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1 | INTRODUCTION

The Flood Potential Portal (https://floodpotential.erams.com/) has been developed
for the contiguous United States, as a practitioner-focused tool that uses observa-
tional data (streamgages) to enhance understanding of how floods vary in space and
time, and assist users in making more informed peak discharge predictions for infra-
structure design and floodplain management. This capability is presented through
several modules. The Mapping module provides tools to explore variability using mul-
tiple indices, and provides detailed information, figures, and algorithms describing
and comparing flooding characteristics. The Cross-Section Analysis module allows
users to cut regional-scale sections to interpret the role of topography in driving
flood variability. The Watershed Analysis module provides multiple methods for
quantifying expected peak discharge magnitudes and flood frequency relationships at
user-selected locations, including the integration of observed trends in flood magni-
tudes due to climate change and other sources of nonstationarity into decision mak-
ing. The Streamgage Analysis module performs streamgage flood-frequency analyses.
These modules are based in part on the flood potential method, through the use of
207 zones of similar flood response defined using more than 8200 streamgages with
watershed areas <10,000 km?. Regression models that define each zone had high
explained variance (average R% = 0.93). An example is provided to illustrate use of
the Flood Potential Portal for the design of a hypothetical bridge replacement.
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riparian ecosystem management, it is essential to develop enhanced

understanding of riverine flood hazards and make this knowledge

Riverine floods are a leading environmental threat to life, infrastruc-
ture, and property. Climate change is likely shifting these threats in
some areas, as one of the mechanisms inducing nonstationarity
(Francois et al., 2019; Galloway, 2011; Lins & Cohn, 2011). To maxi-

mize infrastructure resilience and knowledge used for stream and

readily available to hydrologic professionals, to be incorporated into
decision-making. The observational (streamgage) network is funda-
mental for this resilience. Streamgaging data are highly informative for
understanding past events and detecting current trends, to quantify

the status of riverine flooding and how these events may be changing.
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The Flood Potential Portal (FPP; https://floodpotential.erams.
com/) is a web-based geospatial decision support system for enhanc-
ing the understanding of riverine flood hazards in the United States.
The FPP reconciles more than a century of stream discharge monitor-
ing efforts using both traditional and new flood analysis techniques,
to assist practitioners with enhanced understanding of flood variabil-
ity and expected peak discharge magnitudes. The tool helps users
understand the observed spatial and temporal variability of floods and
quantify flood magnitudes for determining design flood and base
flood discharges. The FPP assists professionals with understanding
how floods vary in space and time (from continental to catchment
scales), exploring how floods differ across regions, and predicting
flood magnitudes at points of interest using multiple methodologies,
as a form of ensemble decision-making.

The stationarity assumption for streamgage analyses is an impor-
tant consideration when using common flood-frequency techniques.
The FPP tests for nonstationarity of observed flood time series due to
climate change, reservoir storage, and other mechanisms, and pro-
vides applicable percentage change adjustments where trends in flood
magnitudes are detected. The FPP also provides capabilities for test-
ing trends in flood frequency and flashiness. This suite of analyses
within the FPP serves to test and account for observed changes in
flooding. The FPP combines the results of the flood potential method
(Yochum et al,, 2019), an approach for predicting, comparing, and
communicating expected flood magnitudes and variability, with tradi-
tional flood-frequency analysis methods for predictions. The use of
ensemble results provides redundancies that mitigate shortcomings or
limitations present within each approach.

The FPP is deployed as a web analysis tool using the Catena
Analytics software (Figure 1). Catena Analytics offers powerful cloud-

based capabilities for building computationally scalable and platform-
independent tools that can be accessed through web browsers on
desktop or mobile devices. The software supports content manage-
ment, geospatial mapping and processing, data analysis and modeling
services, and applications. Services in Catena Analytics incorporate
the Cloud Services Implementation Platform (David et al., 2014; Lloyd
et al,, 2013, 2015) RESTful web services for datasets and analyses.

Features presented within the FPP include:

e Mapping tools to explore characteristics of floods, including scale
of floods experienced within a zone of interest, and in comparison
to other zones; flashiness and bimodality of the experienced
floods; flood variability; and dominant and secondary flood
seasonality

e Mapping and time series analyses reporting trends in flood magni-
tudes, frequency, and flashiness

e Tabular and graphical tools to assess flooding characteristics within
each flood potential zone, and quantifiably compare characteristics
between zones

e Cross-section analysis, to understand the role of topography in
flood variability across regions

e Flood magnitude prediction at ungaged locations using multiple
techniques, including the flood potential method

e Streamgage flood-frequency analysis

This article introduces the FPP (version 2.1) to practitioners and
researchers, documenting key features and underlying methodologies,
and provides an example. Use of this tool is expected to enhance resil-
ience of stream and floodplain infrastructure to floods, and aid in the
management of stream and riparian systems. Due to the complex
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FIGURE 2 Zones and flood potential index (Py) values across the contiguous United States, as viewed within the Flood Potential Portal.
Developed using 8233 streamgaged watersheds across 207 zones. [Color figure can be viewed at wileyonlinelibrary.com]

considerations involved in interpretations regarding expected flood
magnitudes, professional expertise in the hydrologic sciences and
flood hydrology is required for the proper use of results.

2 | FLOOD POTENTIAL PORTAL

The FPP (https://floodpotential.erams.com/) assists with visualizing,
quantifying, and communicating about flood hazards, using the flood
potential method and traditional flood-frequency analyses. The
flood potential method has been presented in Yochum et al. (2019),
Yochum (2019), and Yochum and Levinson (2023). The User Manual
(Yochum et al., 2024) contains detailed information on the use of the
decision support system, the flood potential method, and example
applications. This tool has been developed as a resource for hydrolo-
gists, civil engineers, and floodplain managers for understanding how
floods vary in space and time, and for determining peak magnitudes
using multiple methods that utilize data collected by the nation's
streamgaging network. General information on the FPP is provided, as
well as selected details that support the analytical methods.

The FPP provides access to flood information and assessments
for 207 flood potential zones across the contiguous United States
(Figure 2). The zones, ranging in area from 3100 to 202,000 km?, were
developed by clustering 8233 streamgaged watersheds (with water-
shed areas <10,000 km?) to obtain relatively consistent flood charac-
teristics within each zone. These zones are analogous to the regions
used in USGS regional regression analyses. Regression models defin-
ing each zone typically had high explained variance, with an
average R? = 0.93. The technique used to develop these zones is pre-
sented in Yochum et al. (2019) and the user manual (Yochum
et al,, 2024).

The FPP is a web tool that can be accessed by commonly used
browsers (e.g., Microsoft Edge, Google Chrome, and Mozilla Firefox).
A token is generated for each unique session; this token can be used
as a custom URL to return to previous work or share with collabora-
tors. A variety of base map layers are available as background imagery,
for varying preferences by user, physical setting, and objective. Addi-
tional user layers, tables, and geoprocessing tools can be uploaded by
using the mapping tools in the mapping canvas. Access to numerous
public datasets is provided, and users can also upload their own spatial
datasets. Features of the FPP are deployed in five modules: Overview,
Mapping, Cross-Section Analysis, Watershed Analysis, and Stream-
gage Analysis.

21 | Overview

The Overview module describes the tool and provides links to the
user manual and quick start guide. The user manual is also available
through a link at the top of the page, in all modules; this extensive ref-
erence should be regularly consulted by users.

2.2 | Mapping

The Mapping module includes tools for users to explore flood variabil-
ity across the United States as quantified using the flood potential
method, at a full range of scales. This module provides options for
users to map zone attributes (Table 1) and overlay supplemental layers
(National Hydrography Dataset, zone gages and watersheds, water-
sheds that have experienced extreme floods). Clicking on any zone
provides detailed information and figures describing zone flooding
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TABLE 1  Zone attributes available for mapping within the Flood
Potential Portal.

Description

Flood potential index (Py)

Zone ID

Zone name

Watershed scale ratio (Ry)

Beard flashiness index (F)

Richards-Baker flashiness index (R-B)

Bimodality index (B;)

Flood variability index (V)

Flood hazard index (Hy)

Explained variance (R?)

Dominant flooding month

Secondary flooding month

Trends in largest (5%) flood magnitudes

Q4: Trends in largest quarter magnitudes (>4 year RI)
Q3: Trends in moderate quarter magnitudes (4 to 2 years RI)
Q2: Trends in ~Bankfull magnitudes (2 to 1.33 years RI)
Q1: Trends in < Bankfull magnitudes (<1.33 year RI)
Trends in annual flood frequency

Trends in event flood frequency

Trends in flashiness (R-B)

Note: Attributes are described in the user manual.
Abbreviation: RI: Recurrence interval.

characteristics, prediction algorithms, and trend analysis results to
assess stationarity, analysis periods, as well as flood potential, season-
ality, and regional comparison plots.

Many practitioners will focus their use on the Watershed Analysis
and Streamgage Analysis modules, however, it is important to initially
explore the status and variability of floods in the area of interest. Pro-
fessionals should have a general understanding of floods that have
been experienced before they make design flood discharge predic-
tions. The Mapping and Cross-Section Analysis modules provide such
insight.

Flood variability across the contiguous United States, as quanti-
fied using the flood potential index (Py), is the default zone attribute
initiated when activating the Mapping module. Zooming in to a region
of interest (Figure 3) illuminates the inherent spatial variably of peak
discharge magnitudes as measured by the streamgaging network. In
this example, the variability within the Appalachians Mountains, Pied-
mont, and Coastal Plain of the Virginias and Carolinas are illustrated.
P; allow users to quantify flood variability between areas of interest.
Flood potential varies substantially within this extent, from P = 74.3
(zone 73F: Appalachian Front in vicinity of Charlottesville, Virginia) to
P; = 6.2 (zone 75 W: Carolina Sandhills, at the boundary between the
Atlantic Coastal Plain and the Piedmont). This means that, on average,
flood magnitudes are 74.3/6.2 = 12.0 times larger in zone 73F com-
pared to zone 75W.

Flood potential is generally reduced on the Atlantic coastal plain
(Pr: 8.5, 13.4), though flood magnitudes are, on average, 60% higher
along the Carolina coast than in Virginia (13.4/8.5 = 1.6). Flood
potential is higher on the piedmont than the coastal plain, and then
dramatically increases in portions of the Appalachian front (zone 73F;
zone 73S: Grandfather Mountain area, northeast of Ashville, NC,
Py = 69.5). Further to the west, flood potential decreases substantially
in the central portion of the Appalachian Mountains (valley and ridge,
zone = 72; Py = 11.4). Large floods in zone 72 are, on average, only
15% of the magnitude of floods in zone 73F (11.4/74.3 = 0.15). Fur-
ther to the west in the eastern portion of the Appalachian plateaus
(zone 71; P; = 25.6), flood potential increases compared to the valley
and ridge, with floods in zone 71 being, on average, 2.2 times larger
than in zone 72 (25.6/11.4 = 2.23).

Other attributes provided by the FPP of most value for under-
standing how floods vary in space include the watershed scale ratio,
Beard flashiness index (F), Richards-Baker flashiness index (R-B),
bimodality index (B;), flood variability index (Vy), flood hazard index
(Hy), and large flood seasonality (dominant flooding month and the
secondary flooding month, of the largest 5% of annual peak dis-
charges). These attributes are described in the user manual (Yochum
et al.,, 2024).

Extreme floods are events beyond the peak discharge magnitude
expected given the streamgage records within each zone; these floods
have been systematically identified and ranked. Watersheds for these
events are illustrated in the FPP, with on-hover details (“View
Extreme Flood Watersheds” toggle in the left panel). These extreme
floods have been quantified for streamgages with at least 10 years of
record, though many other extreme floods have occurred that do not
have such records (or any records). These extreme events are relative
to the zone that their watersheds fall within, and are identified as hav-
ing experienced discharges greater than the upper 90% prediction
limit of the expected flood potential regressions, which define the
maximum likely flood potential discharge (Q > Q). Ranking of
extreme floods is performed using the flood extreme index (E¢), where
higher values (and warmer colors) indicate greater extremity. The E¢
value is a multiplier of the expected flood potential discharge (Qefp),
the central tendency of large flood magnitudes—a watershed that has
experienced an E; = 5.0 has experienced a flood 5 times the expected
discharge magnitude. These extreme floods are defined relative to the
events quantified as being typical in each zone, and are not reliant on
flood frequency (Smith et al., 2018) or hydrologic modeling (Tarouilly
et al., 2021) approaches for identifying and ranking unusually large
floods.

Eight trend tests in flood magnitudes, frequency, and flashiness
are utilized to understand how floods vary over time within each
zone, from nonstationarity (Francois et al., 2019; Galloway, 2011;
Lins & Cohn, 2011; Milly et al., 2008). The results of these trend tests
are presented as mapping attributes (Table 1), including on-hover fig-
ures showing significant, possible, or undetected trends. The philo-
sophical approach toward nonstationarity implemented in this project
is to monitor and adjust, utilizing the streamgaging record to quantify

how floods are changing for practitioners to make informed decisions,
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to maximize resilience. Analyses are performed using all utilized
streamgages within each zone, to maximize statistical power. A trend
with a p-value <0.05 is considered significant, and <0.15 is considered
possible. Trend analysis periods vary by zone and test; analysis

periods are presented in the zone summary information. Trend tests

(and flood potential analyses) are updated periodically, prioritizing
zones that have experienced recent extensive flooding. A summary of
the methods used for trend detection are provided below, with addi-
tional details provided in Yochum et al. (2019) and the user manual
(Yochum et al., 2024).
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Trends in magnitudes consist of tests of the largest 5% and four
quarters of the annual peak discharge record, for the entire data
extent in each zone. Results from trend tests of the largest quarter
(Q4; >4-year return interval) are provided as an example (Figure 4).
Flood magnitudes are normalized using the flood extreme index (Ej).
Where trends in flood magnitudes have been detected, the percent
change in E; values are computed by comparison of the averages of
the most recent 30 years of record with the entire record. Percent
change is labeled and can be used to adjust magnitudes predicted in
the Watershed Analysis and Streamgage Analysis modules. Trends
in the frequency of floods are evaluated for 1945 to present using
both annual and daily data, with analyses that counted zonal floods in
each year that exceeded a threshold based on a fraction of the
expected flood potential discharge at each streamgage. Variabilities in
streamgaging periods and record lengths are addressed by dividing
the annual counts by the number of streamgages operating during
each year. Trends in slope are provided as labels for relative compari-
son. Trends in flashiness are computed using the R-B flashiness index
(Baker et al., 2004).

2.3 | Cross-section analysis

The cross section analysis module allows users to cut regional-scale
sections across multiple flood potential zones to inspect and interpret
the role of topography in driving orographic forcing of precipitation,
which generally enhances flood potential on windward slopes and
reduces flood potential on leeward slopes. Cross sections can be cut
along transects, as well as along rivers, transportation networks, and
so forth. An example is provided (Figure 5) for Northern California
through western Nevada. Coloring from the flood potential index (Py)
is shown overlaid on the cross-section.

Atmospheric river events during the winter are the primary driver
of large floods in Northern California (Dettinger et al., 2011; Guirguis
et al, 2019; Ralph et al, 2016). As lower-level water vapor
(<~2.5 km; Dettinger et al., 2011) is pushed upslope after moving
onshore from the Pacific Ocean into the California's Coastal Range,

2500
25: CA Coast Ranges & Western
Klamath Mountains

2000 Pr= 31.2

Sacramento Valley
PF=13.4

24: Coastal Ranges, Leeward + Upper

orographic uplift occurs and the highest flood potential is experienced
(P = 31.2). As an atmospheric river penetrates the leeward side of
the coastal range, and across the Sacramento Valley, substantially
lesser flood potential exists (P; = 13.4), with large flood magnitudes
31.2/13.4 = 2.3 times larger, on average, in zone 25 on windward
side than in zone 24 on the leeward side. As an atmospheric river pen-
etrates further inland, into the Sierra Nevada Mountains, uplift again
occurs and flood potential increases (P = 24.3), before large flood
magnitudes decrease by 4/5th (5.0/24.3 = 0.21) in the high elevation
eastern portion of the northern Sierra Nevada in a transition zone
(P = 5.0), and reduced by another half (2.7/5.0 = 0.54) in the Great
Basin (Pf = 2.7).

24 | Watershed analysis

Practitioners need to quantify peak discharge at ungaged locations
to design road-stream crossings (bridges and culverts) and other
infrastructure. A standard practice is to use the US Geological Sur-
vey (USGS) StreamStats application (https://streamstats.usgs.gov/
ss/) for this purpose. This tool is powerful for providing a wide
variety of streamflow characteristics, however it depends upon only
one method for the selection of design flood discharges: regional
regression equations. A better practice is to utilize an ensemble for
the selection. The FPP Watershed Analysis module includes three
approaches for prediction at user-selected points: (a) the flood
potential method, including trend reporting of flood magnitudes
(with percent change), flood frequency, and flashiness; (b) an index
flood-frequency method, using flood potential zones; and (c) USGS
regional regression flood-frequency equations, as presented in
StreamStats (Figure 6). The expected flood potential (Qefp),
100-year index (Qiooindexs 1% chance of exceedance), and the
100-year regional regression (Qqoo regional regression) discharges are
directly comparable for the selection of design flood discharges.
Percent change from observed increasing trends in flood magni-
tudes can be used to adjust these values, at the discretion of the

practitioner.

23N: Sierra Nevada Mountains, North
PF=24.3
Rf=1.57
VF=1.72

22: Great Basin-
Sierra Nevada

Transition 21NW: Great Basin,
PF=50 Northwest
Rf=1.16 Pr=2.7
V=277 =
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L
©
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FIGURE 5

Exported regional-scale cross section showing ground surface and flood potential variability across Northern California into

Western Nevada., from the City of Fort Bragg on the Pacific Coast, through Chico, CA in the Sacramento Valley, to Pyramid Lake, NV in the Great
Basin (50 km north of Reno). Warmer colors and higher flood potential index (Py) values indicate higher flood potential. R = watershed scale ratio;
V¢ = flood variability index. Generated using 2 km elevation interval. [Color figure can be viewed at wileyonlinelibrary.com]
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Orographic Shellered (2) 117 Pl 433 (mm) 257
Total 719 %
USGS Reglonal Regressions (Streamstats)
USGS Regression Region Area (ko)
Rio_Grande_Region_Peak_Fiow 21
Foolhlls_Region_Peak_Flow_2016_5099 507
Total b2

Area(km?)  Second Predictor Predictor Value: Trends in Frequency

Possibly Decreasing
Significantly Decreasing No trends 145 145 216 216

Zone Name (Zone ID) Area (km?)  Second Predictor Predictor Value 15 Year

Export

Trends in Magnitude: Qe (ms)  Trend-adjusted Qg (mYs) Quug(ms)  Trend-adjusted Qug (ms)
Significantly Decreasing 406 270 755 500

a1 285 7 525

2Year 5Year 10 Year 25 Year 50 Year 100 Year 200 Year 500 Year
63 763 116 189 265 367 503 755
330 562 73 966 18 137 161 195
.7 819 124 199 bl 381 519 4

2Year 5Year 10 Year 25 Year 50 Year 100 Year 200 Year 500 Year
426 763 107 155 191 257 202 417
137 338 544 %03 124 167 218 204
18 412 651 106 143 193 245 33 -

FIGURE 6 Watershed analyses module results (Calculations tab) within the Flood Potential Portal for the Cucharas River at Walsenburg,
Colorado. Results: Qef, = 421 cms (with no trends or decreasing trends in large flood magnitudes and frequency); Q100 index = 381 cms; Q100
regional regression = 193 cms. Selected design flood discharge (median) = 381 cms (13,400 cfs). [Color figure can be viewed at

wileyonlinelibrary.com]

The flood potential method provides expected flood potential
and maximum likely flood potential (Q.i) discharges (Yochum
et al,, 2019; Yochum & Levinson, 2023). Qef, is computed from a
regression of the record peak discharges for the streamgaged water-
sheds within each zone, with the Qs being the upper 90% prediction
limit, floods beyond this being extreme, and departure indicating the
degree of extremity. Peak discharge predictions utilizing Qes, predict
flood magnitudes based on the central tendency of large floods expe-
rienced within zones of similar flood response. Considering the
streamgaging records, and the meteorological and hydrological pro-
cesses that generate large floods (within the range of variability for
each zone), it is argued that a reasonable design flood discharge is a
value that has an even chance of both falling short and exceeding
a flood magnitude; this central tendency of large floods is Qeg,. Over-
all, there is an insignificant difference between the Qe and the
100-year discharge (Qioo; 1% chance of occurrence; Yochum
et al., 2019), though variability between Qcs, and Q100 may likely exist
by zone and watershed size, with systematic differences in some
areas. This approach does not utilize a frequency distribution, avoiding
bias arising from data bimodality (or multimodality), also referred to as
heavy tails of flood peak distributions (Merz et al., 2022), from mixed
populations of flood-producing mechanisms (England et al., 2018).

The index flood frequency method, initially introduced by the
USGS (Dalrymple, 1960), is a widely used flood frequency analysis
method for prediction at ungaged locations as well as refining at-
a-station estimates through the utilization of available flood data
for a given region. Based on Hosking and Wallis (1993), an index-

flood analysis based on L-moments is utilized in the FPP by

assuming that all sites within a homogeneous region have the same
distributions except for the scale or index-flood parameter.
L-moments are estimated by linear combinations of order statistics
(Hosking, 1990). A dimensionless frequency curve is developed to
represent the ratio between flooding of any given frequency and
an index flood. The mean annual flood is used as the scale or
index-flood parameter (Hosking & Wallis, 1997). Relationships
between the geomorphologic characteristics of watersheds and the
mean annual flood are then developed enabling estimation of the
mean annual flood at any point. A regional frequency curve is
formed by combining the mean annual flood with the dimension-
less frequency curve.

Within each flood potential zone, and with annual flood data
available at N sites with a duration of n; year at site i, a flood magni-

tude with a recurrence interval T at site i (Q’) is expressed as:
Qr=qru;;i=1,2,.....,N, 1)

where u; denotes the mean annual flood at site i, and gy is the dimen-
sionless regional frequency distribution, which remains the same
throughout a zone for each recurrence interval. The ratios between
annual peak flows and mean annual flood at site i,q,~,»=%, where
j=1,2,...,njandi=1,2,....,N, are the basis for estimation of gy
(Hosking & Wallis, 1993). To estimate gy, annual peak discharge data
from streamgages in each flood potential zone are used to estimate
at-site generalized extreme value distribution (GEV) parameters based
on the L-moment approach. The at-site estimates were combined to

give regional estimates:
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where H,Ei) is the site i estimate of ¢, and HﬁR) is a weighted average,
with the site i parameter estimate is given weight proportional ton;. In
this fashion GEV g (location), a (scale), and k (shape) regional parame-
ters and gy are estimated in each flood potential zone for recurrence
intervals of T=1.5, 2, 5, 10, 25, 50, 100, 200, and 500. Only stream-
gages used in the flood potential analysis were utilized in the index
flood analysis. Multiple linear regression analysis are then carried out
to link the natural logarithm of the mean annual flood (i.e., index-
flood) to the watershed area, as well as a second watershed character-
istic (where significant). The u; is defined as u,»:aAf’ Bf, where A;
denotes site i watershed area and B; represents the second watershed
characteristic. A computation example is provided in the user manual
(Yochum et al., 2024).

The USGS provides a service of developing and publishing
regional regression equations for predicting flood-frequency estimates
at ungaged locations on a state-by-state basis across the
United States (e.g., Capesius & Stephens, 2009; Kenney et al., 2007;
Kohn et al., 2016; Miller, 2003; Waltemeyer, 2008). Generally, the
development process has been for hydrologists to fit logPearson dis-
tributions (England et al., 2018; IACWD, 1982) to streamgage data
across regions on a state-by-state basis, and develop regression equa-
tions for each standard recurrence interval (percent chance of exceed-
ance) from these fitted distributions. These regression equations are
then embedded within the USGS StreamStats application (Ries

Flood Potential Portal 210
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et al., 2017), for providing flood magnitude predictions alongside of
predictions of a variety of other flow characteristics. Due to the
dependance of the initial fit to logPearson distributions, this method is
susceptible to bias. The FPP has been integrated with web services
that support the StreamStats website, including watershed delineation
and watershed characteristics calculated by the StreamStats Web Ser-
vices and the National Stream Statistics Web Services for regional

regression locations, metrics, and results.

2.5 | Streamgage analysis
As a fourth method for quantifying flood magnitudes for the selection
of design flood discharges, the Streamgage Analyses module has been
incorporated into the FPP for determining flood frequency relation-
ships at streamgaged locations (England et al., 2018; IACWD, 1982).
The FPP provides an additional software platform for performing
these computations, as an alternative to existing tools (US Army Corps
of Engineers HEC-SSP, USGS PeakFQ). The Streamgage Analysis
module features map-based selection of a streamgage to be analyzed,
automated data download, a plot of the annual peak discharges and
Qetpr data inspection/exclusion for outliers, and the quantification of
generalized skew, peak discharge intervals, and perception thresholds.
Flood frequency analysis results are presented using both station and
generalized skews and can be exported for presentation with other
predictions.

It is recommended to also utilize the Watershed Analysis module at
streamgage analysis locations, to add additional results for ensemble

decision making and to account for zone trends in the magnitudes,

& X 76,0043, 35,5189

FIGURE 7 Watershed boundary for Contentnea Creek at NC-123, at Hookerton, NC. Two extreme floods have been recorded within this
watershed (E; = 2.26 and 1.46) in 1999 (Hurricane Floyd), with on-hover information provided for Nahunta Swamp. [Color figure can be viewed

at wileyonlinelibrary.com]

85U8017 SUOWWIOD AIEa1D 3|qeoljdde ay) Aq peusenob a1e seoiLe VO ‘88N JO S9INI 10} A%Iq1T 8UIIUQ AB|IM UO (SUOIPUOD-PUR-SUB) LoD A3 | IM ARIq 1 BU1|UO//ST1IY) SUOIIPUOD PUe SWLB | 811 88S *[7202/80/T0] U A%iqiTauljuo AB[IM * Ariq1T 801ABS 13104 [UOIEN - LUNUYDO A T UBABIS AQ YSEYBII/ZO0T OT/I0P/WO0D A8 | im AfeIq 1 jpul|uoy/:sdny wouy pepeojumod ‘0 ‘29YTSEST


http://wileyonlinelibrary.com

YOCHUM ET AL

WILEY_L_*®

Flood Potential Watershed Analysis: Results Overview

Date Generated: 07/10/2024

Latitude: 35.42846667

Version: 2.1.0 Longitude: -77.58305635
Indices -- Watershed Flooding Characteristics Value Percentile [Range]
Flood Potential Index (Ps) 13.4 61.2 [0-74.3]
Watershed Scale Ratio (R;) 0.95 59.4[0-5.79]
Flood Variability Index (V) 1.43 22.6 [0-2.86]
Beard Flash Flood Index (F) 0.79 59 [0-2.82]
Richards-Baker Flashiness Index (R-B) 0.306 50.2 [0-1.621]

Bimodality Index (Bi) 9

Trends

71.3 [0-182.8173]

Zone 75 is experiencing a possible increasing trend in the magnitudes of largest (5%) of

annual peak discharges (percent change = 8.4).
Zone 75 is experiencing a significant increasing trend in the magnitudes of largest

(\“>\ quarter (Q4, >4 yr Rl) of annual peak discharges (percent change = 17.5).
Q\d\(\ Zone 75 is experiencing no trend in the magnitudes of moderate quarter (Q3, 4 to 2 yr
9.@\ RI) of annual peak discharges.
(90 Zone 75 is experiencing no trend in the magnitudes of ~“bankfull quarter (Q2, 2 to 1.33 yr

RI) of annual peak discharges.
\V‘ Zone 75 is experiencing no trend in the magnitudes of < bankfull quarter (Q1, <1.33 yr
\¥ RI) of annual peak discharges.

(’o Zone 75 is experiencing a possible increasing trend in the annual frequency of floods.

Zone 75 is experiencing no trend in the event frequency of large floods.

Zone 75 is experiencing a significant increasing trend in flood flashiness.

Flood Discharge Estimates (cfs) Unadjusted Trend-Adjusted
Expected Flood Potential (Qefp) 47,400 55,700
Maximum Likely Flood Potential (Qus) 67,900 79,800

Return Interval (yr) Percent Chance of Occurance Index Flood veeEquAtions

(StreamStats)
% 500 4 0.2 68,300 36,200
" 200 d 0.5 45,300 30,400
% 100 4 1 33,100 26,100
" 50 " 2 24,000 22,100
i 25 o 4 17,300 17,900
" 10 " 10 11,000 13,200
% 5 4 20 7,520 9,750
" " 50 4,050 5,520
¥ 1.5 e 66.7 3,060
: directly comparable
FIGURE 8 Flood Potential Portal watershed analysis module results for Contentnea Creek at NC-123, at Hookerton, NC, including general

flooding characteristics, observed trends in the magnitude, frequency, and flashiness of floods, and peak flood discharge estimates for ensemble

decision making.

frequency, and flashiness of floods. Considering known issues with log-
Pearson distributions biasing results in some situations, through data
bimodality (and multi-modality) inducing heavy tails from mixed flood-
producing mechanisms (England et al., 2018; Merz et al., 2022), it should
not be assumed that streamgage analysis results are most appropriate
for determining a design flood discharge. Comparison of results from the
Streamgage Analysis and Watershed Analysis modules indicate that lon-
ger period streamgages may be more susceptible to such bias. Higher
streamgage and zone-average bimodality index values indicate sites and

areas where this problem may be more pervasive.

3 | EXAMPLE APPLICATION

To illustrate the value of the FPP for the selection of design flood dis-
charges, an example is provided for Contentnea Creek at NC-123 at
Hookerton, NC (at USGS streamgage 02091500) for a hypothetical
bridge replacement. This stream is a tributary of the Neuse River on
the Atlantic Coastal Plain, with a 1900 km? watershed east of Raleigh
(Figure 7). For this example, recommendations are initially made
assuming this is an ungaged location, and then consequently

made using the streamgage flood-frequency results, to illustrate both
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the most common situation (ungaged) as well as how to incorporate
streamgage analysis results where they are available.

Good practice for the use of the FPP in the selection of a design
flood discharge is to initially explore flooding characteristics within
the Mapping module. The Contentnea Creek watershed is in zone
75, in the (Southern) Atlantic Coastal Plain. Clicking on this
zone within the Mapping module provides zone summary, data, and
regional comparison information. Zone 75 experiences moderate-
scale floods, when compared to zones across the United States:
P;=13.4 (58th percentile), R;=0.95 (57th), R-B=0.31 (47th),
B; = 9.0 (69th), and V;= 1.43 (17th). Flood potential is less in the
adjacent Carolina Sandhills zone to the immediate west (zone 75W,
P; = 6.2), with watersheds in zone 75 experiencing floods, on average,
13.4/6.2 = 2.2 times larger. Flood potential is slightly higher (floods
are larger) in the Piedmont (zone 74), to the west (P; = 15.8). Zone
75 has experienced large floods most frequently in September (47.4%
of total) and October (32.6%), but has also experienced large floods
from February through August. Two extreme floods have been experi-
enced within the Contentnea Creek watershed, from Hurricane Floyd
in 9/1999, with flood extreme index (E;) values of 2.26 and 1.46.
Extreme floods also occurred within this zone during Hurricane Flor-
ence (9/2018), as well as an event in 10/2019. Considering both the
dominant seasonality and these extreme events, it is apparent that
tropical cyclones are a primary producer of large floods within this
zone. Possibly increasing trends exist for the largest 5% and quarter
(Q4) flood magnitudes (+8.4% and + 17.5%, respectively), with possi-
bly increasing trends in annual flood frequency and significantly
increasing trends in flashiness. Flood potential regressions utilize only

watershed area, with the index flood regression also utilizing average

Flood Potential Portal 210
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Delineated Watershed for 1509
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annual precipitation. Explained variances are high (R? = 0.97 and 0.94,
respectively).

The watershed analysis consists of the selection of the analysis
point, delineation of the watershed using the automated tool
(Figure 7), and computation of the flood values using flood potential,
index flood, and regional regression methodologies. Results are
exported in Excel format (Figure 8). For selection of the design flood
discharge, grey-highlighted values are directly comparable. These
comparable values are Qe =1340 cms (47,400  cfs),
Q100index = 937 cms (33,100 cfs), and Q100 regional = 739 cms (26,100
cfs), with a trend-adjusted Qef, = 1580 cms (55,700 cfs). The median
value is often best for use as the design flood discharge (937 cms).
The results of the USGS regional regression equations (from Stream-
Stats) should not be used at this site since this method provides the
lowest values and is least conservative. Additionally, it would be most
appropriate to account for the observed increasing trend in large
floods (to maximize resiliency), especially considering the observed
increasing trends in annual flood frequency and flashiness, the occur-
rence of multiple extreme floods in this watershed, and increasing
tropical cyclone rainfall in the southeast (Knight & Davis, 2009).
Hence, use of the Watershed Analysis module indicates a recom-
mended design flood discharge of Qgesign = 93771.175 = 1100 cms
(38,900 cfs).

The streamgage analysis for this site was performed using
95 years of data, with systematic data collected from 1929 to 2023
(Figure 9). Annual peak discharge data indicate bimodal data, with two
high-magnitude events (1999 and 2017: 903 and 782 cms, respec-
tively) and the remaining 93 values averaging 136 cms. Results of the
streamgage analysis, computed using the station skew and

© Williamston  Plymouth =

‘—\\f\, % sl

~ Index Flood 1250
USGS Reglonal Regression
1000

Peak Discharge (m3/s)

1930 1015 1940 1945 1950 1955 1960 1965

Peak Q (m3/s) 903
Date. 1999-09-18

1970 1975 1980 1985 1950 1995 2000 2005 2010 2015 2020

Date

® CONTENTNEA CREEK AT HOOKERTON, NC

FIGURE 9 Annual peak discharge data for a streamgage on Contentnea Creek, NC (ID: 02091500). An on-hover box details the maximum
recorded discharge of 903 cms, on 9/18/1999 (Hurricane Floyd), similar to the unadjusted (for the Q4 trend) Q100 index = 933 cms. [Color figure

can be viewed at wileyonlinelibrary.com]
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Flood Potential Portal Streamgage Analysis: Flood Frequency Results

Date Generated: 07/10/2024
Version: 2.1.0
USGS 02091500

Bulletin 17B Flood Method Estimates (cms)

Percent Chance of
Return Interval (yr)

Computed with Station Skew (0.4691)

Computed with Weighted Generalized Skew (0.2065) *

Occurence 4 Confidence Interval 3 Confidence Interval
Magnitude Magnitude
Lower Upper Lower Upper
500 0.2 1,030 802 1,410 844 671 1,120
200 0.5 785 628 1,040 675 548 875
100 1 633 517 813 564 465 714
50 2 504 420 630 464 390 574
25 4 394 336 479 375 321 453
10 10 275 241 322 272 238 318
5 20 201 179 228 203 181 231
2 50 116 104 129 119 107 132
1.5 66.7 920 80 100 92 82 102
1.25 80 72 63 80 72 63 81
1.05 95.2 47 40 55 45 38 52

Bulletin 17C Flood Method Estimates (cms)

Percent Chance of
Return Interval (yr)
Occurence

Computed with Station Skew (0.4616)
Confidence Interval

Computed with Weighted Generalized Skew (0.207) A
Confidence Interval

Magnitude Magnitude
Lower Upper Lower Upper
500 0.2 1,030 699 2,420 845 658 1,170
200 0.5 785 568 1,550 676 539 901
100 1 633 478 1,100 564 458 732
50 2 504 397 775 464 385 586
25 4 394 324 545 375 317 461
10 10 275 236 339 272 236 322
] 20 201 176 234 203 180 234
2 50 116 103 130 119 107 132
1.5 66.7 90 80 100 92 82 102
1.25 80 72 64 80 72 64 80
1.05 95.2 48 41 54 46 39 52

Footnote
* Generalized skew coefficient sourced from:
A Generalized skew coefficient sourced from:

FIGURE 10

State Skew Map
State Skew Map

Streamgage flood frequency results for Contentnea Creek, NC (ID: 02091500) using both Bulletins 17B (IACWD, 1982) and 17C

(England et al., 2018) methodologies. The Q100 = 633 cms result, using the station skew, are identical for 17B and 17C at this streamgage and are
substantially less than floods experienced at this site in 1999 (903 cms) and 2017 (782 cms). These two floods were not extreme as defined using
the flood potential method but do contribute to the observed increasing trend (+-17.5%) in the largest quarter of annual peak discharges in zone
75. The trend-adjusted watershed analysis result of Q = 1100 cms (38,900 cfs) is most appropriate as the design flood discharge for this

hypothetical bridge replacement.

the weighted generalized skew (as populated using the “Use State
Map” automated selection button), and using both the Bulletins 17B
(IACWD, 1982) and 17C (England et al., 2018) methods, provides four
sets of flood frequency results (Figure 10). The predictions are very
similar between the 17B and 17C methods. Use of the station skew
results in the largest peak flow estimates, with Q100 = 633 cms
(22,300 cfs) and Qspo = 1030 cms (36,400 cfs). Application of the
observed increasing trend from the Q4 flood potential analysis
(+17.5%) increases the Q100 to 743 cms (26,300 cfs), 32% less than
the Watershed Analysis module results and insufficiently conserva-
tive. Despite (or as a result of) a long record length that encourages
confidence in the results of streamgage analyses, the logPearson dis-
tribution is biasing the Q 00 low, likely due to the bimodal dataset
(streamgage B; = 7.32). The Watershed Analysis module result, utiliz-
ing the observed trend adjustment (Qgesign = 1100 cms = 38,900 cfs),

should be used as the design flood discharge for this hypothetical

bridge replacement.

4 | SUMMARY AND CONCLUSIONS

The Flood Potential Portal (https://floodpotential.erams.com/) is
introduced for use by practitioners, for the design of road-stream
crossings and other stream valley infrastructure, as well as for flood-
plain and riparian ecosystem management. The observational network
(streamgages) are implemented in these analyses. This decision sup-
port system was developed to enhance understanding of how floods
vary in magnitude from place to place, how flood severity is observed
to be changing due to climate change and other sources of nonstatio-

narity, and to provide tools for peak discharge prediction using
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multiple methods at both ungaged and streamgaged locations.
Providing results from multiple methods allows for ensemble decision
making for the selection of design flood and base flood discharge, to
increase resilience. Additional research is needed to project trends in
floods into the future and enhance streamgage flood frequency ana-
lyses to address data bimodality/multimodality, to extend the capabili-
ties of the FPP. Additionally, research is needed to understand the
mechanisms causing flood variability across the United States, in both

space and time.
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