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Outline 
• Goals 
• Approaches 
• Initial results from Region 1 RARE project 
• Remaining brain-teasers 
• Coming attractions 
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Objectives 

o Overall: Determine effectiveness of G.I. stormwater BMPs 
in protecting aquatic life uses 
o Develop urbanization-response relationships for habitat 

(substrate, bank erosion, temperature regime) and biotic 
communities (fish, macroinvertebrates, periphyton) in 
streams 

o Compare condition of watersheds that have green 
infrastructure BMPs/Low Impact Development (LID) 
implemented for stormwater with expected condition 
based on watershed development 

o Historical  data 
o New survey of watersheds with GI BMP/LID 

o Diagnose cause of development-related impairments 
and recovery trajectories for BMP/LID remediations 
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Map of study regions 
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General Approach 
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Flow regime classification 

7 



Region 1 basin characteristics 
 related to peak or low flow 

• Watershed area 
• Main channel length 
• Main channel slope 
• Lake + pond area (high resolution NHD) 
• % wetland area (palustrine emergent + open water classes 

based on National Wetlands Inventory coverages but not 
including lake + pond area from high-resolution NHD) 

• Percent impervious area 
• Percent coarse glacial till, outwash, and stratified drift  
• 2-year 24-hour rainfall depth  
• % forested (NLCD92 and NLCD01) 
• Mean elevation, % area with elevation > 1200 ft 
• Annual, spring, and winter precipitation averages (PRISM) 
• Annual mean temperature (PRISM) 
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Q2/watershed area 

Bayesian Classification and Regression Tree analysis (BCART) 

N = 393 

1 2 
CART 
Which variables 

discriminate 
watershed 
subclasses with 
different peak flow 
levels? 11 

Drainage 
Area < 79 km2 

Drainage 
Area > 79 km2 

loDAind3 < 
36.052 

Channel slope < 
1.314 

12 13 

hiDAind3 < 
106.04 

21 

22 23 

Channel slope < 
0.589 

loDAind3 = %forest/(rain2yr24hr*(fr_Elevgt1200ft+0.01)) 
hiDAind3 = %wtld+openwater*%forest / ((rain2yr24hr *fr_Elevgt1200ft+0.01)) 
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Which variables 
discriminate watershed 
classes with different 
peak flow prediction 
equations? 



7Q10/watershed area 
N = 283 
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CART 
Which variables 
discriminate watershed 
subclasses with 
different low flow levels? 

1 2 

LFind3 < 355.841 

%NWI wetlands < 
10.809 

LFind3 = winter prec*ann avg temp / (spring prec*(fr_coarse deposits+0.01)) 
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Predictive Temperature Models 
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Lots of temperature time 
series data across New 
England!!! 
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Temp 
Habitat 
Fish 

The problem: Limited matches between fish and 
temperature monitoring locations 
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Which metrics should we predict? 

From Olden and Naiman, Freshwater 
Biology (2010) 55, 86–107 

• Possible thermal metrics 
– Maximum/minimum temp 
– Magnitude of high/low 

temp event 
– Frequency of high/low 

temp event 
– Duration of high/low temp 

event 
– Timing 
– … 
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Calculation of thermal metrics 

• Change 
– Maximum daily rate of change (ROC, +, -) 
– Daily range 

• Growing season maximum  
– Magnitude 
– Timing 

• Monthly duration curves 
– (p1, …median…,p99) 
– 15 min interval time series 
– Daily averages 

• Monthly avg, min, max 
• Avg and max of 3-, 5-, and 7-day running averages 
• % daily averages suitable 

– Coldwater fish species 
– Coolwater fish species 
– Warmwater fish species 

• Taxa-specific optima and thresholds 
 
 
 

Recoded in SAS 
for batch 
processing 
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Daily 
range %warm 

%cold 
Timing 
of GS 
Max 

3-,5-,7-
d avg, 
max 

June stats 
Min------>Max 

July stats 
Min----->Max 

Aug stats 
Min----->Max 

Sept stats 
Min----->Max 

PC1 (79%): Magnitude, %daily means suitable for coldwater fish 
PC2 (6%): Daily range 
PC3 (5%): Timing of Growing Season maximum 

Principal Components 
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June stats 
Min--------Max 

July stats 
Min--------Max 

Aug stats 
Min--------Max 

Sept stats 
Min--------Max 

Daily 
range 

ROC(-) 

ROC(-) 

PC1 (73%): Magnitude  
PC2 (9%): Daily range, Max rate of change (ROC,+,-) 
PC3 (5%): Max rate of change (ROC, -) 

ROC(+) 

Principal Components 



Preliminary conclusions 
• Metrics to capture greatest variation across thermal 

regimes 
– Overall magnitude: July or August median 
– Daily range 
– Timing of growing season maximum 
– Max negative rate of change (recovery?) 

• Observations limited by inconsistencies in sampling 
window and logger location but patterns consistent for 
larger data sets with shorter sampling windows 

• Insufficient fish-temperature matches to explore best 
predictive metrics for fish thermal guilds unless filtering 
criteria relaxed 
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Temperature metric  
       prediction model approach 

• Flow-weighted spatial autocorrelation model 
using stream distance (ver Hoef et al. 2006) 

• Potential predictors 
– Watershed area (proxy for stream width) 
– Drainage density 
– Elevation  
– Coarse deposits 
– Channel slope 
– % impervious area 
– Elevation-corrected air temperature 
– Solar radiation proxy (=f(average solar radiation, 

riparian vegetation type/density, stream width)) 
– Stream flow (estimated) 19 
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Topographic Shading Component via ArcMap Solar Radiation 
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A predictive model 
accounting for spatial 
autocorrelation using 
Euclidean (straight-line) 
distance would assume 
these points are similar 

observed 

predicted 



Predictive Habitat Quality Models 
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Habitat Indicators 
- Qualitative Habitat 
Evaluation Index 
-% fines 
-Embeddedness 
-% bank erosion 
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All Habitat Stations 



Habitat prediction models 

• % bank erosion – previously predicted w 
simple model of hydrogeomorphic unit, 
watershed storage (flashiness), % mature 
forest (natural vegetation) 

• % embeddedness 
– Better predicted as function of change in 

development (construction activity) rather 
than total development  

– Prediction of loading insufficient 
• Supply vs. transport capacity 
• Comparison of expected travel time for bedload 

in gravel/cobble versus fine sediment fractions 

• Vermont successional channel stage 
approach 24 



BMP Inventories 
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G.I./LID Stormwater BMP Data Sources 
• Chesapeake Bay TMDL Tracking Database   
• State permit databases () and files (:<) 

– Stormwater permits (VT, DE, MD, PA) 
– Alteration of terrain permits (NH) 
– Wetlands (RI) 
– Underground Injection Control permits (UIC, all states but 

variable implementation) 
– Construction general stormwater permit NOI forms (NY) 

• Municipality BMP databases (e.g., Boston, MA; Austin, TX; 
Philadelphia, PA, Washington, D.C.) 

• NGO Databases (e.g., NEMO, Green Roofs, LEED) 
• 319 Projects (GRTS database), ARRA inventories 
• MS4 annual reports (minimal info) 
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VT permit 
database 

G.I. BMPs 
Permits 
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Status of Delaware R Basin GI 
stormwater BMP/LID inventory 
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Impervious Area 
Treated with Green 
Infrastructure 
Stormwater BMPs per 
County Area (%) 
(NEIEN 2010*) 

  
  
  
  
  
  

* National Environmental Information Exchange Network Database 
DRAFT – for illustration only 
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Area (%) 



Chesapeake Bay Watershed G.I. BMP sites 
(Inventory still in progress) 

Stormwater BMPs 
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WV 

PA 

MD 

VA 

NY 



3/25/2013 32 U.S. Environmental Protection Agency 

An untapped inventory for assessing 
conservation development (LID) benefits… National 
Conservation 
Easement Database 

Potential Source of Info on LID 
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Watershed selection for BMP assessments 
• Inventory green infrastructure BMPs/LID 
• Evaluate expected effectiveness 

– % impervious area treated/reduced vs. total % 
impervious area 

– BMPDSS: % load reductions for TSS, TP by BMP 
– Retention capacity index (Walsh et al. 2009) 

• 0: runoff would reach stream every time rainfall 
sufficient to generate runoff from impervious 
surface 

• 1: no change in frequency of runoff events from 
pre-urban state 

• Predict watershed condition w 90% C.I. in absence of 
BMPs/LID and compare with measured condition 
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BMP Performance Extrapolation Tool 
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Site selection process for new Region1 
watershed surveys 
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Site selection for new watershed surveys 

• CTD 
• Habitat 
• Fish 
•Macroinvertebrates 
•Periphtyon 
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…a temporary change in 
course following a visit by 
our friend T.S. Irene… 

• habitat resampled in 2012 
• macroinvertebrate sampling  

delayed until fall 2012 



Biological and Habitat Databases 
1986 - 2010 
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EPA Region 1 Historical Monitoring Data (1986-2010) 

    Temperature 
    Habitat 
    Fish 
     Macroinvertebrates 



Compilation of Delaware R Basin 
historic monitoring data (1986-2010) 
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Historical Monitoring Data – Chesapeake Bay Watershed 

Fish Macroinvertebrates Periphyton 

Habitat Temperature 
(data 
collection in 
progress) 
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Ecological Response Modeling 
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Periphyton Stations 44 



Evidence of a threshold response in 

community structure at 1.2-3.7% IC 

Not very convincing of a threshold 

response between 66-81%  

forest + wetland in buffer zone, 

indicating a more gradual change 

Nonparametric Change-point Analysis of 
Periphyton Community Structure* 

45 
% Forest + wetland in buffer 

(IC) 

* Based on Bray-Curtis coefficient 



Periphyton Threshold Indicator Taxa ANalysis 

0.04 –  

0.76% IC 

1.6 –  

3.9% IC 

81 –  

89% F/W 

66 –  

80% F/W 

No clear 
threshold 
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% Forest + wetland in buffer (F/W) 

% Forest + wetland in buffer 

% Impervious cover (IC) 

% Impervious cover (IC) 



Univariate LOWESS curves 
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% Forest + wetland in buffer zone 



Boosted regression trees 

… 

Average result 

Test predicted vs. observed 
on withheld 10% of data 

X 10 = 10-fold 
cross 
validation 
(c.v.) 

Modify depth of 
tree (split prob.) 
and learning 
rate to optimize 
prediction 

Linear 
regression Classification rule 

One model fit 
for each 
terminal 
node 

Classification and 
Regression Tree 
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CT DEP macroinvertebrates: 
partial effects plots 

Values normalized to z-scores to facilitate comparisons 
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WtAvWMet = abun- 
weighted avg heavy 
metals sensitivity 49 

Sensitive taxa Trophic guilds Habit guilds 

Metals - sensitive taxa 

Thresholds at 
0.5 – 1.3% HD 
Res Buffer 

0.9% IC 1.5% IC 



Macroinvertebrate partial  
effects plots: buffers 
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Sensitive taxa 

Toxics - sensitive taxa 

Community composition 

Values normalized to z-scores to facilitate comparisons 

Shifts start at 45-
50% Forested 
Buffer 



Preliminary Conclusions 
• % high density residential land-cover in riparian zone and % 

impervious area at watershed scale are best predictors of 
development impacts (not USGS Urban Intensity Index) 

• Strong community-level thresholds for periphyton (incl. nutrient, 
siltation, conductivity-sensitive guilds) and macroinvertebrates 
occur at very low levels of % imperviousness, i.e., ~1%-5% 

• Macroinvertebrate responses are modified by watershed size, 
slope class, flow regime 

• Vegetated buffers only partially moderate development impacts 
for both macroinvertebrate and periphyton 

– Forest and wetland cover associated with 13-34% reduction of watershed 
%IC effects on diatom metrics and community structure as compared to 61-
68% reduction in effects of watershed % pasture on motile and high P 
diatom abundances 
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Remaining brain-teasers 
• Are the extremely low % IC thresholds observed accurate? 

– Low accuracy of %IC measurements for suburban fringe? => 
starting high resolution image analysis 

– Contribution of urban runoff at low %IC versus septic? 
– Same or different stressors associated with 10% thresholds 

in literature? Temperature? Conductivity? 
• How and why are forested buffers partially effective in 

urban/suburban/peri-urban settings? 
– Retained functions in spite of WQ function short-circuit?  

Shading, bank stabilization, groundwater WQ function, 
refugia for recovery from downstream drift 

• Do different GI/LID practices differ in their ability to protect 
aquatic life uses? 

• Given the state of BMP/LID tracking, how can we better inform 
adaptive watershed management? 
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Coming attractions… 
• Meta-analysis of stormwater BMP and 

riparian buffer effectiveness (N. Smucker) 
• Integrated Watershed Management Decision 

Support Tool (w GI options) – contract to ABT 
w Region 1 and stakeholder collaboration 

• Smart Growth scenario analysis in 
collaboration with Region 3, USGS, U-MD 
Center for Smart Growth, and targeted MD 
and PA counties 
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Interim Milestones in Review 
• Smucker, N.J., N.E. Detenbeck, and A.C. Morrison. In press. Diatom 

responses to watershed urbanization and potential moderating effects 
of near-stream landscape green infrastructure.  Freshwater Science. 
 

• Smucker, N.J., M. Becker, N.E. Detenbeck, and A.C. Morrison. In 
review. Using algal metrics and biomass to evaluate multiple ways of 
defining concentration based nutrient criteria in streams and their 
ecological relevance. 
 

• Detenbeck, N.E., C. Rosiu, L. Hayes, and J. Legros. In revision. 
Assessment Models for New England Streams Differentiate Cumulative 
Impacts of Watershed Development and Superfund Sites on Aquatic 
Life.  
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Meta-analysis evaluating 
effectiveness of urban watershed 

management 
• Goal: Describe general trends by synthesizing 

results from multiple (often small scale) studies that 
examined effectiveness of management practices 
in developed watersheds 

• Search string of terms such as: 
 urban, impervious, watershed, management,  
restoration, conservation river, stream, riparian,  
buffer, wetland, forest, etc. 

• “Green infrastructure”  
 not a good search term 
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Progress 

• Ongoing examination of 1000s of abstracts 
– “Efficient” screening of titles, abstracts, then methods/results in papers 

[have to be inclusive… while being exclusive] 
• Ecological effects of “built” or “installed” strategies, such as 

rain barrels, rain gardens, green roofs, etc., were rarely 
found (ties into our other work focused on determining “treated” area using 
these approaches) 

• Much more common to find papers on “reach restoration” in 
urban catchments (see series of papers in Ecological Applications 9/2011 
– failures of treating symptoms and not underlying causes) 

• Most papers dealt with what could be defined as 
landscape green infrastructure 
– Riparian restoration or conservation being most common, but some included 

wetlands or stormwater ponds 
• Variety of response variables 

– Most common are diversity or some type of community metric 
– Less common, but very interesting, are biomass or functional processes 
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Progress… and headaches/issues) 
• Very few studies are meeting criteria for pooled statistics 

(effects ratios, regression, etc.) 
– Rare to find studies comparing a control (unrestored or unimpacted 

stream) to a treatment stream or conditions before to those after 
• Synthesizing results when reported as correlations 
• The space-time continuum 

– Recovery time, watershed size, scale of measurements (reach 
length) 

• BUT… stepping back from the trees to see the forest – 
seeing what (if any) general trends exist 

• Goals and ongoing forces of motivation: 
– Identify and synthesize past data from a variety of sources in a large 

scale effort to build a stronger scientific foundation in the present to 
help inform future management decisions, policy, and restoration, 
which ultimately affect ecosystem integrity 

– Compare effectiveness of preventative actions versus the 
effectiveness of restorative actions 
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