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A Web-Based Tool for Evaluating Surface-Water Nutrient Conditions across the Pacific Northwest 
 
Daniel Wise and Henry Johnson 
 
US Geological Survey, Portland, Oreg., USA 
 
The SPAtially Referenced Regressions On Watershed attributes (SPARROW) model was used to evaluate surface- water nutrient 
conditions and to identify important nutrient sources in watersheds of the US Pacific Northwest for the year 2002. Our models 
included variables representing nutrient sources as well as landscape characteristics that affect nutrient transport through watersheds. 
On average, natural sources of nitrogen and phosphorus (runoff from forest land and geologic material, respectively) were the 
largest local sources of in-stream nutrient load. However, the accumulation of anthropogenic sources (wastewater effluent, urban 
runoff and agricultural activities) contributed most of the nutrient load ultimately discharged from many of the largest watersheds. 
Our results have been incorporated into an interactive, online decision support system that will allow managers, researchers, and the 
general public to map water-quality conditions, track nutrient transport to downstream receiving waters, and evaluate nutrient 
reduction scenarios. 
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Spatially Explicit Modeling to Extend Monitoring Information in Major Regions of the Conterminous United States 
 
Stephen Preston1, Richard Alexander<sup>2<sup>, Gregory Schwarz2 and Charles Crawford3 
 
1US Geological Survey, Dover, Del., USA, 2US Geological Survey, Reston, Va., USA, 3US Geological Survey, Indianapolis, Ind., USA 
 
Management of the Nation’s surface water quality requires significant quantities of information that are expensive to collect and 
difficult to integrate and interpret. In particular, monitoring data cannot be collected in all stream reaches due to the expense. Further, 
monitoring data alone cannot be used to deduce the causes of water-quality impairment without other types of information and data 
analysis tools. To extend the information derived from monitoring data and provide means to better understand the environmental 
factors affecting water quality, the US Geological Survey (USGS) developed SPARROW (SPAtially Referenced Regressions On 
Watershed attributes) models to assess nutrient levels in six major regions of the conterminous United States (U.S.). Collectively these 
regional models extend over most of the country and provide information on water-quality conditions that may be useful for state and 
national water- resource management agencies. 
 
The effort to develop the SPARROW models included an extensive compilation of monitoring data to estimate stream nutrient loads 
for model calibration, ultimately resulting in load estimates for more than 2,700 sites based on data from 73 agencies. To explain the 
variation in stream loads across the regions, geospatial data sets describing nutrient sources and watershed characteristics were either 
compiled from existing published information or, in some cases, new geospatial data sets were developed. 
 
The calibrated models provide both an extensive view of the spatial patterns in nutrient loading as well as new insights on nutrient 
sources and processes. In all of the regions, urban and agricultural sources were identified as the greatest contributors of nutrients to 
streams, but the model results show regional differences in the relative importance of urban versus agricultural sources and in the 
types of urban (point, diffuse) and agricultural (fertilizer, manure) sources. Environmental processes affecting the transport of 
nutrients from the land surface to streams also differed by region, with climatic factors (precipitation, temperature) being among the 
most important in all regions. Overall, the regional SPARROW models provide a consistent and reliable approach for identifying the 
major sources and environmental factors affecting nutrient fate and transport in US watersheds. 
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Temporal Trends in Stream N Concentrations and Biogeochemical Responses to Disturbances in Long-Term Reference 
Watersheds 



 
Alba Argerich1, Sherri L. Johnson2, Stephen D. Sebestyen3, Charles C. Rhoades4, Effie Greathouse1, Mary Beth Adams5, 
Devendra M. Amatya6, John L. Campbell7, George G. Ice8, Jeremy B. Jones9, Jennifer D. Knoepp10, Gene E. Likens11, 
William H. McDowell12 and Peter M. Wohlgemuth13 
 
1Dept. of Forest Ecosystems and Society, Oregon State Univ., Corvallis, Oreg., USA, 2HJ Andrews Experimental Forest, USDA 
Forest Service Research, Corvallis, Oreg., USA, 3Marcell Experimental Forest, USDA Forest Service Research, Grand Rapids, 
Minn., USA, 4Fraser Experimental Forest, USDA Forest Service Research, Fort Collins, Colo., USA, 5Fernow Experimental Forest, 
USDA Forest Service Research, Parsons, W. Va., USA, 6Santee Experimental Forest, USDA Forest Service Research, Cordesville, 
S.C., USA, 7Hubbard Brook Experimental Forest, USDA Forest Service Research, Durham, N.H., USA, 8National Council for Air 
and Stream Improvement, Inc., Corvallis, Oreg., USA, 9Dept. of Biology and Wildlife, Univ. of Fairbanks, Fairbanks, Alas., USA, 
10Coweeta Experimental Forest, USDA Forest Service Research, Otto, N.C., USA, 11Cary Institute of Ecosystem Studies, Millbrook, 
N.Y., USA,12Dept. of Natural Resources and the Environment, Univ. of New Hampshire, Durham, N.H., USA, 13San 

Dimas Experimental Forest, USDA Forest Service Research, Riverside, Calif., USA 
 

Across the country, long-term monitoring of small, headwater streams with minimal human impacts is done at a select number of 
sites. Reference watersheds in US Forest Service Experimental Forests and Ranges have long-term data and metadata on water 
quality and quantity for forested sites. Because these sites span a variety of climatic conditions, they are uniquely positioned for 
analyses of stream solute concentration responses to natural disturbances as well as changes in climate and atmospheric deposition 
across different biomes. 

 
Here we synthesize stream nitrogen (N) data collected in 22 reference watersheds in 7 Experimental Forests over 12 to 43 years to 
examine a) trends in NO3 N and NH4-N concentrations over time, b) the spatial variability in stream N concentrations and in 
temporal trends, and c) the relationships between trends in stream N concentration and trends in atmospheric deposition or stream 
discharge. Additionally, we analyze data from a total of 33 disturbance events in 8 Experimental Forests to quantify both the 
magnitude and duration of stream N responses to disturbances including insect outbreaks, fires, and hurricanes. 

 
We found high temporal and spatial variability in stream N concentrations and trends within some Experimental Forests, while other 
Experimental Forests showed high levels of synchrony between watersheds. The majority of the watersheds showed declining or no 
trends in stream N over the last 12 and 21 years. In general, these reference forested streams have low N concentrations, even though 
they occur across a broad range of atmospheric nutrient inputs. Our results suggest that proximity is not a reliable predictor of 
temporal trends and that local factors (i.e., aspect of the basin, vegetation, geology, etc.) may be more relevant than regional factors. 
Additionally, stream N concentration trends show shifts among time within some watersheds; these vary with both the length and 
timing of data collection. Because controls of N exports from headwater streams vary across spatial and temporal scales, our findings 
highlight the importance of multisite long-term stream chemistry studies with continuous data across a wide range of ecoregions and 
climatic drivers. 
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Use of Refined SPARROW Models to Better Understand the Spatial Distribution and Sources of 
Nutrients in Streams throughout the Mississippi/Atchafalaya River Basin 

 
Dale Robertson and David Saad 

 
US Geological Survey, Middleton, Wis., USA 

 
Excessive nutrient loading from streams throughout the Mississippi/Atchafalaya River Basin (MARB) have been linked to 
hypoxia in the Gulf of Mexico. To help address the hypoxic conditions in the Gulf, national-scale SPAtially Referenced 
Regression On Watershed attributes (SPARROW) watershed models were previously constructed and used to: 1) estimate total 
nitrogen (N) and phosphorus (P) loads from streams throughout the MARB, 2) rank states and eight digit Hydologic Unit Codes 
(HUC8’s) based on their respective loads and yields to the Gulf, and 3) determine the relative importance of each of the major 
sources of N and P to the loadings. Relatively large confidence limits were found for most predictions when placing uncertainties 
on the nutrient yields and downstream delivery from the national-scale models. Recently, refined SPARROW models for the 
MARB were constructed using updated loads for over 1200 sites (115 of the original 165 sites used in the national model plus 
over 1100 sites sampled by the US Geological Survey, other federal and state agencies, and specific universities). In addition, 
nutrient sources and environmental characteristics used for model input were refined. The refined SPARROW models help to 
better understand the spatial distribution and sources of nutrients in streams throughout the MARB, and potentially reduce the 



uncertainties in the model predictions. These refined models, use load data from sites with a much wider range in drainage areas, 
especially additional small sites, and allow predicted yields from small basins (~100 km2) to be evaluated and better described. 
The refined models, like the previous national-scale models, demonstrate that delivered N yields are high from watersheds 
throughout the Central Mississippi and Ohio River Basins; however, the area with the highest N yields now includes more of 
Iowa. Highest P yields were scattered throughout the MARB. Model results demonstrated that the dominant sources of N were 
farm fertilizers and atmospheric deposition (each contributed equally and together accounted for ~70% of the total), whereas 
agricultural sources dominate for P (agricultural fertilizers and manure each contributed ~25%), but other sources can be 
important in some areas (urban sources contributed ~25%, and instream channels and forests contributed ~15%). 

 


