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Flood-Inundation Maps for Rio Grande De Loiza In and
Near Caguas, Puerto Rico, 2026

By Chad J. Ostheimer, Legna M. Torres-Garcia, and Julieta M. Gomez-Fragoso

Abstract

Digital flood-inundation maps for a 2.7-mile reach of
Rio Grande De Loiza in Caguas, Puerto Rico, were created
by the U.S. Geological Survey. Water-surface profiles were
computed for the stream reach by using a one-dimensional,
steady-state, step-backwater model. The model was calibrated
to the current (2025) stage-streamflow relation (rating curve)
for the U.S. Geological Survey streamgage 50055000, Rio
Grande De Loiza, Puerto Rico. The resulting hydraulic model
was then used to compute 16 water-surface profiles for water
levels (flood stages) ranging from 19.00 to 34.00 feet at the
streamgage; these flood stages range from “moderate flood
stage” to above “major flood stage” as defined by the National
Weather Service. The 34.00-foot stage exceeds the historical
maximum peak stage of 33.20 feet, recorded at the streamgage
in 1945. The simulated water-surface profiles were used in
combination with a digital elevation model derived from light
detection and ranging (lidar) data to map the inundated areas
associated with each flood profile.

The flood-inundation maps and the supporting hydraulic
model produced by this study can be used by emergency
managers and local officials to assess flood-mitigation
strategies and to define flood-hazard areas to help protect
life and property, to coordinate flood-response activities
such as evacuations and road closures, and to aid post-flood
recovery efforts.

Introduction

Caguas is a municipality in the central-eastern region of
Puerto Rico. It forms part of the San Juan metropolitan area
and is approximately 16 miles (mi) southeast of the capital
city of San Juan. It is bordered by the municipalities of Aguas
Buenas, Cayey, Cidra, Gurabo, San Juan, San Lorenzo, and
Trujillo Alto (fig. 1). Caguas has 11 barrios (neighborhoods):
Bairoa, Beatriz, Borinquen, Caguas Barrio-Pueblo, Cafiabon,
Cafiaboncito, Rio Canas, San Antonio, San Salvador, Tomas
de Castro, and Turabo (Municipality of Caguas, 2020). It is the
18th largest municipality in Puerto Rico by total area, with an
estimated population of 124,628 (U.S. Census Bureau, 2024).

The municipality is traversed by several rivers, including
the Rio Grande De Loiza, the largest river in Puerto Rico
by volume (mean annual flow of over 1.29 trillion cubic
feet; Soler-Lopez and Licha-Soler, 2012). This river and
its tributaries—such as the Rio Bairoa, Rio Cagiiitas, Rio
Gurabo, and Rio Turabo—play a crucial role in the region’s
hydrology. These waterways enrich the area’s fertile soils but
also contribute to flood risk, particularly during periods of
intense rainfall (Administracion Municipal de Caguas, 2024).
The municipality’s hazard mitigation plan (Municipality
of Caguas, 2020) identifies landslides and flooding as the
primary natural hazards and lists flooding as a high-priority
concern. The plan proposes a range of mitigation strategies,
emphasizing the benefits of floodplain management, early
warning systems, and community preparedness.

To manage and reduce flood risk, authorities have
implemented measures such as river stage monitoring and
infrastructure improvements. The U.S. Geological Survey
(USGS) operates streamgage 50055000, Rio Grande
De Loiza at Caguas, Puerto Rico (table 1), hereafter referred
to as the “Caguas streamgage,” to support water resource
management. Caguas has a well-documented history of
severe flooding. One significant flood event occurred in
May 1985, when up to 25 inches (in.) of rainfall caused
widespread flooding in northern and north-central Puerto Rico,
including Caguas (Quifiones and Johnson, 1987). During
this event, the Caguas streamgage recorded a gage height of
21.40 feet (ft), exceeding the historical maximum of 33.20 ft,
recorded in August 1945. More recently, in May 2025,
after 2 weeks of continuous rainfall beginning on April 18,

a state of emergency was declared in Caguas and several
other municipalities. This event resulted in landslides and
widespread flooding, and the Caguas streamgage recorded a
peak stage height of 17.07 ft on May 2, 2025 (USGS, 2025d).

Several notable hurricanes have impacted Puerto Rico
in recent decades, including Hurricane Georges (1998) and
Hurricane Maria (2017). Even less intense storms, such as
Hurricane Hortense (1996) and Hurricane Fiona (2022),
have produced significant flooding in the region (Torres-
Sierra, 1997, 2002; Pasch and others, 2023). As of 2024,
the Federal Emergency Management Agency (FEMA) has
allocated over $30 billion in post-Maria recovery funds,
much of which is directed toward mitigation efforts aimed at
increasing resilience to future storms (FEMA, 2024). Federal
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Table 1.
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Summary of information for the U.S. Geological Survey streamgage at Caguas, Puerto Rico.

[Streamgage data from U.S. Geological Survey (2025d). Horizontal coordinates are referenced to the North American Datum of 1927. Streamgage location is

shown in figures 2 and 3. USGS, U.S. Geological Survey; P.R., Puerto Rico]

USGS streamgage number and name Station number

Drainage area

. Latitude
(square miles)

Longitude

Rio Grande De Loiza at Caguas, P.R. 50055000

89.8 18°14'33.70" —66°00'34.52"

and State agencies have also undertaken initiatives to enhance
hydrologic data collection and improve the capacity of water
resource managers to respond to flood events. Examples

of efforts by the USGS after Hurricane Maria include the
development of hydraulic models to produce new rating
curves for stations whose main channels were changed
substantially and the use of indirect discharge measurement to
estimate peak flows (Gémez-Fragoso and others, 2022).

To further help emergency managers and local officials
to assess flood-mitigation strategies, define flood-hazard areas
to help protect life and property, coordinate flood-response
activities such as evacuations and road closures, and aid
post-flood recovery efforts, the USGS created digital flood-
inundation maps for a 2.7-mile reach of Rio Grande De Loiza
near Caguas, Puerto Rico. A total of 16 water-surface profiles
were computed and mapped on a digital elevation model
(DEM). Information about map limitations, associated
uncertainties, viewing the maps online, and accessing
associated data is included in this report.

Enhancing Flood-Risk Awareness

Information about the current stage at a USGS
streamgage can be used by residents near the streamgage,
but it is of limited use to residents upstream or downstream
because the water-surface elevation is not constant along the
stream reach. Knowing the stage at a streamgage does little to
inform nearby residents and officials about the depth and area
of flooding. One way to address these informational gaps is to
produce a library of flood-inundation maps that are referenced
to stages at the streamgages.

Uncertainty in the flood depth estimated from known
stage increases with distance from the streamgage. To limit
flood-depth uncertainty, flood-inundation mapping reaches
are usually limited to where the change in drainage area,
at the upstream and downstream reach limits compared to
the streamgage location, is 10 percent or less. As a result,
flood-inundation mapping may not be available upstream or
downstream from a major tributary, even if the tributary enters
the main channel near the streamgage.

By referring to the appropriate map, emergency
responders can better understand the severity of flooding
(depth of water and inundated area), identify roads that are or
could soon be flooded, and make plans to notify or evacuate
residents that could be in harm’s way. In addition, the ability
to visualize the potential area of flooding on a map can

motivate residents to take precautions and heed warnings
that they previously may have disregarded (Kuser Olsen and
others, 2018).

Study Area

The study area includes a 2.7-mile (mi) reach of Rio
Grande De Loiza that borders the community of Caguas,
Puerto Rico (fig. 2). The limits of the hydraulic analyses
of Rio Grande De Loiza are from just upstream from the
confluence of Rio Caguitas (about 0.8 mi downstream from
Puerto Rico Highway 30 [PR30]) at the downstream end, to
just downstream from the confluence with Rio Turabo (about
1.2 mi upstream from Puerto Rico Highway 189 [PR189])
at the upstream end. The contributing drainage area of the
river at the Caguas streamgage is 89.8 square miles (mi?)
(table 1). The Caguas streamgage began continuous records
in November 1959 (table 2). From February 25, 1959, to
November 17, 1959, only monthly measurements were
made at the site. Prior to February 25, 1959, only low-flow
and peak-flow measurements were made at the site. The
area closest to the Caguas streamgage is primarily urban,
but about 0.3 mi upstream from the streamgage the land is
more forested and undeveloped, and about 1 mi downstream
from the streamgage the land is a mix of suburban and
undeveloped area.

Previous Studies

The flood insurance study for the Commonwealth
of Puerto Rico and municipalities was published in
November 2009 and was based on flood-insurance work
that originated in 2007 (FEMA, 2009). For Rio Grande
De Loiza, the study re-delineated the areas prone to large
floods corresponding to 10-, 2-, 1-, and 0.2-percent annual
exceedance probability (AEP) floods. Selected AEPs (FEMA,
2009) for the Caguas streamgage location are shown in table 3.
The detailed flooding analyses for Rio Grande De Loiza
in the 2009 flood insurance study include, and extend beyond,
the upstream and downstream limits of the flood-inundation
mapping study reach. Whereas the FEMA (2009) work
provides flood-profile information for four flooding events (the
10-, 2-, 1-, and 0.2-percent AEP floods), the flood-inundation
mapping work described in this report expands the available
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flood-profile information for the Caguas area by adding 16 streamgage location as CAGP4); “bankfull” is defined by
water-surface profiles with current (as of February 2025) the National Weather Service (NWS) as the “action stage” or
stream and hydraulic structure information. “the stage which, when reached by a rising stream, represents

the level where the NWS or a partner/user needs to take

some type of mitigation action in preparation for possible
M eth 0 d s significant hydrologic activity” (NWS, 2025b). The 19.00-ft
stage is defined by the NWS as the “moderate flood stage”
or “the inundation of secondary roads; transfer to higher
elevation necessary to save property—some evacuation may
be required” (NWS, 2025b). The 19.00-ft stage was chosen
because it is the stage just before floodwater begins to directly
affect homes and businesses.

The 34.00-ft stage was chosen because it exceeds the

peak-of-record stage of 33.20 ft that was recorded in 1945 at
' the Caguas streamgage (table 2; USGS, 2025d) and the “major
increments (table 4). flood stage” (23.00 ft) as defined by the NWS. The NWS

At thg Caguas > trearilgagi 1?;{?11(?1’ a Zt.a.ge Of}i&? éﬂ defines major flooding as “a general term including extensive
corresponds app roximately to ba it con itions ( ’ inundation and property damage. (Usually characterized by
2025a; the National Weather Service refers to the Caguas

The current (2025) stage-streamflow relation (rating
number 30.1; USGS, 2025f) at the Caguas streamgage
was used to input streamflows in the U.S. Army Corps of
Engineers (USACE) Hydrologic Engineering Center’s River
Analysis System (HEC-RAS) version 6.3.1 (USACE, 2025).
The HEC-RAS software was used to develop 16 water-surface
profiles, corresponding to stages from 19.00 to 34.00 ft in 1-ft

Table 2. Maximum stage record for the U.S. Geological Survey streamgage at Caguas, Puerto Rico.

[Streamgage data from U.S. Geological Survey (2025d). Streamgage location is shown in figures 2 and 3. USGS, U.S. Geological Survey; PRVD 02, Puerto
Rico Vertical Datum of 2002; P.R., Puerto Rico]

Maximum stage

Maximum
USGS streamgage number and name Streamflow record Streamgage stagfa Str?amflow
height (feet) elevation (cubic feet per Date
g (feet above second)
PRVD 02)
50055000, Rio Grande De Loiza at Caguas, PR.  November 1959-2025 33.20 176.05 85,000 IAugust 4, 1945

'From August 8,1945 to February 25, 1959, only low-flow and peak-flow measurements were made at the site. From February 25, 1959, to November 17,
1959, only monthly measurements were made at the site. After November 17, 1959, continuous observations began.

Table 3. Peak streamflows for selected annual exceedance probabilities for the U.S. Geological Survey streamgage 50055000, Rio
Grande De Loiza at Caguas, Puerto Rico.

[Data from Federal Emergency Management Agency (2009). USGS, U.S. Geological Survey; mi?, square mile; ft¥/s, cubic foot per second; P.R., Puerto Rico]

Estimated streamflow (ft3/s) for indicated annual

USGS streamgage number and name Drainage area (mi2) exceedance probability (percent)'
10 2 1 0.2
50055000, Rio Grande De Loiza at Caguas, P.R. 89.8 54,349 91,147 108,451 151,394

IStreamflows were estimated by using regression equations in Ramos-Ginés (1999).

Table 4. Minimum and maximum target water-surface stages and National Weather Service designated stages for U.S. Geological
Survey streamgage 50055000, Rio Grande De Loiza at Caguas, Puerto Rico.

[All data are in feet. P.R., Puerto Rico]

Minimum stage included = Maximum stage included in  Action Major flood

USGS streamgage number and name in this report this report stage stage

50055000, Rio Grande De Loiza at Caguas, P.R. 19.00 34.00 9.00 23.00
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the evacuation of people and livestock and the closure of both
primary and secondary roads.)” (NWS, 2025b). In addition,
the rated discharge associated with a stage of 34.00 ft is
93,300 cubic feet per second (ft3/s), which exceeds the peak-
of-record discharge (from August 1945) of 85,000 ft3/s.

Standard Procedures for Creating a Flood Map

The USGS has standardized procedures for creating
flood-inundation maps to ensure that the methods and
products are consistent (USGS, 2025c). Tasks specific to
development of the flood maps included (1) collecting
topographic, bathymetric, and geometric data for selected
cross sections and structures (such as bridges or culverts)
along the study reach, (2) estimating energy-loss factors
(roughness coefficients) in the stream channel and floodplain,
(3) computing streamflows for each stage to be modeled,

(4) computing and calibrating water-surface profiles using
HEC-RAS (USACE, 2025), (5) producing estimated flood-
inundation maps for selected stages using RAS Mapper (a
feature within HEC-RAS; USACE, undated) and a geographic
information system (GIS), and (6) preparing maps as shapefile
polygons that depict the area of flood inundation and as

depth grids that provide the depth of floodwaters, available
through a USGS flood-inundation mapping application. These
methods follow procedures described in Bales and others
(2007) and Whitehead and Ostheimer (2009). Techniques

that were modified from previously documented methods to
accommodate local hydrologic conditions or availability of
data as a part of this work are described in this report.

Topographic Data

The topographic data used in this study are referenced
vertically to the Puerto Rico Vertical Datum of 2002
(PRVD 02) and horizontally to the North American Datum of
1983 (NAD 83). Cross-section elevation data were obtained
from a digital elevation model (DEM) that was derived
from light detection and ranging (lidar) data collected from
July 2018 to August 2018 (USGS, 2020a—i) as a part of the

USGS 3D Elevation Program (USGS, 2025a). The DEM

is USGS quality level 2 (USGS, 2025a) with a cell size of
1.0 meter (m) (3.28 ft), a nominal pulse spacing of 0.71 m
(2.33 ft), and a vertical root-mean-square error (RMSE) of
27 centimeters (0.89 ft). Lidar is a technology consisting of
a Global Positioning System (GPS), an inertial navigation
system, and a laser scanner (typically mounted in a small
aircraft) that “transmits brief pulses of light to the ground
surface. Those pulses are reflected, or scattered back, and
their travel time is used to calculate the distance between the
laser scanner and the ground” (USGS, 2025g).

The RAS Mapper feature within HEC-RAS was used to
extract station and elevation data from the DEM at 89 cross
sections (table 5) for use in HEC-RAS. The DEM-derived
cross sections were co-located with the field-surveyed cross
sections where possible (for details on field-surveyed cross
sections, refer to the following section, “Bathymetric and
Structure Data”). In those cases, DEM-based elevations were
combined with the survey elevations to form composite cross
sections. In-channel widths and elevations for DEM-derived
cross sections that did not have field-surveyed elevations
were estimated by interpolating between the closest field-
surveyed cross sections as a function of distance along the
hydraulic baseline.

Bathymetric and Structure Data

Channel cross sections were surveyed to collect data
on elevations and dimensions below the water surface that
are not provided by conventional lidar. Structures (such as
bridges, culverts, dams, and weirs) that had the potential to
affect water-surface elevations during floods along the streams
were also surveyed. The USGS used a differential GPS and
differential-leveling (hereafter referred to as “conventional’)
surveys for this study. Differential GPS surveys were
completed by use of Level III real-time network surveying
techniques (Rydlund and Densmore, 2012) and were used to
establish an elevation control network at selected locations
along the study reach. Elevations determined by using the
differential GPS at six benchmark locations (table 6) had

Table 5. Survey characteristics and hydraulic parameters used to create the Rio Grande De Loiza hydraulic model.

[Data are from Ostheimer (2026). ft/ft, foot per foot slope]

Base Manning's roughness coefficient (n)

Study Total num- Number of Number of Downstream -
reach . . Main channel Overbanks
lenath ber of cross  surveyed cross hydraulic hydraulic model - -
Ig sections sections structures boundary condition ~ Lowest  Highest Lowest  Highest
(miles) value value value value
2.7 89 22 3 Normal-depth slope! 0.047 0.067 0.085 0.100

0f 0.00004 ft/ft

"Normal depth is the depth when the streamflow is uniform, steady, one dimensional, and unaffected by downstream obstructions. Flow is considered uniform
if the energy line, water surface, and channel bottom all are parallel (Chow, 1959). The slope used to compute the normal depth of flow for all stages was based
on the minimum channel slope between two field-surveyed cross sections near the downstream end of the modeled reach.



a vertical RMSE of 0.12 ft when compared with National
Geodetic Survey published elevations (National Oceanic and
Atmospheric Administration, 2025).

The USGS used the elevation control network to
complete conventional surveys at each structure to measure its
geometry. All conventional surveys were done to third-order
accuracy criteria in horizontal and vertical directions (Federal
Geodetic Control Committee, 1984). USGS field crews
surveyed a total of three hydraulic structures (table 5) along
Rio Grande De Loiza during February of 2025. Conventional
surveys of bathymetry data for 22 cross sections were also
completed to limit the reach length between surveyed cross
sections. The maximum distance between cross sections (both
conventionally surveyed and DEM-derived) was 281 ft, and
the average distance was 163 ft. The cross-sectional spacing
resulted in an absolute average streambed elevation change of
0.54 ft between cross sections.

Methods 7

Energy-Loss Factors

Hydraulic analyses require the estimation of energy
losses that result from frictional resistance between the
streamflow and the channel. The amount of frictional
resistance may be quantified by the Manning’s roughness
coefficient (“n” value). Initial (precalibration) n values were
selected on the basis of field observations and high-resolution
aerial photographs (Esri, Maxar, Earthstar Geographics, and
the GIS Community, 2009). As part of the calibration process,
the initial # values were adjusted until the differences between
computed and observed water-surface elevations at the Caguas
streamgage for stage 19.00 ft were minimized for the lowest
modeled discharges. Frictional resistance of obstructions
such as rocks and vegetation is diminished as the depth of
streamflow over them increases. The use of flow roughness
factors allows the model to linearly vary (reduce) the stream
roughness coefficients with increasing streamflow (USACE,
undated). The (base) n values were then modified by using
flow roughness factors (table 7).

Table 6. Comparisons of published National Geodetic Survey benchmark coordinates and elevations to those surveyed by the

U.S. Geological Survey.

[Table is from Ostheimer and Torres-Garcia (2025). All data are in feet. State Plane Coordinate System (Puerto Rico Virgin Islands). NGS, National Geodetic
Survey; NAD 83, North American Datum of 1983; PRVD 02, Puerto Rico Vertical Datum of 2002; USGS, U.S. Geological Survey; n/a, not applicable]

NGS Permanent Published NGS Surveyed by USGS Deltas
benchmark identifier' Northing Easting  Elevation Northing  Easting  Elevation Northing  Easting  Elevation
nhame (NAD83) (NAD83) (PRVDO02) (NAD83) (NADS83) (PRVDO2) (NAD83) (NADS83) (PRVD 02)
G 10232010 DO1405 n/a n/a 289.58 n/a n/a 289.53 n/a n/a —-0.05
H 10232010 DO1406 n/a n/a 264.62 n/a n/a 264.47 n/a n/a -0.15
K 10232010 DO1408 n/a n/a 216.13 n/a n/a 216.00 n/a n/a -0.13
D 10162008 DO1108 n/a n/a 174.54 n/a n/a 174.63 n/a n/a 0.09
E 1016 2008 DO1109 n/a n/a 202.21 n/a n/a 202.21 n/a n/a 0.00
B 10162008 DOI1106 n/a n/a 261.28 n/a n/a 261.46 n/a n/a 0.18

'Permanent identifier refers to the designation given to the benchmark by the National Geodetic Survey (National Oceanic and Atmospheric

Administration, 2025).

Table 7.

[Data are from Ostheimer (2026)]

Streamflow roughness factors used in the Rio Grande De Loiza hydraulic model.

Streamflow (cubic feet per second) Stage (feet) Flow adjustment factor
23,300 19.00 1.00
42,000 24.00 0.82
64,900 29.00 0.74
81,200 32.00 0.69
193,300 34.00 0.65

IThe discharge of 93,300 cubic feet per second associated with stage 34.00 ft is an estimate based upon an extension of rating 30.1.
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For Rio Grande De Loiza, the base n values ranged
from 0.047 to 0.067 for the main channel and from 0.085 to
0.100 for the overbank (floodplain) areas (table 5). Using the
flow roughness factors (table 7), the base n values for stage
34.00 ft (with an associated streamflow of 93,300 ft3/s) were
reduced to 0.031 to 0.044 for the main channel and from
0.055 to 0.065 for the overbank (floodplain) areas. As noted
in the “Study Area” section, the floodplains near the Caguas
streamgage are primarily urban changing to suburban,
forested, and undeveloped areas in the lower and upper ends
of the study reach. The stream channel throughout the study
reach is mainly composed of exposed bedrock, large rocks,
sand, and gravel; tall sawgrass, bamboo, and underbrush grow
along the streambanks.

Hydrologic Data

For the modeled profiles, the streamflows used in the
model simulations (table 8) were obtained from the current
stage-streamflow relation (rating curve 30.1) for the Caguas
streamgage. Stage data recorded at the Caguas streamgage
is referenced to a local datum but can be converted to water-
surface elevations referenced to PRVD 02 by adding 142.85 ft.
Vertical datum surveys for the Caguas streamgage were
completed in March 2019 by use of Level II real-time network
surveying techniques (Rydlund and Densmore, 2012) and

have a vertical accuracy of 0.01 ft. Continuous records of
streamflow are computed from a stage-streamflow relation,
which has been developed for the streamgages, and are also
available through the USGS Water Data for the Nation website
(USGS, 2025¢).

It should be noted that rating curve 30.1 has a maximum
stage and discharge of 32.32 ft and 83,000 ft/s, respectively.
As part of this study, the rating was extended to 34.00 ft
by using the HEC-RAS hydraulic model; therefore, the
discharges associated with stages 33.00 ft and 34.00 ft are
model-derived estimates. Because the differences in drainage
area (table 9) between the Caguas streamgage location and
the top and bottom ends of the reach are only 1.4 percent,
the discharges for the modeled profiles were kept constant
throughout the study reach.

Hydraulic Model

The water-surface profiles used to produce the
16 flood-inundation maps in this study were computed by
using HEC-RAS version 6.3.1 (USACE, 2025). HEC-RAS
is a one- or two-dimensional step-backwater model used to
simulate water-surface profiles with steady-state (gradually
varied) or unsteady-state flow computation options.
The HEC-RAS analysis for this study was completed

Table 8. Selected stages and associated streamflows for respective stage-streamflow relations for the U.S. Geological Survey

streamgage 50055000, Rio Grande De Loiza at Caguas, Puerto Rico.

[Data are from Ostheimer (2026). ft, foot; PRVD 02, Puerto Rico Vertical Datum of 2002; ft3/s, cubic foot per second]

Stage’ (ft) Elevation (ft, PRVD 02) Streamflow (ft3/s)
19.00 161.85 23,300
20.00 162.85 26,600
21.00 163.85 30,100
22.00 164.85 33,900
23.00 165.85 37,900
24.00 166.85 42,000
25.00 167.85 46,200
26.00 168.85 50,500
27.00 169.85 55,100
28.00 170.85 59,900
29.00 171.85 64,900
30.00 172.85 70,100
31.00 173.85 75,500
32.00 174.85 81,200
33.00 175.85 287,000
34.00 176.85 293,300

'Flood profiles are 1-ft increments of stage, referenced to the gage datum of the streamgage 50055000—Rio Grande De Loiza at Caguas, Puerto Rico.

2Rating 30.1 has a maximum stage and discharge of 32.32 ft and 83,000 cubic feet per second, respectively. The rating was extended to stage 34.00 ft as part
of this study; therefore, the discharges associated with stages 33.00 ft and 34.00 ft are estimates.



with the one-dimensional, steady-state flow computation
option. A subcritical (tranquil) flow regime was assumed for
the simulations.

Inputs to HEC-RAS were the DEM, field-collected data,
the flow regime, boundary conditions, and streamflow values.
Starting water-surface elevations were set on the basis of a
normal-depth slope of 0.00004 ft/ft (table 5). This estimate
of normal-depth slope was based on the water-surface slope
from the two surveyed sections at the downstream end
of the study reach. Normal depth is defined as the depth
when the streamflow is uniform, steady, one-dimensional,
and unaffected by downstream obstructions. Streamflow is
considered uniform if the energy line, water surface, and
channel bottom all are parallel (Chow, 1959).

Development of Water-Surface Profiles

The hydraulic model was calibrated so that the simulated
water-surface elevation at the Caguas streamgage matched
the target water-surface elevations predicted by the stage-
streamflow rating for a given streamflow. The calibrated
hydraulic model was used to generate water-surface profiles
for 16 stages at 1-ft intervals from 19.00 to 34.00 ft as
referenced to the local datum of the Caguas streamgage.
These stages correspond to elevations from 161.85 ft to
176.85 ft PRVD 02, respectively. The modeled and target
water-surface elevations at the Caguas streamgage are listed
in table 10. Because the rating was extended (as described in
the “Hydrologic Data” section), no comparisons between the
modeled water-surface elevation and the stage-streamflow
rating are available above stage 32.00 ft. The RMSE of
the differences between the modeled and target water-
surface elevations for stages 19.00 ft to 32.00 ft is 0.07 ft;
minimum and maximum differences were —0.19 ft and
0.07 ft, respectively.

Methods 9

Development of Flood-Inundation Maps

Flood-inundation maps for the 16 water-surface profiles
were created by using GIS software to combine the water-
surface profiles and DEM data. Estimated flood-inundation
boundaries and depth grids were developed for each simulated
water-surface profile with RAS Mapper—a feature within
HEC-RAS (USACE, undated) that allows the preparation of
geometric data for import into HEC-RAS and the processing
of simulation results exported from HEC—RAS. Shapefile
polygons and depth grids of the inundated areas for each
water-surface profile were manually edited with GIS software
to ensure a hydraulically reasonable transition of the flood
boundaries among modeled cross sections.

Any inundated areas that were detached from the
main channel were examined to identify subsurface
connections with Rio Grande De Loiza, such as culverts
or similar engineering structures under roadways. Where
such connections existed, the mapped inundated areas
were retained in their respective flood maps; otherwise, the
erroneously delineated parts of the flood area were deleted.
The flood-inundation areas were overlain on high-resolution,
georeferenced aerial photographs (Esri, Maxar, Earthstar
Geographics, and the GIS Community, 2009) of the study
area. One example of a profile (stage 34.00 ft) overlain on
orthorectified imagery is illustrated in figure 3. Bridge surfaces
are shown as not inundated up to the lowest flood stage that
completely inundates one or both road approaches to the
bridge. Estimates of water depths can be determined with the
interactive mapping application (USGS, 2025b) described in
the following section, “Data Dissemination.”

Table 9. Drainage areas and percentages for selected locations on Rio Grande De Loiza in and near Caguas, Puerto Rico.

[Data from Ostheimer (2026), U.S. Geological Survey (2025d), and U.S. Geological Survey (2019). mi2, square mile; %, percent; USGS, U.S. Geological

Survey; P.R., Puerto Rico]

Drainage area  Percentage of drainage area compared

Location River station' (mi?) to Caguas streamgage location
Bottom of the reach, above confluence with Rio Caguitas 6,331 91.1 101.4%
At USGS streamgage 50055000, Rio Grande De Loiza at 14,491 89.8 100.0%
Caguas, P.R.
Top of the reach, below confluence with Rio Turabo 20,635 88.5 98.6%

IRiver station numbers are referenced (in feet) above the hydraulic baseline used in the hydraulic model. For this study, the hydraulic baseline is the
confluence of Rio Gurabo, approximately 1.9 miles downstream from Puerto Rico Highway 30 bridge.
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Table 10. Calibration of model to target water-surface elevations at the U.S. Geological Survey streamgage 50055000, Rio Grande
De Loiza at Caguas, Puerto Rico.

[Data are from Ostheimer (2026). ft, foot; PRVD 02, Puerto Rico Vertical Datum of 2002; n/a, not available]

Water-surface elevation (ft above PRVD 02)

Stage of water-surface profile (ft) Difference (ft)
Target Modeled

19.00 161.85 161.74 —0.11
20.00 162.85 162.86 0.01
21.00 163.85 163.91 0.06
22.00 164.85 164.92 0.07
23.00 165.85 165.85 0.00
24.00 166.85 166.66 —-0.19
25.00 167.85 167.78 —0.07
26.00 168.85 168.79 —0.06
27.00 169.85 169.80 -0.05
28.00 170.85 170.80 —0.05
29.00 171.85 171.83 —-0.02
30.00 172.85 172.88 0.03
31.00 173.85 173.89 0.04
32.00 174.85 174.86 0.01
33.00 175.85 175.75 n/al

34.00 176.85 176.87 n/al

IRating 30.1 has a maximum stage and discharge of 32.32 ft and 83,000 cubic feet per second, respectively. The rating was extended to stage 34.00 ft as part
of this study; therefore, no comparisons between the modeled water-surface elevation and the stage-streamflow rating are available above stage 32.00 ft.



Methods 11

66°03' 66°02' 66°01' 66°
[ [ [ [
Rio Grande
De Loiza
18°16' — ]
18°15" — ]
50055000
18°14' (— Caguas Barrio-Pueblo ]
18°13" (— ]
| | |
Base from U.S. Geological Survey digital data, variously scaled, 2025 EXPLANATION
Geographic coordinate system ) B ..
North American Datum of 1983 Flood-inundation Study limit
boundary for 50055000
0 05 1 MILE stage 34.00 feet Streamgage an_d
| : - J U.S. Geological Survey
0 05 1 KILOMETER @ Rio Grande station number
De Loiza

Figure 3. Map showing the floodplain boundary for stage 34.00 feet at the U.S. Geological Survey streamgage
50055000, Rio Grande De Loiza at Caguas, Puerto Rico, overlain on orthorectified imagery.
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Data Dissemination

All data used in the creation of the flood-inundation
boundaries are available in a companion USGS data release
(Ostheimer, 2026). The data release includes flood-inundation
polygons and depth grids for each 1-ft increment of stage and
the HEC—RAS model containing all input and output files
involved with the hydraulic simulation.

The USGS Flood Inundation Mapper website
(https:/fim.wim.usgs.gov/fim/) (USGS, 2025b) was
established to make USGS flood-inundation study information
available to the public. The website is a mapping application
that has collections of maps that provide detailed information
on flood areas and depths for modeled sites. The website
makes readily available to the public customized flood-
inundation maps for the Caguas streamgage, along with the
current stage and streamflow, as well as forecasted stage.

A link is provided on the website to connect users to the
USGS Water Data for the Nation (USGS, 2025¢), the source
of the current and historical water level and streamflow
information. A second link connects to the NWS’s National
Water Prediction Service site (NWS, 2025a), where users
could obtain additional information on forecasted peak
stages if the NWS adds forecasting at the Caguas streamgage
site in the future. The estimated flood-inundation maps

have sufficient detail to allow for accurate preparation and
decision making by emergency response teams. Depending
on the flood magnitude, roadways are shown as shaded
(inundated and likely impassable) or not shaded (dry and
passable) to facilitate emergency planning. Buildings are
shaded where ground surfaces near the building are inundated
(this should not be interpreted to mean that the structure is
completely submerged). In these instances, the water depth
(as indicated in the mapping application by clicking on an
inundated area) near the building is an estimate of the water
level inside the structure, if no flood-proofing measures have
been implemented.

Uncertainties and Limitations of Flood-
Inundation Maps

Although the flood-inundation maps represent the
boundaries of floods with a distinct area, some uncertainty
is associated with these maps. The flood boundaries shown
were estimated on the basis of water stages and streamflows
at selected the USGS streamgage. Water-surface elevations
along the stream reach were estimated by steady-state
hydraulic modeling, assuming unobstructed flow, and used
streamflows and hydrologic conditions anticipated at the
USGS streamgages. The hydraulic model reflects the land-
cover and land-use characteristics and any bridge, dam, levee,
or other hydraulic structures existing as of February 2025.
Unique meteorological factors (such as timing and distribution

of precipitation) may cause actual streamflows along the
modeled reach to be different from those assumed during a
flood, which may lead to deviations from the water-surface
elevations and inundation boundaries shown here and in

the datasets. Additional areas may be flooded because of
unanticipated conditions such as changes in the streambed
elevation or roughness, backwater into major tributaries along
a main stem river, or backwater from localized debris or ice
jams. The accuracy of the floodwater area portrayed on these
maps will vary with the accuracy of the DEM used to simulate
the land surface.

If this series of flood-inundation maps will be used in
conjunction with NWS river forecasts, there may be additional
uncertainties. The NWS uses forecast models to estimate
the quantity and timing of water flowing through selected
stream reaches in the United States. These forecast models
(1) estimate the amount of runoft generated by precipitation
and snowmelt, (2) simulate the movement of floodwater as it
proceeds downstream, and (3) predict the flow and stage (and
water-surface elevation) for the stream at a given location
(National Water Prediction Service forecast point) throughout
the forecast period (every 6 hours for the upcoming 3 to 5 days
in many locations). For more information on National Water
Prediction Service forecasts, please see https://water.noaa.gov.

For this study reach, the floodplain boundaries have
additional uncertainty because no direct streamflow
measurements have been made above 11,200 ft3/s (stage
14.22 ft) at the Caguas streamgage. The current rating curve
(30.1) for the Caguas streamgage is limited to 83,000 ft3/s
(stage 32.32 ft). The rating curve was extended to the highest
modeled discharge of 93,300 ft3/s (stage 34.00 ft) as part
of this work. Although the model is expected to produce
reasonable results for the full range of study discharge
estimates, results could not be verified with measured stage-
discharge data available as of June 2025.

Inundated areas along Rio Caguitas are due to backwater
from Rio Grande De Loiza and not due to flooding from Rio
Caguitas itself. It is unlikely, given the difference in drainage
areas between Rio Grande De Loiza just above Rio Caguitas
(91.1 mi?) and Rio Caguitas at its mouth (18.8 mi?; USGS,
2019), that both streams would have concurrent flood peaks.
It is expected that any flood peak on Rio Caguitas will have
passed before the flood peak for Rio Grande De Loiza arrives.

Summary

The U.S. Geological Survey (USGS) developed a series
of 16 digital flood-inundation maps for a 2.7-mile reach of
Rio Grande De Loiza in Caguas, Puerto Rico. The maps were
calibrated to the USGS streamgage 50055000, Rio Grande
De Loiza at Caguas, Puerto Rico. The U.S. Army Corps of
Engineers’ Hydrologic Engineering Center’s River Analysis
System (HEC-RAS) and RAS Mapper programs were used
to compute water-surface profiles and to delineate estimated


https://fim.wim.usgs.gov/fim/
https://water.noaa.gov

flood-inundation areas and depths of flooding in 1-foot (ft)
increments from stages 19.00 ft to 34.00 ft. The 34.00-ft stage
exceeds the historical maximum stage of 33.20 ft recorded

at the Caguas streamgage. The HEC-RAS hydraulic model
was calibrated to the current stage-streamflow relation (rating
curve 30.1) at the Caguas streamgage. The model was used to
compute 16 water-surface profiles for flood stages that ranged
from “moderate flood stage” to above “major flood stage,” as

defined by the National Weather Service. The computed water-

surface profiles were then used in combination with a digital
elevation model, derived from light detection and ranging
(lidar) data, to delineate estimated flood-inundation areas and
flood-depth grids. The flood maps are available through a
mapping application that can be accessed on the USGS Flood
Inundation Mapper website (https://fim.wim.usgs.gov/fim/).
The maps on this interactive site allow users to obtain an
indication of depth of water at any point in the study area by
clicking within the shaded areas. These maps, in conjunction
with the real-time stage data from the USGS streamgages and
(potentially in the future) forecasted flood stage data from the

National Weather Service’s National Water Prediction Service,

can help emergency planners and the public make more
informed decisions about flood risk.
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