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SUMMARY:  Guided by a shared discovery framework that actively engages stakeholders in research, the 

Center for Nutrient Solutions (CNS) has sought to develop innovative tools for improved decision making to 
address nutrient pollution in watersheds. At the heart of CNS is a series of modeling efforts designed to develop 
smart watershed plans to target the right practices at the right location, incorporate local knowledge of 
watershed problems and baseline ecosystem conditions, evaluate ecosystem services, and use all of this 
information to create the best, most cost-effective solutions at the watershed scale.  

 
 

 

 

 

WATERSHED SCENARIOS:  CNS evaluated various 

nutrient pollution solutions in four small study watersheds 
representing different physiographic regions of the Chesapeake Bay 
basin through a scenario approach. A scenario is a set of multiple 
solutions for meeting the nutrient and sediment reduction goals 
specified in the Chesapeake Bay Total Maximum Daily Load (TMDL). 
Expected outcomes (pollution reductions, water quality changes, 
ecosystem services, costs, benefits, etc.) are projected for each 
watershed under several different scenarios. A unique set of 
scenarios was developed for each study watershed to match 
landscape and local conditions, as informed by local stakeholders. 

 

Major components of the CNS project 

CNS study watersheds 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MODELS:  We used multiple models in this project to: 1) identify regional and watershed drivers of nutrient 

pollution (nitrogen cascade conceptual model); 2) estimate nutrient and sediment yields across landscapes 
within a given scenario and suite of tactics (SWAT—Soil Water Assessment Tool (SWAT) and Chesapeake 
Assessment Scenario Tool (CAST)); and 3) simulate hydrologic flows and nitrate leaching to help identify local 
‘hotspots’ (Penn State Integrated Hydrologic Model (PIHM) and Cycles). SWAT was used primarily to define 
current nutrient loads, and to predict future ones under each scenario. Intermodel comparisons between all of 
these models help to determine which model functions best under different circumstances and for different 
purposes.  

 

ECOLOGICAL CHARACTERIZATION OF WATERSHEDS:  

Assessing the baseline ecological condition of watersheds helps us understand current 
levels of aquatic life use impairment, types of habitat degradation and probable 
stressors, and possible results from nutrient and sediment reductions. Prior to running 
scenarios, the baseline ecological condition of each focal watershed was characterized 
using three approaches varying in spatial scale and intensity of data collection. These 
included a GIS-based landscape analysis, a rapid field-based assessment of stream, 
wetland, and riparian zones, and an intensive survey of benthic macroinvertebrates and 
stream habitats. 

 

TRANSLATION TO ECOSYSTEM SERVICES:  Expected changes in 

ecosystem services were evaluated for carbon storage, floodwater storage and 
desynchronization, biodiversity, water purification, and water-based recreation. A 
system for valuing the ecosystem services associated with nutrient reduction efforts was 
developed and demonstrated. 
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SHARED DISCOVERY:  The best tactics and strategies 

are only successful if they are embraced by local communities 
and accompanied by the resources needed to implement them. 
Central to CNS is a collaborative, iterative process of shared 
discovery, where researchers together with stakeholders explore 
research design, results, and decision support tools developed 
from the collective effort. This process was present from the 
outset of the project, with the formation of a Community 
Partners Council. The CPC provided researchers with advice and 
guidance throughout the project, ensuring that approaches and findings were relevant to practitioners 
and policy makers.  Local stakeholder meetings were also held in the study watersheds, providing 
researchers with invaluable input into current trends, issues and challenges in each watershed. This 
improved accuracy of modeling efforts and informed scenarios to meet local objectives.  

   

 

MODELED SCENARIO RESULTS:  

Based on our multiple analyses, Bay TMDL water 
quality goals in the study watersheds can be met or 
nearly met for significantly less cost than assumed in 
the Phase 1 and 2 Watershed Implementation Plans 
(WIPs). Although the specifics of each watershed 
varied, the overall results were the same. Thus, 
multiple modeling and ecosystem approaches 
indicate that space, place, and time of stressor and  
management-related activities matter greatly.  

 

 

 
However, regarding local water quality and local stream health, our work found generally weak 
correlations between nutrient and sediment load reductions and aquatic life uses, but positive 

correlations between landscape and habitat 
indicators and aquatic life. This may 
necessitate implementing restoration 
strategies that support riparian landscape 
and instream habitat improvements at 
higher costs than a strategy that focuses 
solely on nutrient reductions.  

 

 

 

 

 
 
With the Phase 3 WIP process underway in Pennsylvania and other Bay jurisdictions, these findings can 
be especially useful in developing “smart” water quality solutions. 

  

$24/ha: WIP 

$ 7/ha: "smart"  

 

Costs: 

SWAT results for Mahantango Watershed 

Riparian forest buffer in Conewago Watershed 

Learning from Manokin River stakeholders 



SIGNIFICANT FINDINGS: 

 

 

 

 
 

 

FINDING 1.  Watershed models combined with locally specific 

management to identify problem areas and establish current 
ecosystem condition are more connected to stakeholder 
concerns and goals and provide more practical and cost-effective 
alternatives for meeting Chesapeake Bay TMDL compliance.  

 

FINDING 2. Multiple modeling and ecosystem 
approaches indicate that space, place, and time of stressor 
and management-related activities matter greatly. 

FINDING 3.  Major drivers of the system may be changing—shift 
from dominance by NO species (industry) to that of NH species 
(agriculture). 

FINDING 4. The three main factors driving watershed 
simulation success include: a) expertise on the science, the 
application and limitations of the model; b) the quality and 
availability of data; and c) local watershed stakeholder 
feedback.  

FINDING 5.  Local  engagement processes identify hidden 
problems that need to be included in watershed discussions to 
enrich our understanding of local perpsectives on sources and 
solutions to the problems. 
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