BRIDGEPORT

22 of 81 (27%) Stations Degradin
0 POTOMAC RIVER CHAIN BRIDGE

ACCOTINK CREEK ANNANDALE

SF QUANTICO CREEK INDEP. HILL

Average Degradation = 265 lbs/mi2 |e—_—_—_———

RAPIDAN RIVER RUCKERSVILLE

- RAPIDAN RIVER CULPEFER
— RAPFAHANNOCK RIVER FREDER.

Ve rag e e rce n e u C I O n _— NORTH ANNA RIVER DOSWELL
LITTLE RIVER DOSWELL

PAMUNKEY RIVER HANOVER

PO RIVER SPOTSYLVANIA

MATTAPONI RIVER BOWLING G.

MATTAPONI RIVER BEULAHVILLE

BACK CREEK MOUNTAIN GROVE

BULLPASTURE RIVER WILLIAMSVILLE

= \LFPASTURE RIVER GOSHEM

15 of 81 (19%) Stations No Change
0 UMS RIVER WHITE HALL

RIVANNA RIVER PALMYRA

JAMES RIVER CARTERSVILLE

AMES RIVER RICHMOND

APPOMATTOX RIVER FARMVILLE

DEEF CREEK MANNBORO

APPOMATTOX RIVER MATOACA

CHICKAHOMINY RIVER PROVIDENCE F.

m Psij: : \k\*ﬁa ’1}\*9 ﬂ,@a
l""._;l" Change in Total Nitrogen Yield between 2005 and 2014, in pounds per square mile




TNT Trend in Total Nit
Changes In Nitrogen [Vttt e
Yields: 2005-2014 | issiiti

-1514 - -758

-757 - -24

No Trend

24 - 757 Degrading

758 - 1514
1515 - 3243

Susquehanna

| Eastern Shore

| Western Shore
'_‘ Potomac

7 Rappahannock /-
1 York

James

A
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- Total Nitrogen
TOtal N |tr()gen Yields and Trends, 2005-2014

Trend Direction

Yields and Trends: [

¥ Improving

2 O O 5 - 2 O 14 A\/Aerazzg:c:rj (tons/mi?)

0.38-2.20
2.21-440

4.41-10.70
Squares with black outline are
yields based on 2010-2014.

7\ Susquehanna
Eastern Shore

| Western Shore
Potomac
Rappahannock /-
1 York

James

A
T
== v/
_hesapeake Bay Program
ﬂ science for a changingwortd Prepared on 10/20/15 ¢ A n-.:p:\»m,v V/ ::4/.




Total Phosphorus Yield: 2005-2014

What are the target yields
for the major watersheds
and/or NTN stations?

® Conestoga

Big Elk Creek River
e Rapidan
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Changes In
Phosphorus Yields:
2005-2014

Marked improvement in total
phosphorus loads (yields) for the
period 2005-2014 compared to

2003-2012 (40% Improving and 48% Degrading).

41 of 60 (68%) Stations Improving

Average Improvement = 111 Ibs/mi?
Average Percent Reduction = 27%

12 of 60 (20%) Stations Degrading
Average Degradation = 68 Ibs/mi?
Average Percent Reduction = 19%

7 of 60 (12%) Stations No Change

ZUSGS

Susquehanna
UNADILLA RIVER ROCKDALE -43]
SUSQUEHANNA RIVER CONKLIN 45 EXPLANATION
SUSQUEHANNA RIVER WAVERLY -17] P
COHOCTON RIVER CAMPBELL a5 [ mproving
CHEMUNG RIVER CHEMUNG 21 [ vegrading
SUSQUEHANMA RIVER TOWANDA 3] [ NoTrend
SUSQUEHANNA RIVER WILKES-BARRE -3[ Improving or degrading trends
SUSQUEHANNA RIVER DANVILLE -1 E classified as likelihood estimates
WEB SUSQUEHANNA RIVER KARTHAUS -40] greater than or equal to 66%
WB SUSQUEHANNA RIVER JERSEY 5. '39: *The number next to each bar represents
WB SUSQUEHANNA RIVER LEWISBURG —32': the total percent change in total nitrogen
PENNS CREEK PEMNS CREEK -38 yield over the specified time period
RAYSTOWN BRANCH JUNIATA RIVER :|17
JUNIATA RIVER NEWPORT 31
SHERMAN CREEK SHERMANS DALE =21 |:
CONODOGUINET CREEK HOGESTOWN -1 9|:
YELLOW BREECHES CREEK CAMP HILL -25:
SWATARA CREEK HERSHEY :|4
EST CONEWAGO CREEK MANCHESTER -15
SUSQUEHANNA RIVER MARIETTA -‘IZ[
COMESTOGA RIVER CONESTOGA -10|
PEQUEA CREEK MARTIC FORGE 20
SUSQUEHANNA RIVER CONOWINGO| 1 L L L LR TS R R R R
Eastern Shore
NANTICOKE RIVER BRIDGEVILLE -32
MARSHYHOPE CREEK ADAMSVILLE 36
CHOPTANK RIVER GREENSBORO 19
TUCKAHOE CREEK RUTHSBURG 3
BIG ELK CREEK ELK MILLS 31
DEER CREEKDARLINGTON, - N R e T T R T
Western Shore
GUNPOWDER FALLS GLENCOE 34
MB PATAPSCO RIVER CEDARHURST 15
GWYNNS FALLS VILLA NOVA -1 0|:
PATUXENT RIVER UNITY 22
PATUXENT RIVER BOWIE -7[
WESTERN BRANCH UPPER MARLBORO, I I I I I I BRI I L L L L L I
Potomac
GEORGES CREEK FRANKLIN ER
WILLS CREEK CUMBERLAND 713|:
PATTERSON CREEK HEADSVILLE 30
SB POTOMAC RIVER SPRINGFIELD -48
CACAPON RIVER GREAT CACAPON 21
TONOLOWAY CREEK HANCOCK 733[
LICKING CREEK PECTONVILLE 26
CONOCOCHEAGUE CREEK FAIRVIEW -28|
OPEQUON CREEK MARTINSBURG 71
ANTIETAM CREEK WAYNESBORO -54
ANTIETAM CREEK SHARPSBURG -1 ?|:
SF SHEMANDOAH RIVER FRONT ROYAL —12|:
NF SHENANDOAH RIVER STRASBURG -44
CATOCTIN CREEK MIDDLETOWN 40
MONOCACY RIVER BRIDGEPORT -1
POTOMACRIVERCHAINBRIDGE{ ¢ ¢ ¢ 8 ¢ v 1 1 11
Virginia
RAPIDAN RIVER CULPEPER 53]
RAPPAHANMNOCK RIVER FREDER. -9|:
PAMUNEKEY RIVER HANOVER -1
MATTAPONI RIVER BEULAHVILLE 5
JAMES RIVER BLUE RIDGE PKWY —20|:
JAMES RIVER CARTERSVILLE 2
JAMES RIVER RICHMOND —‘IS|:
APPOMATTOX RIVER MATOACA 5
CHICKAHOMINY RIVER PROVIDENCE F. - - -6

i}@ f\thm ,"G@ f')@ 'pb ,”)@ ,’1—@

&
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Change in Total Phosphorus Yield between 2005 and 2014, in pounds per square mile




Suspended Sediment Yield: 2005-2014
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@ Big Elk Creek

Deer Creek

e Licking Creek

What are the target yields
for the major watersheds
and/or NTN stations?

e Pequea Creek

e Rapidan Ri




Susquehanna

UNADILLA RIVER ROCKDALE

-
SUSQUEHANNA RIVER CONKLIN EXPLANATION
I l | I SUSQUEHANNA RIVER WAVERLY x S
a e S I COHOCTON RIVER CAMPBELL B e _ 9
CHEMUNG RIVER CHEMUNG - [ pegrading

SUSQUEHANNA RIVER TOWANDA [ noTrend
SUSQUEHANNA RIVER DANVILLE Improving or degrading trends

WB SUSQUEHANNA RIVER KARTHAUS classified as likelihood estimates
WB SUSQUEHANNA RIVER JERSEY S. 5 greater than or equal to 66%
WB SUSQUEHANNA RIVER LEWISBURG

*The number next to each bar represents
PEMNS CREEK PENNS CREEK 5 the total percent change in total nitrogen
RAYSTOWN BRANCH JUNIATA RIVER yield aver the specified time period.

5 = JUNIATA RIVER NEWPORT

r r I - SHERMAN CREEK SHERMANS DALE

e I e n t Y I e S CONODOGUINET CREEK HOGESTOWN
3 YELLOW BREECHES CREEK CAMP HILL

SWATARA CREEK HERSHEY
EST CONEWAGO CREEK MANCHESTER

SUSQUEHANNA RIVER MARIETTA
- CONESTOGA RIVER CONESTOGA
PEQUEA CREEK MARTIC FORGE

SUSQUEHANNA RIVER CONOWINGO . 1 .

“OKE RIVER BRIDGEVILLE Eastern Shore
29 Of 59 (49%) Statlons Impr()Vlng MAESAI—TJI‘—ILOPECHEEKADAMSWLLE

CHOPTANK RIVER GREENSBORO

TUCKAHOE CREEK RUTHSBURG

Average Improvement .

DEER CREEK DARLINGTON L

1
- 2 Western Shore
— 144 OOO IbS/ml GUNPOWDER FALLS GLENCOE
) NB PATAPSCO RIVER CEDARHURST
. GWYNNS FALLS VILLA NOVA
Average Percent Reduction JeE
PATUXENT RIVER BOWIE
WESTERN BRANCH UPPERMARLBORD|
f— 2 9 % Potomac
GEORGES CREEK FRANKLIN
WILLS CREEK CUMBERLAND
PATTERSON CREEK HEADSVILLE
58 POTOMAC RIVER SPRINGFIELD
f 0 . d CACAPON RIVER GREAT CACAPON
TONOLOWAY CREEK HANCOCK,
19 of 59 (32%) Stations Degrading
. CONOCOCHEAGUE CREEK FAIRVIEW,
Ave rage Deg r ad atl on OPEQUON CREEK MARTINSBURG
ANTIETAM CREEK WAYNESBORO
. ANTIETAM CREEK SHARPSBURG
— 7 5 2 OO I bs/m I 2 SF SHENANDOAH RIVER FRONT ROYAL
y NF SHENANDOAH RIVER STRASBURG
CATOCTIN CREEK MIDDLETOWN
A P R d t - MONOCACY RIVER BRIDGEPORT
Ve rage e rce nt e UC IOn POTOMACRIVERCHAINBRIDGE|  , |
Virginia
—_— 4 3 (y RAPIDAN RIVER CULPEPER 59]
—_ 0 RAPPAHANNOCK RIVER FREDER,
PAMUNKEY RIVER HANOVER
. MATTAPONI RIVER BEULAHVILLE
JAMES RIVER BLUE RIDGE PKWY|
11 of 59 (19%) Stations No Change
JAMES RIVER RICHMOND

APPOMATTOX RIVER MATOACA
CHICKAHOMINY RIVER PROVIDENCEF, L L L

ZUSGS S TSRS

Change in Suspended Sediment Yield between 2005 and 2014, in pounds per square mile




Enhanced Descriptive Analysis

< USGS



Total Nitrogen o -

Yield and E
Change: 2005- Ha :
2014 < 5 _
| —~ = =

Source categories

determined using
cluster analysis on the

nt Change
S
S

percent of each o
SPARROW derived  [ER8 [

nitrogen sources Iin
each NTN watershed.

Atmospheric Fertilizer Manure & Mixed Point Urban
Depositi Fertil
TN Source
(based on SPARROW Inputs)
C. A
"“é BASIN

© Eastern Shore @ Western Shore @ Potomac ® Susquehanna @ Virginia




Total Phosphorus B
Yield and Change: s —
2005-2014
0:1 @ —%(i’:—
Source categories 7o
determined using 0
cluster analysis on the [P T
percent of each : L j _______ . ‘F T
SPARROW derived sl _ . T LR =
- > [ -5 (S}
Phosphorus sources in [ g . "¢
each NTN watershed. RIS
i Background Fertilizer Manure Mixed ;::t_ Urban
s on ARG s

@ Eastern Shore @ Western Shore @ Potomac ® Susquehanna @ Virginia




Questions Addressed

 Which NTN stations yield the greatest amount of
Nitrogen, Phosphorus, and Suspended Sediment?

 How have these yield changed during the last 10
years (2005 to 2014)?

Questions for GIT

 What are the target conditions (i.e. loads) and how
are they allocated (e.g. major basin, NTN station,
county, ...)?

« What timeperiod for trend is most beneficial for
assessing progress?

How can we best integrate our results into GIT

ﬁﬂﬁﬁﬁsses?



Using Monitoring Data To Measure Progress and Explain Change

Elements of STAR Mid-Point Assessment Workplan

1. Measure progress Inf
* Trends of nitrogen, phosphorus and n OI’I’T\
sediment in the watershed. Strategies

* Trends of water quality in the estuary

2. Explain water-quality changes

. Explain Enhance
* Response to management practices

Change Models
3. Enhance CBP models

4. Inform management strategies

*  WIPs Measure Progress
* Water-quality benefits

Monitor Conditions

23



. GAMF estJary |
e Report Uncertainty

* Use findings from current
projects

e Apply selected analytical
approaches In pilot
watersheds

* SPARROW to inform WSM

* Make WSM data accessible

e
[P 1

For the 2017 Midpoint
Assessment:

Longer-Term

Enhancements for
Explaining Trends by 2025:

a USGS .

science for a changing world

e Improve BMP data

e Implement continuous
monitoring

e additional parameters to
link landscape to water
quality;

¢ apply statistical techniques
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‘Changes in Land use, Nutrient
Inputs, and BMPs

e Description of spatial and temporal
changes in

e Primary reference for all regional
analyses

e Description of spatial and temporal
patterns in reported BMP across the
watershed.

e Identification of expected mass reduction

a USGS -

science for a changing world
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science for a changing world

Relating N Inputs, Yields, and BMPs

Agricultural N Inputs, Chesapeake Bay Watershed > Nitrogen inputs have

1950-2012

1,000 , combined

300

(03]
o
o

manure

=Y
o
o

fertilizer

Nitrogen Input to Watershed
(Million Lbs)

S S840 gug

been relatively stable
since the early 1980s

Manure-N inputs
increased by about 25%
from 1950-1980

Fertilizer-N inputs
increased dramatically
(about 370%) over the
same time period

If we don’t see changes,

then how do we explain
them?

27



2 USGS Relating N Inputs, Yields, and BMPs

science for a changing world

Change in Agricultural N Inputs 1985-2007 : : :
g 9 puts Comparing patterns in regional

Bald Eagle
Chemung Region . ope .
Lov::e':i:z!;?z i susquehanna varlablllty'
LowerSosquchanna e e e % Adds explanatory power,
L Lo::reltS:squehhgnna—S:l;lha -Potom.ac
M?dtelz- w:zt sﬁ'.'.in sﬂﬂﬂimﬁ A w. Shore
Owego-Wappasening I James
e R o Roads » Can reveal general patterns,
Sinnemahoning
Tioga
Upper Juniata . . . .
Upper Susaquchanna. Lockmerns > Highlights basins with unusual

UpperSusquehanna-Tunkhannod
Upper West Branch Susquehanna
Chester-5assafras

Choptank
GreatWicomico-Piankatank
MNanticoke

Pokomoke-Western Lower Delmanva
Tangier

Gunpowder-Patapsa

Patuxent

behavior.

Direction and magnitude of change
varied across and within regions

Cacapon-Town

Conococheague-Opeguon

Lower Potomac

Middle Potomac-Anacostia-Ocooquan

Middle Potomac-Catoctin

Monocagy

North Branch Potomac

Morth Fork Shenandoah

Shenandoah

South Branch Potomac

South Fork Shenandoah
LowerRappahani

Mattaponi

Pamunkey

Rapidan-UpperRappahannod

York

Appomatiox

Lower James

Maury

Middle James-Buffalo

Middle James-Wills

Rivanna

Potomac

Basin Name

N inputs from agriculture increased
in 7 out of 11 basins in spite of
decreases in agricultural land

» |n 6 of the 7 basins where N
inputs increased, the increase
was driven by manure (not
shown)

'I"III""I' 1.

UpperJames
Hampton Roads
Lynnhaven-Pogquoson

-25 -20 -15 -10 -5 5 10 15 20 25 28
Nitrogen Change Per Basin Area (Ibs/acre)



SPATIAL AND TEMPORAL PATTERNS IN BMP IMPLEMENTATION:
Changes in Delivered Nutrient Loads due to Best Management Practices
Using the CBP Watershed Model

WSM Expected Reduction in 2012 TN load

WSM TN loads (edge-of-stream) due to Best Management Practices

700
ST ettt ,

600 8% land use
é’ 500 11 % BMP 0% - 5%
° 5.1% - 10%
c
2 200 10.1% - 15% -
E No-action, no wastewater 15.1% - 20%
:é_ improvements ! 20 1% - 25%
L: 300 No-action, includes wastewater [ B 25.1% - 30%
& improvements B 30.1% - 35%
=] - 35.1% -40.5%
Z 200 Progress, includes wastewater

improvements and BMPs
100 = = 1985TN load —
0

1985 1990 1995 2000 2005 2010 2015



2 US>

science for a changing world

* Analysis of observed (WRTDS) and
Expected (WSM 5.3) changes in load
for 9 major tributaries.

e Revealed varying levels of agreement
between the expected changes in
WSM loads over time relative to
changes observed using WRTDS.

e Should apply a similar approach for
WSM 6.0
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science for a changing world

Land Use Modeling:
Nitrogen (TN) Yields

Mean yield of TN from selected land-use

settings, in kilograms per hectare per year, as

estimated by the CBTN_v4LU model:

Land Use Mean Yield | Std Error 1 sided P-
(kg/ha/yr) | (% of Yield) | value

Cropland 25.5 14%
Pasture 10.7 22%
Developed 8.7 18%
Natural 0.5 68%

U.S. GEOLOGICAL SURVEY OPEN-FILE REPORT 2015-XXXX

<0.0001
<0.0001
<0.0001

0.0700
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science for a changing world

Land Use Modeling: Sources of TN and TP

Total Nitrogen (CBTN_v4LU)

[ CROPLAND
[ PASTURE

CHESAPEAKE BAY

1. Susquehanna River
2. Potomac River

3. James River

4. Rappahannock River
5. Appamattox River

6. Pamunkey River

7. Mattaponi River

8. Patuxent River

9. Choptank River

Il DEVELOPED LANDS

I POINT SOURCES

[ ] COMBINED SEWERS (CSOs)
[ SEPTIC SYSTEMS

I NATURAL LANDS

Total Phosphorus (CBTP_MLU)

CHESAPEAKE BAY

1. Susquehanna River
2. Potomac River

3. James River

4. Rappahannock River
5. Appamattox River

6. Pamunkey River

7. Mattaponi River

8. Patuxent River

9. Choptank River|

0 20

60 80 100

PERCENT OF TOTAL SOURCES
Contributions of TN and TP to Chesapeake Bay and major tributaries.

Note that CSOs in the CBTP_v4LU model are not significantly indistinguishable
from zero (see Appendix, and point #5 under “Model Specification,” above).
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Dynamic nitrogen model including groundwater lags

Predicted Response to Abrupt Source Cutoff
2008 Spring Catchment Flux
Relative to Spring 2002
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Time-series / regression analysis of input-output relations

Question: “What can analysis of highly-

Strongest atmospheric predictors of river DIN flux

resolved input-output time series tell West Br. Susquehanna River near Lewisburg, PA
us about the dynamics of watershed-
. o 09
scale impairment / recovery?” oo I .
088 I
N Deposition 0.88 5| 2
3
0.86 g
o 085 I 4 g"
& 3
= 0.79 I 3] %
2 0.73 7
é 0.71 2
g | 054
a 0.26 1
[TTTTTTTTTTTTTTTTTTTTTTT T I T TT T TTITTTTTI
Estimated River Flux = §§§§§§
8 Approach: Regression and time-series
IS . .
E analysis of relations between
E 2l atmospheric N deposition and stream

N flux, focusing on stations where
atmospheric deposition is a dominant
source.



Interpreting trends in nutrient speciation

Question: “Can patterns in relations

between constituents over time hint at

land-use/BMP effects that might not be

evident from examining individual time

series?” Evolution of phosphorus speciation,

Approach: Graphical analysis, coupled Choptank River, 1985-2012

with weight-of-evidence association
with documented changes in land use
/ BMP implementation.

Pilot constituent: Total phosphorus

Time series of concentration of total B 000

phosphorus, Choptank River, 1985-2012

0.12 T T T T T

Decade
1980s
1990s
2000s
2010s

01 . "

Orthophosphate (mg/L) / Total P (mg/L)

0.08 . ., .. s . _

0.06 ., . . .. i

0.04 n

Concentration in mg/L

0.02 - n

0 | | | | |
1985 1990 1995 2000 2005 2010 2015

Particulate P (mg/L) / Suspended sediment (mg/L)
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e Initial field studies of 3 NRCS targeted
watersheds and 1 urban watershed
completed.

* Long-term monitoring ongoing

* Review process nearly completed

* Report available 2016

* Need to prioritize topical presentations for
partners in 2016 and 2017

a USGS 5

science for a changing world



Reportin
editorial
review

Chesapeake Bay Showcase Watersheds hféfo
Primary Collaborators = oL AR

Ken Hyer, VA Judy Denver, DE
Mike Langland, PA Jimmy Webber, VA
JK Bohlke, Reston, VA Dean Hively, MD

|

/ O ~120 sites in the NTN \

How is the water quality of rivers and
estuaries responding to restoration actions
and changing land use?

&

USGS & USDA partnership in 4 Showcase
Watersheds (2009 Executive Order)

4 3

— . (/

‘7 £ 7 A[ Conewago Cree )

¥ A - , -
L0 e © o
R b _
|

( benets ) —\

( ™ |

Isolate different basin High cost for such |

types intensive monitoring ‘

\

N [ ) |

Resolve specific How to transfer \

sources of sediment knowledge of individual |

and nutrients basins to a regional scale? ‘

Reveal “hot spots” of How to link water-quality

sediment and response to BMP
nutrients i ion?

L L implementation? ) ‘

|



Questions and
Discussion topics

%@ As results are coming forward, how can we best
disseminate new findings?

@ How can we get feedback on the approaches that are
being implemented?

@ How can we engage jurisdictions into the process of
explaining patterns at individual sites?

[ 3 41
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Measuring and Explaining Trends
in Estuarine Water Quality

Jeni Keisman (USGS), Rebecca Murphy (UMCES-CBPO), Melinda Ehrich (UMCES-
CBPO), Richard Tian (UMCES-CBPO), Kyle Hinson (CRC-CBPO)

Water Quality Goal Implementation Meeting
December 15, 2015



Using Monitoring Data To Measure Progress and Explain Change

Relationships

Quantify Changes

Loads from
nontidal
network

Anthropogenic
factors

Tidal water Tidal water
quality quality

Loads from Attainment
nontidal of
network WQSs

Incorporate
insights from
collaborating

Load from
nontidal

network to
rivers and Bay

research efforts,
literature, and
new analyses

Attainment of
Tidal water water quality <€
quality standards
(WQs)

Processes
43



Using Monitoring Data To Measure Progress and Explain Change

Changes in Water Quality Standards Attainment

Quantify Changes Segment Level Analysis

Percent to attainment:
ing, and Nursery Use DO 1985-2013

Attainment of
water quality m—

AiNoar Attainment Category Count Category Count

standards I 5100 At/Near 54  80-95% 6

80-95%

N
oy 3 Attainment
(WQS) si:nfic:ﬁTrends m{ ‘ A 95-100% 13 <80% 0
; - 0

eeeeeee

Trends

January — June 2016 : \ Significant A 0
e Summary report of trends / Q\ A significant &, 5

in estuarine WQS

“Open Water” Percent to Attainment

attainment, 1985-2014 AN 100%
* Interactive visualization ] \ W
tools of WQS attainment
trends on
chesapeakebay.net Lt 0% S pp s s s s P
Draft &q,"’:» FEFFFETEES h«:“';g'»"n’

PAXOH (Patuxent River)

July - December 2016
* Presentation that communicates linkages and reasons for differences between attainment

patterns and water quality variable patterns 44



Using Monitoring Data To Measure Progress and Explain Change

Changes in nutrients and water quality parameters in tidal waters

Quantify Changes January - June 2016
* Summary report of GAM-computed trends, 1999-2015 (secchi disk
depth, chlorophyll-a, dissolved oxygen, total phosphorus, total

Tidal water nitrogen)

quality

Total Phosphorus-Surface at TF1. (Patuxent River)

July - December 2016

* Flow-adjusted 1999-
2015 GAM-based trends at
tidal stations

0.20
I

Total Phosphorus [mg/L]

0.05
|

* STAC GAMs Review report | | | |
2000 2005 2010 2015

* Preliminary results on
long-term trends and flow-
adjusted trends in tidal
WQ (1985-2015) 45

¢ QObs. — GAM —-Seas. = 95%Cl + B/CX




Using Monitoring Data To Measure Progress and Explain Change

Relate changes in tidal water quality to trends in N/P/S loads

Relate Changes Example for
, January - June 2016 Potomac
Tidal water « Design methodology River
quality L :
and initial case study OVEJa
Loads from results for using GAMs o : SR
nontidal to link estuary trends
network to fall-line nutrient
loads 5
Bel 3
fall-lin
July - December 2016 watershed
e Draft results from using GAMs to link all
tidal stations to fall-line loads (and next
1% Step:
Steps) WQ = s(RIM river flow) +
s(RIM N) + s(RIM P)

» Draft results/methodology for linking

below fall-line volumetric inputs to tidal 2" Step:
water quality data Add in local relationships between
below-fall line inputs and tidal WQ
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Using Monitoring Data To Measure Progress and Explain Change

Explain Changes

Incorporate
insights from
collaborating

research efforts,
literature, and
new analyses

Insights from collaborative research efforts

Timing/Purpose

Jan - June 2016

Product

Translate existing research into
knowledge useful to management

Presentation

CBP team

Build support for GAM method by
applying it in a comparative case study
to WRTDS in tidal Patuxent

Journal article

Research partners
and CBP team

July — Dec 2016

Evaluate climate-caused seasonal shifts
that may complicate responses

Submitted journal
article

Research partners
and CBP team

Evaluate relative impact of non-tidal
loads, point sources, and climatic
factors on Potomac tidal water quality

Submitted journal
article/
presentation

ITAT Potomac
collaborate
synthesis group

Review/link multiple Bay-wide efforts
(including GAMs) to reveal large-scale
patterns, factors, and responses

Presentation
(article later)

ITAT synthesis team
and partners

Translate this new research into
knowledge useful to management

Presentation

CBP team
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Using Monitoring Data To Measure Progress and Explain Change

Summary of 2016 Products

Quantify changes in WQS attainment

January —June 2016:
*  Summary report of trends in estuarine WQS attainment, 1985-2014
* Interactive visualization tools of WQS attainment trends on chesapeakebay.net
July — December 2016:
* Presentation that communicates linkages and reasons for differences between attainment patterns and
water quality variable patterns

Quantify changes over time in tidal water quality parameters

January —June 2016
*  Summary report of 1999-2015 GAM-computed trends for secchi depth, chlorophyll-a, dissolved oxygen,
total phosphorus, total nitrogen
July — December 2016
*  Flow-adjusted 1999-2015 GAM-based trends at tidal stations
*  Preliminary results on 1985-2015 trends and flow-adjusted trends in tidal WQ

* STAC GAMs Review report

Relate tidal water quality to fall-line nutrient loads from the watershed

January - June 2016
* Initial case study results for using GAMs to link estuary trends to fall-line nutrient loads
July — December 2016
* Draft results from using GAMs to link all tidal stations to fall-line loads
* Methodology and draft results for linking below fall-line volumetric inputs to tidal water quality data



Using Monitoring Data To Measure Progress and Explain Change

1. We showed you the latest results on trends in yields from
the watershed

2. We explained how we are digging into the data to explain
observed patterns

3. We described some of our plans for work in 2016.
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Using Monitoring Data To Measure Progress and Explain Change

1. What time period is most useful for reporting trends in
water quality?

2. Are there questions that you have about trends in water
quality that are not represented in our plans?

3. Within your organization, who are the key people with
whom we should work directly to align your questions
with our work?

We will use your feedback to target content for future
presentations
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