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Quantifying Long-term Hydrologic and NPS Pollutant Response
in an Urbanizing Watershed

Mark Dougherty
(Abstract)

Long-term hydrologic and nonpoint source (NPS) pollutant response is quantified
for four headwater basins of the Occoquan River in northern Virginia using 24 years of
observed rainfall, basin discharge, water chemistry, and derived land use/land cover
(LULC) data. Long-term summaries document that several hydrologic and NPS pollutant
delivery characteristics in the urbanizing Cub Run basin are significantly different from
adjacent non-urban basins. Higher annual NPS fluxes of total suspended solids (TSS),
phosphorus (P), and nitrogen (N) in Cub Run are identified with periods of increased soil
disturbance from urban land development and significantly increased storm volumes
resulting from higher mean impervious cover. Long-term summaries of nutrient flux are
consistent with literature documenting increased ratios of particulate to soluble nutrients
with increased discharge. Storm fluxes of NPS particulate P, soluble P, particulate N,
and soluble N make up 92, 67, 89, and 50 percent, respectively, of total NPS nutrient
fluxes from all headwater basins, with between 88 and 98 percent of mean annual TSS
fluxes delivered by storm flow. Higher sediment and nutrient fluxes observed in Cub
Run basin during the summer and fall growing season after 1983 demonstrate the impact
of replacing vegetated cover with urban impervious surface (IS).

Annual regression models indicate that mean IS above 10 percent and
precipitation are significantly associated with total basin discharge (*=0.65). The
positive association of annual storm soluble phosphorus flux with cumulative mean IS
suggests the need for continued evaluation of urban NPS soluble phosphorus strategies.
Urban soil disturbance is indicated by measuring the annual change in mean IS (delta IS).
Regression models show that urban soil disturbance is a significant source of TSS flux in
all seasons. Long-term total soluble phosphorus and nitrogen fluxes are significantly and
positively associated with precipitation, delta IS, and agricultural land use (1*=0.50 and
0.58, respectively). The significant impact of urbanization on hydrologic and NPS

pollutant flux, especially during the growing season, is a major finding of this study.
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OWML
OX N
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PartP
Past
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TN

TP

TSN
TSP
TSS

Acronyms and Abbreviations

Conventional tillage agriculture

Delta impervious surface

Impervious surface

Land use / land cover

Minimum tillage agriculture

National Atmospheric Deposition Program
National Agricultural Statistics Service
Northern Virginia Regional Commission
Occoquan Watershed Monitoring Laboratory
Oxidized nitrogen

Particulate nitrogen

Particulate phosphorus

Livestock / pasture land

Regional Earth Science Applications Center
Total nitrogen

Total phosphorus

Total soluble nitrogen

Total soluble phosphorus

Total suspended solids
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