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Abstract
In 2021, the U.S. Geological Survey (USGS), in 

cooperation with the Bandera County River Authority and 
Groundwater District and the Texas Water Development 
Board, studied floods to produce a library of flood-inundation 
maps for the Sabinal River near Utopia, Texas. Digital 
flood-inundation maps were created for a 10-mile reach of 
the Sabinal River from USGS streamgage 08197936 Sabinal 
River below Mill Creek near Vanderpool, Tex., at the upstream 
boundary of the study reach, to USGS streamgage 08197970 
Sabinal River at Utopia, Tex. (hereinafter referred to as the 
“Utopia gage”), at the downstream boundary of the study 
reach, and for a 7-mile reach of the West Sabinal River. The 
flood-inundation maps depict estimates of the areal extent and 
depth of flooding corresponding to selected gage heights (the 
water-surface elevation at a streamgage, commonly referred to 
as “stage”) at the Utopia gage. Water-surface elevations were 
computed for the stream reach by means of a two-dimensional 
unsteady-state diffusion wave model with the U.S. Army 
Corps of Engineers Hydrologic Engineering Center River 
Analysis System program. A synthetic stage-discharge rat-
ing curve at the Utopia gage was developed using a regional 
regression equation to construct the model boundary condition 
inputs, and the upper bound of the stage-discharge relation 
was matched to a major flood event in July 2002. The hydrau-
lic model was used to compute water-surface elevations for 35 
stages at 0.5-foot (ft) increments referenced to the Utopia gage 
datum and ranging from 7 ft (near bankfull) to 24 ft (estimated 
peak stage during the July 2002 flood event). These flood-
inundation maps, in conjunction with the real-time stage data 
from the Utopia gage, are intended to help guide the public in 
taking individual safety precautions and provide emergency 
management personnel with a tool to efficiently manage emer-
gency flood operations and postflood recovery efforts.

Introduction
The town of Utopia is on the east bank of the Sabinal 

River in a flash-flood-prone area of central Texas along the 
Balcones Escarpment (Caran and Baker, 1986; Lee, 2016) 
(fig. 1). The Medina River flows through Bandera, Tex., in 
this same flash-flood-prone area (Choi and Engel, 2019). In 
2019, as part of the flood-mitigation efforts for the region that 
includes Utopia and Bandera, the U.S. Geological Survey 
(USGS), in cooperation with the Bandera County River 
Authority and Groundwater District and the Texas Water 
Development Board, developed a flood-preparedness toolset 
for the Medina River near Bandera, which included expanding 
the existing network of USGS streamgages and creating a digi-
tal flood-inundation map library (Choi and Engel, 2019; Engel 
and Choi, 2019). It was recognized that a flood-preparedness 
toolset similar to the one developed for Bandera was needed 
for the residents and many visitors of Utopia. Historically, res-
idents and visitors of Utopia have experienced several severe 
floods, including a major flood event in July 2002 that claimed 
12 lives in central Texas (Slade and Patton, 2003), including 
1 in Utopia (Cosgrove, 2002). Near Utopia, the computed 
peak discharge of the devasting 2002 flood was 108,000 cubic 
feet per second (ft3/s) 13 miles (mi) downstream from the 
study area at USGS streamgage 08198000 Sabinal River near 
Sabinal, Tex. (hereinafter referred to as the “Sabinal gage”) 
(U.S. Geological Survey, 2022a). The median daily discharge 
value at the Sabinal gage is 23 ft3/s (median of the daily mean 
discharge values from October 1, 1942, to July 19, 2021).

In 2021, the USGS, in cooperation with the Bandera 
County River Authority and Groundwater District and the 
Texas Water Development Board, developed a hydraulic 
model to produce a library of digital flood-inundation maps 
for a 10-mi reach of the Sabinal River and a 7-mi reach of the 
West Sabinal River near Utopia. Prior to this study, emergency 
responders in Bandera and Uvalde, Tex., and surrounding 
communities relied on several online information sources to 
make decisions on how to best alert the public and mitigate 
flood damages. These sources of information include the 
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USGS National Water Information System (NWIS; https:/ / 
waterdata .usgs.gov/ nwis), the Flood Factor online tool  
(http s://floodf actor.com/ city/ utopia- texas/ 4874576_ fsid/ flood), 
and the Uvalde County Contrail website (https:/ /uvalde. 
on erain.com/ ). Data for the Sabinal gage, including historical 
gage heights (stages) and discharges, are available through 
the NWIS web interface and the National Water Dashboard 
(U.S. Geological Survey, 2021c, 2022c). Gage height, which 
is the water-surface elevation above an arbitrary reference 
point referred to as the “datum” at a streamgage, is com-
monly referred to as “stage,” particularly in the context of 
flood-inundation studies. For example, a stream is described 
as being in flood stage when the stage exceeds a certain 
water-surface elevation (stage data are commonly converted 
to water-surface elevations referenced to the North American 
Vertical Datum of 1988 [NAVD 88]).

Although stage data from USGS streamgages are useful 
for residents living near a streamgage, these data are of little 
use to residents farther upstream or downstream because 
the water-surface elevation is not constant along the stream 
reach. At locations distant from the streamgage, it is difficult 
to convert the stage into water depth and estimate the areal 
extent of ongoing or possible flooding in response to large 
runoff events. One way to address these information gaps is 
to produce a library of digital flood-inundation maps that are 
referenced to the corresponding range of stages recorded at the 
streamgage. By referring to the appropriate map, emergency 
responders can discern indicators of the severity of flooding 
(such as depth of water and areal extent), identify roads that 
are or will soon be flooded, and make plans for notification or 
evacuation of residents. In addition, the visualization of flood 
inundation provides residents with additional tools to take 
appropriate precautions.

Purpose and Scope

The purpose of this report is to describe the develop-
ment of a flood-inundation model and consequent digital 
maps for parts of Uvalde County and Bandera County near 
Utopia, adjacent to a 10-mi reach of the Sabinal River and a 
7-mi reach of the West Sabinal River (fig. 1). As part of the 
study, a new USGS streamgage, 08197970 Sabinal River at 
Utopia, Tex. (hereinafter referred to as the “Utopia gage”), 
was installed (fig. 1, table 1). The maps were produced for 
flood levels referenced to the continuous stage data recorded 
at the Utopia gage. Thirty-five digital flood-inundation maps 
were generated at 0.5-foot (ft) increments ranging in stage 
from 7 to 24 ft. The 7-ft stage is approximately bankfull for 
the Sabinal River at Utopia. The maximum simulated stage of 
24 ft corresponds to the approximate peak water-surface eleva-
tion observed during the July 2002 flood. The map library 
identifies areas likely to be flooded throughout a range of 
high-discharge conditions depending on the stage. Real-time 
continuous stage data for the Utopia gage can be used to select 
which flood-inundation map is of interest during a flood.

Study Area Description

Uvalde County and Bandera County (fig. 1) are in central 
Texas; in 2020, their respective populations were 24,564 and 
20,851 (U.S. Census Bureau, 2020a, c). The town of Utopia 
is in Uvalde County along the Sabinal River, near the county 
line with Bandera County (fig. 1). The estimated population 
of Utopia is 225 (U.S. Census Bureau, 2020b). The area in 
and near Utopia is a popular recreation destination that draws 
a large number of visitors year round; camping along the 
Sabinal River and swimming in its clear spring-fed waters 
are popular activities (Cahalan, 2022). The study reach of the 
Sabinal River and the West Sabinal River is near the south-
east terminus of the Edwards Plateau (Hill, 1901) (fig. 1), 
with landscapes composed typically of Juniperus ashei (Ashe 
juniper), Quercus spp. (oak), and Prosopis spp. (mesquite) 
over semiarid and rugged limestone terrain (Griffith and 
others, 2007). The area is located at the southeast tip of the 
region referred to locally as the “Texas Hill Country,” which 
is bounded by the Balcones Escarpment (fig. 1) and histori-
cally has been one of the most flood-prone regions of the 
United States (Slade and Patton, 2003). Large flood events can 
develop quickly as a result of complex meteorological condi-
tions, including tropical storms and hurricanes that sweep 
inland across the area from the Gulf of Mexico and terrain-
related effects of the Balcones Escarpment that cause rapid 
runoff (Caran and Baker, 1986; Nielsen and others, 2016). The 
upstream part of the watershed terrain is steep—ranging from 
about 6- to 8-percent slopes—with thin or underdeveloped 
topsoil, which makes the area conducive to high-magnitude 
flash flooding (Caran and Baker, 1986). The watershed slope 
used in the model for the study area is approximately 2–4 per-
cent, with steeper slopes farther upstream in the headwaters. 
The drainage area is 55.8 square miles (mi2) at the upstream 
boundary of the study reach on the Sabinal River, which cor-
responds to USGS streamgage 08197936 Sabinal River below 
Mill Creek near Vanderpool, Tex. (hereinafter referred to as 
the “Vanderpool gage”) (fig. 1, table 1). The drainage area at 
the upstream boundary of the West Sabinal River is 19.6 mi2. 
The West Sabinal River flows into the Sabinal River in Utopia 
at the Utopia Park Lake 500 ft upstream from the Utopia gage; 
the streamgage is on the Ranch to Market Road 1050 bridge 
in the downstream part of the study reach (fig. 1). The drain-
age area at the Utopia gage is 130 mi2 (table 1). The Sabinal 
River generally flows south in the study area. The study area 
includes a 10-mi reach of the Sabinal River that flows from the 
Vanderpool gage through Utopia to 0.5 mi downstream from 
the Utopia gage, as well as a 7-mi reach of the West Sabinal 
River in the upper Sabinal River watershed (fig. 1).

Previous Studies

The study reach on the Sabinal River spans two coun-
ties: Bandera County at the upstream extent and Uvalde 
County at the downstream extent. Thus, there are two Federal 

https://waterdata.usgs.gov/nwis
https://waterdata.usgs.gov/nwis
https://floodfactor.com/city/utopia-texas/4874576_fsid/flood
https://uvalde.onerain.com/
https://uvalde.onerain.com/


Introduction  3

Utopia

08197936

08197970

JON
ES

W SABINAL ROAD

CEMETRY

LEE ST

354

RM 337

RM 337

N
 LI

TT
LE

 CREE
K R

OAD

LOW
ER SABIN

AL RIVER ROAD

R M 1 0 5 0

S LITTLE
CREEK ROAD

FM 470

RM 187

RD

COUNTY
ROAD

RM 1050

R
E

A
L 

C
O

U
N

T
Y

B
A

N
D

E
R

A
 C

O
U

N
T

Y

UVALDE COUNTY

Mill Creek

Creek

Little D

ry
Frio

 C
re

ek

C
reek

L ittle
Seco

C
reek

Blanco

W
es

t
Cr

ee
k

Chalk Sabinal
River

Spring

C
re

ek

West Sabin al Rive r

Mill

W
es

t

Willow

Creek

Cr
ee

k

Branch

Springs

Bear Creek

Spring
Branch

Li
ttl

e

Creek

C
reek

C
reek

Blanco

Creek

Br
us

hy
Cr

ee
k

Chalk Creek

Ev
an

s C
ree

k

Che
rr

y
C

re
ek

Mill

Little D

ry

Creek

Frio
 C

re
ek

Brav
o

Little

Onion

Seco

Cre
ek

Utopia
Park Lake

Sabinal 
River

W
est Sab inal River

08197936

08197970

08198000

08198500

Map extent

Upper Sabinal
River watershed

Lower Sabinal
River watershed

MEDINA
COUNTY

UVALDE
COUNTY

BANDERA
COUNTY

REAL
COUNTY

Balcones
Escarpment

Edwards
Plateau

TEXAS

MEDINA
COUNTYUVALDE

COUNTY

BANDERA
COUNTY

REAL
COUNTY

Map
area

Base from U.S. Geological Survey digital data, 1:100,000
Digital elevation model from U.S. Geological Survey
3D Elevation Program (3DEP)
Universal Transverse Mercator projection, zone 14N
North American Datum of 1983

0 2 4 MILES

0 2 4 KILOMETERS

08197970

Model extent (study area)

Upper Sabinal River watershed

Study reach boundary

U.S. Geological Survey streamgage 
    and number (table 1)

EXPLANATION

Upper and lower Sabinal River watersheds from 
Texas Water Development Board (2020)
Edwards Plateau and Balcones Escarpment from 
University of Texas at San Antonio (2018)

99°30'99°38'

29°45'

29°38'

Figure 1. Location of the study reach on the Sabinal River and the West Sabinal River near Utopia, Texas, and locations 
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Table 1. Information on the reference U.S. Geological Survey (USGS) streamgage 08197970 for the digital flood-inundation maps and nearby USGS streamgages on the Sabinal River, Bandera and Uvalde Counties, Texas.

[Streamgage location is shown in figure 1. mi2, square mile; ft3/s, cubic foot per second; NAVD 88, North American Vertical Datum of 1988; ft, foot; Tex., Texas; --, not available. Data from U.S. Geological Survey, 
2021c]

Streamgage 
number Streamgage name

Drainage 
area 
(mi2)

Latitude 
(degrees,  
minutes,  
seconds)

Longitude  
(degrees,  
minutes,  
seconds)

Period of peak- 
flow record  

(water years1)

Median annual 
discharge for the 
period of record 

(ft3/s)

Gage datum 
as elevation in 

NAVD 88  
(ft)

Peak recorded  
stage (ft) and date

Peak discharge  
(ft3/s) and date

08197936
Sabinal River below Mill 

Creek near Vanderpool, 
Tex.

55.8 29°43′08.40″ 99°32′55.32″ 2015 to present 14.3 1,537 8.68 
October 9, 2018

5,630 
October 9, 2018

08197970 Sabinal River at Utopia, 
Tex. 130 29°36′44.16″ 99°31′46.14″ -- -- 1,336 -- --

08198000 Sabinal River near Sabinal, 
Tex. 206 29°29′27″ 99°29′33″ 1932 to present 40.2 1,131.53 33.74  

July 5, 2002
2108,000 
July 5, 2002

08198500 Sabinal River at Sabinal, 
Tex. 241 29°18′51.5″ 99°28′49.7″ 1932 to present 14.1 882.56

339.00 
July 2, 2002

119,000 
July 2, 2002

1Water year is the 12-month period from October 1 of one year through September 30 of the following year and is designated by the calendar year in which it ends.
2Peak discharge was estimated from a slope-area indirect computation.
3In 1919, a peak that was 1 ft higher than the July 2002 peak stage was reported, but the date of the peak and corresponding discharge information are unknown.
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Emergency Management Agency (FEMA) flood insurance 
studies (FISs) that are effective in the area. The FEMA FIS 
in effect at the time of model development for the Sabinal 
River in Bandera County was made effective on May 15, 2020 
(Federal Emergency Management Agency, 2020). In the FIS, 
the analysis to determine flood elevations on the Sabinal River 
was dated back to 1988. Also, peak discharge values were not 
provided in the FIS for the Sabinal River in Bandera County 
because of a lack of large population centers within the 
county boundary. The FEMA FIS for Uvalde County, which 
was made effective on November 4, 2010, does not include 
the Sabinal River at all in the study area (Federal Emergency 
Management Agency, 2011).

Creation of Digital Flood-Inundation 
Map Library

In 2014, the Interagency Flood Risk Management 
(InFRM) initiative was sponsored by FEMA to allow Federal 
partners across FEMA Region 6—comprising the States of 
Arkansas, Louisiana, New Mexico, Oklahoma, and Texas—to 
work toward the mission of reducing long-term flood risk 
in the region (U.S. Geological Survey, 2015). The InFRM 
partners are four Federal agencies: FEMA, the U.S. Army 
Corps of Engineers (USACE), the USGS, and the National 
Weather Service. The InFRM initiative operates under the 
Integrated Water Resources Science and Services, which is a 
consortium of Federal agencies with complementary missions 
in water science, observation, management, and prediction 
(U.S. Geological Survey, 2021a). One of the focus areas of 
the InFRM initiative is flood-inundation mapping through 
the InFRM Flood Decision Support Toolbox (FDST) (U.S. 
Geological Survey, 2021b). The FDST is the online platform 
to display digital flood-inundation maps that are created by 
standardized procedures (U.S. Geological Survey, 2020a, b).

Tasks specific to the development of the flood-inundation 
maps for Utopia were as follows:

• install a new USGS streamgage (the Utopia gage) to 
provide real-time stage data at the location,

• collect bathymetric data in the stream channel,

• collect hydraulic-structure data for culverts within the 
footprint of the flood-inundation maps,

• estimate initial energy-loss factors (roughness coef-
ficients) in the stream channel and floodplains by using 
available land cover data,

• determine the range of model stages at the Utopia gage 
and estimate discharge for this range of conditions 
by using a regionalized discharge estimation method 
presented by Asquith and others (2013),

• compute water-surface elevations for the range of con-
ditions by using the USACE Hydrologic Engineering 
Center River Analysis System (HEC–RAS) computer 
program (U.S. Army Corps of Engineers, 2016a, b, c),

• produce estimated digital flood-inundation maps at 
various stages by using the geographic information 
system extension of the HEC–RAS computer program, 
RAS Mapper (U.S. Army Corps of Engineers, 2016a, 
b, c), and ArcGIS (Esri, 2022), and

• prepare flood-inundation maps as depth grids that 
provide the extent and the depth of floodwaters for 
display on the InFRM FDST flood-inundation mapping 
application (U.S. Geological Survey, 2021b).

Hydraulic Model

The 35 digital flood-inundation maps created in this study 
were computed by using HEC–RAS, version 5.0.7 (U.S. Army 
Corps of Engineers, 2016a, b, c). The HEC–RAS model is 
applicable to a wide range of scenarios, including regulated 
streams, natural (unregulated) streams, and constructed chan-
nels (U.S. Army Corps of Engineers, 2016c). The HEC–RAS 
model features one- and two-dimensional direct and iterative 
“solvers” to simulate water-surface elevations under steady-
state (gradually varied) and unsteady-state (rapidly varied) 
flow conditions (U.S. Army Corps of Engineers, 2016c). For 
the study, a two-dimensional unsteady-state diffusion wave 
modeling approach was selected as the best method to model 
the inundation pattern in the floodplain area between the 
Sabinal River and the West Sabinal River. The diffusion wave 
equation was selected as the governing equation because of 
its faster computation capability and stability compared to 
the alternative shallow water equation (U.S. Army Corps of 
Engineers, 2016b).

Hydrologic Data

The study reach includes the Utopia gage, which serves 
as the reference gage for the digital flood-inundation map lay-
ers. The study reach extends upstream to the Vanderpool gage 
(fig. 1, table 1). The Utopia gage was installed for the study 
and has been in operation since January 15, 2020. The stage 
is measured continuously every 5 minutes at the Utopia gage, 
transmitted hourly to a satellite, and then made available on 
the internet through the USGS NWIS web interface and the 
National Water Dashboard (U.S. Geological Survey, 2021c, 
2022c). Continuous records of stage data from the Utopia gage 
can be converted to water-surface elevations referenced to 
NAVD 88 by adding 1,336 ft (table 1). Continuous records of 
discharge for the Utopia gage are not available as of the writ-
ing of this report (May 2022) because of the short monitoring 
period of the gage and persistent dry conditions since the gage 
was installed. After sufficient discrete discharge measurements 
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have been made throughout the entire range of expected 
conditions, a stage-discharge relation (hereinafter referred to 
as a “rating curve”) will be developed and used to compute 
discharge.

The Vanderpool gage has been in operation since 
September 26, 2013. The stage at the Vanderpool gage is 
measured every 15 minutes. Stage data from the Vanderpool 
gage can be converted to water-surface elevations referenced 
to NAVD 88 by adding 1,537 ft (table 1). Continuous records 
of discharge for the Vanderpool gage are computed from a 
stage-discharge rating curve and are available on the inter-
net through the USGS NWIS web interface and the National 
Water Dashboard (U.S. Geological Survey, 2021c, 2022c). 
The upper bound of the rating curve range is at the stage 3.02 
ft and the discharge 415 ft3/s (as of May 2022).

Synthetic Rating Curve

A stage-discharge rating curve shows a relation between 
the stage and the corresponding discharge in a channel cross 
section near a given streamgage. The relation is different for 
every cross section measured in a channel, as it is a function 
of geometry and time. The USGS makes routine and event-
driven visits to streamgages to make discharge measurements, 
which are used to develop and adjust rating curves as changes 
in the stream may affect the relation between stage and 
discharge. The rating curve is a key element for reporting real-
time discharge data for different stage values. It is also a key 
element for computational modeling because the roughness 
model parameters are adjusted to match the rating curve for 
accurate model calibration. Background information regarding 
how a stage-discharge rating curve is developed for a USGS 
streamgage can be found in Rantz and others (1982).

Few hydrologic data useful for characterizing flood 
conditions have been collected at the Utopia gage at the time 
of this study (2022) because of its short period of record 
(installed on January 15, 2020; U.S. Geological Survey, 
2022b) and a lack of storm events since the gage was installed. 
The highest stage recorded at the gage at the time of this study 
(2022) was 5.34 ft (May 1, 2021, at 14:45 central daylight 
time), which is lower than the 7 ft (near bankfull) stage that 
was estimated in this study. Abnormally dry conditions have 
prevailed since the start of this flood study, and the 60th 
percentile of the 5-minute stage data from March 29, 2020, to 
December 30, 2021 (the entire approved dataset as of April 28, 
2022), was zero flow. Given the lack of storm events, observed 
data at the gage were not adequate to develop a full range 
rating curve needed to accurately estimate discharge from the 
stage. As an alternative, a synthetic rating curve was devel-
oped to calibrate the model at higher flows.

A synthetic rating curve is a useful tool for determining 
discharge for a stream stage at a streamgage site, particu-
larly across similar geographic regions. Asquith and others 
(2013) presented a statistical method to estimate discharge 
for ungaged sites by using the characteristics of the channel 

cross section and regional climate factors for many parts of 
Texas. A regression equation was developed between the dis-
charge statistics and the watershed characteristics for a large 
group of streamgages within different regions of Texas, and a 
regionalized discharge equation was developed on the basis 
of 17,700 discharge measurements from a total of 424 USGS 
streamgages in Texas (Asquith and others, 2013). A general-
ized additive regression model was applied for the regression 
of the data. The regression equation developed by Asquith and 
others (2013) is depicted in equation 1:

         
log (Q)   = − 0.2896 + 1.269 log (A)  − 0.2247 log (B) 

     + 0.2865Ω +  f  5   (longitude,  latitude)  +  f  6   (P)     (1)

where
 log = base-10 logarithm,
 Q = discharge in cubic meters per second,
 A = cross-sectional flow area in square meters,
 B = top width of the channel cross section 

in meters,
 Ω = the OmegaEM parameter (Asquith and 

Roussel, 2009) representing a generalized 
terrain and climate of the location,

 f5 and f6 = smooth functions of the indicated predictor 
variables determined by the location of the 
site, and

 P = mean annual precipitation in millimeters.

The regression equation shown in equation 1 trans-
lates the cross-sectional geometry and the regional terrain 
and climate parameters into discharge. In the equation, the 
cross-section geometry parameters, A and B, are functions of 
water-surface elevation at the gage. The terrain and climate 
parameter Ω is 0.33 for the study area (interpolating from 
fig. 3 in Asquith and Roussel [2009]). The smooth function f5 
parameter is zero (interpolating from fig. 5 in Asquith and oth-
ers [2013]). The mean annual precipitation in Uvalde County 
during 1857–2019 is 23.22 inches (Ochoa, 2020) (equivalent 
to 590 millimeters [eq. 1]). Using the mean annual precipita-
tion of Uvalde County, the smooth function f6 parameter is 
0.025 (interpolating from fig. 6 in Asquith and others [2013]). 
Two parameters, parameters A and B, are calculated for each 
selected simulated stage value, and the resulting discharge 
values from the regression equation are used as model input. 
The resulting relation between stage and discharge is used as a 
synthetic stage-discharge rating curve.

There are two upstream model boundaries in the study 
reach: on the Sabinal River at the Vanderpool gage and on the 
West Sabinal River approximately 7 mi upstream from the 
confluence at the town of Utopia (fig. 1). The computed dis-
charge values from the regression equation for the Utopia gage 
(eq. 1) were proportionately divided between the two stream 
reaches according to the drainage area. The total drainage 
area of Sabinal River at the Utopia gage is 130 mi2 (table 1). 
The contributing area of the Sabinal River is 85 mi2 (about 
65 percent of the total drainage area), and the contributing 
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area of the West Sabinal River is 45 mi2 (about 35 percent of 
the total drainage area), which were computed using ArcGIS 
(Esri, 2022). The estimated discharge values for correspond-
ing stages at the Utopia gage were divided on the basis of 
the drainage areas of the Sabinal River and the West Sabinal 
River, respectively (table 2). The estimated discharges at the 
upstream boundary of the Sabinal River study reach ranged 
from 4,280 to 50,800 ft3/s, and the estimated discharges at 
the upstream boundary of the West Sabinal River study reach 
ranged from 2,260 to 26,900 ft3/s (table 2).

Topographic and Bathymetric Data

All topographic data used in this study are referenced 
vertically to NAVD 88 and horizontally to the North American 
Datum of 1983. Cross-section elevation data were obtained 
from a digital elevation model (DEM) that was derived from 
light detection and ranging (lidar) data that were collected 
through the USGS 3D Elevation Program (U.S. Geological 
Survey, 2017). The data collection period for the DEM was 
from February 12, 2018, through March 22, 2018, which was 
a period of low flow that facilitated the collection of cross-
section elevation data. During the data collection period, the 
mean stage at the Vanderpool gage was 0.39 ft, and the mean 
discharge at the gage was 1.79 ft3/s. Data collection, postpro-
cessing, and quality assurance of the lidar data used in the 
DEM were completed by Merrick-Surdex Joint Venture in 
2018 (Merrick-Surdex Joint Venture, 2018). The lidar data 
have a horizontal resolution of 1 meter and a vertical accuracy 
of plus or minus 42.8 centimeters at a 95-percent confidence 
level for the open terrain land cover category (root mean 
square error [RMSE] of 17.5 centimeters [Merrick-Surdex 
Joint Venture, 2018]).

Supplemental data that were not contained in the lidar 
DEM were collected by a channel cross-section survey and by 
hydraulic-structure surveys of culverts, including the dimen-
sions and material of the culverts and upstream and down-
stream invert elevations. The channel cross section for the sub-
merged part of the channel at the Utopia gage was surveyed by 
USGS field crews on March 5, 2020, to represent the stream 
channel in the model. Cross-sectional depths were measured 
by wading at the survey location. A surveying level system 
was used to measure the elevation of the channel bottom at the 
surveyed channel cross section. The cross-section geometry 
was added to the lidar DEM for modeling and was also used 
to calculate the estimated discharge by using the regionalized 
method described in Asquith and others (2013). Additional 
channel cross-section surveys other than at the Utopia gage 
location were not performed because the lidar DEM was 
considered to be sufficient to represent the channel geometry. 
This judgment was made because the lidar data were col-
lected during a period of low flow when the mean discharge 
(as measured at the nearest upstream streamgage) was only 
1.79 ft3/s; only a small part of the channel was submerged and 
not accounted for in the lidar data.

Hydraulic Structures

Hydraulic structures can include features such as cul-
verts, bridges, dams, and levees; culverts were the only type of 
hydraulic structure in the study area that needed to be sur-
veyed. A total of 29 culverts were identified within the study 
area that might have the potential to affect water-surface eleva-
tions during floods along the stream. Nine of these 29 culverts 
were surveyed, including the culvert at the Ranch to Market 
Road 1050 bridge at the Utopia gage (fig. 1). The rest of the 
hydraulic structures were not surveyed because they either 
were on private property and not accessible or were weirs 
installed in the bed of the stream with known crest elevations. 
Hydraulic-structure geometry data were obtained from field 
surveys done on March 5, 2020, by USGS personnel using 
global navigation satellite systems with a real-time kinematic 
survey method (Rydlund and Densmore, 2012) (fig. 2). The 
survey results were used as input to the hydraulic model.

Energy-Loss Factors

Hydraulic analyses require the estimation of energy 
losses that result from frictional resistance exerted by a 
channel on flow. These energy losses are quantified by using 
the Manning’s roughness coefficient (Manning’s “n” value) 
(Chow, 1959; U.S. Army Corps of Engineers, 2022). Initial 
Manning’s n values were selected on the basis of the 2016 
National Land Cover Database dataset (Multi-Resolution Land 
Characteristics Consortium, 2016), as land cover data are 
often used to estimate surface roughness in hydraulic model-
ing (U.S. Army Corps of Engineers, 2022). The National Land 
Cover Database dataset is coordinated through the Multi-
Resolution Land Characteristics Consortium, an interagency 
Federal Government collaboration. The land cover data that 
were used for the study area were from 30- by 30-meter grids 
(Multi-Resolution Land Characteristics Consortium, 2016).

The Sabinal River in the study area has a mixed bedrock 
and gravel channel bed (Mear, 1995). Vegetation has a large 
effect on the Manning’s n values used to characterize energy 
losses. Along the banks of the stream, Taxodium spp. (cypress 
trees) are common, and floodplains in the adjacent stream cor-
ridor consist of various types of vegetation, including grasses 
and trees such as Salix spp. (willow), Quercus spp. (oak), 
Ulmus spp. (elm), and Juniperus ashei (Ashe juniper) (Griffith 
and others, 2007). Farther from the stream, the floodplains are 
moderately sloped and dominated by shrubland and grassland 
interspersed with pastures and cultivated fields. The flood-
plains thus consist of mixed land use (table 3). The Manning’s 
n values were selected as the median values of the ranges of 
n values that are recommended by the USACE (table 2–1 in 
U.S. Army Corps of Engineers [2022]).
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Table 2. Estimated discharges at the upstream boundaries of the Sabinal River and the West 
Sabinal River study reaches that were used in the hydraulic model and corresponding stages and 
water-surface elevations at U.S. Geological Survey streamgage 08197970 Sabinal River at Utopia, 
Texas.

[ft, foot; NAVD 88, North American Vertical Datum of 1988; ft3/s, cubic foot per second]

Stage of water- 
surface profile  

(ft)1

Water-surface  
elevation 

(ft, NAVD 88)

Estimated discharge at 
the upstream boundary of 
Sabinal River study reach  

(ft3/s)

Estimated discharge at the 
upstream boundary of West 
Sabinal River study reach  

(ft3/s)

7 1,343.0 4,280 2,260
7.5 1,343.5 4,810 2,540
8 1,344.0 5,340 2,830
8.5 1,344.5 5,930 3,130
9 1,345.0 6,520 3,450
9.5 1,345.5 7,180 3,790

10 1,346.0 7,790 4,120
10.5 1,346.5 8,430 4,450
11 1,347.0 9,220 4,870
11.5 1,347.5 10,000 5,300
12 1,348.0 10,900 5,750
12.5 1,348.5 11,800 6,210
13 1,349.0 12,400 6,530
13.5 1,349.5 13,100 6,920
14 1,350.0 14,000 7,420
14.5 1,350.5 15,100 7,990
15 1,351.0 16,000 8,450
15.5 1,351.5 17,100 9,040
16 1,352.0 18,600 9,840
16.5 1,352.5 20,200 10,700
17 1,353.0 21,900 11,600
17.5 1,353.5 23,600 12,400
18 1,354.0 25,200 13,300
18.5 1,354.5 26,800 14,200
19 1,355.0 28,600 15,100
19.5 1,355.5 30,500 16,100
20 1,356.0 32,500 17,200
20.5 1,356.5 34,500 18,200
21 1,357.0 36,000 19,000
21.5 1,357.5 38,300 20,200
22 1,358.0 40,100 21,200
22.5 1,358.5 42,500 22,500
23 1,359.0 44,800 23,700
23.5 1,359.5 47,800 25,300
24 1,360.0 50,800 26,900

1Water-surface profiles are 0.5-ft increments of stage, referenced to the gage datum of U.S. Geological Survey 
streamgage 08197970 Sabinal River at Utopia, Tex., which is 1,336 ft above NAVD 88.
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Computation of Water-Surface Elevations

The HEC–RAS simulations for this study used the 
two-dimensional unsteady-state diffusion wave computation 
option. The input for the unsteady-state flow computation was 
35 unsteady flow time series representing 35 different terminal 
discharges that correspond to 35 stages at the Utopia gage. In 
each time series, the discharge was gradually increased from 
zero to terminal discharge. The time series length, which cor-
responded with the model simulation time, was determined as 
24 hours to achieve stable model solutions. The mean model-
ing grid size was 2,440 square meters, and the total number 
of grid cells was 22,200. The total area of the model domain 
is 54 square kilometers (the extent of the model domain is 
presented in fig. 1). The calculation time step was 30 seconds. 
The options of subcritical (tranquil) discharge and normal 
depth were selected for the downstream boundary conditions 
in the hydraulic model. The estimated mean slope of 0.0035 
ft per foot (18.5 ft per mile) derived from the lidar DEM was 
assumed as a friction slope used for the normal depth bound-
ary condition. The peak discharges that were used in the model 
are discussed in the “Hydrologic Data” section of this report.

The simulated water-surface elevations at the Utopia 
gage were compared to the water-surface elevations for given 
discharges from the synthetic rating curve (table 4); target 
water-surface elevations were determined from the synthetic 
rating curve. Differences between simulated water-surface 
elevations and target water-surface elevations for the 35 stages 
at the Utopia gage ranged from 2.5 to −0.80 ft with a median 
of 1.56 ft and an RMSE of 1.59 ft (table 4). A positive median 
value indicates that the model tends to overestimate water-
surface elevations. Although the model was not calibrated to 
exactly reproduce observed data throughout the entire range, 
the model results agreed with the synthetic rating curve in 
an acceptable range to be qualified as a tier B model, given 
that the modeling guideline for the FDST maps suggests an 
RMSE no larger than 3 ft for a tier B model (U.S. Geological 
Survey, 2020a).

The maximum simulated stage, 24 ft, was chosen on 
the basis of the maximum observed water-surface eleva-
tion during a historical flood event on July 5, 2002, near the 
location of the Utopia gage. The 2002 flood was the largest 
peak discharge recorded at the Sabinal gage and at the down-
stream USGS streamgage 08198500 Sabinal River at Sabinal, 
Tex. (peak stage data accompanied with discharge has been 

Figure 2. A hydraulic-structure survey of a culvert performed by U.S. Geological Survey (USGS) field 
crew at USGS streamgage 08197970 Sabinal River at Utopia, Texas, which is used for constructing the 
hydraulic model to create digital flood-inundation maps of the Sabinal River study area near Utopia, 
Texas. The view is toward the north from the right bank of the Sabinal River (photograph taken on 
March 5, 2020, by Namjeong Choi, U.S. Geological Survey).
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collected since 1932 for both gages) (fig. 1, table 1). The water 
depth at the Utopia Community Park softball field near the 
Utopia gage was roughly estimated as 7 ft from a photograph 
that shows debris embedded in the backstop (fence) at the soft-
ball field (fig. 3). Based on the hydraulic modeling, the maxi-
mum observed water depth of 7 ft at the softball field matches 
the stage of 24 ft at the Utopia gage. From the synthetic rating 

curve, the corresponding peak discharge for the stage of 24 
ft was 77,700 ft3/s at the Utopia gage (in table 2, estimated 
discharges at the upstream boundaries of the Sabinal River 
and the West Sabinal River at the stage of 24 ft sum to 77,700 
ft3/s).

Table 3. National Land Cover Database (Multi-Resolution Land Characteristics Consortium, 2016) land cover characteristics and 
Manning’s roughness coefficients (Manning’s n values) for the hydraulic model used to create digital flood-inundation maps of the 
Sabinal River study area near Utopia, Texas.

[%, percent; --, not applicable]

Land cover class
Land 
cover 
code

Classification description
Number of grid cells representing a  

given land cover type and land cover 
percentages for the study area1

Manning's n 
value2

Water
11 Open water 122 (0.2%) 0.0375
12 Perennial ice/snow -- --

Developed

21 Developed, open space 4,146 (6.88%) 0.04
22 Developed, low intensity 203 (0.34%) 0.09
23 Developed, medium intensity 71 (0.12%) 0.12
24 Developed, high intensity 47 (0.08%) 0.16

Barren 31 Barren land (rock/sand/clay) -- --

Forest
41 Deciduous forest 1,080 (1.79%) 0.15
42 Evergreen forest 3,378 (5.61%) 0.12
43 Mixed forest -- --

Shrubland
51 Dwarf scrub -- --
52 Shrub/scrub 31,289 (51.95%) 0.115

Herbaceous

71 Grassland/herbaceous 13,458 (22.35%) 0.0375
72 Sedge/herbaceous -- --
73 Lichens -- --
74 Moss -- --

Planted/Cultivated
81 Pasture/hay 1,124 (1.87%) 0.0375
82 Cultivated crops 3,823 (6.35%) 0.035

Wetlands
90 Woody wetlands 1,474 (2.45%) 0.0975
95 Emergent herbaceous wetlands 13 (0.02%) 0.0675

1The study area is composed of 30- by 30-meter land cover grid cells in total of 60,228. Percentages may not sum to 100 because of rounding.
2Median values of the Manning's n value ranges (U.S. Army Corps of Engineers, 2022) for various National Land Cover Database land cover types (Multi-

Resolution Land Characteristics Consortium, 2016).
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Debris line

Depth of water
estimated as 7 feet 

Figure 3. Postflood debris, estimated to be at a 7-foot height, of 
the July 5, 2002, flood at the Utopia Community Park softball field 
corresponding to a 24-foot gage height (stage) at U.S. Geological 
Survey streamgage 08197970 Sabinal River at Utopia, Texas. 
Photograph from Cosgrove (2002). Photograph copyright of Hondo 
Anvil Herald, used with permission.
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Table 4. Simulated water-surface elevations from the hydraulic model and target water-surface 
elevations from a synthetic rating curve at U.S. Geological Survey streamgage 08197970 Sabinal River 
at Utopia, Texas, for water-surface profiles ranging from near bankfull stage, 7 feet, to the highest 
estimated peak stage, 24 feet.

[ft, foot; NAVD 88, North American Vertical Datum of 1988]

Stage of water- 
surface profile  

(ft)1

Simulated water- 
surface elevation  

(ft, NAVD 88)

Target water- 
surface elevation  

(ft, NAVD 88)2

Difference  
in elevation  

(ft)3

7 1,345.1 1,343.0 2.1
7.5 1,345.6 1,343.5 2.1
8 1,346.1 1,344.0 2.1
8.5 1,346.4 1,344.5 1.9
9 1,347.0 1,345.0 2.0
9.5 1,347.8 1,345.5 2.3

10 1,348.1 1,346.0 2.1
10.5 1,348.6 1,346.5 2.1
11 1,349.2 1,347.0 2.2
11.5 1,349.9 1,347.5 2.4
12 1,350.3 1,348.0 2.3
12.5 1,350.7 1,348.5 2.2
13 1,351.5 1,349.0 2.5
13.5 1,351.5 1,349.5 2.0
14 1,351.6 1,350.0 1.6
14.5 1,352.5 1,350.5 2.0
15 1,352.5 1,351.0 1.5
15.5 1,353.1 1,351.5 1.6
16 1,353.6 1,352.0 1.6
16.5 1,354.0 1,352.5 1.5
17 1,354.1 1,353.0 1.1
17.5 1,354.6 1,353.5 1.1
18 1,355.0 1,354.0 1.0
18.5 1,355.3 1,354.5 0.8
19 1,355.9 1,355.0 0.9
19.5 1,356.0 1,355.5 0.5
20 1,356.4 1,356.0 0.4
20.5 1,356.7 1,356.5 0.2
21 1,357.1 1,357.0 0.1
21.5 1,357.4 1,357.5 −0.1
22 1,357.6 1,358.0 −0.4
22.5 1,358.2 1,358.5 −0.3
23 1,358.4 1,359.0 −0.6
23.5 1,358.8 1,359.5 −0.7
24 1,359.2 1,360.0 −0.8

1Water-surface profiles are 0.5-ft increments of stage, referenced to the gage datum of U.S. Geological Survey 
streamgage 08197970 Sabinal River at Utopia, Tex., which is 1,336 ft above NAVD 88.

2The target elevation equals the stage elevation plus the gage datum elevation; the gage datum is 1,336 ft above 
NAVD 88.

3Median is 1.56 ft, and root mean square error is 1.59 ft.
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Development of Flood-Inundation Maps
The flood-inundation maps were developed for the 10-mi 

main study reach of the Sabinal River from the Vanderpool 
gage to the Utopia gage and for an additional 7 mi of the West 
Sabinal River (fig. 1). The 35 simulated water-surface eleva-
tions (table 4) were combined with the DEM data to create the 
flood-inundation maps by using the RAS Mapper (U.S. Army 
Corps of Engineers, 2016a, b, c). The DEM data were derived 
from the lidar data described previously in the “Topographic 
and Bathymetric Data” section of this report and have an esti-
mated vertical accuracy of plus or minus 42.8 centimeters.

Depth grids of the flood-inundation extents for each of 
the 35 water-surface profiles were modified, as required by the 
FDST standard, in ArcGIS (Esri, 2022) to ensure a hydrau-
lically reasonable transition of the flood boundaries. Any 
inundated areas that were detached from the main channel of 
either stream were examined to identify subsurface connec-
tions with the main channel, such as through culverts under 
roadways. A total of nine culvert structures were surveyed 
and included in the model geometry, which prevented the 
inundation area from being detached from the main channel 
at each structure. Otherwise, the erroneously delineated parts 
of the flood-inundation extent were deleted. The final flood-
inundation extents were then overlaid on a georeferenced 
topography map of the study area. One item of note concern-
ing these depicted extents is that bridge surfaces are displayed 
as inundated regardless of the actual water-surface elevation 
in relation to the lowest structural chord of the bridge or the 
bridge deck. Estimates of water depth can be obtained from 
the depth grid data that are included with the presentation 
of the flood-inundation maps on the FDST application (U.S. 
Geological Survey, 2021b). A close-up excerpt of the flood-
inundation map focused on the town of Utopia corresponding 
to the highest simulated stage, 24 ft, is presented in figure 
4. Coverages for the full extent of the flood-inundation map 
for the study area are provided in the companion USGS data 
release (Choi, 2023).

Flood-Inundation Map Delivery

The depth grids of the flood-inundation extents and the 
HEC–RAS model input files are available in the companion 
USGS data release (Choi, 2023). The InFRM website (https :// 
webapps .usgs.gov/ infrm/ ) provides the flood-inundation map 
libraries and information for FEMA Region 6 to the public. 
The InFRM website links to the FDST application, which 
presents map libraries and provides detailed information on 
flood-inundation extents and stage values for the streamgages 
used in the model (https ://webapps .usgs.gov/ infrm/ fdst/ ). 
Before and during a flood event, a user can select the Utopia 
gage on the map viewer to browse detailed information 
regarding the likely flood extent for different stage values, as 
well as real-time gage information.

The flood-inundation maps are displayed in sufficient 
detail (0.5-ft depth increments) such that preparations for 
flooding and decisions for emergency response can be 
performed efficiently. Depending on the flood magnitude, 
roadways are shown as shaded (inundated and likely impass-
able) or not shaded (dry and passable) to facilitate emergency 
planning and use. Bridges are shaded—that is, shown as 
inundated—regardless of the flood magnitude. The flood-
inundation maps were developed for the 10-mi main study 
reach of the Sabinal River from the Vanderpool gage to the 
Utopia gage and for an additional 7 mi of the West Sabinal 
River. Any tributaries other than the West Sabinal River that 
contribute to the Sabinal River have not been simulated; thus, 
flood-inundation extents for tributaries are not available. 
Roadways crossing tributaries may not be shaded; however, 
this absence of shading does not necessarily mean that the 
roadway is dry and passable. If the area around a building 
is shaded, it does not mean that the structure is completely 
submerged but rather that land surfaces in the vicinity of the 
building are inundated. In these instances, the water depth (as 
indicated in the FDST by holding the cursor over an inundated 
area) near the building would be an estimate of the water 
depth inside the structure unless flood-proofing measures had 
been implemented.

Disclaimer for Flood-Inundation Maps

The flood-inundation maps should not be used for 
navigation, regulatory, permitting, or other legal purposes. 
The USGS provides these maps “as is” for a quick reference 
and emergency planning tool but assumes no legal liability or 
responsibility resulting from the use of this information.

Uncertainties and Limitations of 
Flood-Inundation Maps

Although the flood-inundation maps represent the 
estimated extents of inundated areas, some uncertainty is 
associated with these maps. The uncertainty of estimated 
flood-inundation extents is a result of many factors, including 
the accuracy of input floodplain elevation data, cross-sectional 
survey quality, and distance from the reference streamgage, 
among other things. The flood extents shown were estimated 
on the basis of stages (water-surface elevations) and dis-
charges at the Utopia gage. The synthetic rating curve that 
was used to estimate discharge for simulated stream stages at 
the Utopia gage in this study is based on a regional regression 
equation using a specific range of site characteristics, as docu-
mented by Asquith and others (2013). There is greater uncer-
tainty in the estimates of discharge derived from synthetic 
rating curves compared to the estimates of discharge derived 
from conventional rating curves. Water-surface elevations 
along the stream reaches were estimated by uncalibrated two-
dimensional unsteady-state diffusion wave hydraulic model-
ing, assuming unobstructed flow and using discharges and 

https://webapps.usgs.gov/infrm/
https://webapps.usgs.gov/infrm/
https://webapps.usgs.gov/infrm/fdst/
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water-surface elevation for a stage of 24 feet at U.S. Geological Survey streamgage 08197970 Sabinal River at Utopia, Tex.  
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hydrologic conditions anticipated at the USGS streamgage. 
The hydraulic model reflects the land cover characteris-
tics and any culvert, bridge, dam, levee, or other hydraulic 
structures existing as of March 2020. Unique meteorological 
factors (timing and distribution of precipitation) may cause 
actual discharges along the study reach to vary from those 
estimated for a flood, which may lead to deviations in the 
water-surface elevations and inundation extents shown on the 
maps. Additional areas may be flooded as a result of unantici-
pated conditions such as changes in the streambed elevation 
or roughness, backwater into major tributaries along the main 
stem of the stream, or backwater from localized debris. The 
accuracy of the flood-inundation extents portrayed on these 
maps will vary with the accuracy of the DEM used to simulate 
the land surface. The simulated flood-inundation extents on 
the 10-mi reach of the Sabinal River and 7-mi reach of the 
West Sabinal River were referenced to a single streamgage at 
Utopia, and uncertainty in simulated flood-inundation extents 
decreases as the distance from the streamgage decreases.

Summary
In 2021, the U.S. Geological Survey (USGS), in 

cooperation with the Bandera County River Authority and 
Groundwater District and the Texas Water Development 
Board, created flood-inundation maps referenced to the local 
streamgage for the Sabinal River in a reach near Utopia, 
Texas. A library of 35 digital flood-inundation maps was 
developed using data collected at USGS streamgage 08197970 
Sabinal River at Utopia, Tex. (hereinafter referred to as the 
“Utopia gage”). The flood-inundation maps cover a 10-mile 
reach of the Sabinal River from USGS streamgage 08197936 
Sabinal River below Mill Creek near Vanderpool, Tex., to the 
Utopia gage, as well as a 7-mile reach of the West Sabinal 
River. The flood-inundation maps depict estimates of the areal 
extent and depth of flooding corresponding to selected gage 
heights (the water-surface elevation at a streamgage, com-
monly referred to as “stage”) at the Utopia gage.

The Utopia gage was installed for the study and records 
continuous stage, which is available on the internet through 
the USGS National Water Information System web interface 
and the National Water Dashboard. Continuous records of 
discharge for the Utopia gage are not available as of May 
2022 because of the short monitoring period of the gage and 
persistent dry conditions since the gage installation. After 
sufficient discrete discharge measurements are made through-
out the entire range of expected conditions, a stage-discharge 
rating curve will be developed and used to compute discharge. 
Because of the lack of a rating curve, a synthetic rating curve 
was developed using a regional regression method, which 
estimates discharge for ungaged sites by using the characteris-
tics of a channel cross section at the streamgage and regional 
climate factors.

The flood-inundation maps were developed by a two-
dimensional unsteady-state diffusion wave model using the 
U.S. Army Corps of Engineers Hydrologic Engineering Center 
River Analysis System program to compute water-surface ele-
vations and delineate estimated flood-inundation areal extents 
and depths of flooding for selected stages. The model inputs 
include high-resolution digital elevation data, land cover data 
to estimate roughness parameters, field surveys of structures 
and a channel cross section, and discharge derived from the 
synthetic rating curve.

The model was used to compute water-surface eleva-
tions for 35 stages at 0.5-foot (ft) increments referenced to 
the Utopia gage datum and ranging from 7 ft (near bankfull) 
to 24 ft. The highest stage value that was mapped, 24 ft, was 
based on the estimated peak stage of the Sabinal River at 
Utopia during a major flood event on July 5, 2002. Differences 
between the synthetic rating curve and the model results for 
the 35 simulated stages at the Utopia gage were equal to or 
less than 2.5 ft with a root mean square error of 1.59 ft.

The simulated water-surface profiles were then combined 
with a geographic information system digital elevation model 
derived from light detection and ranging data to delineate 
estimated flood-inundation depth grids for each profile. These 
flood-inundation depth grids were overlaid on a georeferenced 
topography map of the study area. These flood-inundation 
maps are intended to help guide the public in taking indi-
vidual safety precautions and provide emergency manage-
ment personnel with a tool to efficiently manage emergency 
flood operations and postflood recovery efforts. Although 
the flood-inundation maps represent the estimated extents of 
inundated areas, some uncertainty is associated with these 
maps. Estimated flood-inundation extents inherently include 
uncertainty based on many factors, including the accuracy of 
input floodplain elevation data, cross-sectional survey qual-
ity, and distance from the reference streamgage, among other 
things. Further, there is greater uncertainty in the estimates of 
discharge derived from synthetic rating curves compared to 
the estimates of discharge derived from conventional rat-
ing curves.
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