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Network of Gaged Watersheds

Hourly stage (mm)

1500

1200

Raw Data

1.0

stage Deep Run
--4-- nitrate-N June 1, 2004 - September 30, 2006

0.8

o
Y

o
=
Nitrate-N (mg/L)

Models,
rating curves

WATFLOW
LOADEST

Annual Nitrate-N Flux (kg/ha)

5.0

4.0

3.0

2.0

1.0

0.0

Annual Runoff (m)

1.0

0.8

0.6

0.4

Annual Runoff

Deep Run, MD

2003 2004 2005 2006
Water Year

Annual Fluxes

Deep Run, MD

_--III

2001 2002 2003 2004 2005 2006
Water Year

Annual Flow-Weighted

Nitrate-N (mg/L)

1.0

0.8

=}
o

=}
»

0.2

0.0

Concentrations

Deep Run, MD

y = 0.077x +0.1838
R?=0.6781

allll

2001 2002 2003 2004 2005 2006
Water Year




Research Questions

d What contemporary water quality changes are
occurring in predominantly-forested watersheds of the
Chesapeake Bay basin?

* Acid-base conditions (i.e., acid neutralizing capacity)
* Nutrient concentrations/loads

d What are the primary drivers of these changes?
« Atmospheric deposition/emission controls
» Forest disturbances
 Land management

1 How do the results inform water quality management at
the river basin scale?



Outline

Results from:;:

* Long-term monitoring of gaged watersheds in western
Maryland

* Long-term synoptic water quality surveys in western MD

» Other gaged, predominantly-forested watersheds in the
Chesapeake Bay basin

» Main-stem Potomac River stations and major tributaries

Conclusions
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Nitrate flux (eg/ha)
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Upper Big Run (MD)

0.21; p <0.05

y =-0.827x + 33.01

RZ

60

50

o o
< ™

(7/barl) areniN

10
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NO,-N (mg N L™), means & 95% C.1.

All 40 Savage River stations: spring baseflow surveys
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Conclusions

1 Acid-sensitive watersheds in western MD are exhibiting
signs of recovery from acid deposition (Eshleman et al.,
2008)

» Decreasing streamwater sulfate concentrations

» Decreasing nitrate-N concentrations

* Increasing ANC (very acid-sensitive systems only)

 Changes consistent with dramatic decreases in acid

deposition due to 1990 Clean Air Act Amendments
(“acid rain program”)

« H,50,/SO, deposition (~50% reduction)

 HNO, deposition (~40% reduction)



Ancillary monitoring stations

« Comprise a small subset of 108 stations
identified by Langland et al. (1995)

— Potomac River at Washington DC at Chain Bridge:
downstream station

— Potomac River at Hancock (MD): upstream
station (75% forested)

— 4 other Potomac River tributaries

— 6 predominantly-forested (> 75%) basins in VA
and PA



Chesapeake Bay watershed load stations used in the current

study

Watershed/
station (abbr.)”

*Data available for water years 1986 through 2009 (unless otherwise indicated)

Watershed/station description

1Data from Maryland Department of Natural Resources

2Data from Pennsylvania Department of Environmental Protection
3Data from Virginia Department of Environmental Quality

4Data from Hirsch et al. (2010)

WQ station

Watershed
area (mi?)

% forest




Data/Methods

Long-term nitrate-N concentration (various
sources) and daily discharge (mostly
USGS NWIS) data: 1986-2009

LOADEST model: 7-parameter regression
model to estimate loads (standard method)

Computation of annual average flow-
weighted concentrations from loads and
runoff values (not flow-adjusted
concentrations; FACs)

Simple linear regression to estimate trends
(slopes) and p levels
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Analysis of trends (1986-2009 water years)

Watershed/ Mean Slope Mean annual Mean annual Slope (conc.) Changein
station annual (runoff) nitrate-N load nitrate-N (mg nitrate-N
runoff (kg halyr?) N L1 concentration
(m) (%)
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More Conclusions

Decreasing trends in surface water nitrate-N concentrations are a
largely untold CB “success story”

...... but the “where” and “why” are very important
 Headwaters of the basin
e Largest percentage changes in heavily forested subwatersheds
e Forest dynamics (aggradation, climate change response, decline in
nitrate-N deposition under 1990 CAAA) are primary drivers
 May have less to do with land/water management actions to date

Obvious need to account for forest N dynamics in TMDL process

“Good news”: the lag time of forest N response appears to be
relatively short (years), not long (Galloway et al., 2003)

Preventing future degradation of forested subwatersheds (i.e.,
“doing nothing”) may be more cost-effective than restoring highly

degraded parts of the watershed
* Greater forest protection and preservation
* Local water quality and recreational benefits
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