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Estimation and Comparison of 1-Percent Annual
Exceedance Probability Flood Flows At Federal
Emergency Management Agency Flood Insurance Study
Flow Locations Across Pennsylvania

By Mitchell R. Weaver, Marla H. Stuckey, James E. Colgin, and Mark A. Roland

Abstract

Flood-flow estimates were computed at over 5,000
Federal Emergency Management Agency (FEMA) flood
insurance study (FIS) flow locations across Pennsylvania
for the 1-percent annual exceedance probability flood event
(1-percent AEP). Depending on a point of interest’s proxim-
ity to a streamgage, weighting techniques may be applied to
obtain flood-flow estimates for ungaged flow locations using
observed peak-flow data from a nearby streamgage. Following
the U.S. Geological Survey’s (USGS) published guidance,
stream segments were identified where the drainage-area ratio
method could be leveraged. Using updated regional regres-
sion equations and recently published flood-flow estimates at
USGS streamgage locations following USGS Bulletin 17C
guidelines, weighted and transferred flood flows were com-
puted, where appropriate. For locations not applicable for the
drainage-area ratio method, regression equations were used
to compute flood-flow estimates. These flood-flow estimates
were then compared to FEMA FIS 1-percent AEP flood-flow
estimates. Percentage-difference values were computed for
3,599 FIS flow locations determined to be suitable for analy-
sis, finding that USGS-derived flood-flow estimates were
consistently lower than FEMA FIS flood-flow estimates with
a statewide median percentage difference of —10.1 percent.
The dataset was normally distributed with a standard deviation
of 45.7 percent. Allegheny County was found to have 74 FIS
flow locations with percentage-difference values greater than
or equal to 67 percent or less than or equal to —67 percent.
The flood-flow region in which Allegheny County is con-
tained, Region 2, had a median percentage-difterence value of
—39 percent. Although removed from the final analysis, flow
locations with drainage-area values above the recommended
threshold for regression-based estimation (about 1,000 square
miles [mi?]) were observed to have consistently higher
percentage-difference values; a reminder of the limitations
of use for regression-based flood-flow estimates. This report,

the comparisons within, and a companion data release are
intended to serve as tools to FEMA in assisting with the ongo-
ing assessment of FIS flow locations across Pennsylvania.

Introduction

The Federal Emergency Management Agency (FEMA)
performs flood insurance studies (FISs) across the United
States to identify flood hazards and mitigate flood risk. A
FIS is a comprehensive engineering study utilizing informa-
tion that includes historic streamflow data, meteorologic
data, topographic data, hydrologic and hydraulic data, flood-
control works, and land development. FIS results determine
flood-hazard information presented in flood maps called flood
insurance rate maps which are used to assess a community’s
flood risk (https://msc.fema.gov/nthl). In an ongoing effort to
provide communities with up-to-date flood risk information,
FEMA performs restudies to incorporate recent events that
may have altered a community’s risk (FEMA, 2020). Land-use
changes, climate impacts, recent flood events, flood-control
projects, urbanization, and updated data analysis are all factors
that make flood risks dynamic and may necessitate restudies.

As part of the U.S. Geological Survey’s (USGS) ongoing
work, updated regression equations are periodically devel-
oped for the estimation of flood frequencies and magnitude
at ungaged stream sites (Flippo, 1977; Flippo, 1982; Stuckey
and Reed, 2000; Roland and Stuckey, 2008). Beyond assessing
flood risk to communities, information regarding the magni-
tude and frequency of floods is critical to floodplain managers
and engineers for designing and building bridges, culverts, and
other structures near streams and rivers. In 2019, the USGS,
in cooperation with FEMA and the Pennsylvania Department
of Transportation (PennDOT) developed updated regression
equations to estimate flood flows associated with various
annual exceedance probabilities (AEPs) for ungaged streams
in Pennsylvania not subject to substantial regulation, diver-
sion, or mining activity (Roland and Stuckey, 2019).
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FEMA Region 3 is intending to invest heavily in restudies
of large and medium sized rivers in Pennsylvania over the
next 10 years to replace FIS information based on outdated
hydraulic models and previous regression equations or other
hydrologic methods. Thousands of miles of streams and
rivers need attention across the State, according to data that
are available from FEMA's coordinated needs management
strategy (CNMS) (FEMA, 2023). To aid in the prioritization of
FEMA's FIS restudy process, the USGS computed 1-percent
AEP flood flows at 5,258 FIS flow locations in Pennsylvania
using updated regression equations and methods presented by
Roland and Stuckey (2019). To utilize the USGS’s extensive
network of streamgages across Pennsylvania, methods were
developed to incorporate streamgage data at FIS flow loca-
tions within qualifying proximity to a USGS streamgage.
One-percent AEP flood-flow estimates for FIS flow locations
at or near a streamgage were computed using weighting and
transferring techniques suggested by Roland and Stuckey
(2019); 1-percent AEP flood-flow estimates for FIS flow
locations not at or near a streamgage were computed using
the updated regression equations in Roland and Stuckey
(2019). The USGS 1-percent AEP flood-flow estimates at
each FIS flow location in Pennsylvania were then compared
to the FEMA FIS 1-percent AEP flood-flow estimates. Large
differences between the datasets can help identify FIS flow
locations where FEMA FIS restudies may be necessary. The
USGS, in cooperation with FEMA, made the computations,
comparisons, and analysis in this report and the companion
data release (Weaver and others, 2022).

Purpose and Scope

As FEMA Region 3 periodically assesses the modernity
and accuracy of FISs across Pennsylvania, the USGS is peri-
odically analyzing its long-term records (10 to 100 or more
years) of streamflow at gaging stations. This was most recently
done in 2019 for Pennsylvania (Roland and Stuckey, 2019)
using streamflow records through 2015 where flood-flow esti-
mates of various frequencies were computed for 356 stream-
flow gaging stations not subject to substantial flow regulation,
diversion, or mining activity (fig. 1). Methods were presented
for the computation of flood flows at locations beyond gaging
stations using the updated regression equations developed
in Roland and Stuckey (2019) and the use of weighting and
transferring algorithms, where applicable. This report pres-
ents the USGS-derived 1-percent AEP flood-flow estimates
for 5,258 FIS flow locations across Pennsylvania using the
updated regional regression equations and methods presented
in Roland and Stuckey (2019) and input basin characteristics
generated from the Pennsylvania StreamStats (PASS) web tool
(Stuckey and Hoffman, 2010). The USGS derived 1-percent
AEP flood-flow estimates are then compared to the existing
FEMA FIS 1-percent AEP flood-flow estimates to identify
FIS flow locations with major differences. These comparisons
may serve as a tool to FEMA in assisting with the ongoing

assessment of FISs across Pennsylvania. The limitations of
this study are also presented with a discussion of potential
sources of uncertainty. Results from the comparisons between
the USGS derived 1-percent AEP flood-flow values and the
FEMA FIS 1-percent AEP flood-flow values may warrant fur-
ther investigation into these potential sources of uncertainty.

Previous Studies

The USGS has been developing regression equations for
ungaged streams in Pennsylvania for over 50 years to estimate
flood flows by using basin characteristics. In Flippo (1977),
drainage basin characteristics including drainage area, channel
slope, percentage storage, and mean annual excess precipita-
tion were used to estimate flood flows at unregulated sites
for various recurrence intervals. Standard errors ranged from
16 to 33 percent for streams greater than 15 square miles (mi?)
and greater than 56 percent for drainage areas less than 15 mi?.
Flippo (1982) later updated these regression equations with
longer periods of record and subsequent peak flows observed
at gaged sites. Before the publishing of Flippo’s updated
regional regression equations for Pennsylvania, the Hydrology
Committee of the Water Resources Council and all participat-
ing Federal agencies adopted Log-Pearson Type III methodol-
ogy for determining flood frequencies (Interagency Advisory
Committee on Water Data, 1982). The results from Flippo’s
equations (Flippo, 1982) were compared to Log-Pearson Type
III frequency distributions of continuous-record streamflow
data by Ehlke and Reed (1999). Ehlke and Reed found that
about 24 percent of the State showed significant differences
between computing methods at the 95 percent confidence
level. It was concluded that updates and modifications to
Pennsylvania’s regional regression equations were warranted
given the results of the comparison and an additional 23 years
of peak-flow data had been collected since the regional regres-
sion models were developed by Flippo (1982).

In 2000, Stuckey and Reed developed regional regres-
sion equations using a weighted multiple linear regression
model based on peak-flow data through water year 1997 from
313 streamflow gaging stations with 10 or more years of
record and less than 2,000 mi? of contributing area. The State
was divided into 2 regions and 5 flood-flow equations were
developed for each region with coefficients of determination
(R?) between 0.82 and 0.96. The flood-frequency statistics for
the peak-flow data used to develop the models were generated
using methods described in USGS Bulletin 17B (Interagency
Advisory Committee on Water Data, 1982).

Roland and Stuckey (2008) updated regional regression
equations using peak-flow data through 2006 and dividing the
State into four flood-flow regions (FFRs). Recent flooding,
differences found between FIS and USGS derived flood-flow
estimates (Roland and Stuckey, 2007), and advances in geo-
spatially derived basin characteristics were cited as reasons for
the 2008 update of regional regression equations. Twenty-four
geographic information system derived basin characteristics
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were considered in the development of the regression equa-
tions, using exploratory ordinary least-squares and weighted
least-squares regression techniques to relate basin character-
istics to observed flood-flow statistics. Drainage area, mean
basin elevation, percentage carbonate bedrock, percentage
urban area, and percentage storage within the basin were
statistically significant at the 95-percent confidence level for
one or more of the regression equations. Observed flood-flow
statistics computed from guidelines in USGS Bulletin 17B and
the significant basin characteristics found using ordinary least-
squares and weighted least-squares regression were related
with a generalized least-squares regression analysis to obtain
final regression equations.

In 2019, Roland and Stuckey divided the State into five
FFRs after thorough exploratory analysis using weighted
least-squares regression techniques. Following weighted
least-squares regression iterations, multiple statistical indica-
tors showed that not only was regionalization needed, but
also explanatory basin characteristics needed modifying. The
updated regional regression equations were developed using
basin characteristics and annual peak-flow data through water
year 2015 from 285 streamgages across Pennsylvania and
surrounding states with 10 or more years of record. Significant
explanatory variables at the 95-percent confidence interval
for one or more of the equations were drainage area, percent-
age carbonate bedrock, percentage storage, mean basin slope,
and maximum basin elevation. During the development of the
regression equations, updates to the methods in USGS Bulletin
17B were being incorporated in USGS Bulletin 17C (England
and others, 2018). The expected moments algorithm (EMA)
procedure outlined in USGS Bulletin 17C was used to com-
pute flood-flow values for streamgages included in the study.
Roland and Stuckey (2019) present the use of the updated
regression equations to estimate flood flows at ungaged sites
across Pennsylvania. Roland and Stuckey (2019) also pres-
ent published methods to obtain a more accurate flood-flow
estimate for points of interest near a streamgage, as opposed
to solely using the regional regression equation (Ries, 2007).
Using the bounds of 0.5 to 1.5 times (50 to 150 percent) of the
drainage area at the gaged site, a valid statistical reach (VSR)
can be defined (Sloto and others, 2017). If a point of interest
is within a streamgage’s VSR, flood-flow estimates can be
weighted and transferred using equations 11 and 12 presented
in Roland and Stuckey (2019).

Description of Study Area

The Commonwealth of Pennsylvania is in the temperate
mid-Atlantic region of the United States. The State is char-
acterized by steep forested hillsides and deep narrow valley
bottoms in the Allegheny and Monongahela River Basins
in the west, wide glaciated valleys in the north with little
relief in the Lake Erie Basin in the northwest, long forested
ridges with occasional underlain carbonate rock valleys in the
Susquehanna and Potomac River Basins in the center of the

State, and gently sloped valleys predominantly underlain by
crystalline bedrock in the Delaware River Basin in the south-
east. Most locations in Pennsylvania receive between 40 and
50 inches of total precipitation annually, with peak flows often
occurring from rain on snow in the spring, and tropical storms
in the fall (Frankson and others, 2022).

Due to varying climate, geology, topography, and hydrol-
ogy the State was divided into five different FFRs (fig. 1)
(Roland and Stuckey, 2019). FFR 1 contains the glaciated
upper catchments of the Delaware and Susquehanna Rivers,
which flow south from New York. FFR 2 consists of the ungla-
ciated high-elevation Allegheny Plateau section stretching
from the southwest corner of the State to the northern border
with New York. The Monongahela River, Allegheny River,
and upper portion of the West Branch Susquehanna River are
contained within this region. Much of the Susquehanna River
Basin consists of FFR 3, including the Juniata River Basin.
FFR 3 is dominated by the Valley and Ridge province that
spans from south central Pennsylvania at the Maryland border
to the eastern portion of the State. FFR 3 also includes a small
portion of the Potomac River Basin near the Maryland border,
the entire Lehigh River of the Delaware River Basin, including
a portion of the Delaware River along the New Jersey border,
and the upper catchments of the Schuylkill River in the south-
eastern portion of the State. FFR 4 contains the remainder of
the Schuylkill River and the lower Susquehanna and Delaware
Rivers where they flow through the Piedmont province in
southeastern Pennsylvania. FFR 4 is the most densely popu-
lated region within the study area, which includes Philadelphia
and its suburbs. FFR 5 contains the Erie lakeshore, French
Creek, and the Shenango, Mahoning, and Beaver Rivers,
which drain a portion of northeastern Ohio. This region is
known as the Erie drift plain, which is characterized by gentle
slopes, kettle ponds, and abundant wetlands.

Even though FFRs do not extend beyond the borders of
Pennsylvania, USGS streamgages within contributing water-
shed areas outside Pennsylvania’s borders were utilized in the
development of the updated regression equations in Roland
and Stuckey (2019). Streamgages were used in New York,
Ohio, and Maryland. Basin characteristics were computed for
all watersheds with contributing areas extending into New
York, Ohio, Maryland, New Jersey, and Delaware.

Methodology

A geolocated dataset of 5,258 FIS flow locations (fig. 2)
was provided to the USGS by FEMA and included a descrip-
tion of the FIS flow location, the stream name, a FEMA
derived drainage area, and 1-percent AEP discharge associ-
ated with each FIS flow location. This FEMA supplied data
was published in the companion data release to this report
(Weaver and others, 2022). Data attribution for the estimation
method and year of study was provided but determined to be
too incomplete and generalized for detailed analysis. These
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details are essential when evaluating the validity of flood-flow
estimates and are discussed further in the “Limitations and
Considerations” section of this report. The objective herein
will be to compare FEMA FIS 1-percent AEP flood-flow val-
ues with the USGS derived values generated via the methodol-
ogy presented in this section.

A preferred method used in estimating flood flows is
the development of a flood-frequency curve derived from
observed peak-flow data. A streamgage with a sufficient
period of record must exist for this method to be used. It is
cost prohibitive to have streamgages at every point of inter-
est along a stream, whether for an FIS or for aiding decision
makers in designing and protecting infrastructure within the
floodplain. For this reason, alternative methods are necessary
to estimate flood flows at ungaged sites. If a point of interest
is located on a gaged stream, but not at the streamgage, the
observed peak-flow record may be considered for the estima-
tion of flood flows. Sloto and others (2017) found that a point
of interest located within 0.5 to 1.5 times the drainage area of
a gaged site on the same stream was suitable for transferring
streamflow statistics from the gaged site. Sloto and others
(2017) also proposed that a VSR could be delineated from the
streamgage location to the end points where the drainage-area
ratio limits were reached. Any point of interest that fell on this
VSR would be eligible for the transfer of streamflow statistics
if no major flow regulation exists between the streamgage and
the ungaged point of interest. In this study, FIS flow locations
were classified according to their proximity to a streamgage
using delineated VSRs of 0.5 to 1.5 times the drainage area.
FIS flow locations at the same approximate location as a
streamgage site were classified as “Class 17; FIS flow loca-
tions on a VSR were classified as “Class 2”; and any remain-
ing FIS flow locations neither on a VSR nor at a streamgage
were classified as “Class 3” (figs. 2 and 3). These classifica-
tions dictated how a flood-flow estimate was computed at a
point of interest, which is further discussed in the following
section.

Classification of Flood Insurance Study
Locations

To delineate VSRs, the active and discontinued
streamgages used in developing regression equations from
Roland and Stuckey (2019, appendix 1) were considered.
VSRs were defined in the same manner described by Sloto
and others (2017) with the following considerations and
modifications:

 The standard drainage-area ratio of 0.5 to 1.5 was used
to locate the upstream and downstream terminus of a
VSR for each streamgage. A query was used to extract
each VSR based on the attributes of stream segments
provided by the National Hydrography Dataset Plus
High Resolution (NHDPIus HR) geospatial data-
set (U.S. Geological Survey, 2020). These stream

attributes included the total drainage area and the
Geographic Names Information System stream name
and identification number.

» Weighted and transferred flood-flow estimates were not
recommended at locations affected by current flow reg-
ulation. Streamgages likely to be affected by upstream
flow regulation were disregarded and not used for VSR
generation. Streamgages were inspected for potential
flow regulation using the following resources: 1) a
list of streamgages with a post-regulated period of
record due to the construction of a dam from Roland
and Stuckey (2019, appendix 3); 2) spatially identi-
fied water bodies in the study area from the NHDWa-
terbody feature class provided by the NHDPlus HR
dataset; and 3) spatially identified point locations of
flow-regulated structures from the U.S. Army Corps
of Engineers National Inventory of Dams dataset
(U.S. Army Corps of Engineers, 2020).

* When moving upstream from a streamgage, a VSR
was truncated at the outflow of a large lake or res-
ervoir. Similarly, when moving downstream from a
streamgage, a VSR was stopped at or near the inflow to
a large lake or reservoir. The NHDWaterbody feature
class included with the NHDPlus HR geospatial data-
set was used to help identify the extent of bodies of
water. It was beyond the scope of the study to deter-
mine whether large lakes and reservoirs were substan-
tially controlling streamflow.

* A VSR was extended upstream from a streamgage into
a tributary, provided that 1) the contributing drain-
age area of the upstream location on the tributary was
within the 0.5 drainage-area ratio of the streamgage, 2)
the cubic feet per second per square mile (equal to the
mean annual streamflow divided by the drainage area)
at the upstream location and the streamgage were not
substantially different, and 3) the basin characteristics
(that is, percentage carbonate bedrock and percentage
urban land cover) of the contributing drainage areas
of the upstream location and the streamgage were also
comparable. Basin characteristics and flow statistics
were retrieved from the PASS web tool (Stuckey and
Hoffman, 2010).

To designate an FIS flow location as at a streamgage
or Class 1, a geographic information system proximity tool
was used to identify FIS flow locations within 500 feet of
a streamgage selected for this study. Next, the Geographic
Names Information System stream name of the VSR (pro-
vided by attributes in the NHDPlus HR dataset) was compared
to the FIS flow location description and stream name. After
verifying that an FIS location was in reasonable proximity to a
streamgage and on the same stream, the FIS flow location was
labelled Class 1. Similarly, to designate an FIS flow location
as on a VSR or Class 2, all FIS flow locations with proxim-
ity to a VSR of 500 feet or less were inspected and compared



to the Geographic Names Information System stream name.
If the VSR stream segments matched the FIS description and
location information, the FIS was labelled as Class 2. All
Class 1 locations are also Class 2, however Class 1 meth-
odology utilizing streamgage observations took precedence
over Class 2 methods using transferred statistics. All remain-
ing FIS flow locations were deemed Class 3—not on a VSR
nor at a streamgage. Because VSRs can overlap, only the
stream segment of the VSR with the lowest streamgage vari-
ance presented in appendix 2 of Roland and Stuckey (2019)
was retained in the overlapping portions, and the associated
streamgage was used for weighting and transferring statistics.
Figure 3 depicts an example watershed with hypothetical FIS
flow locations and classifications based on proximity to a
streamgage and its associated VSR.

Upper drainage area ratio
extent—>50 percent of gage
drainage area

r

EXPLANATION
Gage drainage basin
Extended basin boundary
Valid statistical reach (VSR) drainage area

National Hydrography Dataset
plus (NHD+) stream network

U.S. Geological Survey streamgage

Flood Insurance Study flow location
and classification identifier

Figure 3. Map showing an example watershed with U.S. Geological

Survey streamgage, associated valid statistical reach, and classified
flood insurance study flow locations.

Lower drainage area ratio
extent—150 percent of gage

Methodology 7

U.S. Geological Survey Derived Flood-Flow
Estimates

Roland and Stuckey (2019) outlined general guidelines
for estimating flood flows. Where observed streamgage data
exists, annual peak streamflow data is fit to a Log-Pearson
Type III probability distribution curve and a flood-flow
estimate is computed using the EMA method following
USGS Bulletin 17C guidelines (England and others, 2018).
This method is commonly referred to as “at-site”. Using
drainage area and select basin characteristics as inputs,
regression-based flood-flow estimates can be computed from
the updated regional regression equations developed by
Roland and Stuckey (2019). This regression-based method
can be used at any stream location by using the PASS web
tool (https://streamstats.usgs.gov/ss/) to generate the nec-
essary basin characteristics for input. Generally, the
regression-based method of flood-flow computation
is used anywhere a streamgage is not present given
the point of interest and its basin are not subject to the
limitations associated with the regression equations (see
“Limitations and Considerations” section of this report).
Where a point of interest is co-located with a streamgage,
the at-site EMA estimate can be used, but the method is
best suited for streamgages with periods of record greater
than 20 years and a low associated variance. To reduce
this uncertainty, a blended or weighted method can be
applied. Using the independent variances of the at-site
observed EMA estimate and the predicted regression esti-
mate, a weighted flood-flow estimate can be computed as
outlined in appendix 9 of USGS Bulletin 17C (England
and others, 2018).

Where an FIS flow location was co-located at a
streamgage (Class 1), the weighted flood-flow estimate
was computed as the 1-percent AEP flood flow for that
location (appendixes 2 and 3, Roland and Stuckey, 2019).
Even though the EMA estimate may be utilized where
there is a sufficient period of record, the lowest associ-
ated variance was preferred, thus the weighted estimate
was universally used for this report. The associated
period of record and variance are reported in Weaver
and others (2022). The streamgage associated EMA
estimates, regression estimates, weighted estimates, and
the respective variances can be found in appendix 2 of
Roland and Stuckey (2019). If an FIS flow location was
at an ungaged location but on a VSR (Class 2), the cor-
responding flood-flow estimates were computed by trans-
ferring the weighted flood-flow estimate (eqs. 11 and 12,
Roland and Stuckey, 2019), known as the weighted and
transferred method. As the drainage-area ratio approaches
1.0 (at or near the streamgage), the transferred flood-flow
estimate will approach the weighted flood-flow esti-
mate at the streamgage (Ries, 2007; Mastin and others,
2016). For the FIS flow locations remaining that are not
located at a streamgage or on a VSR (Class 3), flood-
flow estimates were calculated using regional regression
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equations using unique basin characteristics as inputs. These
flow values were obtained from the PASS web tool, which
uses the regional equations developed for Pennsylvania by
Roland and Stuckey (2019). Classifications, basin characteris-
tics, and associated streamgages (if applicable) are presented
for each FIS location in Weaver and others (2022), along with
FIS location data used as input to the PASS application.

Comparison of U.S. Geological
Survey and Federal Emergency
Management Agency Flood Insurance
Study 1-Percent Annual Exceedance
Probability Flood-Flow Estimates

The USGS derived flood-flow estimations, based on the
methodology described in the previous section, were com-
puted at all FIS flow locations that were provided to the USGS
by FEMA. FIS flow locations in York County, Pennsylvania,
were not included in the FEMA provided dataset because the
FISs associated with the 283 flow locations in York County
were previously modernized (Weaver and others, 2022).
Drainage-area values and 1-percent AEP flood-flow values for
40 FIS flow locations and 9 FIS flow locations, respectively,
were missing. In total, 41 FIS flow locations have either a
missing value for drainage area or 1-percent AEP. These flow
locations were excluded from the analysis.

Before comparing existing FEMA FIS 1-percent AEP
flood-flow values with the USGS derived regression-based
1-percent AEP flood-flow values, a quality assurance check
was performed by comparing the drainage-area value from the
FIS flow location and the drainage-area value computed by the
USGS PASS application. This check was done to reasonably
assume the location of the flood-flow values was at the same
approximate point on a stream. Ensuring the location was
at approximately the same point on a stream was especially
important where stream confluences exist, as a minor change
in location may result in a large difference in flood flows.
Because a raster representation of the NHDPlus HR flow
network was used by PASS to generate basin characteristics,
flood-flow discrepancies can result where FIS flow locations
provided by FEMA are not located on (and therefore do not
intersect) the NHDPlus HR stream grid. Efforts were made to
rectify geolocation issues; however, FIS flow locations were
not inspected individually. Errors in the FEMA-provided FIS
flow locations dataset, included transcription errors, misnam-
ing, and conflicting geolocation data. For these reasons, FIS
flow locations with drainage-area values that differed by
greater than 10 percent using equation 1 were also excluded
from analysis (fig. 4). This list of flow locations excluded
from analysis can be found in Weaver and others (2022)
column DA10_Flag with a Y value. Roughly 20 percent
(1,027 of 5,258) of FIS flow locations had a drainage-area

difference that was greater than 10 percent. Of the 5,258 total
FIS flow locations, more than 2,000 points had a drainage-
area difference that was less than 1 percent with the middle
50 percent (interquartile range or IQR) of points approxi-
mately described by plus or minus (+) 2 percent.

DA - DA,
%D . — 100 USGS FIS
lffDA ) DAUSGS + DAFIS (1)
2
where

%Diff;, is the percentage difference between the PASS
generated, USGS derived drainage area
and the FEMA FIS drainage area at an FIS
flow location,

DA gis is the PASS generated, USGS derived
drainage area at an FIS flow location, and

DAy is the FEMA FIS drainage area at an FIS flow

location.

Flow locations where PASS generated basin characteris-
tics were outside of the basin-characteristic ranges presented
in table 5 of Roland and Stuckey (2019) were also excluded
from the analysis. These are the ranges of basin-characteristic
values that were used in the development of the regional
regression equations. The regression equations are not recom-
mended to be used for basins with values outside of these
ranges. When the regression equations are applied beyond
these ranges they may yield results with greater levels of
uncertainty than those presented in table 3 of Roland and
Stuckey (2019). With only significant basin characteristics
used as variables in each region’s regression equation, not all
FIS flow locations where basin characteristics were outside the
bounds of the ranges in table 5 of Roland and Stuckey (2019)
were removed. FIS flow locations were excluded only when
the same basin characteristics used as variables in the FIS flow
location’s associated regional regression equation (table 3 of
Roland and Stuckey, 2019) were outside of the ranges pre-
sented in table 5 of Roland and Stuckey (2019).

The exclusion of FIS flow locations where drainage-area
and basin-characteristic values were deemed unsuitable for
analysis is visualized in respective 1:1 scatter plots comparing
the 1-percent AEP flood flow derived by the USGS using the
methods described in this report and the 1-percent AEP flood
flow derived by FEMA FISs (figs. 4 and 5). A 1:1 scatter plot
with the final FIS flow locations considered for analysis is
presented in figure 6. When the FIS flow locations are plotted
comparing the 1-percent AEP flood-flow estimates, they tend
to align along a 1:1 line where the estimates would be equiva-
lent. The further a point is from the 1:1 line in perpendicular
distance, the greater the difference between the estimates.
Points above the 1:1 line have USGS derived estimates that
are higher than the reported FEMA FIS estimate, and points
below the 1:1 line have USGS derived estimates that are
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Figure 4. 1:1 scatterplot showing U.S. Geological Survey (USGS) derived 1-percent annual

exceedance probability flood-flow estimates compared to Federal Emergency Management Agency
(FEMA) flood insurance study (FIS) derived 1-percent annual exceedance probability flood-flow
estimates. Flood insurance study flow locations where a percentage difference in drainage area is

greater than 10 percent are shown in blue.

lower than the FEMA FIS estimate. An anomalous grouping
of points with orders of magnitude difference is immediately
apparent above and to the left of the 1:1 line (fig. 64).

Further inspection of these points revealed that two major
groupings existed among them in the Lehigh River and East
Branch Perkiomen Creek Basins. In each of these basins, the
1-percent AEP from the FEMA FIS was approximately one
thousand times smaller than the USGS derived 1-percent
AEP. With the FEMA provided stream location description in

these groupings also providing insight into the methodology
of the flood-flow estimates generated in the FISs, a potential
source for the discrepancy is hypothesized. The FIS flood-flow
estimates in the East Branch Perkiomen Creek grouping all
appear to be generated from a frequency-streamflow-drainage
area curve, whereas the Lehigh River grouping flood-flow
estimates were generated from respective local tide gages. In
each case, it is possible the flood-flow estimates were being
reported in thousand cubic feet per second, a common unit
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*Note: A value of "Y' indicates where a Flood Insurance Study (FIS)
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the input variables used in Roland and Stuckey (2019) regression equations.
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Figure 5.

1:1 scatterplot showing U.S. Geological Survey (USGS) derived 1-percent annual

exceedance probability flood-flow estimates compared to Federal Emergency Management Agency
(FEMA\) flood insurance study (FIS) derived 1-percent annual exceedance probability flood-flow
estimates. Flood insurance study flow locations where the basin characteristics used as input
variables in Roland and Stuckey (2019) regional regression equations are outside of the bounds
presented in table 5 of Roland and Stuckey (2019) are shown in red.

used in flood-flow values. If so, this would cause the FIS
flood-flow values to be underreported by a factor of one thou-
sand in comparison to the USGS derived values in cubic feet
per second. Figure 6B is a replication of figure 64, excluding
the FIS flow locations where flood-flow values differ by three
orders of magnitude. These values were not filtered from the
greater subset in further analysis, despite the apparent error.
Further analysis of the validity of the FEMA reported FIS
flood-flow values was beyond the scope of this study.

Though the 1:1 scatter plot directly comparing the
1-percent AEP derived by USGS and the 1-percent AEP from
FEMA FISs is useful for visualizing large differences in the
two datasets, a metric is needed to compute summary statis-
tics and quantify the distribution of data. Equation 2 was used
to transform the values from each dataset into a metric that
characterizes the percentage difference from the mean of an
FIS pair of flood-flow estimates (FEMA compared to USGS)
with a range from —200 percent to +200 percent. Equation 2 is
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Figure 6. A, 1:1 scatterplot showing U.S. Geological Survey (USGS) derived 1-percent annual
exceedance probability flood-flow estimates compared to Federal Emergency Management Agency
(FEMA) flood insurance study (FIS) derived 1-percent annual exceedance probability flood-flow
estimates. FIS flow locations are excluded where a percentage difference in drainage area is
greater than 10 percent or where basin characteristics in Roland and Stuckey (2019) regional
regression equations are outside of the bounds presented in table 5 of Roland and Stuckey (2019).
B, a zoomed in scatterplot excluding the FIS flow locations where flood-flow values differ by three

orders of magnitude.

notably different from the common percentage-change metric,
which uses a single reference value in the denominator and the
difference between two values in the numerator such as

1%AE P g — 1%AE Py
1%AE Ppyg

%Change ;p = 100 X

With the limitations of the FEMA FIS estimates and
USGS regression-based estimates, it was determined that
neither was appropriate to use as a reference value. In addi-
tion, percentage change was not appropriate for secondary
analysis because it has an open-ended range where the refer-
ence value is small and the numerator’s difference is large. To

conceptualize the percentage-difference metric, table 1 depicts
a hypothetical FIS location with an arbitrary 1-percent AEP
flood flow of 1,000 cubic feet per second. A point where the
USGS derived estimate is equivalent to the FEMA FIS value
will result in a percentage difference of zero. As the differ-
ence between the USGS derived estimate and the FEMA FIS
flood-flow value becomes very large, for example, the USGS
derived estimate nears zero or the FEMA FIS value nears zero;
the percentage difference 1-percent AEP approaches —200 per-
cent and +200 percent, respectively. Other percentage differ-
ence |-percent AEP values of note occur where a value is dou-
ble or half that of the other, £66.67 percent, and where a value
is 1.5 times greater than the other, £40 percent. Any following
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Figure 6.—Continued

reference in this report to a percentage-difference value gener-
ated by equation 2 for an FIS flood-flow pair or statistical
values generated from a sample of FIS flood-flow pairs will be
referred to as “percentage difference 1-percent AEP.”

1%AEP, s —1%AEP,
1%AEP, o +1%AEP,

USGS. Fis
2

%DiffAEP_IOOX|: :| 2)

where
%Diff,-p 1s the percentage difference between the
USGS derived 1-percent AEP flood flow
and the FEMA FIS 1-percent AEP flood

flow at an FIS flow location,

1%AEP ;s is the USGS derived 1-percent AEP flood flow

at an FIS flow location, and

1%AE P is the FEMA FIS 1-percent AEP flood flow at

an FIS flow location.

To characterize the percentage difference 1-percent AEPs,
a boxplot (fig. 7) and histogram (fig. 8) were generated for
the 3,599 remaining FIS flow locations after the removal of
FIS flow locations where a percentage difference in drainage
area is greater than 10 percent or where basin characteristics
used as input variables in Roland and Stuckey (2019) regional
regression equations are outside of the bounds presented in
table 5 of Roland and Stuckey (2019). The statewide median
value was —10.1 percent, with the IQR between —39.05
percent and 12.75 percent. Using the 1.5 times interquartile
range (1.5*IQR) threshold, 107 upper values were greater than
90.45 percent and 11 lower values were less than —116.75 per-
cent (fig. 7). The histogram in figure 8 shows the distribution
is normal, and with a sufficiently large sample size (3,599), the
central limit theorem is realized. The distribution is centered
over the median with a mean of —9.4 percent and a standard
deviation of 45.7 percent. The modal bin of —20 to 0 percent-
age difference has a count of 744 FIS flow locations. The sec-
ond largest bin is 0 to +20 percentage difference with 624 FIS
flow locations. The distribution appears to have mild positive
skew with a large tail of higher positive values and a center
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Table 1.

Various percentage differences in 1-percent annual exceedance probability flood-flow values at a hypothetical flood

insurance study (FIS) flow location where the Federal Emergency Management Agency FIS 1-percent annual exceedance probability is

1,000 cubic feet per second.

[FEMA, Federal Emergency Management Agency; 1%AEP, 1-percent annual exceedance probability; USGS, U.S. Geological Survey]

FEMA 1%AEP USGS 1%AEP Percentage change Percentage difference Comparison
1,000 100,000 9,900 196 100 times
1,000 10,000 900 164 10 times
1,000 5,000 400 133 5 times
1,000 4,000 300 120 quadruple
1,000 3,000 200 100 triple
1,000 2,000 100 67 double
1,000 1,500 50 40 1.5 times
1,000 1,000 0 0 equivalent
1,000 667 -33 —40 two-thirds
1,000 500 =50 —67 half
1,000 333 —67 -100 one-third
1,000 250 =75 —120 one-quarter
1,000 200 -80 -133 one-fifth
1,000 100 =90 —164 one-tenth
1,000 10 -99 -196 one-100th

that is slightly negative. However, because the mean, median,
and mode are well aligned around —10 percent, Pearson’s
modal skew coefficient is 0.013 and Pearson’s median skew
coefficient is 0.046, suggesting there is little to no positive
skew. Although there is a greater count of upper values outside
of the 1.5*IQR, the central tendency of the percentage differ-
ence in 1-percent AEP flood-flow values is slightly negative
(where USGS derived flood-flow values are lower than the
FEMA FIS derived flood-flow values).

The percentage differences between USGS derived
1-percent AEP flood flows and FEMA FIS 1-percent AEP
flood flows were also compared spatially at the regional and
county level. In table 2, a breakdown is presented of the
number of classified FIS flood-flow locations (Class 1, Class
2, Class 3) in their respective FFRs. These unfiltered totals
include all FIS flow locations except for those in which a non-
zero drainage area or 1-percent AEP flood-flow estimate was
not provided in the input dataset. In tables 3 and 4, the total
number of FIS flood-flow locations in each unique combina-
tion of FFR and classification is provided after independently
filtering out FIS flow locations with percentage differences in
drainage area greater than 10 percent (table 3) and FIS flow
locations with basin characteristics outside the bounds of the
input variables used in the regression equations from Roland
and Stuckey (2019) (table 4). The final filtered dataset of FIS
flow locations is then broken down into each unique combina-
tion of FFR and classification with the totals, mean, median,
and standard deviation for each combination (table 5) and then

summarized by FFR only (table 6). Some notable distinctions
within the summary statistics include: all Class 2 groupings
have a standard deviation of 30 percent or less (table 5), FFR 2
has the lowest median value in total filtered FIS flow locations
(—39 percent; table 6), and FFRs 4 and 5 have positive median
values in total filtered FIS flow locations (6.9 percent and 2.5
percent, respectively) (table 6). Percentage values associated
with the totals for each filtering step represent the percent-

age of flow locations remaining from the unfiltered original.
Class 1 and Class 2 flow locations were retained at a greater
rate than Class 3 with 97 percent, 92 percent, and 65 percent
(table 5), respectively. In total, 3,599 flow locations passed

the filters leaving 69 percent of the original unfiltered flow
locations for analysis. All FFR and classification combinations
displayed similar filtration ratios to the statewide ratios (within
10 percent) except for FFR 5. Only 43 percent of FFR 5 flow
locations passed both filters, leaving 71 flow locations remain-
ing for analysis (table 6).

Table 7 presents the number of FIS flow locations in each
classification and summary statistics for 66 of 67 Pennsylvania
counties (excludes York County). The mean, median, standard
deviation, and total number of flow locations with 1-percent
AEP flood-flow differences greater than or equal to 67 percent
or less than or equal to —67 percent are presented for each
county except Forest and Fulton Counties. Forest and Fulton
Counties contained only two FIS flow locations each and
therefore statistics (filtered portion of table 7) were not gener-
ated for them due to an insufficient sample size. As previously
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Figure 7. Boxplots showing the percentage difference

between U.S. Geological Survey (USGS) derived 1-percent
annual exceedance probability flood-flow estimates and Federal
Emergency Management Agency (FEMA) flood insurance study
(FIS) 1-percent annual exceedance probability flood-flow values.
A positive percentage difference indicates that the USGS value is
larger, where a negative percentage difference indicates that the
FEMA FIS value is larger.

mentioned, York County FIS flow locations were excluded

in the supplied dataset and therefore not listed in table 7. The
county in which an FIS flow location is located was pro-
vided by FEMA. The geolocation of FIS flow locations may
conflict with the county provided in the dataset where county
boundaries are delineated from stream features. Fifty FIS flow
locations were not assigned a county in the dataset provided
by FEMA and therefore were not included in the county
statistics (county designation shown as not provided in table 7)
or maps that incorporate county statistics (figs. 9 and 10).

Of the 66 counties reported in table 7, 7 counties had more
than 200 FIS flow locations: Montgomery, 302; Chester, 270;
Bucks, 256; Allegheny, 245; Berks, 216; Westmoreland, 214;
and Lancaster, 203. Philadelphia County had the largest
percentage of flow locations that were Class 1 with 5 of 31, or
16 percent. Philadelphia County also had the largest percent-
age of flow locations that were Class 1 or Class 2 with 20 of
31, or 65 percent. By far more than any other county, nearly

two-thirds of the USGS-estimated 1-percent AEP flood flows
for Philadelphia County were generated based on observed
peak-flow streamgage data, either via weighted flood flows or
weighted and transferred flood flows. The median percentage
difference 1-percent AEP value for Philadelphia County was
—12.2 percent; similar to the state median (—10.1 percent).

In addition to the county summary presented in table 7,
two county maps are presented to spatially describe the
central tendencies and the spread of the percentage differ-
ences between FEMA and USGS 1-percent AEP flood flows.
Figure 9 shows the counties classified by median percentage
difference 1-percent AEP flood-flow value. There are 24 of
67 counties with a median percentage difference 1-percent
AEP flood-flow value greater than —12.5 percent and less
than or equal to 12.5 percent. Median percentage difference
1-percent AEP flood-flow values less than or equal to —12.5
percent are shown in shades of red, with medians less than or
equal to —12.5 percent and greater than —37.5 percent in light
red and medians less than or equal to —37.5 percent in dark
red. Median percentage difference 1-percent AEP flood-flow
values greater than 12.5 percent are shown in shades of blue,
with medians greater than 12.5 percent and less than or equal
to 37.5 percent in light blue and medians greater than 37.5
percent in dark blue. There are 31 of 67 counties with medi-
ans less than or equal to —12.5 percent and 9 of 67 counties
with medians greater than 12.5 percent. The 11 counties in
the extreme bins include: Cameron, —83.1 percent; Warren,
—66.7 percent; Dauphin, —55.5 percent; Allegheny, —48.1
percent; Potter, —46.1 percent; Cambria, —43.9 percent; McK-
ean, —43.1 percent; Columbia, —43.0 percent; Butler, —42.2
percent; Indiana, —40.5 percent; and Franklin, +43.7 percent.
Forest, Fulton, and York Counties are depicted as having
insufficient or no data (fig. 9).

The spread of the county data is also characterized in a
county map displaying the total number of FIS flow locations
with percentage difference 1-percent AEP flood-flow values
that are less than or equal to —67 percent or greater than or
equal to 67 percent (fig. 10). These values represent where
the USGS derived estimate is less than or equal to half that

of the FEMA FIS value (—67 percent) and where the USGS
derived estimate is more than or equal to double that of the
FEMA FIS value (+67 percent). This map serves as a tool

to quantify the number of FIS flow locations in each county
that are farthest from the 1:1 line in figure 6. When assessing
each county for differences in 1-percent AEP flood flows, the
sign (+ or —) may be of little importance in comparison to the
magnitude of the differences. Ultimately, the quantity of flow
locations with large magnitude differences may be the greatest
motivation for restudy in one county over another. The FIS
flow locations quantified in figure 10 are beyond one standard
deviation from the mean value where the standard deviation
of percentage difference 1-percent AEP flood-flow values was
45.7 percent centered about a mean of —9.4 percent. Allegheny
County had the largest number of FIS flow locations (74)

with percentage difference values greater than or equal to 67
percent or less than or equal to —67 percent. Berks, Franklin,
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Figure 8. Histogram showing the percentage difference between U.S. Geological
Survey (USGS) derived 1-percent annual exceedance probability flood-flow estimates
and Federal Emergency Management Agency (FEMA) flood insurance study (FIS)
1-percent annual exceedance probability flood-flow values. A positive percentage
difference indicates that the USGS value is larger, where a negative percentage
difference indicates that the FEMA FIS value is larger.

Bucks, and Dauphin were the only other counties with 20 or
more FIS flow locations with percentage difference values
greater than or equal to 67 percent or less than or equal to —67
percent. Thirty-one counties had five or less FIS flow locations
with percentage difference values greater than or equal to 67
percent or less than or equal to —67 percent with 14 of those
counties having zero FIS flow locations with percentage differ-
ence values greater than or equal to 67 percent or less than or
equal to —67 percent.

Limitations and Considerations

Various methods are used to generate flood-flow esti-
mates for FEMA FISs. Rainfall-runoff models, hydrograph
routing, statistical analyses of streamgage peak-flow data, and
regional regression equations are all commonly used in flood-
frequency analysis. Each of these methods has a preferred
application with limitations of use for certain watersheds.
Hydrologic processes are complex both spatially and tempo-
rally, leaving even the most appropriate flood-flow estima-
tion methods with considerable uncertainty. Ultimately, each
method provides a best estimate of flood-flow frequency that
when combined with knowledge of the watershed of inter-
est can be a useful tool for engineers, hydrologists, and land
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Table 2. Unfiltered Federal Emergency Management Agency
flood insurance study flow locations presented by classification
and flood-flow region.

[Only FIS flow locations were included where a non-zero drainage area and
1-percent annual exceedance probability (1%AEP) flood estimate were pro-
vided. All percent values represent the percentage of the unfiltered total for the
respective class/region combination. Class 1—near a streamgage; Class 2—on a
valid statistical reach (VSR); Class 3—neither near a streamgage nor on a VSR,
FIS, flood insurance study, %, percent]

Flood-flow  Total unfiltered FIS Unfiltered,* total

region flow locations Class1 Class2 Class3
1 539 5 74 460
2 1,312 15 137 1,160
3 1,869 31 282 1,556
4 1,332 21 133 1,178
5 165 0 9 156
Statewide 5,217 72 635 4,510

*Unfiltered refers to the dataset of FIS flow locations where a non-zero
drainage area and 1%AEP flood flow exists.

managers. In addition to the method of estimation, the time at
which the study was conducted is essential to determining the
appropriateness of the flood-flow estimation method. Changes
in climate, land-use, and subsequent peaks of record may

all lead to flood-flow estimates becoming outdated. Because
details regarding the flood-flow estimation methods and dates
of the FISs were incomplete within the input dataset provided
by FEMA, further discussion or analysis of these values is
not contained within this report and is beyond the scope of
this study.

Regression-based flood-flow estimates are a valuable
tool in assessing a watershed’s potential for flooding and have
typically been updated every 10 to 15 years in Pennsylvania
to incorporate changes in flood frequencies, climate, and land
use. However, they do not replace a complete and thorough
study of a watershed’s hydrologic and hydraulic responses.
Because of this, regression-based flood-flow estimates are
ideal for preliminary or investigative use before conducting
the more detailed hydrologic and hydraulic study. In addi-
tion, regression equations have their limitations of use when
the input characteristics approach extrema that are beyond
the ranges of the characteristics used in the development of
the equations. For this reason, 931 of 5,258 FIS flow loca-
tions supplied by FEMA were not included in any analysis
contained within this report. Regression-based 1-percent
AEP flood-flow estimates were still computed for those flow
locations and are contained within the data release associ-
ated with this report (Weaver and others, 2022). Various data
fields are used in the data release as warning flags where FIS

flow location basin characteristics are outside of the range of
the basin characteristics of the streamgages used in generat-
ing the regression equations in Roland and Stuckey (2019).

A basin characteristic flag BC_Flag field exists for each of
the potential input variables of the regional regression equa-
tions: drainage area or DA Flag, maximum basin elevation or
MBE Flag, mean basin slope or MBS Flag, percentage car-
bonate surface geology or Carb_Flag, and percentage storage
or Stor_Flag. Though the FIS flow location’s basin character-
istic that is outside of the range of inputs of the streamgages
used in the development of the regression equations may not
be an input variable for the regression equation of the FFR in
which the FIS flow location is contained, the BC Flag field is
still intended to caution the end-user when interpreting these
estimates.

Other characteristics that can affect the accuracy of
regression-derived flood-flow estimates include regional
climate effects, urbanization, flow regulation, and mining.
Though changes in regional climate and urbanization can be
observed in streamgage annual peak-flow records, the effects
on flood flows and stream behavior may not be fully cap-
tured if the period of record is not sufficiently long or does
not include contemporary observations. Significant trends at
the 95-percent confidence interval were found in 13 per-
cent of the unregulated streamgages (46 of 356 total) used
in the development of updated flood-flow regression equa-
tions. Positive trends were more prevalent in the Delaware
River Basin (88 percent of streamgages with significant
trends at the 95-percent confidence interval were positive)
and Susquehanna River Basins (70 percent), whereas nega-
tive trends were more prevalent in the Ohio River Basin
(63 percent of streamgages with significant trends at the
95-percent confidence interval were negative) (Roland and
Stuckey, 2019).

These 356 Pennsylvania streamgages provide only a
small sample of observations across a vast and varied net-
work of streams, yet similarities exist when assessing dif-
ferences in iterations of regression equations. Percentage
differences between the existing FIS estimated flood flows
and the updated USGS derived flood-flow estimates also
exhibit regional differences. FFR 2 which largely contains
the Ohio River Basin had the lowest percentage difference
1-percent AEP median (-39 percent), compared to the next
lowest at —7.6 percent and the state median of —10.1 percent.
Alternatively, region 4, containing the lower Susquehanna,
lower Schuylkill, and lower Delaware River basins had a
median percentage difference of +6.9 percent (table 6). FFR 4
contained nine streamgages with significant trends at the
95-percent confidence interval, all of which were positive
(Roland and Stuckey, 2019). The coverage of streamgages,
and those with significant trends, limits the ability to analyze
climatic shifts especially in relation to results from flood-flow
estimates that are often not independent of peak streamflow
data. Still, the two datasets (FEMA and USGS) provide insight
into potential climate trends in Pennsylvania.
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Table 3. Federal Emergency Management Agency flood insurance study flow locations where percentage difference in drainage area
is less than 10 percent presented by classification and flood-flow region including the remaining percentage of the unfiltered total.

[Only FIS flow locations were included where a non-zero drainage area and 1-percent annual exceedance probability (1%AEP) flood estimate were provided.
These statistics were not presented for flood-flow region 5 Class 1 FIS flow locations due to an insufficient number of inputs. All percent values represent the
percentage of the unfiltered total for the respective class/region combination. Class 1—near a streamgage; Class 2—on a valid statistical reach (VSR); Class 3—
neither near a streamgage nor on a VSR, %, percent, --, no data]

Percentage difference in drainage area is less than 10%

Flood-flow region Class 1 Class 2 Class 3 All
Total % of unfiltered* Total % of unfiltered*  Total % of unfiltered* Total % of unfiltered*

1 5 100 63 85 384 83 452 84
2 14 93 129 94 967 83 1,110 85
3 30 97 263 93 1,210 78 1,503 80
4 21 100 124 93 868 74 1,013 76
5 0 - 6 67 107 69 113 68
Statewide 70 97 585 92 3,536 78 4,191 80

*Unfiltered refers to the dataset of FIS flow locations where a non-zero drainage area and 1%AEP flood flow exists.

Table 4. Federal Emergency Management Agency flood insurance study flow locations where basin characteristics are within
the bounds of the input variables used in the regression equations from Roland and Stuckey (2019) presented by classification and
flood-flow region including the remaining percentage of the unfiltered total.

[Only flood insurance study flow locations were included where a non-zero drainage area and 1-percent annual exceedance probability (1%AEP) flood estimate
were provided. These statistics were not presented for flood-flow region 5 Class 1 FIS flow locations due to an insufficient number of inputs. All percent values
represent the percentage of the unfiltered total for the respective class/region combination. Class 1-near a streamgage; Class 2—on a valid statistical reach (VSR);
Class 3—neither near a streamgage nor on a VSR, %, percent, --, no data, >, greater than]

Basin characteristics within the bounds of the input variables used in the regression equations from

Flood-flow Roland and Stuckey (2019)
region Class 1 Class 2 Class 3 All
Total % of unfiltered* Total % of unfiltered* Total % of unfiltered* Total % of unfiltered*

1 5 100 73 99 320 70 398 74
2 15 100 135 99 1,026 88 1,176 90
3 31 100 282 100 1,335 86 1,648 88
4 21 100 133 100 811 69 965 72
5 0 -- 9 100 90 58 99 60
Statewide 72 100 632 >99 3,582 79 4,286 82

*Unfiltered refers to the dataset of FIS flow locations where a non-zero drainage area and 1%AEP flood flow exists.
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Table 5. Federal Emergency Management Agency flood insurance study flow locations where criteria are met for percentage
difference in drainage area and basin characteristic bounds presented by classification and flood-flow region including mean, median,
standard deviation percentage difference, and the remaining percentage of the unfiltered total.

[Only FIS flow locations were included where a non-zero drainage area and 1-percent annual exceedance probability (1%AEP) flood estimate were provided.
These statistics were not presented for flood-flow region 5 Class 1 FIS flow locations due to an insufficient number of inputs. All percent values represent the
percentage of the unfiltered total for the respective class/region combination. Class 1—near a streamgage; Class 2—on a valid statistical reach (VSR); Class 3—
neither near a streamgage nor on a VSR, %, percent, --, no data]

Flood-flow region Total % of unfiltered* Mean Median Standard deviation
Class 1
1 5t 100 63 58 57
2 14% 93 =10 =13 48
3 30t 97 5.9 -6.0 44
4 21% 100 -1.6 0.6 29
5 0t - - - -
Statewide 70t 97 4.6 —4.1 45
Class 2
1 63% 85 2.3 2.1 13
2 1277 93 -20 -13 30
3 263 93 —6.1 -3.6 26
4 1247 93 —6.6 -3.6 21
5 6f 67 11 11 23
Statewide 583% 92 —8.6 —4.4 26
Class 3
1 277F 60 -2.9 -3.0 56
2 8621 74 -39 —42 37
3 1,086" 70 =7.0 —11 46
4 656 56 19 12 44
5 657 42 7.2 2.5 37
Statewide 2,946" 65 -9.8 -14 49

*Unfiltered refers to the dataset of FIS flow locations where a non-zero drainage area and 1%AEP flood flow exists.

+The total of FIS flow locations after filtration for each combination of classification and flood-flow region as well as for all of Pennsylvania.

Table 6. Federal Emergency Management Agency flood insurance study flow locations where criteria are met for percentage
difference in drainage area and basin characteristic bounds presented by flood-flow region including including mean, median, standard
deviation percentage difference, and the remaining percentage of the unfiltered total.

[Only FIS flow locations were included where a non-zero drainage area and 1-percent annual exceedance probability (1%AEP) flood estimate were provided. All
percent values represent the percentage of the filtered total for the respective class/region combination. Class 1-near a streamgage; Class 2—on a valid statistical
reach (VSR); Class 3—neither near a streamgage nor on a VSR, FIS, flood insurance study, %, percent]

Flood-flow region Total filtered FIS flow locations % of unfiltered Mean Median Standard deviation
1 *345 64 -1.8 —0.1 52
2 *1,003 76 =36 -39 37
3 *1,379 74 -6.5 =7.6 43
4 *801 60 14 6.9 42
5 *71 43 7.5 2.5 36
Statewide *3,599 69 -9.4 =10 46

*The total of FIS flow locations after filtration for each combination of classification and flood-flow region as well as for all of Pennsylvania.



Intense localized precipitation events are becoming more
frequent with the number of precipitation events greater than
or equal to 2 inches increasing over the last 30 years. Pairing
the expected increase in magnitude and frequency of storms
with observed rising mean temperatures, regional climate
factors in Pennsylvania could drive an upward shift in flood
frequencies and magnitude (Frankson and others, 2022).
Quantifying these climatic effects will require more observa-
tion of not only long-term streamflow records but of precipi-
tation patterns as well. Analysis of these observations may
help discern which regions within Pennsylvania may be more
vulnerable to climatic shifts.

Unique regression equations are commonly developed
for watersheds with higher percentages of their basin classified
as urban (Sauer and others, 1983; Moglen and Shivers, 2006).
This is due to the increased impervious land cover typically
associated with urbanization, resulting in a greater magnitude
and frequency of flood flows (Konrad, 2003). Though percent-
age urban land cover was considered in the development of
the regional regression equations for Pennsylvania, it was not
significant at the 95-percent confidence interval in the final
regression equations, and therefore the effects from urbaniza-
tion on flood flows may not be fully captured (Roland and
Stuckey, 2019). The median value of percentage urban land
cover for streamgages used as inputs to the regression equa-
tion for FFR 4, the region containing Pennsylvania’s most
densely populated area: Philadelphia and its suburbs, was
5 percent (Roland and Stuckey, 2019). Considerations should
be made when interpreting flood-flow estimates for water-
sheds where urbanization may be substantially greater than
this value.

Watersheds that are highly regulated or have substantial
surface mining also may contribute to inaccuracies when
using regression-based flood-flow estimates. Unlike effects
from urbanization, flow regulation attenuates the magnitude
and frequency of flood flows in a watershed. Surface mining
effects can be more unpredictable; often depending on the type
of mining, whether the disturbances are expansive or concen-
trated, the size of the watershed of concern relative to the min-
ing operation, and the antecedent conditions at the time of the
storm event. For these reasons, watersheds with past or active
mining were not excluded from analysis in this report, how-
ever, the effects should not be ignored when evaluating flood
flows for watersheds of interest. As for regulation, all FIS flow
locations were not assessed for the presence of upstream or
downstream flood control structures and their potential effects,
however, when delineating VSRs, the U.S. Army Corps of
Engineers (2020) NID was used to identify where flood con-
trol dams were located. If a dam was located on a stream that
would affect the magnitude of flood flows, the VSR was trun-
cated appropriately. The result of this would deem an FIS flow
location as Class 3 and not Class 2. This prevents transferring
a flood-flow estimate from an unregulated streamgage location
to a flow location where regulation would likely alter the flow
magnitude. Still, without determining which Class 3 flow loca-
tions are affected by regulation, a flood-flow is being estimated
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based on regression equations that were developed from
streamgages on unregulated streams. Therefore, Class 3 flow
locations should be reviewed for regulation before using the
flood-flow estimates contained within the data release associ-
ated with this report (Weaver and others, 2022). Additionally,
VSRs were not generated for streamgages contained within
appendix 3 of Roland and Stuckey (2019) due to their peak
flows being substantially affected by upstream regulation.
Flow locations downstream of these sites were classified as
“Class 3,” however, these locations may be more suitable for
transferring a flood flow from the streamgage at the regulated
site upstream (following Class 2 methodology). Also, Class 3
flow locations upstream of regulated sites may be problematic,
possibly located within the pool created by the control struc-
ture or where backwater effects occur.

Like heavily urbanized watersheds, those with land-
use, land cover, or basin character extrema (for example,
intensively forested or agricultural land use or large percent-
age of impervious surface area) may also be unsuitable for
regression-based flood-flow estimates (see table 2 of Roland
and Stuckey (2019) for a complete list of the basin character-
istics considered as inputs for the regional regression equa-
tions). Though only five basin characteristics were found to be
significant explanatory variables at the 95-percent confidence
level, the remaining basin characteristics in table 2 of Roland
and Stuckey (2019) should be inspected for outliers when
evaluating the suitability of the regression-based flood-flow
estimates for watersheds of interest. Values for these basin
characteristics for a watershed of interest can be generated
using the PASS web tool (Stuckey and Hoffman, 2010).

Table 5 in Roland and Stuckey (2019) presents ranges of basin
characteristics for watersheds that were used in the develop-
ment of the regional regression equations; basins with values
outside of those ranges were not recommended for use in the
equations. FIS flow locations where PASS generated basin
characteristics were outside of these bounds were flagged

in the data release associated with this report (Weaver and
others, 2022) with the BC Flag field. Smaller watersheds are
more vulnerable than larger watersheds, as a concentrated land
use will have a greater effect with a larger total percentage of
drainage area within the basin. FIS flow locations were flagged
where drainage areas were less than those of the ranges
presented in table 5 of Roland and Stuckey (2019), however,
flood flows of larger basins can still be affected by intensive or
widespread land use. Although not included within the scope
of this study, a screening tool could be used to determine
where regression-based estimates are not suitable particularly
at flow locations that contain outlier land use, land cover, or
basin character extrema.

The extrema for FIS flow locations’ drainage area can
also be problematic for regression-based flood-flow estimates
where unique hydrology exists. Larger watersheds can span
multiple FFRs or even state boundaries. PASS handles these
situations by generating a weighted flow from the contributing
percentage area from each FFR it spans. However, in certain
situations, it may be more appropriate to use a single FFR’s
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Table 7. County-based summary of flood insurance study flow location classifications with median, mean, and standard deviation
percentage differences between U.S. Geological Survey derived 1-percent annual exceedance probability flood-flow estimates and
Federal Emergency Management Agency flood insurance study 1-percent annual exceedance probabilities reported for counties with
sufficient sample sizes.

[Classes: Class 1, flood insurance study flow locations near a streamgage, Class 2, flood insurance study flow locations on a valid statistical reach, Class 3, flood
insurance study flow locations not near a streamgage nor on a valid statistical reach. FIS, flood insurance study; + plus or minus; %, percent]

Total* Filtered (+)
County Class1 Class2 Class3 Total FI_S flow Class 1 Class2  Class3 Total F_IS flow
locations locations, n
Not provided 0 4 46 50 0 1 1
Adams 0 82 89 0 43 49
Allegheny 0 23 222 245 0 22 159 181
Armstrong 3 4 21 28 3 4 15 22
Beaver 0 69 75 0 22 27
Bedford 3 27 45 75 3 26 42 71
Berks 3 10 203 216 3 7 125 135
Blair 2 15 83 100 2 14 63 79
Bradford 0 2 69 71 0 2 37 39
Bucks 5 14 237 256 5 13 115 133
Butler 0 5 52 57 0 5 43 48
Cambria 1 11 104 116 1 11 82 94
Cameron 0 8 15 23 0 14 22
Carbon 1 7 40 48 1 7 29 37
Centre 3 29 71 103 3 29 50 82
Chester 5 44 221 270 5 42 159 206
Clarion 1 10 11 1 0 4 5
Clearfield 1 28 31 1 21 24
Clinton 0 5 42 47 0 33 38
Columbia 1 14 58 73 1 13 45 59
Crawford 0 4 23 27 0 3 16 19
Cumberland 2 15 43 60 1 14 28 43
Dauphin 1 5 78 84 1 5 45 51
Delaware 4 17 56 77 4 17 31 52
Elk 0 2 32 34 0 2 28 30
Erie 0 4 67 71 0 2 31 33
Fayette 0 13 94 107 0 12 78 90
Forest 0 0 2 2 0 0 0 0
Franklin 0 0 87 87 0 0 80 80
Fulton 0 0 2 2 0 0 1 1
Greene 0 4 10 14 0 3 4 7
Huntingdon 1 17 39 57 1 16 31 48
Indiana 2 3 28 33 2 3 16 21
Jefferson 0 7 26 33 0 7 24 31
Juniata 0 5 55 60 0 3 36 39
Lackawanna 0 4 113 117 0 3 66 69
Lancaster 0 5 198 203 0 5 88 93
Lawrence 1 0 36 37 1 0 16 17



Table 7. County-based summary of flood insurance study flow location classifications with median, mean, and standard deviation
percentage differences between U.S. Geological Survey derived 1-percent annual exceedance probability flood-flow estimates and
Federal Emergency Management Agency flood insurance study 1-percent annual exceedance probabilities reported for counties with
sufficient sample sizes.—Continued
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[Classes: Class 1, flood insurance study flow locations near a streamgage, Class 2, flood insurance study flow locations on a valid statistical reach, Class 3, flood
insurance study flow locations not near a streamgage nor on a valid statistical reach. FIS, flood insurance study; + plus or minus; %, percent]

County Mean Median Standard deviation  Total FIS points outside +67% Percentage FIS points outside +67%

Not provided -- -- -- 1 --
Adams 324 36.8 27 4 8.2
Allegheny =51.7 —48.1 30.6 74 40.9
Armstrong 14.3 7.9 83.7 12 54.5
Beaver —21.7 —23.6 32.4 3.7
Bedford —-10.6 7.6 18.1 0 0

Berks 17.6 13.5 48 26 19.3
Blair =73 -12.3 30.6 5 6.3
Bradford —40.9 -27.9 40.3 10 25.6
Bucks 34.7 27.3 54 22 16.5
Butler -31.1 —42.2 359 12.5
Cambria —38.9 —43.8 24.6 6.4
Cameron —60.2 —83.1 50.2 13 59.1
Carbon 5.6 —-19.8 56.2 4 10.8
Centre 18.6 14.1 35.7 8 9.8
Chester 14 5.1 32.1 18 8.7
Clarion -23.7 -29.2 16.2 0 0

Clearfield —25.4 =27 38.3 16.7
Clinton -31.5 -10.1 57.9 19 50

Columbia —43.9 —43 27.9 15 254
Crawford —4.7 -19.7 44.8 1 53
Cumberland 254 224 34.6 8 18.6
Dauphin —53.4 =555 28.2 20 39.2
Delaware -1.8 2.8 26.6 0 0

Elk -36.3 -333 423 7 233
Erie -1.2 -2.9 17.7 0 0

Fayette —27.6 -32.5 353 9 10

Forest — — — — —
Franklin 441 43.7 45.6 23 28.8
Fulton -- -- -- 0 0

Greene -1.5 4.1 26.7 0 0

Huntingdon 2.8 -0.2 26 0 0

Indiana =53 —40.5 322 5 23.8
Jefferson —4.3 2.4 20.1 0 0

Juniata -29.5 -26.6 26.9 4 10.3
Lackawanna -11.2 —21.8 54.9 15 21.7
Lancaster 17.4 23.1 44.9 13 14

Lawrence 6.5 2.5 40.4 2 11.8
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Table 7. County-based summary of flood insurance study flow location classifications with median, mean, and standard deviation
percentage differences between U.S. Geological Survey derived 1-percent annual exceedance probability flood-flow estimates and
Federal Emergency Management Agency flood insurance study 1-percent annual exceedance probabilities reported for counties with
sufficient sample sizes.—Continued

[Classes: Class 1, flood insurance study flow locations near a streamgage, Class 2, flood insurance study flow locations on a valid statistical reach, Class 3, flood
insurance study flow locations not near a streamgage nor on a valid statistical reach. FIS, flood insurance study; + plus or minus; %, percent]

Total* Filtered (+)
County Class1 Class2 Class3 Total FI_S flow Class 1 Class2  Class3 Total F.IS flow
locations locations, n
Lebanon 1 55 65 1 9 31 41
Lehigh 5 67 80 5 54 67
Luzerne 3 8 162 173 3 8 101 112
Lycoming 0 53 81 134 0 53 61 114
McKean 2 29 35 1 4 26 31
Mercer 0 23 25 0 11 12
Mifflin 1 21 24 1 2 12 15
Monroe 2 36 127 165 2 26 68 96
Montgomery 2 26 274 302 2 24 147 173
Montour 0 2 12 14 0 2 8 10
Northampton 0 65 72 0 4 44 48
Northumberland 1 12 62 75 1 12 38 51
Perry 1 4 42 47 1 4 28 33
Philadelphia 5 15 11 31 5 12 4 21
Pike 1 0 28 29 1 16 17
Potter 0 24 30 0 23 28
Schuylkill 0 17 66 83 0 14 49 63
Snyder 1 2 39 42 1 2 29 32
Somerset 1 51 61 1 41 50
Sullivan 0 17 21 38 0 17 18 35
Susquehanna 0 0 45 45 0 0 30 30
Tioga 0 13 51 64 0 10 40 50
Union 1 7 38 46 1 7 29 37
Venango 0 5 15 20 0 5 8 13
Warren 0 4 26 30 0 3 14 17
Washington 0 4 80 84 0 3 66 69
Wayne 3 6 86 95 3 6 58 67
Westmoreland 2 11 201 214 2 10 144 156
Wyoming 0 8 38 46 0 8 27 35
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Table 7. County-based summary of flood insurance study flow location classifications with median, mean, and standard deviation
percentage differences between U.S. Geological Survey derived 1-percent annual exceedance probability flood-flow estimates and
Federal Emergency Management Agency flood insurance study 1-percent annual exceedance probabilities reported for counties with

sufficient sample sizes.—Continued

[Classes: Class 1, flood insurance study flow locations near a streamgage, Class 2, flood insurance study flow locations on a valid statistical reach, Class 3, flood
insurance study flow locations not near a streamgage nor on a valid statistical reach. FIS, flood insurance study; + plus or minus; %, percent]

County Mean Median Standard deviation  Total FIS points outside +67% Percentage FIS points outside +67%
Lebanon -13.7 44 29.4 3 7.3
Lehigh -20.6 -20.2 333 7 10.4
Luzerne 0.8 6.5 30.1 6 5.4
Lycoming —-15.8 —-10.2 36.1 14 123
McKean -37 —43.1 25 9.7
Mercer 18.8 9.8 66.7 333
Mifflin 0.4 -1.1 26.7 0
Monroe 13.1 12.5 42.7 9.4
Montgomery -10.3 -10.4 33.8 12 6.9
Montour —28.3 —20.6 17.9 0 0
Northampton -12.5 —25 67.6 12 25
Northumberland -12.7 -17.8 47.9 10 19.6
Perry -39.9 -30.6 24.5 4 12.1
Philadelphia -13.4 -12.2 19.5 0 0
Pike 24.4 23.1 25.4 0 0
Potter —44.2 —46.1 28.2 5 17.9
Schuylkill -17.4 -21.7 329 3 4.8
Snyder —2.6 =5.1 39.8 4 12.5
Somerset —32.5 —22.1 39.6 13 26
Sullivan -2 2.4 5.6 0 0
Susquehanna -1.1 -8.2 40.7 3 10
Tioga 17 0.4 55.9 8 16
Union -239 -11.5 30.8 6 16.2
Venango —29.8 —24.6 21.5 0 0
Warren —52.7 —66.7 51.2 9 52.9
Washington —38 —36 23.4 6 8.7
Wayne 21.1 21.4 51 9 13.4
Westmoreland =31 —33.4 28.4 10 6.4
Wyoming -26.9 -6 55 8 229

*FIS flow locations where a non-zero drainage area and 1% AEPs were provided in the input dataset.

+Filtered FIS flow locations where both the percentage difference drainage area is less than 10 percent and the basin characteristics that are inputs into the
regression equations from Roland and Stuckey (2019) are within the suggested bounds.
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26 Estimation and Comparison of 1% Annual Exceedance Probability At FEMA Flood Insurance Study Locations Across PA

regression equation or not to use a regression-based approach
at all. Larger watersheds are also more likely to have wide-
spread flow regulation that may attenuate flood flows, even
though no regulation occurs near the site. Smaller basins may
have unique topography, geology, or even watershed shapes
(such as long narrow steep-sided basins, or predominantly flat
coastal plains or karst basins) that make them unsuitable for
regression-based flood-flow estimates.

With the documented errors existing within the FEMA
FIS dataset, the incomplete FIS date and generalized method
of flood-flow estimation, and the limitations of the USGS
derived regression-based flood-flow estimates, the compari-
sons and analysis herein this report should be interpreted with
care. Although definitive conclusions may not be drawn from
the comparisons between FEMA FIS flood-flow estimates
and USGS-derived regression-based flood-flow estimates,
there is still value in both the direct comparison of flood-flow
estimates at individual FIS flow locations and the examina-
tion of patterns at the watershed, hydrologic unit code (HUC),
county, regional, and state levels. The purpose of this report is
to provide an overall comparison between existing FEMA FIS
flood-flow estimates and updated USGS-derived regression-
based flood-flow estimates. Direct comparisons at individual
FIS flow locations can be found in the associated data release
(Weaver and others, 2022). The tables and figures in this
report are intended as supplemental tools to the data release to
aid FEMA in prioritizing restudies at the hydrologic unit code,
county, and regional level. The following section contains the
observations and findings made in the analysis of those tools
and is intended to inform decision makers.

Discussion

A portion of the FEMA supplied dataset did not match in
drainage area with that of the batch processed PASS generated
drainage-area values. Roughly 20 percent (1,027 of 5,258) of
FIS flow locations in Pennsylvania had drainage-area values
that differed by more than 10 percent. This difference may be
owing to advances in geospatial techniques for determining
drainage area not available at the time of the FIS, inclusion or
exclusion of a nearby tributary, or input error. Figure 4 does
not display a greater deviation in data from either the central
grouping of points or the equivalent 1:1 line with the mean
(—9.3 percent) and median (—9.6 percent) of DA 10Flag equal
to Y points similar to that of the filtered dataset; —9.4 percent
and —10.1 percent, respectively. However, the spread of data
is greater with a standard deviation of 60.6 percent. Some of
the FIS flow locations where large differences exist may be
attributed to geolocation discrepancies with the NHDPlus HD
stream grid. Instances where FIS flow locations failed to snap
to the NHDPlus HD stream grid would typically result in a
low estimate for the USGS derived value when the PASS web
tool returns a small drainage-area value. Because few order
of magnitude differences existed where the USGS value was

smaller than the FEMA FIS value, this suggests most of the
drainage-area discrepancies can be attributed to the FEMA
supplied values. Third-party investigations into the FEMA FIS
dataset found transcription errors existed, resulting in large
differences in drainage-area and flood-flow values (Weaver
and others, 2022). Even though a large number of FIS flow
locations were excluded from analysis due to drainage-area
differences, it still appears that the flood-flow values associ-
ated with these points may be reasonable estimates. It may
require that rectification of the drainage-area discrepancies be
conducted first, followed by inspection of FIS flow locations
where large 1-percent AEP differences exist.

Roland and Stuckey (2019) cautioned that the regional
regression equations should not be used for the computation of
flood-flow estimates if the contributing drainage area or basin
characteristics were outside of the ranges used to develop the
regression equations. For this reason, FIS flow locations were
excluded from analysis in this report where input basin charac-
teristics to the regional regression equation were outside of the
ranges in table 5 of Roland and Stuckey (2019). Although the
computations were still reported for these FIS flow locations
in the data release associated with this report, the following
observations should be considered. Drainage area is an input
variable in each of the five FFR’s regression equations and by
far has the most flagged FIS flow locations of all input basin
characteristics in Weaver and others (2022) with 807 flagged
FIS flow locations. For each FFR, FIS flow locations were
flagged where drainage-area values were outside of the follow-
ing ranges:

*  FFR 1:3.04-1,490 mi?

*  FFR 2:0.92-1,610 mi?

* FFR 3: 1.42-1,280 mi?

*  FFR4:1.20-512 mi?

* FFR 5:2.27-1,030 mi?

Because drainage area correlates positively with flood-
flow, points in figure 5 generally have a larger drainage-area
value in the top right and a smaller drainage-area value in the
bottom left. Most points in the top right plot above the equiva-
lent 1:1 line, indicating the USGS-derived flood-flow value
is larger than the existing FEMA FIS flood-flow value where
drainage-area values are greater than the suggested thresholds
in table 5 of Roland and Stuckey (2019). Conversely, in the
bottom left of the plot, the points are more dispersed with
more divergent points below the equivalent 1:1 line. These
observations are confirmed when inspecting summary statis-
tics for the low and high drainage-area values based on the
thresholds of table 5 in Roland and Stuckey (2019). Within
the subset of 213 FIS flow locations above the drainage-area
thresholds, the mean, median, and standard deviation were
49.6 percent, 45.3 percent, and 42.4 percent, respectively.
Among 594 FIS flow locations below the drainage-area
thresholds, the mean, median, and standard deviation were
—17.4 percent, —11.1 percent, and 62.9 percent, respectively.
USGS derived regression-based estimates for the FIS flow
locations with drainage-area values above the recommended



thresholds are consistently higher than FEMA FIS estimates.
FIS flow locations with drainage-area values that are lower
than the recommended thresholds are more variable than the
remainder of the dataset. Although the regression-based values
are not suitable for these ranges, they do display the chal-
lenges associated with the increased variability in small water-
sheds and the potential overestimation of regression-based
estimates on larger watersheds in which flood-flow attenuation
is likely due to flood control.

Figures 11, 12, 13, and 14 display the final FIS flow
locations in the southwest, northwest, northeast, and southeast
quadrants of Pennsylvania, respectively. The FIS flow loca-
tions are represented by their percentage-difference value
between the USGS derived regression-based 1-percent AEP
flood-flow estimate and the FEMA FIS derived 1-percent
AEP flood-flow estimate. A negative value (where the FEMA
FIS derived value is larger) less than —25 percent is displayed
in two color scales of red and a positive value (where the
USGS-derived regression-based value is larger) greater than
25 percent displayed in two color scales of blue. FIS flow
locations with percentage-difference values between —25 per-
cent and 25 percent are represented in tan. With the FIS flow
locations overlaying HUC 12 and Pennsylvania county bound-
aries, these maps can be used in conjunction with figures 9 and
10 to make general observations on the spatial distribution of
the filtered FIS flow locations and their respective percentage-
difference values. When viewing figure 10, it is evident that
Allegheny County is a clear outlier among Pennsylvania coun-
ties with 74 FIS flow locations, having percentage-difference
values greater than or equal to 67 percent or less than or
equal to —67 percent. Figure 9 also shows a large negative
median percentage-difference value for Allegheny County
(—48.1 percent), as well as surrounding counties in southwest
Pennsylvania. Figure 11 displays a large number of FIS flow
locations with negative percentage-difference values existing
in Allegheny County and the southwest region. Clustering or
lineaments of FIS flow locations with consistently red symbol-
ogy is also evident. These are mostly FIS flow locations along
the same stream reaches.

Another grouping exists in southern Centre County, with
a cluster of blue FIS flow locations (figs. 11 and 12). Although
Centre County does not stand out in figures 9 or 10 with a
median percentage-difference value of 14.1 percent and only
8 FIS flow locations with percentage-difference values outside
of 67 percent, this area is notably the carbonate dominated
valleys surrounding State College. Northeastern Pennsylvania
(fig. 13) reveals much more variation with respect to positive
(blue), negative (red), and neutral (tan) percentage difference
valued FIS flow locations. Still, distinct lineaments can be
observed.

Figure 14 represents southeastern Pennsylvania, the
most densely populated quadrant of the State where land use
is dominated by agriculture and urbanization. Large areas of
carbonate geology also exist with an abundance of more gen-
tly sloped watersheds typical of the Piedmont province. Some
counties that are more discernable for their blue symbols
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include: Franklin, Adams, Cumberland, Lancaster, and Bucks.
These counties each have median percentage-difference values
that are greater than 12.5 percent with Franklin County, hav-
ing the largest value of 43.7 percent (fig. 9). Franklin, Berks,
and Bucks also have more than 20 FIS flow locations with
percentage-difference values greater than or equal to 67 per-
cent or less than or equal to —67 percent (fig. 10), making them
potential restudy candidates as well. Alternatively, Dauphin
County exhibits more red symbols (fig. 14) and has 20 FIS
flow locations with percentage-difference values greater than
or equal to 67 percent or less than or equal to —67 percent

and a median percentage difference of —55.5 percent (figs. 9
and 10). Red lineaments and clusters can be observed in the
Fishing Creek, Swatara Creek, Paxton Creek, and Conewago
Creek watersheds (fig. 14). Several factors may be contribut-
ing to this anomaly with varied land use (agricultural, subur-
ban development, forested), geology, and topography.

Summary

Ultimately, Federal Emergency Management Agency
(FEMA) Region 3 will decide what counties, watersheds, or
flood insurance study (FIS) flow locations to prioritize for
restudy, utilizing their coordinated needs management strategy
tool and ample flood-risk data. Having the most up-to-date
peak-flow data and understanding contemporary and ever-
changing hydrology are essential components to completing
this task. Although limitations exist, the data and analysis con-
tained within this report and the associated data release will
inform FEMA Region 3 in prioritizing restudies. By identify-
ing areas or basins that may be exhibiting shifts in flood-flow
hydrology, subsequent hydrologic and hydraulic studies can
inform decision makers to better protect the communities of
Pennsylvania from the risks associated with stream flooding.

Comparisons between existing FEMA FIS flood-flow
values and flood-flow estimates based on recently updated
regional regression equations from the U.S Geological Survey
(USGS) indicate observations of large differences. With
limitations to the use and application of regression equations
in addition to the unknown accuracy of previous studies,
these differences are not conclusive in suggesting temporal
trends in flood flows nor suggestive of the correctness of
FEMA or USGS derived flood-flow values. However, the
differences do offer valuable insight where differences are
very large (greater than or equal to 67 percent or less than or
equal to —67 percent) or unidirectional (mostly positive or
mostly negative) across a region, watershed, or stream reach.
Southwestern Pennsylvania exhibited consistently lower flood-
flow magnitudes using the updated regression techniques
when compared to existing FIS values (flood-flow region 2:
—39 percent median percentage difference, 74 FIS flow loca-
tions greater than or equal to 67 percent difference or less
than or equal to —67 percent difference in Allegheny County),
whereas southeastern Pennsylvania had several counties that
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Figure 11.
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Map showing southwestern quadrant of Pennsylvania displaying flood insurance study (FIS) flow locations with graduated symbology representing the

percentage difference in 1-percent annual exceedance probability (1%AEP) flood flows between U.S. Geological Survey (USGS) derived regression-based estimates and
Federal Emergency Management Agency (FEMA) FIS estimates. A positive percentage difference indicates that the USGS value is larger, whereas a negative percentage

difference indicates that the FEMA FIS value is larger.
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Figure 12. Map showing northwestern quadrant of Pennsylvania displaying flood insurance study (FIS) flow locations with graduated symbology representing the
percentage difference in 1-percent annual exceedance probability (1%AEP) flood flows between U.S. Geological Survey (USGS) derived regression-based estimates and
Federal Emergency Management Agency (FEMA) FIS estimates. A positive percentage difference indicates that the USGS value is larger, where a negative percentage

difference indicates that the FEMA FIS value is larger.
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Figure 13. Map showing northeastern quadrant of Pennsylvania displaying flood insurance study (FIS) flow locations with graduated symbology representing the percentage
difference in 1-percent annual exceedance probability (1%AEP) flood flows between U.S. Geological Survey (USGS) derived regression-based estimates and Federal
Emergency Management Agency (FEMA) FIS estimates. A positive percentage difference indicates that the USGS value is larger, where a negative percentage difference

indicates that the FEMA FIS value is larger.
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Figure 14. Map showing southeastern quadrant of Pennsylvania displaying flood insurance study (FIS) flow locations with graduated symbology representing the
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exhibited consistently higher USGS derived flood-flow magni-
tudes (Franklin: +43.7 percent median percentage difference,
23 FIS flow locations greater than or equal to 67 percent dif-
ference or less than or equal to —67 percent difference; Berks:
+13.5 percent median percentage difference, 26 FIS flow loca-
tions greater than or equal to 67 percent difference or less than
or equal to —67 percent difference; and Bucks: +27.3 percent
median percentage difference, 22 FIS flow locations greater
than or equal to 67 percent difference or less than or equal to
—67 percent difference).

Continued data collection and analysis can enhance
determination of temporal trends regionally in flood-flow
hydrology. The potential correlations between land use, land
cover, and basin character data with directional (+ or —)
flood-flow shifts observed in this study may provide insight
into which watersheds are most suitable for regression-based
flood-flow estimates and, alternatively, which watersheds are
most susceptible to gross under or over estimation when using
regression-based estimates. Combining temporal compari-
sons of flood-flow estimates where historical information
exists could show where real trends are occurring or where
changes can be attributed to varying methodology in flood-
flow estimation. Additionally, work may be done to further
validate the flow weighting and transfer methodology used in
this report. The methodology may be applicable beyond the
0.5-1.5 drainage-area ratio and may also be valid for some
streamgages where flow control structures exist. This method
could be incorporated into the USGS Pennsylvania Stream-
Stats web tool to provide flood-flow estimates beyond solely
regression-based estimates.

This report and the analysis contained within are intended
only to provide a statewide overview comparison of flood-
flow estimates between existing FEMA FISs and the updated
USGS regional regression equations developed by Roland and
Stuckey (2019). Further analysis at the county and water-
shed scale will be essential to accurately assess flood-flow
estimates, and ultimately, determine the true flood risk of
Pennsylvania communities. The companion data release to
this report is intended to be used as a tool for any continuing
effort to compare and assess differences between flood-flow
estimates. FIS flow locations are geolocated to enable spatial
analysis at subscales beyond the state level (Weaver and oth-
ers, 2022).
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