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The land use categories in the RESAC data set, however, do not match up with the land use 
categories required for input to the Watershed Model (Figure 10).  To calculate how much of each 
Watershed Model land use category is contained in each HUC-12, an optimization routine will be 
developed to convert RESAC land uses to Watershed Model land use categories while maintaining 1) the 
total area of each HUC-12, 2) the total area of each major land use category (e.g. pasture, urban, forest), 
and 3) the proportion of each major land use category.  This approach for land use estimation is 
documented in its entirety in ICPRB (2013). 

 
Figure 10. Example land use designations in the spatially explicit RESAC data and the tabular Watershed 
Model inputs. 
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The results of this optimization routine will be the current scenario land uses.  Baseline scenario 
land uses will be generated from current scenario values using the method discussed in Section 3.1. 

5.2 Baseline and Current Scenario Flows 
Baseline and current scenario flows will be generated using the land use inputs described in 

Section 5.1 for each HUC-12.  Specifically, flow contributions by land use category from within the 
HUC-12 will be estimated using 1) the area of each modeled land use category in each HUC-12 and 2) 
the flow/area contribution by land use estimated by the Watershed Model.   

This approach to flow estimation does not include instream flow simulation.  The influence of 
instream flow at this spatial resolution is expected to be minimal (personal comm., R. Mandel, 5/6/2015).  
Since percent alteration, used in the statistical analyses, is a comparison of the baseline and current 
scenarios, it is important that the relative difference between scenarios is well simulated, not the actual 
daily flow values.  Since both scenarios do not include instream processes, it is expected that percent 
alteration will not be compromised. 

5.3 Phase 2 Tasks and Products 
Phase 2 consists of seven major components; namely, 1) calculating land uses; 2) calculating 

flows, flow metrics, and alteration; 3) calculating watershed characteristics; 4) developing the master 
spreadsheet; 5) evaluating the model; 6) conducting statistical analyses; and 7) documenting the methods 
and results.  The sections below describe the tasks and anticipated products of each component. 

5.3.1 Calculate Land Uses 
Task 1: Calculate Phase 5.3.2 RESAC land uses for each HUC-12.  

Product 1: Table containing RESAC land uses for each HUC-12. 
 

Task 2. Convert Phase 5.3.2 RESAC land uses to Watershed Model land use categories for each HUC-12.  
Product 2: Table containing land uses for each HUC-12 using the model land use categories. 

5.3.2 Calculate Flows, Flow Metrics, and Alteration 
Task 3: Multiply acres of each land use per area flow contribution for all land uses in each HUC-12 using 
Phase 1 baseline and current scenario land outputs. 

Product 3: Two flow time series for each HUC-12, one baseline and one current scenario. 
 

Task 4: Calculate select flow metrics (high flow index (MH21), high flow duration (DH17), high pulse 
count, flashiness, low pulse duration, and 3-day maximum flow) for each HUC-12 from baseline and 
current scenario flow time series.  Consideration will be given to adding additional low flow metrics to 
further evaluate physiographic province and average watershed slope (see discussion in Section 4.3). 

Product 4: Table containing flow metrics for each HUC-12. 
 

Task 5: Calculate percent alteration in each flow metric (current-baseline)/baseline by HUC-12. 
Product 5: Table containing calculated flow alteration values for each flow metric and HUC-12. 
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5.3.3 Calculate Watershed Characteristics 
Task 6: Obtain watershed characteristic information utilizing the EPA RPS tool (EPA 2014) where 
possible.  If watershed characteristic information is not available via the tool, either tabular model input 
data will be used or they will be calculated using GIS at the HUC-12 scale. Where possible, modeled 
characteristics will be used so that the characteristics accurately complement the modeled flow time series 
(e.g. impervious cover, area).  Consideration will be given to adding additional watershed characteristics 
to the evaluation. 

Product 6: Table containing watershed characteristic information for each HUC-12. 

5.3.4 Develop the Master Spreadsheet 
Task 7: Create the master spreadsheet that includes watershed characteristics, flow metrics, and 
streamflow alteration values. 

Product 7: Master spreadsheet that combines products 4, 5, and 6 for each HUC-12. 

5.3.5 Model Evaluation 
Task 8: Confirm that the changes to the baseline scenario during Phase 1 adequately improved simulation 
of non-reference watershed conditions under the baseline scenario. 

Product 8: Comparison boxplots similar to Figure 2 through Figure 6 for poorly performing 
Middle Potomac Study metrics (e.g. normalized 3-day minimum flow, baseflow index, 7Q10, and 
median flow).  Performance of these metrics is important especially if additional low flow metrics 
are added to Task 4. 

5.3.6 Statistical Analyses 
Task 9: Conduct RPART exploratory runs, establish final run sequence, execute, and evaluate results. 

Product 9: RPART model run outputs, summary tables, and written interpretation of results. 
 

Task 10: Conduct additional statistical analyses (e.g. correlation tables, other). 
Product 10: Summary tables and written interpretation of statistical results. 

5.3.7 Documentation 
Task 11: Prepare a journal article that documents project results. 

Product 11: Submission of completed manuscript to a peer-reviewed journal. 

5.4 Phase 2 Timeline 
Phase 2 of this effort is scheduled to begin in October 2015 and proceed for two years, ending in 

September 2017 (Table 7).  Preparation of the necessary data, project components 1 through 4, will be the 
primary focus of the first year.  The statistical analysis and preparation of a manuscript for publication in 
a peer-reviewed journal will occur in the second year. 
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Table 7. Timeline for the Phase 2 study. 
  Year 1 Year 2 
Project Components Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 
1. Calculate Land Uses                 
2. Calculate Flows, Flow Metrics, and 
Alteration                 
3. Calculate Watershed Characteristics                 
4. Develop the Master Spreadsheet                 
5. Model Evaluation                 
6. Statistical Analyses                 
7. Documentation                 

 
6 Conclusions 

 Phase 1 of this study yielded preliminary evidence that the baseline scenario definition was 
successfully refined to overcome problems identified in the Middle Potomac Study.  Specifically, the new 
baseline land use definitions resulted in non-reference watershed low flow metrics becoming more like 
reference watershed low flow metrics.  Further, methods were successfully defined and implemented to 
develop the project’s master spreadsheet and statistically evaluate the influence of the watershed 
characteristics on impervious cover’s propensity to alter streamflow.   

The results of Phase 1 of the study will primarily be utilized to inform the execution of Phase 2, 
following the task outline provided in Section 5.3.  The results of Phase 1 also reveal management 
implications.  At the river segment watershed resolution, watershed area and slope are most correlated 
with streamflow alteration from impervious cover; however, other watershed characteristics are correlated 
with alteration for specific aspects of the flow regime.   

Given the significant development pressures in the basin, the results of this study are meant to 
inform land management decision-making and proactive development strategies to meet the multiple, 
sometimes competing, water interests in the basin.  For example, the results of this preliminary phase of 
the study underscore the negative impacts of developing on steep slopes and in smaller, headwater 
streams.  Development on steep slopes was identified in a 2015 survey of ICPRB stakeholders as a water 
resources challenge in the basin9.  A repeating slope threshold found in this Phase 1 study was 7.345°.  
Utilizing this information, geographic analyses can be conducted to identify impervious cover in 
watersheds with slopes above this threshold.  Figure 11 displays impervious cover greater than 2% in red 
(the upper boundary at which alteration in many flow metrics began to increase sharply in the Middle 
Potomac Study) in HUC-12 watersheds with average slopes greater than 7.345°.  Planners and managers 
in particularly susceptible areas such as these may wish to consider the added risk of streamflow 
alteration as a result of development.  Development on the steep slopes in these watersheds (and in 
watersheds throughout the basin) may be avoided altogether or may benefit from implementing BMPs or 
low impact development techniques.  A number of locales in the Potomac basin already discourage 
development on steep slopes (e.g. Franklin County, Pennsylvania; Fulton County, Pennsylvania; Loudoun 
County, Virginia; and Page County, Virginia).  Utilizing the Phase 1 results, similar spatial analyses can 
be conducted for other watershed characteristics and thresholds of interest to inform planning and 
management efforts. 

                                                      
9 http://www.potomacriver.org/focus-areas/water-resources-and-drinking-water/water-resources/planning/basin-
wide-comprehensive-plan/, accessed 8/19/2015. 
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Figure 11. Impervious cover >2% in HUC-12 watersheds with average slope >7.345°. 

  


