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OVERVIEW 
1.  What is SPARROW? 
SPARROW stands for SPAtially Referenced Regressions On Watershed attributes and is 
used for regional water-quality assessments.  It is a statistical modeling approach, using 
nonlinear regression, which relates in-stream water-quality measurements to contaminant 
sources (such as nutrients and sediment) and the environmental factors that affect 
contaminant movement in a watershed.  USGS scientists developed SPARROW (Smith, 
Schwarz, and Alexander, 1997) to (a) utilize monitoring data and watershed information 
to better explain the factors affecting water quality, (b) examine the statistical 
significance of contaminant sources, environmental factors, and transport processes in 
explaining predicted contaminant loads, and (c) provide a statistical basis for estimating 
stream loads in unmonitored locations.  
 
2.  What SPARROW models were developed in the Chesapeake Bay watershed? 
In the Chesapeake Bay watershed, individual models of total nitrogen (TN) and total 
phosphorus (TP) using the SPARROW methodology were developed for three time 
periods: late 1980s, early 1990s, and late 1990s (versions 1.0, 2.0, and 3.0, respectively). 
A SPARROW model for suspended sediment based on the 2002 time period has been 
developed and is under review. Publications describing each of these models are listed 
under the references.   
 
MANAGEMENT APPLICATIONS 
1. How are the SPARROW model and the CBP Watershed Model used to make 
management decisions?  
The CBP partners are using an adaptive management approach for coordinating, 
implementing, and assessing water-quality management actions. The strengths of both the 
SPARROW models and the CBP watershed model are used in the adaptive management 
approach. The SPARROW models provide information about the geographic distribution 
of the amounts of nitrogen and phosphorus in streams of the Bay watershed and how 
much is delivered to the Bay. The SPARROW models also identify the major sources 
(point sources, developed lands, agricultural lands, and atmospheric deposition) and 
watershed properties affecting nutrients in streams and their delivery to the Bay. The 
results are being used to help select geographic areas to enhance implementation of 
management actions.  
 
Once areas have been identified with the SPARROW model results, the CBP watershed 
model can be used to evaluate potential management scenarios that would provide the 
greatest reduction of nutrients and sediment to the Bay. The CBP Watershed Model is 
also applied to (1) evaluate the impacts of different land-use-change scenarios on nutrient 
and sediment delivery to the Bay, and (2) help determine load reductions that are needed 
to meet water-quality standards in the Bay.  
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2. How are the SPARROW models different from the CBP Watershed Model? 
The SPARROW models use a statistically based approach to relate monitoring data to 
nutrient sources and environmental factors affecting nutrient movement. The strength of 
the models is providing spatial information about nutrient loads in streams and their 
delivery to the Bay and using a statistical approach to evaluate the relation of the loads to 
sources and environmental factors. The SPARROW models provide “snapshots” of the 
average conditions for TN and TP during different time periods (late 1980s, early 1990s, 
and late 1990s). The models are used to identify areas of high loads, and not currently 
used to test load-reduction scenarios that would result from different management 
actions.  
 
The CBP Watershed Model integrates nutrient source, delivery, and load data through a 
parameter-based, rainfall-runoff model that uses literature values to set parameters to 
simulate nutrient and sediment movement from different types of land use to streams and 
the Bay. The current version of the CBP watershed model (Phase 4.3) is temporally 
detailed in that it is based on hourly time increments of streamflow and other 
environmental processes, but it is limited in spatial detail because it is based on 86 
segments that average more than 700 square miles in area. The Phase V model will have 
greater spatial detail based on 309 land segments. The CBP Watershed Model can be 
applied to (1) estimate nutrient and sediment loads from all areas of the watershed, (2) 
evaluate the impacts of land-use-change scenarios, and (3) evaluate the potential load 
reductions from scenarios of different management scenarios.  
 
3. How relevant are SPARROW Model results to current conditions? 
The latest SPARROW models (TN and TP) for the Chesapeake Bay watershed are based 
on the late 1990s conditions. Current land-cover patterns are similar with those of the late 
1990s except for some differences due to conversion of agricultural and forest lands to 
urban and suburban lands. Therefore, users can still apply the late 1990s SPARROW 
results to help select geographic areas to enhance management actions. However, users 
should utilize more recent data to verify that the land cover in the geographic areas has 
not changed. Additionally, users could assess if there has been a substantial number of 
management practices implemented in an area and use monitoring data to evaluate if load 
reductions may have occurred since the late 1990s. SPARROW nutrient models with 
more recent land cover and source data (based on 2002) are under development by the 
USGS National Water-Quality Assessment Program (NAWQA) for the entire Mid 
Atlantic and New England area and expected to be completed in 2009.  
 
4. How can local information and knowledge be used for management decisions? 
Both the SPARROW models and CBP watershed model are limited at local scales. The 
SPARROW model can be used to identify watersheds of 50-100 square miles to focus 
management actions. Resource managers would utilize additional information and 
knowledge to further identify the areas within these watersheds to focus management 
actions.   
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5. How are changes in nutrients assessed? 
The CBP Nontidal Water-Quality Network is the primary tool used to assess changes in 
nutrient and sediment concentrations and loads in the Bay watershed. The network 
includes 90 sites spread over the major river basins draining to the Bay. These sites 
include the river-input monitoring (RIM) stations (located at the head of tide of each 
major river’s basin) and upstream sites on major rivers draining the tributary strategy 
basins. The drainage area of the sites range in size from 27,000 square miles (the RIM 
site for the Susquehanna River Basin) to upstream sites of about 100 square miles. At 
each site, the amount of river flow is measured and 20 samples per year are collected and 
analyzed for concentrations of nutrients and sediment. The sites are at a scale that 
integrates water-quality changes from multiple factors in a basin, including changes in 
land cover and use, population growth, and management actions. Therefore the current 
network can not assess change due to individual management actions. Appropriate 
existing monitoring, or new monitoring, is needed in smaller watersheds to better assess 
the effectiveness of individual management actions.  
 
At sites with at least 20 years of information, the USGS computes the amount (loads) and 
conducts analysis of changes over time (trends); the results and methods are explained in 
Langland and others (2007). The results are used by the CBP partners to determine 
annual loads into to the estuary, and to help assess concentration and load reductions in 
the watershed. 
 
SPARROW MODEL TECHNIQUES 
1.  What is the methodology behind SPARROW? 
SPARROW is a statistical model that relates stream-contaminant loads to upstream 
sources and land-surface characteristics. Contaminant sources, land-surface 
characteristics, and loading information are linked to a geographically defined stream-
reach data set that serves as a network for relating upstream and downstream loads.  
Contaminant inputs to each stream reach include loads from upstream and loads from 
individual sources in the part of the basin that drains directly to the reach. Land-surface 
characteristics that affect delivery of nutrients to the stream reach are included by 
quantifying the relative amount of each characteristic for each drainage reach.   
 
A nonlinear regression model is used to relate data sets for sources and basin 
characteristics to streamwater-quality data.  Source data are weighted by estimates of loss 
due to land-surface and in-stream processes.  Estimates of TN and TP loads in streams 
are based on monitoring data from throughout the watershed and represent the 
“dependent” variables that are used for model calibration.  The model relates the stream-
load estimates to three types of “independent” or explanatory variables, including source 
variables, land-to-water delivery variables, and in-stream-loss variables.  Separate model 
parameters are estimated for each of the independent variables to evaluate the statistical 
significance of that variable for explaining the spatial variation in stream load.  
 
2.  What data are used in the SPARROW models for the Chesapeake Bay? 
The SPARROW models build on monitoring data through wall-to-wall geospatial 
information, such as upstream sources (fertilizer, manure application, wastewater 
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discharges, and atmospheric deposition) and watershed characteristics affecting 
contaminant transport (soil permeability, stream channel size, and streamflow).   
 
Water-Quality Data 
Annual nutrient and sediment loadings in streams are derived from water-quality and 
stream-discharge data. For the late 1990s SPARROW models information was used from 
125 stream sites (see figure from Version 3.0). The water-quality data are used to 
compute loads at each site.  
 
Segmented Watershed Network  
The spatial network is composed of 1,408 stream reaches and watershed segments. 
Sparrow Version 3.0 uses the same stream-reach network used in version 2.0 with minor 
modifications, such as the inclusion of reservoir locations.   
 
Nutrient Input Sources 
Nutrient source information representing the late 1990s was obtained from several 
sources and used to create and compile digital spatial datasets of TN and TP 
contributions.  These data represent atmospheric deposition (from the National 
Atmospheric Deposition Program), point-sources (NPDES), land-cover (USGS, 1997), 
and agricultural sources, including commercial fertilizers and animal manure (NRCS 
based on 1997 Agricultural Census). 
 
Watershed-characteristics 
Datasets representing factors that affect the transport of nutrients also were complied 
from previous applications of the SPARROW models in the Chesapeake Bay watershed.  
Datasets include average-annual precipitation and temperature, slope, soil permeability, 
and hydrogeomorphic regions.   
 
3.  What do the SPARROW models estimate? 
The models estimate contaminant concentrations, loads (or “mass flux,” which is the 
product of concentration and streamflow), and yields in streams (mass of nutrients 
entering a stream per acre of land), and evaluates the contributions of selected 
contaminant sources and watershed properties that control transport over large spatial 
scales. It empirically estimates the origin and fate of contaminants in streams and 
receiving water bodies, and quantifies uncertainties in these estimates based on 
coefficient error and unexplained variability in the observed data.  
 
The results from SPARROW are usually presented as “incremental” or “delivered” loads 
or yields of TN and TP.  Incremental yield (or load) is the amount of TN or TP that is 
generated locally and contributed to each stream reach. Delivered yield (or load) is the 
amount of TN or TP that is generated locally for each stream reach weighted by the 
amount of in-stream loss that occurs with transport to the Bay.  
 
4.  What are the limitations of SPARROW?  
Success of the SPARROW model approach depends on: (1) accurate and spatially 
detailed information about the watershed including information about cropping patterns, 
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urban populations, point source discharges, and manure use; (2) spatially extensive long-
term water-quality data, coupled with streamflow data; and (3) continuing research and 
application of models that specially consider land and water processes and the way that 
they determine the downstream movement of pollutants.  

Some of the spatial data on nutrient sources are not available at finer spatial scales 
(smaller than county boundaries) and are only available every several years. These data 
include the agricultural census data that is released on a county scale every 5 years. 
Additionally, there are no spatially consistent data of management actions and therefore 
these can not be tested as a variable in the SPARROW models.  

The number of stream locations monitored by Federal and State agencies (where data are 
suitable for this kind of analysis and are readily available in digital form) varies from 
each time period of the SPARROW models. Therefore, direct comparison between the 
three SPARROW time periods is difficult. Improved long-term monitoring and data 
collection will reduce the overall uncertainty of model predictions and estimates in the 
future.  

NEXT STEPS 
Additional nutrient SPARROW models are being prepared by the USGS NAWQA 
Program or the Northeast (Chesapeake Bay watershed and New England) based on 2002 
source information and loads. Based on the outcomes of these models, there is potential 
to construct Chesapeake Bay specific SPARROW nutrient models for the 2002 or 2007 
time frame. A SPARROW model for suspended sediment based on the 2002 time period 
has been developed and is under review. 

MORE INFORMATION:  
Some papers available on USGS Chesapeake WWW site: http://chesapeake.usgs.gov/ 
 
Brakebill, J.W., Ator, S.W. and Schwarz, G.E. Relating Sediment Sources to Fluvial 

Sediment Flux in the Chesapeake Bay Watershed: A Regional Application of the 
SPARROW Model, in review 

Brakebill, J.W., and Preston, S.D., 1999, Digital data used to relate nutrient inputs to 
water quality in the Chesapeake Bay watershed, Version 1.0:  U.S. Geological Survey 
Open-File Report 99–60, [variously paged]. 

 Brakebill, J.W., and Preston, S.D., 2003, A digital hydrologic network supporting 
spatially referenced regression modeling in the Chesapeake Bay watershed, in 
Proceedings of the U.S. Environmental Protection Agency EMAP Symposium 2001:  
Coastal Monitoring Through Partnerships, Environmental Monitoring and Assessment 
April 24-27, 2001, Pensacola, Florida, [81:1–3] 73-84, 403 p. 

Brakebill, J.W., and Preston, S.D., 2004, Digital data used to relate nutrient inputs to 
water quality in the Chesapeake Bay watershed, Version 3.0:  U.S. Geological Survey 
Open-File Report 2004–1433, [variously paged.] 

Brakebill, J.W., Preston, S.D., and Martucci, S.K., 2001, Digital data used to relate 
nutrient inputs to water quality in the Chesapeake Bay, Version 2.0:  U.S. Geological 
Survey Open-File Report 01–251, [variously paged.] 
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Watershed, 1985-2006: U.S. Geological Survey Open-File Report 2007-1372. 

Preston, S.D., and Brakebill, J.W., 1999, Applications of spatially referenced regression 
modeling for the evaluation of total nitrogen loading in the Chesapeake Bay watershed:  
U.S. Geological Survey Water-Resources Investigations Report 99–4054, 12 p. 

Smith, R.A., Schwarz, G.E., and Alexander, R.B., 1997, Regional interpretation of water-
quality monitoring data: Water Resources Research, 33 (12) 2781 – 2798  

Schwarz, G.E., Hoos, A.B., Alexander, R.B., and Smith, R.A., 2006, The SPARROW 
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