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Conversion Factors

International System of Units to U.S. customary units

Multiply By To obtain

Length

meter (m) 3.281 foot (ft) 
kilometer (km) 0.6214 mile (mi)

Area

square meter (m2) 10.76 square foot (ft2) 
Volume

cubic meter (m3) 264.2 gallon (gal) 
cubic meter (m3) 35.31 cubic foot (ft3)

Flow rate

meter per second (m/s) 3.281 foot per second (ft/s) 
cubic meter per second (m3/s) 35.31 cubic foot per second (ft3/s)

Datum
Vertical coordinate information is reference to the North American Vertical Datum of 1988 
(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.



Comparison of Regression Relations of Bankfull Discharge 
and Channel Geometry for the Glaciated and Nonglaciated 
Settings of Pennsylvania and Southern New York

By John W. Clune, Jeffery J. Chaplin, and Kirk E. White

Abstract
Streambank erosion in areas of past glacial deposition has 

been shown to be a dominant source of sediment to streams. 
Water resource managers are faced with the challenge of 
developing long and short term (emergency) stream restora-
tion efforts that rely on the most suitable channel geometry for 
project design. A geomorphic dataset of new (2016, n=5) and 
previous (1999–2006, n=96) estimates of bankfull discharge 
and channel dimensions at U.S. Geological Survey stream-
flow-gaging stations was compiled to present and contrast the 
glaciated and unglaciated noncarbonate settings of southern 
New York and Pennsylvania that included selected areas of 
Maryland. Empirical models were developed by using simple 
linear regressions that relate bankfull discharge and channel 
geometry to drainage area (regional curves). Significant rela-
tions (p<0.05) were able to explain variability with coefficient 
of determination (R2) values of 0.89 for bankfull discharge, 
0.94 for cross-sectional area, 0.87 for bankfull width, and 
0.83 for bankfull depth. These regression relations for the 
glaciated noncarbonate settings of northern Pennsylvania and 
southern New York were able to provide a slightly better fit 
than regional curve models developed previously for the entire 
noncarbonate region of Pennsylvania. Although, the analysis 
of covariance (ANCOVA) results for comparison between 
regression equations for the glaciated and unglaciated settings 
showed that except for the significant intercept of bankfull 
discharge versus drainage area (F=8.26, p-value<0.005), the 
regression equations are not significantly different between the 
glaciated and unglaciated setting of Pennsylvania and southern 
New York. Therefore, data stratification by glaciation does 
not improve regional curves relations developed previously 
for the noncarbonate (glaciated and unglaciated) and carbon-
ate settings of Pennsylvania and Maryland. Further analysis 
that incorporates data stratification or multivariate approaches 
based on mean annual runoff, precipitation, slope, stream 
classification, or other relevant parameters may optimize the 
accuracy and utility of statewide models. The new estimates 

of bankfull discharge and channel dimensions at streamflow-
gaging sites and updated drainage areas from StreamStats 
were incorporated into previously developed regional curves 
to produce an updated set of regression relations of bankfull 
discharge and channel geometry for the noncarbonate and 
carbonate settings of Pennsylvania and Maryland. 

Introduction
The seventh leading cause of impairment to assessed 

streams and rivers in the Nation is sediment (U.S. Environ-
mental Protection Agency, 2009). Historically, the major 
legacy sediment inputs to streams have resulted from defor-
estation, loss of beaver wetland habitat, and water-powered 
mill dams (Miller, 1986; Naiman and others, 1988; Müller-
Schwarze and Sun, 2003; Walter and Merritts, 2008; Bain and 
others, 2012; James, 2013), but currently in the Chesapeake 
Bay watershed for example, the greatest amount of sediment 
is generated from urban and agricultural settings (Gellis and 
other, 2009; Brakebill and others, 2010). Although upland ero-
sion can be a major contributor to soil loss (Clune and others, 
2010), streambank erosion has also been shown to be a signifi-
cant source of suspended sediment in streams (Gellis and oth-
ers, 2004; Gellis and others, 2015). In particular, streambank 
erosion in areas of past glacial deposition has been shown to 
be a dominant source of sediment to streams (fig. 1) (Gor-
don, 1979; Ashmore, 1993; Sekely and others, 2002; Nagle 
and others, 2007). Sediment, and particles that adhere to its 
surfaces (for example, particles containing phosphorus), can 
cause downstream damage to aquatic biota, water treatment 
facilities, reservoir capacity, and estuaries (Dearmont and oth-
ers, 1998; Henley and others, 2000; Langland, 2015). Restor-
ing unstable stream morphology in the continental United 
States costs more than $1 billion per year (Bernhardt, 2005).

Management strategies to minimize and reduce stream-
bank erosion in order to maintain stable and biologically 
productive (unimpaired) watersheds include watershed 
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Figure 1. Streambank erosion in the glaciated setting of Bradford County, Pennsylvania. Photograph taken by Joseph Quatrini, 
Bradford County Conservation District. 

planning, storm water controls, riparian buffers, and stream-
bank stabilization (Federal Interagency Stream Restoration 
Working Group, 1998). Streambank stabilization techniques 
include traditional armoring and natural stream design (Ros-
gen, 1997; Bernard and others, 2007). Designs for stream 
restoration efforts often rely on established relations between 
stream channel dimensions and the surrounding drainage area 
(Rosgen, 1996). Stream channel dimensions are shaped by a 
dominant, reoccurring streamflow that transports and deposits 
most of the sediment during the point when a stream becomes 
full and begins to overtop its banks (Leopold and others, 
1964; Leopold, 1992). This bankfull discharge often occurs 
at a relative frequency of every 1–2 years to form the channel 
morphology (Wolman and Miller, 1960; Dunne and Leop-
old, 1978). Bankfull discharge and channel dimensions for a 
given stream can be estimated by using established regression 
equations that relate bankfull discharge and channel geometry 
to drainage area, and serve as ancillary information to aid the 
design of stream restoration projects (Rosgen, 1996). 

Early studies used regression equations to develop sedi-
ment discharge relations for a range of drainage areas (Leo-
pold and Maddock, 1953). More specific relations have been 
developed to create regional curves that aid states with stream 

classification and assessment, as well as design of restoration 
projects (Somerville, 2010; U.S. Department of Agriculture, 
2017). In New York, regional curves were developed based 
on eight hydrologic regions for which only region 3 differed 
significantly (p-value<0.05) from the other regions (Lumia, 
1991; Mulvihill and others, 2005, 2007, 2009; Westergard 
and others, 2005; Mulvihill and Baldigo, 2007). Despite more 
accurate regional curves based on other covariable models (for 
example, mean annual runoff), data stratification by hydrore-
gions that were derived with determinate, unbiased, and repro-
ducible procedures has shown the most advantage to resource 
managers by providing better overall coefficients of determina-
tion (R2) and standard errors of estimate (SEE) (Mulvihill and 
Baldigo, 2012). Regional curves for Pennsylvania were first 
published for the Piedmont Physiographic Province (White, 
2001; Cinotto, 2003) region and later combined with the all 
physiographic provinces within the state to produce signifi-
cant regression relations for the carbonate and noncarbonate 
settings (Chaplin, 2005). National approaches to optimize 
regional curves continue to use a combination of data stratifi-
cation methods (Keaton and others, 2005) and have found that 
considering precipitation and runoff as explanatory variables 
can improve bankfull relations (Wilkerson and others, 2014). 



Methods  3

The research described in this report builds upon the pre-
vious national and regional curve development approaches by 
assessing whether regression relations of bankfull discharge 
and channel geometry stratified by glaciation further mini-
mizes variability for Pennsylvania and southern New York. 
The results of this study will serve the needs of water resource 
managers in Pennsylvania that are faced with the challenge of 
developing long and short term (emergency) stream restoration 
efforts and need to utilize natural stream design techniques that 
rely on the most suitable channel geometry (Bradford County 
Conservation District, 2013). This study was conducted by 
the U.S. Geological Survey (USGS) in cooperation with the 
Bradford County Conservation District as part of an effort to 
provide an evaluation of the most reliable model estimates 
and predictions of bankfull discharge and channel geometry 
to aid classification, monitoring, and restoration efforts of 
streams in the glaciated areas of Pennsylvania and southern 
New York. This research is part of a larger effort to incorporate 
regional curves for Pennsylvania into the USGS StreamStats 
web application, which provides online streamflow and basin 
characteristics for ungaged sites and can be used by stream 
rehabilitation personnel to provide publicly accessible and 
reproducible estimates of stream channel dimensions (Ries III 
and others, 2004, 2008).

Purpose and Scope

The purpose of this report is to (1) present regional 
relations of bankfull discharge and channel dimensions with 
drainage area for the glaciated settings of Pennsylvania and 
southern New York, and (2) compare these relations with the 
unglaciated setting of Pennsylvania. These objectives were 
met by analyzing geomorphic data previously collected along 
stream reaches from 96 streamflow-gaging stations between 
1999 and 2006 in Pennsylvania and New York, and from five 
additional sites in Pennsylvania during the summer of 2016. A 
synthesized geomorphic dataset of the new and previous esti-
mates of bankfull discharge, width, depth, and cross-sectional 
area was used to present and contrast the glaciated and ungla-
ciated settings of Pennsylvania and southern New York.

Description of Study Area

The study area is located in the northeast region of the 
United States, within the states of Pennsylvania and New 
York. The area is underlain by consolidated carbonate and 
noncarbonate bedrock. Unconsolidated sediment (till, drift, 
and so forth) was deposited during the advance and retreat 
of four major periods of past glaciation (Shultz, 1999). The 
youngest glaciation (Wisconsinan) provides the most observ-
able characteristics of the depositional and erosional features 
of the previous periods (fig. 2; Shultz, 1999).

The topography is relatively mountainous with eleva-
tions from 626 to 2,437 feet above NAVD 88 (U.S. Geological 
Survey, 2013a). Stream channel slopes can range from high 

gradient headwaters to lowland valleys. The local climate and 
hydrology provide a wet season of increased precipitation and 
runoff from March through May with low streamflow periods 
during June through September (Shultz, 1999). Intermediate 
storms provide peak discharge events from localized thun-
derstorms and regional hurricanes during the summer and fall 
months. Stream morphology ranges from steep incised valleys 
with limited overbank flow to lower valley areas with wider 
floodplains and more frequent overbank flow. Transportation 
corridors often follow stream channels and restrict natural 
meandering and floodplain areas.

Methods
Site selection and data collection for five new sites was 

performed during the summer of 2016 and incorporated into 
older datasets for regional curves of Pennsylvania and New 
York in order to compare noncarbonate glaciated and ungla-
ciated settings. The site selection, data collection, and data 
analysis are described in the following section. 

The selection of five new streamflow-gaging stations 
for use in channel-geometry regional-curve development was 
based on the following filtering criteria adapted from Chaplin 
(2005):

1. Glaciation—The watershed of the streamflow-gaging 
station must be located within the extent of the Wiscon-
sinan glaciation.

2. Land use—The watershed of the streamflow-gaging sta-
tion must not be subject to mining that alters surface and 
(or) underground hydrology, and land cover classified as 
urban development can be no greater than 20 percent.

3. Period of record—The station has to have a period of 
record of at least 7 years.

4. Streamflow regulation—No greater than 20 percent of 
the streamflow to the gaging station is subject to regula-
tion by reservoirs, dams, and so forth.

5. Accessibility—The stream must be wadeable (drainage 
area<215 square miles [mi2]) in order to perform the 
field geomorphic survey. 

A list of streamflow-gaging stations and attribute data 
for the glaciated setting of New York and Pennsylvania was 
retrieved from the USGS Automated Data Processing System 
(ADAPS; U.S. Geological Survey, 2013b). A spatial analysis 
was performed to estimate the percentage of mining, urban 
development, and streamflow regulation within the watershed 
A subset of eligible sites was produced based on the filtering 
criteria described above and reconnaissance was performed 
for each site to assess the extent of any stream channelization 
or armoring that would provide restrictions to overbank flow 
into the floodplain and obscure bankfull indicators. This final 
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Figure 2. Location of the noncarbonate and carbonate bedrock settings, maximum extent of Wisconsinan glaciation, and 
selected glaciated and unglaciated streamflow-gaging stations for regional curves development and comparison in Pennsylvania 
and southern New York. Generalized carbonate rock dataset used for Pennsylvania StreamStats application (https://pa.water.usgs.
gov/infodata/gis/carbonate_metadata.htm).

selection process produced five new sites for incorporation 
into the regional-curve analysis (table 1). 

At each site, bankfull indicators were identified and a 
reach section established (Leopold and others, 1964; Harrelson 
and others, 1994). A longitudinal profile of each reach and two 
cross sections along riffles were surveyed by using standard 
USGS survey methods to capture the topographic features of 
bankfull, thalweg, and other changes of slopes (U.S. Geologi-
cal Survey, 1966; Harrelson and others, 1994). Transect pebble 
counts were performed at each cross section to determine the 
particle size distribution (Wolman, 1954; Harrelson and others, 
1994). Additional information collected at each site included a 
field sketch, photographs, and field notes. 

The longitudinal profile, cross-sectional surveys, and 
pebble count data were used to calculate and plot the bankfull 
discharge and stream channel dimensions. The bankfull dis-
charge, cross-sectional area, width, mean depth, value of the 
particle diameter at 50 percent in the cumulative distribution 
(D50), and geomorphic parameters were determined for each 
cross section. The stream classification was assigned based on 
Rosgen (1994). The reach channel geometry was averaged for 
each of the three parameters of cross-sectional area, depth, and 
width from the two cross sections. The bankfull and water sur-
face at the gage was extrapolated from the longitudinal profile 
plot to obtain the gage height corresponding to the bankfull 
feature (Chaplin, 2005, p. 11).

https://pa.water.usgs.gov/infodata/gis/carbonate_metadata.htm
https://pa.water.usgs.gov/infodata/gis/carbonate_metadata.htm
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The new bankfull discharge and channel geometry data 
were combined with previously published regional curve 
datasets for noncarbonate sites in Pennsylvania and hydrologic 
regions 4, 4A, 5, and 6 of southern New York (White, 2001; 
Cinotto, 2003; Miller and Davis, 2003; Chaplin, 2005; Wester-
gard and others, 2005; Mulvihill and others, 2005, 2009). Data 
from hydrologic region 3 in New York was excluded since 
this region was previously shown to differ significantly from 
the other regions (Mulvihill and Baldigo, 2007, 2012). There 
were six sites in New York in which the drainage area was 
greater than the 215 mi2 limit used in Pennsylvania. The full 
range of the parameter values available was included (drainage 
areas from 0.7 to 332 mi2) in the final dataset for the glaciated 
settings of Pennsylvania and southern New York in order to 
better capture variability and provide the best model fit. 

A simple linear regression was used to relate drain-
age area to bankfull depth, width, cross-sectional area, and 
discharge. A log transformation of the best fit line produced 
a power function in which bankfull discharge and channel 
dimensions are a function of drainage area. To test if stratify-
ing the data by glaciation improved previous regional curve 
relations, an analysis of covariance (ANCOVA) was per-
formed to compare any differences between models (Helsel 
and Hirsch, 2002; Fox and Weisberg, 2011; R Core Team, 
2017). Significant differences (p-value<0.05) in slope and 
intercept between regression lines would indicate that separate 
curves would yield better estimates of channel dimensions 
(Chaplin, 2005).

Regression Relations of Bankfull 
Discharge and Channel Geometry

The bankfull discharge and channel geometry for five 
newly surveyed sites are shown in table 1 (See appendix 1 for 
the locations, photographs, and data associated with cross-sec-
tional surveys for the five stream reaches.). These data were 
combined with previous regional-curve channel-geometry 
data developed for the glaciated settings of Pennsylvania and 
southern New York (fig. 3). The median recurrence interval for 
bankfull discharge for the glaciated setting was 1.4 years and 
within the typical range of 1 to 2 years for similar geomorphic 
studies conducted nationally (Dunne and Leopold, 1978; Law-
lor, 2004) and within Pennsylvania and New York (Chaplin, 
2005; Mulvihill and others, 2009). 

Regional curves for the glaciated setting were based on 
an empirical model using a simple linear regression of drain-
age area versus bankfull discharge, cross-sectional area, width, 
and depth; these significant relations (p-value<0.05) explained 
the variability with coefficients of determination (R2) of 0.89, 
0.94, 0.87, and 0.83, respectively (fig. 4). The log-log trans-
formed power function for each relation is shown in figure 4 
and several observations fall outside the 95 percent confidence 
interval. The confidence interval provides the level of certainty 
for which the range of values sampled encompasses the true 
population. The overall spread in data for the glaciated setting 
of Pennsylvania and southern New York is comparable to the 

Table 1. Channel characteristics of the 2016 geomorphic assessments for select streamflow-gaging stations in the glaciated setting of 
Pennsylvania and southern New York.

[mi2, square miles; ft, feet; ft3/s, cubic feet per second; POR, period(s) of record; ft2, square feet; yrs, years; PA, Pennsylvania; NY, New York; NA, not avail-
able; cross section stream type from Rosgen (1994)]

Station  
number

Station name POR
Drainage 

area 
(mi2)

Bankfull 
discharge 

(ft3/s)

Bankfull 
cross  

sectional 
area 
(ft2)

Bankfull 
width 

(ft)

Bankfull 
mean  
depth 

(ft)

Recurrence 
interval 

(yrs)

Reach  
slope

Mean  
D50

Cross-
section 
stream  

type

01428750
West Branch 

Lackawaxen River 
near Aldenville, PA

1986–present 40.6 1,810 256.18 76 3.38 1.5 0.005 63 C4, C3

01440400 Brodhead Creek near 
Analomink, PA 1957–present 65.9 2,325 390.25 115 3.51 1.4 0.004 85 C3, F4

01531325 Sugar Creek at West 
Burlington, PA 2010–present 93.6 2,638 504.74 149 3.42 NA 0.002 45 C4, C4

01525981
Tuscarora Creek 

above South 
Addison, NY

2000–present 102.0 3,975 568.03 123 4.73 1.4 0.005 75 C3, C4

01531908 Towanda Creek near 
Franklindale, PA 2010–present 112.0 3,311 585.61 129 4.54 NA 0.002 109 C3, C4



6  Regression Relations of Bankfull Discharge and Channel Geometry, Pennsylvania and Southern New York

39.6 percent
unglaciated sites
(n=40)

60.4 percent
glaciated sites
(n=61)

Distribution of sites

350

300

250

200

150

100

50

0

Ba
nk

fu
ll 

w
id

th
,

in
 fe

et
Ba

nk
fu

ll 
m

ea
n 

de
pt

h,
in

 fe
et

Glaciated UnglaciatedGlaciated Unglaciated

7

6

5

4

3

2

1

0

2,000

1,500

1,000

500

0B
an

kf
ul

l c
ro

ss
-s

ec
tio

na
l a

re
a,

in
 s

qu
ar

e 
fe

et

10,000

8,000

6,000

4,000

2,000

0

Ba
nk

fu
ll 

di
sc

ha
rg

e,
 

in
 c

ub
ic

 fe
et

 p
er

 s
ec

on
d

3.5

3

2.5

2

1.5

1

0.5

Re
cu

rr
en

ce
 in

te
rv

al
,

in
 y

ea
rs

350

300

250

200

150

100

50

0

-50

Dr
ai

na
ge

 a
re

a,
in

 s
qu

ar
e 

m
ile

s

EXPLANATION

Maximum
75th percentile

25th percentile

Median

Mimimum

Outlier

Figure 3. Distribution of sites, drainage area, recurrence interval, bankfull discharge, cross-sectional 
area, mean depth and width for the glaciated and unglaciated settings of Pennsylvania and southern 
New York. (n, number of samples)
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natural variability seen in other studies (Doll and others, 2002; 
Sweet and Geratz, 2003; McCandless, 2003; Lawlor, 2004; 
Keaton and others, 2005; McCandless and others, 2015). 
These glaciated relations explain variability slightly better 
than regional curves developed for the entire noncarbonate 
region of Pennsylvania (Chaplin, 2005), but further statistical 
analysis was performed to determine whether or not a data 
stratification based on glaciation would produce better rela-
tions than a combination of all data across settings.

The data for both the glaciated and unglaciated settings 
included 61 (60.4 percent) and 40 (39.6 percent) sites, respec-
tively (fig. 3). The median and interquartile range of the recur-
rence interval and mean depth are similar among settings. The 
median values for the drainage area, bankfull discharge, cross-
sectional area, and width are lower for the glaciated setting, 
but the data had a larger range within the group. A comparison 
of drainage areas in relation to bankfull discharge and channel 
dimensions for the glaciated and unglaciated setting are shown 
in figure 5. The results of the ANCOVA for comparison among 

regression equations for the glaciated and unglaciated settings 
are shown in table 2. Except for the significantly different 
intercept of the regional curve relating bankfull discharge to 
drainage area (table 2, F=8.26, p-value<0.005), the equations 
are not significantly different among the glaciated and unglaci-
ated settings. Therefore, data stratification by glaciation does 
not further optimize regional curves developed for the noncar-
bonate (glaciated and unglaciated) and carbonate settings of 
Pennsylvania and Maryland (Chaplin, 2005). Further analysis 
that incorporates data stratification or multivariate approaches 
based on mean annual runoff, precipitation, slope, stream 
classification, and other relevant parameters may optimize the 
accuracy and utility of statewide models. 

The four new estimates of bankfull discharge and chan-
nel dimensions at streamflow- gaging sites in Pennsylva-
nia (table 2, excluding USGS 01525981 in New York) and 
updated drainage areas from StreamStats (Clune and others, 
2018) were incorporated into previous regional curves devel-
oped by Chaplin (2005) to produce a set of updated regression 
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EXPLANATION

Figure 5. Drainage area in relation to A, bankfull discharge, B, cross-sectional area, C, width, and D, mean depth for the noncarbonate 
glaciated (yellow) and unglaciated (green) settings of Pennsylvania and southern New York. 

Table 2. Results of analysis of covariance (ANCOVA) test 
for differences in slope and intercept among glaciated and 
unglaciated noncarbonate settings of Pennsylvania and 
New York.

[<, less than]

Covariate
Slope Intercept

F[1,97] p-value F[1,98] p-value

Bankfull discharge 0.16 0.69 8.26 <0.005

Bankfull cross sectional area 0.02 0.89 0.62 0.43

Bankfull width 0.13 0.72 0.46 0.50

Bankfull mean depth 1.51 0.22 0.16 0.69

relations of bankfull discharge and channel geometry for the 
noncarbonate and carbonate settings of Pennsylvania and 
Maryland (fig. 6). The use of previous drainage areas from 
the National Water Information System (NWIS) was avoided 
because watershed delineations were often subject to the 
accuracy of the topographic and positional features from 
USGS 1:24,000 topographic map series (U.S. Geological 
Survey, 2012). Additionally, the previous carbonate regional 
curves were found to be disproportionately influenced by the 
smallest watershed (Sucker Run near Coatesville, PA, USGS 
01480610) and the updated StreamStats analysis has shown 
that this site is better represented by the noncarbonate set-
ting (the watershed underlain by 30 percent or less carbonate 
rock). The revised regional curves for the carbonate setting 
have larger confidence intervals compared to those for the 
noncarbonate setting. Possible explanations for this differ-
ence include the small number of carbonate watersheds in the 
dataset (n=10), the lack of any explanatory variables for karst 
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Figure 6. Drainage area in relation to A, bankfull discharge, B, cross-sectional area, C, width, and D, mean depth for the noncarbonate 
(black) and carbonate (blue) settings for streams in Pennsylvania and selected areas of Maryland.

features in the drainage-area model, and the availability of few 
watersheds of less than 40 mi2. Additional bankfull discharge 
and channel geometry data, particularly from small watersheds 
in the carbonate setting, would improve regional curve rela-
tions for Pennsylvania.

Limitations
Regional curves are best used as an initial estimate of 

bankfull parameters and not a substitute for field identifica-
tion of bankfull and other techniques used for stream resto-
ration design (White, 2001). Increasing the number of sites 
and the range of drainage areas would strengthen regional 
curve relations, but the analysis is limited by the availability 
of streamflow-gaging stations with an adequate period of 
record. The filter criteria used in this study creates limita-
tions, as it excluded watersheds with greater than 20 percent 
land use alteration (coal mining, urban development) and flow 

regulation (dams, and so forth) (Schueler, 1994). Urbaniza-
tion of even less than 20 percent has been shown to increase 
discharge amounts and frequency that can change the relation 
of channel dimensions with the surrounding drainage area. 
Site specific factors such as beaver dam activity and water 
withdrawals may also affect flow regulation. 

The new (2016) streamflow-gaging stations selected for 
this study are assumed to not have been significantly altered 
by flood events. Surveyed stream reaches are often located 
near bridges that constrict stormflow and produce artificial 
scouring and filling of the stream’s bedload, which can intro-
duce increased variability of estimates. Cross-sectional chan-
nel dimensions can vary along stream reaches and the mean 
values of bankfull area, width, and depth should be used as a 
guide and not a substitute for site specific field assessment and 
verification. The regression relations for bankfull discharge 
and channel dimensions are only applicable to the range of 
drainage areas used for this study. Extrapolated regions for 
smaller drainage areas (less than 18 mi2) are presented in the 
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regression relations for the carbonate setting of Pennsylvania 
based on a linear assumption of relation and is limited by the 
confidence intervals shown in figure 6.

Low geomorphic topographic reference points such as the 
active channel or depositional bars were observed consistently 
at the five newly (2016) surveyed sites in the glaciated settings 
of Pennsylvania and southern New York, and at numerous 
sites during previous assessments (fig. 7). These features are 
shaped at a frequency less than the bankfull discharge recur-
rence interval and have been used to develop relations among 
streamflow and channel geometry (Hedman and Osterkamp, 
1982). Glacial outwash streams transport a large amount 
of sediment and the depositional point bars can be distinct 
features, but are generally topographically lower than bankfull 
features (D.L. Rosgen, Wildland Hydrology, written commun., 
2017). Discretion should be used by stream restoration prac-
titioners especially in glacial outwash streams, because these 
low depositional features can often be mistaken for bankfull. 

Simple linear regression of drainage area versus bankfull 
discharge and channel dimensions does not include all the 
possible explanatory parameters (precipitation, runoff, and 
so forth) that may help reduce variability of the models. The 
glaciated setting in particular is highly variable based on the 
amount of outwash materials. The ANCOVA statistical analy-
sis provides further understanding of the geomorphology in a 
glaciated setting, but does not replace the statewide regional 
curves previously published for Pennsylvania and the hydro-
regions of New York (Chaplin, 2005; Mulvihill and others, 
2009) or the updated statewide regional curves for Pennsylva-
nia presented in figure 6.

Summary and Conclusions
Streambank erosion in areas of past glacial deposition has 

been shown to be a dominant source of sediment to streams. 
A geomorphic dataset of the new (2016, n=5) and previ-
ous (1999–2006, n=96) estimates of bankfull discharge and 
channel dimensions at USGS streamflow- gaging stations was 
compiled to present and contrast the noncarbonate glaciated 
and unglaciated settings of Pennsylvania and southern New 
York. Empirical models were developed using simple linear 
regressions that relate bankfull discharge and channel geom-
etry to drainage area (regional curves). Significant relations 
(p-value<0.005) were able to explain variability with coef-
ficients of determination (R2) of 0.89 for bankfull discharge, 
0.94 for cross-sectional area, 0.87 for bankfull width, and 0.83 
for bankfull depth. These regression relations were able to pro-
vide a slightly better fit than regional curve models developed 
for the entire noncarbonate region of Pennsylvania. 

The results of the ANCOVA analysis comparing regres-
sion equations for the glaciated and unglaciated setting 
indicate that except for the significant intercept of bankfull 
discharge versus drainage area (F=8.26, p<0.05), the equations 
are not significantly different among the settings. Therefore, 
data stratification by glaciation does not improve regional 
curves relations developed previously for the noncarbonate 
(glaciated and unglaciated) and carbonate settings of Pennsyl-
vania and Maryland. Further analysis that incorporates data 
stratification or multivariate approaches based on mean annual 
runoff, precipitation, slope, stream classification, or other 
relevant parameters may optimize the accuracy and utility of 

Bankfull

Active channel

Depositional bar

Modified from Hedman and Osterkamp, 1982

Figure 7. Geomorphic reference points of bankfull, active-channel, and depositional bar.
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statewide models. The new estimates of bankfull discharge 
and channel dimensions at streamflow-gaging sites and revised 
drainage areas from StreamStats were incorporated into previ-
ously developed regional curves to produce updated regres-
sion relations of bankfull discharge and channel geometry 
for the noncarbonate and carbonate settings of Pennsylvania 
and Maryland.

As streamflow-gaging stations with an adequate period 
of record become available overtime, this would increase the 
number of sites and the range of drainage areas that would 
further strengthen regional curve relations. This report pro-
vides an evaluation of the most reliable model estimates and 
predictions of bankfull discharge and channel geometry to aid 
classification, monitoring and restoration efforts of streams 
in the glaciated settings of Pennsylvania. Regional curves are 
best used as an initial estimate of bankfull parameters and not 
as a substitute for field identification of bankfull and other 
techniques used for stream restoration design.
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Appendix 1.

Photographic documentation, bankfull-channel geometry, and substrate data collected for new 
(2016) stream locations selected for development of regional curves
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West Branch Lackawaxen River near Aldenville, PA (Station number 01428750)

View looking downstream at the reach of West Branch Lackawaxen River at station 133.

Cross-sectional data at station 133

Bankfull cross-sectional area (square feet) 243.2
Bankfull width (feet) 70.5
Bankfull mean depth (feet) 3.5
D50 (millimeters) 52.2
D84 (millimeters) 151.2

View looking downstream at the reach of West Branch Lackawaxen River at station 860.

Cross-sectional data at station 860

Bankfull cross-sectional area (square feet) 269.2
Bankfull width (feet) 81.2
Bankfull mean depth (feet) 3.3
D50 (millimeters) 74.5
D84 (millimeters) 221.7

Streamflow
direction
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station 01428750
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Tuscarora Creek above South Addison, NY (Station number 01525981)

View looking upstream at the reach of Tuscarora Creek at station 230.

Cross-sectional data at station 230

Bankfull cross-sectional area (square feet) 561.0
Bankfull width (feet) 139.7
Bankfull mean depth (feet) 4.0
D50 (millimeters) 71.6
D84 (millimeters) 188.4

View looking upstream at the reach of Tuscarora Creek at station 1324.

Cross-sectional data at station 1324

Bankfull cross-sectional area (square feet) 575.1
Bankfull width (feet) 105.5
Bankfull mean depth (feet) 5.5
D50 (millimeters) 78.4
D84 (millimeters) 207.3

Streamflow
direction

0 200 400 600 800 1,000 1,200 1,400 2,0001,600 1,800
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Towanda Creek near Franklindale, PA (Station number 01531908)

View looking downstream at the reach of Towanda Creek at station 136.

Cross-sectional data at station 136

Bankfull cross-sectional area (square feet) 624.1
Bankfull width (feet) 131.0
Bankfull mean depth (feet) 4.8
D50 (millimeters) 137.3
D84 (millimeters) 235.2

View looking upstream at the reach of Towanda Creek at station 463.

Cross-sectional data at station 463

Bankfull cross-sectional area (square feet) 547.1
Bankfull width (feet) 127.0
Bankfull mean depth (feet) 4.3
D50 (millimeters) 80.4
D84 (millimeters) 232.0

Streamflow
direction
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Sugar Creek at West Burlington, PA (Station number 01531325)

View looking upstream at the reach of Sugar Creek at station 21.

Cross-sectional data at station 21

Bankfull cross-sectional area (square feet) 541.7
Bankfull width (feet) 168.0
Bankfull mean depth (feet) 3.2
D50 (millimeters) 41.9
D84 (millimeters) 146.7

View looking downstream at the reach of Sugar Creek at station 527.

Cross-sectional data at station 527

Bankfull cross-sectional area (square feet) 467.8
Bankfull width (feet) 129.5
Bankfull mean depth (feet) 3.6
D50 (millimeters) 48.0
D84 (millimeters) 179.5

Streamflow
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Brodhead Creek near Analomink, PA (Station number 01440400)

View looking downstream at the reach of Brodhead Creek at station 340.

Cross-sectional data at station 340

Bankfull cross-sectional area (square feet) 358.0
Bankfull width (feet) 90.0
Bankfull mean depth (feet) 4.0
D50 (millimeters) 122.9
D84 (millimeters) 315.6

View looking downstream at the reach of Brodhead Creek at station 948.

Cross-sectional data at station 948

Bankfull cross-sectional area (square feet) 422.5
Bankfull width (feet) 139.0
Bankfull mean depth (feet) 3.0
D50 (millimeters) 48.0
D84 (millimeters) 123.1

Streamflow
direction
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