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1. Authorization
Freese And Nichols, Inc. (FNI) submitted to the Texas General Land Office (GLO), a
Proposed Engineering Services Work Statement for the Texas Coast Sediment Budget
Analysis and Modeling Study pursuant to GLO CONTRACT NO. 18-127-027 to develop a
sand transport model for the entire Texas coast. FNI has retained HR Wallingford to help
analyze existing Texas Gulf of Mexico hydrodynamic information and develop this sand
transport model to identify the sand transport pathways, sand transport rates and define the
littoral cells and associated sediment budget for sand and other sediments along the Texas
Gulf facing beaches. The GLO authorized Work Order No. B892 to develop the budget for
Region 1 covering Brazoria, Chambers, Galveston, Harris, Jefferson and Orange Counties in
the waters of the Gulf of Mexico; and, for Region 4 covering Cameron, Kenedy and Willacy
Counties in the waters of the Gulf of Mexico.

2. Introduction
This report presents work that has been undertaken as part of Task 2B.7 of the Texas coast
sediment budget analysis and modeling study (Table 2.1). The purpose of this task is to
predict sand transport under extreme conditions at a number of locations within the Region 4
study area to provide insight into the magnitude of sand transport during such events. The
predicted sand transport rates will be compared with the sediment transport rates, pathways
and magnitudes predicted in the regional sediment transport modeling (Task 2B.6). The aim
is to assess the impact of extreme conditions on representative sediment transport, in
particular the offshore losses and the overland fluxes from the coast to the backwaters, thus
aiding the overall development of the Region 4 sediment budget.
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Table 2.1: Work tasks of the Texas coast sediment budget analysis and modeling study
Task
2A
2B

Subtask
Region 4 Data Identification and
Collation

2A.1

Data Identification

2A.2

Data Collation

Region 4 Data Analysis and Modeling

2B.1

Analysis of Published Reports

2B.2

Data Gap Analysis

2B.3

Regional Wave Modeling

2B.4

Littoral Drift Rate Calculation

2B.5

Area Wave/Flow Modeling Setup and Calibration

2B.6

Regional Sediment Transport Modeling

2B.7

Regional Sediment Transport Modeling (Extreme
Conditions)

A historic hurricane making landfall on the Texas coastline has been simulated using the TELEMAC area model
in a similar approach to that used in the regional sand transport modeling (HR Wallingford, 2021c).
Consideration is given to simulating the Hurricane Dolly (2008) tropical cyclone event, which made direct landfall
along the Region 4 coastline at South Padre Island resulting in considerable coastal impact (HDR Engineering
Inc., 2013). Hydrodynamic conditions and sand transport during the simulated hurricane have been contrasted
with those predicted under representative (higher frequency) conditions.
This study considers a single event, selected from a previously-assembled database of hurricane conditions. As
such, this modeling does not claim to be representative, or to model the worst-case scenario, as different parts
of the coastline are affected in different ways by the same hurricane. It aims to illustrate the differences in
inundation and sediment transport that will occur between hurricane conditions and representative, higher
frequency, conditions, and the magnitude of losses from the system during such events. The focus is on the
onshore and offshore transport of sediment to estimate the loss of sand to the back bays and the offshore areas.
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2.1. Hurricane Dolly
Hurricane Dolly, a Category 2 hurricane, made direct landfall at South Padre Island, Texas, at 1800hrs UTC on
the 23rd of July, 2008. On landfall, the hurricane was downgraded to a Category 1 storm but sustained winds of
85 mph (Pasch & Kimberlain, 2009). The track of the hurricane is illustrated in Figure 2.1. The waves generated
by the hurricane were recorded by one station, NDBC buoy 42020 within 45 nautical miles (NM) of the hurricane
track (Figure 2.1). NDBC buoy 42020 recorded a maximum significant wave height of 24.4 ft in approximately
276 ft water depth at 1930 UTC on the 23rd of July 2008 (Figure 2.2).

Figure 2.1: Storm track of Hurricane Dolly and locations of active observation stations which successfully
recorded observations of wind, waves, tidal elevations and currents during the passage of the hurricane
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Figure 2.2: Observations of significant wave height at NDBC buoy 42020 during the passage of Hurricane Dolly
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3. Modeling approach
HR Wallingford have completed flow and wave modeling using the fully-coupled modules of the TELEMAC
modeling system to generate model forcing with which to force the regional sediment transport modeling
component of this project. The objective of this task was to model sand transport under extreme conditions and
Hurricane Dolly was chosen as the event to represent extreme conditions due to the impact that it had along the
Region 4 coastline. The model forcing used in the extreme sand transport modeling was generated in a similar
manner to that for the regional sand transport model following the same methodology used for the Region 1
extremes modeling (HR Wallingford, 2021b).
The extreme sand transport modeling was completed by:
 Calibrating and verifying hydrodynamics predicted by the TELEMAC modeling system for the period covering
Hurricane Dolly;
 Predicting regional sand transport with the calibrated/verified hydrodynamics; and,
 Using the simulated hydrodynamics as boundary forcing to drive XBeach, an open-source numerical model
commonly employed to simulate beach morphodynamics as a result of extreme storms. XBeach has been
used herein to assess the sensitivity of cross-shore sediment transport to extreme conditions along the
coastline of Region 4.
All model forcing information is provided in WGS84 latitude, longitude with Mean Sea level (MSL) as the vertical
datum and converted to the model coordinate system (UTM Zone 15 North). The calibration data has been
collected relative to Mean Lower Low Water (MLLW). In the comparisons, this has been corrected for the offset
between the MSL in the model and the MLLW level in the measured data. The offset between MSL and MLLW is
0.81 ft at South Padre Island (NOAA Station 8779748).
To facilitate use of the results by the Texas GLO, all model outputs are shown in this report using the North
American Datum (NAD) of 1983 Lambert Conformal Conic coordinate system for Texas South, which uses feet
as the horizontal distance unit. Vertical levels are given in feet relative to MLLW.
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4. Boundary forcing
4.1. Currents and water levels
The model is forced with tidal elevations and currents using data extracted from the Hybrid Coordinate Ocean
Model of the Gulf of Mexico (HYCOM + NCODA Gulf of Mexico 1/25° Reanalysis, GOMl0.04/expt_50.1). The
HYCOM + NCODA analysis provides hourly predictions of sea surface elevation (ssh), eastward- and northwardvelocities (u,v) for 40 vertical coordinate surfaces. Experiment 50.1 has an equatorial and latitudinal resolution of
1/25° (~3.5 km) as shown in Figure 4.1. The reanalysis dataset covers the period from 1993-2013, therefore
including Hurricane Dolly (HYCOM, 2020).
The HYCOM data is interpolated using a 2-dimensional linear interpolation and applied to the offshore nodes on
the boundary of the model domain at hourly intervals. The flow model interpolates linearly between the hourly
time steps.

Figure 4.1: Location of the HYCOM grid points within the model domain
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4.2. Waves
Wave data from the European Centre for Medium-Range Weather Forecast’s (ECMWF) ERA5 wave reanalysis
dataset are used to force the model. The ERA5 dataset provides hourly wave spectra across a 0.5°
(approximately 18.6 miles) grid from 1979 to 2020. Spectral wave data from ERA5 output locations bordering the
offshore boundary of the model domain were used to force the model by interpolating the wave spectra along the
offshore nodes of the model boundary (Figure 4.2). The wave hindcast data have a 1 hour temporal resolution.
Table 4.1 lists the ERA5 output locations that have been used to force the Region 4 model boundary.

Figure 4.2: Location of the ECMWF ERA5 wind and wave output and interpolation locations used to generate the
boundary conditions
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Table 4.1: ERA5 wave output locations
Latitude*

Longitude*

25.0

-97.5

25.5

-97.5

26.0

-97.5

26.5

-97.5

27.0

-97.5

27.5

-97.5

28.0

-97.5

25.0

-97.0

25.5

-97.0

26.0

-97.0

26.5

-97.0

27.0

-97.0

27.5

-97.0

28.0

-97.0

25.0

-96.5

25.5

-96.5

26.0

-96.5

26.5

-96.5

27.0

-96.5

27.5

-96.5

28.0

-96.5

25.0

-96.0

25.5

-96.0

26.0

-96.0

26.5

-96.0

27.0

-96.0

27.5

-96.0

28.0

-96.0

* GCS_WGS_1984
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4.3. Winds
The model is forced with winds and pressure using data extracted from the European Centre for Medium-Range
Weather Forecast’s (ECMWF) ERA5 re-analysis dataset. The locations of the ERA5 output locations are
illustrated in Figure 4.2 and listed in Table 4.1.

4.4. River discharge
The major rivers flowing into the Gulf within the bounds of the Region 4 model are:
 the Rio Grande; and,
 the Nueces river (Region 3).
Figure 4.3 shows the discharge of both rivers during July 2008. Discharge from the Nueces river is included as
the model domain extends into Region 3 to allow for the application of boundary forcing at a sufficient distance
from the Region 4 coastline as to prevent boundary instability effects. During the passage of Dolly the peak flood
discharge of the Rio Grande reached 2,940 ft3/s, however, the Nueces river discharge remained relatively
constant at approximately 110 ft3/s (Figure 4.3). No discharge data were available for North Floodway or the
Arroyo Colorado for July 2008.
3500
Nueces
Rio Grande
3000

Discharge (� 3/s)

2500

2000

1500

1000

500

0
07/01

07/06

07/11

07/16

07/21

07/26

07/31

2008

Figure 4.3: Discharge for the Rio Grande and Nueces river during July 2008
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5. Regional hydrodynamic model
The quality of the hydrodynamic model is quantified in a number of ways. The magnitude of difference between
the model and data is quantified by the mean error (ME or bias); mean absolute error (MAE); and root mean
square error (RMSE). In all these error indicators the target value is 0. The model skill, the ability of the model to
reproduce the variations in the measured values, is defined following the proposed methodology of Willmott
(1981):
𝑊𝑊𝑊𝑊 = 1 −

∑𝑛𝑛𝑖𝑖=1(𝑀𝑀𝑖𝑖 − 𝑂𝑂𝑖𝑖 )2
𝑛𝑛 𝑀𝑀𝑀𝑀𝑀𝑀
≡ 1−
𝑛𝑛
2
∑𝑖𝑖=1(|𝑀𝑀𝑖𝑖 − 〈𝑂𝑂〉| + |𝑂𝑂𝑖𝑖 − 〈𝑂𝑂〉|)
𝑃𝑃𝑃𝑃

in which M and O are the measured and observed values, respectively, MSE is the mean square error and PE is
the potential error, the angled brackets denote an average. This method compares the square of the prediction
error with the square of the variation in the modeled and measured data. A perfect fit will have a value of 1, while
predicting a constant value equal to the mean of the measured data will have a value of 0. A model is adequate
with values between 0.55 and 0.65, sufficient between 0.65 and 0.75, good between 0.75 and 0.85, and very
good for values >0.85.

5.1. Verification data
During the passage of Hurricane Dolly, observations of water levels, tidal currents, winds and waves were
recorded by a number of NDBC and TABS buoys, and TCOON tide gauges located close to the coast within the
Region 4 model domain (Figure 5.1). The type of data recorded by each buoy or tide gauge is indicated in
Table 5.1. Winds were recorded by all stations except for the three TABS buoys which recorded only tidal
current data, tidal elevations were recorded by TCOON stations, and only one wave buoy (NDBC 42020)
successfully recorded waves. Table 5.1 summarizes the measurement stations used for the model verification.
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Figure 5.1: Location of NDBC and TABS buoys, and TCOON tide gauges which successfully recorded
observations during the passage of Hurricane Dolly
Table 5.1: Observations available from buoys successfully recording data during passage of Hurricane Dolly
Observation
Locations

Tidal Elevations

Tidal Currents

NDBC Buoy 42020
TABS Buoy D

X

TABS Buoy J

X

TABS Buoy K

X

Waves

Wind

X

X

TCOON 8775237

X

X

TCOON 8775792

X

X

TCOON 8775870

X

X

TCOON 8779770

X

X
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5.2. Quality of boundary conditions
To assess the quality of the imposed boundary conditions, the input forcing conditions were compared with the
respective observational data at each of the verification points.
The imposed tidal currents are compared with observations at TABS Buoys J, D and K in Figure 5.2, Figure 5.3
and Figure 5.4, respectively. TABS buoy J is located in the center of the model domain whereas TABS buoys D
and K are located along the northern and eastern boundaries of the model domain, respectively. The timestamp
of the HYCOM model and observational data are reported in UTC, however, there appears to be a lag between
the HYCOM model and the observational data at TABS buoy D and K of approximately 2 to 3 days. The skill
score of the HYCOM currents ranged from poor (0.48) to sufficient (0.72) (Table 5.2). The relatively low skill
score of 0.48 at TABS buoy J is attributed to the overprediction of the tidal current speeds by the HYCOM model
during periods of low observed tidal current velocities, this is reflected by a ME of 0.17 ft/s (Table 5.2,
Figure 5.2). The skill scores at TABS buoy D and K are higher at 0.72 and 0.59, however, at these locations the
HYCOM model generally under predicts the tidal current speeds with ME values of -0.23 ft/s and -0.15 ft/s
(Table 5.2, Figure 5.3 and Figure 5.4). The HYCOM model current directions closely approximate the observed
tidal current directions, however, the model does miss some of the cyclic periodicity of the observed tidal current
directions.
The imposed wind speeds and directions are compared with observations at NDBC Buoy 42020 in Figure 5.5.
Wind speeds and directions were also observed across TCOON stations during the passage of Hurricane Dolly
which have also been used to assess the quality of the ERA5 boundary forcing (Table 5.2). The ERA5 winds
represent the magnitude and directions of the observed winds well which is reflected by skill scores between
0.66 and 0.95 (Table 5.2).
No comparison could be made between the HYCOM tidal elevations used to force the model and those
observed along the Region 4 coastline as the observation locations were outside of the area across which
HYCOM data was available. Tidal elevations extracted at the HYCOM node closest to the TCOON 8775870 tide
gauge (approximately 1.6 miles east-southeast of the tide gauge) are shown in Figure 5.6 for clarity.

Table 5.2: Error statistics analysis between forcing and available observations
Forcing

Location

ME

MAE

RMSE

Skill Score

Tidal Currents

TABS Buoy D

-0.23

0.36

0.49

0.72

Tidal Currents

TABS Buoy J

0.17

0.34

0.40

0.48

Tidal Currents

TABS Buoy K

-0.15

0.41

0.51

0.59

Wind

NDBC 42020

1.21

2.87

4.07

0.95

Wind

TCOON 8775237

4.97

5.55

6.54

0.80

Wind

TCOON 8775792

2.28

4.05

5.14

0.90

Wind

TCOON 8775870

-2.61

4.55

5.75

0.89

Wind

TCOON 8779770

4.65

6.08

7.40

0.66

Note:

Units of the ME, MAE and RMSE are ft for tidal elevations, and ft/s for tidal currents and wind speeds.
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Figure 5.2: Comparison of imposed HYCOM tidal currents and observed currents at TABS buoy J
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Figure 5.3: Comparison of imposed HYCOM tidal currents and observed currents at TABS buoy D
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Figure 5.4: Comparison of imposed HYCOM tidal currents and observed currents at TABS buoy K
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Figure 5.5: Comparison of imposed ERA5 winds with observed winds at NDBC buoy 42020
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Figure 5.6: Tidal elevations extracted from the closest HYCOM model node to the TCOON 8775870 tide gauge
(approximately 1.6 miles east-southeast of the tide gauge)

5.3. Model calibration
In a previous report (HR Wallingford, 2021a), the regional hydrodynamic model was extensively calibrated
against observations of tidal elevations, currents, winds and waves, and was validated against observations from
January and September 2018. The preferential model settings identified in that report have been used herein,
albeit with different boundary conditions to reflect the different time of the event being modeled. The model
predictions during hurricane Dolly with these settings are verified against observations of tidal elevations,
currents, winds and waves in Section 5.4.
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5.4. Model verification
5.4.1.

Tidal elevations, currents and waves

Using the model settings identified as part of the model calibration in HR Wallingford (2021a), the model
performs well when compared with observations with skill scores ranging from 0.66 to 0.97, with the exception of
Tabs Buoy K (Table 5.3). At Tabs Buoy K the tidal current skill score is lower at 0.33, which is attributed to the
boundary effects in the model at its location on the offshore model boundary. Moreover, in such deep water, the
modeled depth averaged velocities are likely to be very different from the wind driven surface currents being
measured. As the model domain extends beyond the Region 4 coastline, the lower skill score at TABS Buoy K
does not cause concern for the present study considering the better skill score in the center of the model
domain. The skill scores of the predicted tidal elevations are deemed to be good (0.75 – 0.85) to very good
(>0.85) (Table 5.3), according to the classification by Willmott (1981). Therefore, although the quality of HYCOM
boundary forcing was deemed poor to sufficient when compared with observations, the skill score in nearshore
was improved after transformation of the boundary conditions by the model. The skill score of the predicted
waves is deemed to be very good, and the skill score of the predicted tidal currents is deemed to be good,
except for Tabs Buoy K (Table 5.3).
The model approximates the tidal elevations well with a ME of between -0.22 ft and 0.14 ft. and the model
resolves the phase and magnitude of the tidal elevations appropriately, including the water elevations at the
peak of Hurricane Dolly (Figure 5.7, Figure 5.8, Figure 5.9 and Figure 5.10). At TCOON station 8779770, the
predicted peak tidal elevations are lower than the observed tidal elevations, reflected by a ME of -0.22 ft
(Table 5.3). The offset between the predicted and observed peak tidal elevations at this station is attributed to its
isolated location within Port Isabel Channel. At TCOON 8775792, inside Corpus Christi Bay, the model is slow to
adapt from the initial conditions, but after the initial 10 days, the model matches the measured levels very well.
A noticeable improvement in the tidal current skill score at Tabs Buoy J, compared to the skill score for the
HYCOM model, is achieved with the employed model setup (Table 5.3). The model predicts the phase and
magnitude of the tidal currents well and predicts a peak in tidal current magnitudes during the landfall of
Hurricane Dolly, however, observations with which to compare the tidal current velocities at landfall are not
available (Figure 5.11). There is an offset between the predicted and observed tidal currents during periods of
dampened tidal currents (Figure 5.11). This is attributed to the limited temporal resolution of the available
HYCOM boundary forcing (3-hourly) compared to that of the observations therefore there may be some aliasing
of the tidal current magnitudes between peak events. The model also predicts the cyclicity of the tidal current
directions well (Figure 5.11). However, as this happens during calm conditions, which do not generate any
significant sediment transport, these offsets are not important to the findings of the modeling.
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Table 5.3: Error statistics analysis between model prediction and observations
Forcing

Location

ME

MAE

RMSE

Skill Score

Tidal
Elevations

TCOON 8775237

-0.05

0.14

0.20

0.97

Tidal
Elevations

TCOON 8775792

Tidal
Elevations
Tidal
Elevations

0.89
0.14

0.16

0.21

TCOON 8775870

-0.15

0.24

0.33

0.96

TCOON 8779770

-0.22

0.27

0.34

0.92

Tidal Currents

TABS Buoy D

-0.16

0.27

0.37

0.69

Tidal Currents

TABS Buoy J

0.04

0.18

0.22

0.66

Tidal Currents

TABS Buoy K

0.18

0.40

0.48

0.33

Waves

NDBC 42020

-0.17

0.67

1.25

0.97

Source:

Units of the ME, MAE and RMSE are ft for tidal elevations and waves, and ft/s for tidal currents.
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Figure 5.7: Comparison of modeled and observed tidal elevations at TCOON station 8775237
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Figure 5.8: Comparison of modeled and observed tidal elevations at TCOON station 8775792
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Figure 5.9: Comparison of modeled and observed tidal elevations at TCOON station 8775870
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Figure 5.10: Comparison of modeled and observed tidal elevations at TCOON station 8779770
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Figure 5.11: Comparison of modeled and observed tidal currents at TABS buoy J
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Figure 5.12: Comparison of modeled and observed waves at NDBC buoy 42020
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6. Regional sediment transport model
The calibrated/verified regional hydrodynamic model described in Section 5 was coupled with SISYPHE to
predict the magnitude and patterns of sediment transport, and the resulting bed morphodynamics, which
occurred as a result of Hurricane Dolly. The model uses the same parameter settings as the model used in
Region 1 (HR Wallingford, 2021b), except for the spatially varying grain size distribution and bed friction. These
are taken from the model verification report (2021c) to reflect the bed composition, which are different from that
in Region 1.
employed a spatially varying grain size distribution and bed friction. The bed is assumed to consist of 5 separate
fractions which have been derived from an assessment of available sediment data collected between 1899 to
2015 by various sources ranging from riverine to offshore sources (HR Wallingford, 2021c). The characteristics
of the modeled sediment fractions are provided in Table 6.1, and the mean grain size calculated from the
employed sediment fractions is illustrated in Figure 6.1.

Table 6.1: Model grain size information
Fraction number

Phi

Grain size (mm)

Classification

1

0.00

1.00

Coarse Sand

2

2.00

0.25

Fine to Medium Sand

3

3.00

0.12

Very Fine to Fine Sand

4

3.85

0.07

Coarse Silt to Very Fine Sand

5

5.00

0.03

Medium to Coarse Silt
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Figure 6.1: Mean grain size in the model, as calculated from the 5 prescribed grain size fractions
Source:

HR Wallingford (2021c)

Note:

Horizontal coordinates are in feet relative to NAD83 Texas South and depth contours are in feet relative to MLLW
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6.1. Verification data
The 2013 South Padre Island (SPI) annual beach monitoring survey report (HDR Engineering Inc, 2013) is the
only known report describing the coastal impacts associated with Hurricane Dolly. It describes Hurricane Dolly
as one of a set of hurricanes which made direct landfall at SPI and caused significant erosion to the SPI beach
and dune system. This storm, along with other storms during the 2005 to 2008 storm period, reportedly
transported large amounts of sediment into Brazos Santiago Pass requiring emergency maintenance dredging.
Aside from the 2013 HDR report, quantitative verification data is available in the form of pre- and post-Dolly
channel surveys conducted by the USACE. The pre- and post-Hurricane Dolly channel surveys located within
Region 4 are listed in Table 6.2. These channel surveys are used herein to calculate the observed infill for
comparison with the infill predicted by the regional sediment transport model in Section 6.2.2.

Table 6.2: Pre- and Post- Hurricane Dolly Channel Surveys
Channel

Reach ID

Pre-Survey

Post-Survey

Port Mansfield

PM02

04/18/2007

07/28/2008

Brazos Santiago Pass (Outer Bar Channel)

BR01

03/12/2008

07/27/2008

Brazos Santiago Pass (Jetty Channel)

BR02

06/24/2008

07/26/2008
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6.2. Results
6.2.1.

Predicted sediment transport rates

The transport rates of all sediment fractions and the sand fractions only (i.e. the three coarsest sediment
fractions deployed in the model, Table 6.1)- at the time of landfall of Hurricane Dolly (1900hrs 23rd July 2008)are shown in Figure 6.2 and Figure 6.3, respectively. During the landfall of Hurricane Dolly, sediment is
transported dominantly shore parallel in a southerly direction (Figure 6.2). The predicted sand transport during
the landfall of Hurricane Dolly follows a similar spatial pattern to that predicted for all of the sediment fractions.
However, the mobile sand is restricted to nearshore areas along the coastline (Figure 6.3). The fraction of
transported material which is composed of sand is shown in (Figure 6.4). Figure 6.4 indicates that the sediment
transported in the offshore regions of the model domain is predominantly fine sediment indicated by white/yellow
colors. The sandy composition of the transported sediment in the nearshore areas is reflective of the underlying
sediment (Figure 6.1 and Figure 6.4).
The cumulative sediment transport and sand transport predicted during Hurricane Dolly are shown in Figure 6.5
and Figure 6.6, respectively. The fraction of the cumulative transported material which is composed of sand is
shown in Figure 6.7. The predicted cumulative sediment transport and sand transport for the whole month of July
2008 exhibit a similar spatial pattern to that predicted during the landfall of Hurricane Dolly (Figure 6.6) indicating
that the sediment transport pathways during Hurricane Dolly caused the majority of the sediment transport
during the remainder of July 2008.
The cumulative sediment transport and the sand transport predicted during 2018, the representative year used
to verify the regional sediment transport model (HR Wallingford, 2021c), are shown in Figure 6.8 and Figure 6.9,
respectively. The cumulative sediment transport predicted during the passage of Hurricane Dolly (Figure 6.5) is
generally greater in magnitude than the cumulative sediment transport predicted during 2018, however, it
encompasses a lesser spatial extent (Figure 6.8). Close to the shore, however, the persistent littoral currents of
2018 exceed the transport rates of July 2008. Similar to the sediment transport, the cumulative sand transport
predicted during the passage of Hurricane Dolly (Figure 6.6) is also greater in magnitude than the cumulative
sand transport predicted during 2018 and encompasses a greater spatial extent with sand being mobilized
further offshore in some locations (Figure 6.9). Again, close to the shore the persistent littoral currents of 2018
exceed the transport rates of July 2008.The transport vectors are largely similar between 2018 and July 2008 in
the offshore region of the model domain with greater differences in the nearshore, where the strong nearshore
northward littoral drift of 2018 is absent in the results of July 2008.
The bed elevation changes predicted as a result of Hurricane Dolly are shown in (Figure 6.10). The model
predicts alternating patterns of erosion and deposition along the Region 4 coastline. The magnitude of the bed
elevation change is greater in the vicinity of Brazos Santiago Pass, and along South Padre Island (Figure 6.10).
The patterns of change visible in this figure are similar to the annual changes predicted for the representative
year (HR Wallingford, 2021c). The predicted changes are therefore likely to be caused by the gradients in the
alongshore sediment transport, rather than the coastal erosion due to the wave attack. Changes as a result of
cross-shore transport will be better quantified in the cross shore modeling (Section 7).
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Figure 6.2: Predicted sediment transport rates during the landfall of Hurricane Dolly on the 23rd of Jul at 1800hrs
Note:

The colors denote the transport rate as the volume (ft3) transported across a 1 foot wide section in one second
(hence the units shown as ft2/s). Blue indicates a lack of sediment transport. The vectors denote the direction of
transport for those areas where significant transport occurs. The location of Hurricane Dolly’s landfall is indicated
by a red dot. Horizontal coordinates are in feet relative to NAD83 Texas South and depth contours are in feet
relative to MLLW
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Figure 6.3: Predicted sand transport rates during the landfall of Hurricane Dolly on the 23rd of Jul at 1800hrs
Note:

The colors denote the transport rate as the volume (ft3) transported across a 1 foot wide section in one second
(hence the units shown as ft2/s). Blue indicates a lack of sediment transport. The vectors denote the direction of
transport for those areas where significant transport occurs. The location of Hurricane Dolly’s landfall is indicated
by a red dot. Horizontal coordinates are in feet relative to NAD83 Texas South and depth contours are in feet
relative to MLLW.
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Figure 6.4: Fraction of transported material composed of sand during the landfall of Hurricane Dolly on the 23rd
of Jul at 1800hrs
Note:

The colors denote the ratio of sand transport to the total sediment transport. The vectors denote the direction of
transport for those areas where significant transport occurs. The location of Hurricane Dolly’s landfall is indicated
by a green dot. Horizontal coordinates are in feet relative to NAD83 Texas South and depth contours are in feet
relative to MLLW.
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Figure 6.5: Cumulative sediment transport rate of all fractions during July 2008
Note:

The colors denote the transport rate as the volume (ft3) transported across a 1 foot wide section per month. Blue
indicates a lack of sediment transport. The vectors denote the direction of transport for those areas where
significant transport occurs. Horizontal coordinates are in feet relative to NAD83 Texas South and depth contours
are in feet relative to MLLW.
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Figure 6.6: Cumulative sediment transport rate of the sand fraction during July 2008
Note:

The colors denote the transport rate as the volume (ft3) transported across a 1 foot wide section per month. Blue
indicates a lack of sediment transport. The vectors denote the direction of transport for those areas where
significant transport occurs. Horizontal coordinates are in feet relative to NAD83 Texas South and depth contours
are in feet relative to MLLW.
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Figure 6.7: Fraction of the cumulative transported material composed of sand during July 2008
Note:

The colors denote the ratio of sand transport to the total sediment transport. The vectors denote the direction of
transport for those areas where significant transport occurs. Horizontal coordinates are in feet relative to NAD83
Texas South and depth contours are in feet relative to MLLW.
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Figure 6.8: Total cumulative sediment transport rate for the representative year (2018)
Note:

Horizontal coordinates are in feet relative to NAD83 Texas South and depth contours are in feet relative to MLLW.
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Figure 6.9: Total cumulative sand transport for the representative year (2018)
Note:

Horizontal coordinates are in feet relative to NAD83 Texas South and depth contours are in feet relative to MLLW.
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Figure 6.10: Bed elevation change predicted during the passage of Hurricane Dolly
Note:

Blue colors indicate areas of accretion and red colors indicate areas of erosion, the vectors indicate the direction
of sediment transport. Horizontal coordinates are in feet relative to NAD83 Texas South and depth contours are in
feet relative to MLLW.
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6.2.2.

Verification

The validity of the model results is assessed by comparing the predicted channel infill as a result of Hurricane
Dolly with the observations of channel infill calculated from pre- and post-Dolly channel surveys conducted by
the USACE (Section 6.1). Pre- and post-Dolly channel surveys were available for the jetty channel at Brazos
Santiago Pass (BR02) and Port Mansfield (PM02), and for the outer bar channel at Brazos Santiago Pass
(BR01). The elevation change between the pre- and post-Dolly channel surveys are shown for Brazos Santiago
Pass and Port Mansfield in Figure 6.11 and Figure 6.12, respectively.
The observed and predicted infill volumes (cy) above the design profile between the pre- and post-Dolly surveys
are shown in Table 6.3. The predicted infill for the offshore bar channel (BR01) compares well with the observed
infill above the design profile and is within approximately 15% of the measured values (Table 6.3). The observed
infill volumes are larger than the modeled infill for the two jetty channels (PM02 and BR02) by a factor of up to 6.
It is noted that approximately 500,000 cy was dredged from the Brazos Santiago Pass Jetty Channel (BR02)
within the period of pre- and post-Dolly surveys, post beach nourishment surveys carried out by HDR / Shiner
Moseley (2008) suggest that dredging was completed in June 2008, the associated elevation change is clearly
visible in the pre- and post-Dolly surveys for BR02 shown in Figure 6.1. The infill predicted as a result of
Hurricane Dolly in the jetties channels is therefore predicted to have only partially contributed to the total infill
volumes across the survey periods. However, the results indicate that, in line with the results in the verification
report (HR Wallingford (2021c), the sedimentation in the jetties sections may be underestimated.
The reduced infill volumes predicted during July 2008 as a result of Hurricane Dolly compared to observations
gives confidence that the model does not overpredict sediment transport vicinity of the channels.

Table 6.3: Comparison of observed and predicted infill volumes
Channel

Pre survey
date

Post survey
date

Reach ID

USACE
Hurricane
Dolly Infill
Volume (cy)

Predicted
Infill
Volume
(cy)

Port
Mansfield

04/18/2007

07/28/2008

PM02

14,017

2,626

Brazos
Santiago
Pass

03/12/2008

07/27/2008

BR01

66,082

76,343

06/24/2008

07/26/2008

BR02

102,293

16,606

Note: The observed infill volumes represent the total channel infill above the design profile.
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Figure 6.11: Elevation change between the pre- and post-Dolly channel surveys at Brazos Santiago Pass
Source:

HR Wallingford with data from the USACE
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Figure 6.12: Elevation change between the pre- and post-Dolly channel surveys at Port Mansfield
Source:

HR Wallingford with data from the USACE

.
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7. Cross-shore sediment transport modeling
Following a similar approach to the Region 1 extremes modeling, XBeach is used herein to assess the crossshore sediment transport under hurricane forcing and forcing from representative conditions.
The XBeach model is described in HR Wallingford (2021b), however, a brief description is provided herein for
context. XBeach is an open-source numerical model which was developed initially to assess the morphodynamic
impacts of Hurricanes on sandy beaches (Roelvink et al., 2009) and has been further developed to account for
hydrodynamic (short wave refraction, shoaling and breaking; long (infragravity) wave generation, propagation
and dissipation; wave-induced setup and unsteady currents; overwash and inundation) and morphodynamic
processes (bed load and suspended sediment transport; dune face avalanching; bed update and breaching; and
the effects of hard structures).
The model has been extensively validated against analytical, laboratory and field test cases, some of which are
available on the model website (https://oss.deltares.nl/web/xbeach/home) as well as throughout the scientific
literature.
XBeach provides two types of wave models with which to drive the morphodynamic processes: hydrostatic mode
(stationary and surfbeat) and non-hydrostatic mode. In stationary mode, the model solves wave-averaged
equations ignoring infragravity waves. In surfbeat mode, the model resolves short-wave variation on the wave
group scale as well as the associated long waves. In non-hydrostatic mode, the short wave amplitude variation is
solved separately from the long waves, allowing the currents and morphological change associated with the
propagation and decay of individual waves to be resolved. As the non-hydrostatic model solves all processes
including short wave motions, it therefore requires a greater computational demand. XBeach will therefore be
used in surfbeat mode, herein.
The first step of the work reported herein was to calibrate the XBeach model and verify its ability to resolve the
sediment transport and coastal change associated with the landfall of Hurricane Dolly along Region 4. This was
completed by using XBeach to assess cross-shore beach volume change at a location where observations of the
pre- and post-Dolly beach profiles are available (Section 7.1). Once calibrated and verified, the model was
applied at up to 10 locations along the coastline of Region 4 using boundary forcing from the Region 4
hydrodynamic model (Section 7.2). This approach of calibrating and verifying the model at a single location and
then applying the model to several locations along the coastline was taken due to the limited number of
observations of pre-/post-Dolly cross-shore profiles within Region 4.
The ability of the XBeach model to accurately represent the cross-shore sediment transport and resulting
morphodynamics associated with Hurricane Dolly is assessed in terms of the ability of the model to accurately
predict the volume change of the beach profile, and the models skill score in predicting the observed post-Dolly
beach profile. The model skill is calculated using the Brier Skill Score (BSS) in which a BSS of 1 indicates the
model predictions perfectly match observations, and a BSS of 0 indicates the model has no ability to match
observations. The BSS of the model is calculated using the method of Sunderland et al. (2004):
2

〈�𝑧𝑧𝑝𝑝 − 𝑧𝑧𝑚𝑚 � 〉
𝐵𝐵𝐵𝐵𝐵𝐵 = 1 −
〈(𝑧𝑧𝑏𝑏 − 𝑧𝑧𝑚𝑚 )2 〉
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in which the angular brackets denote the average, 𝑧𝑧𝑝𝑝 is the predicted profile, 𝑧𝑧𝑚𝑚 is the observed (post-Dolly)

profile, and 𝑧𝑧𝑏𝑏 is the initial (pre-Dolly) profile.

7.1. Model verification
7.1.1.

Verification data

A series of cross-shore beach profiles were collected along the Region 4 coastline by HDR Engineering Inc. on
behalf of the City of South Padre Island and the Texas GLO as part of the South Padre Island (SPI) annual
beach monitoring surveys (HDR Engineering Inc, 2013). The beach profiles were collected along 42 transects
across a 6.5 mile (34,500 ft) stretch of the South Padre Island coastline extending north from Brazos Santiago
Pass (Figure 7.1). The transects have an alongshore interval of between 240 ft and 1,900 ft (Figure 7.1).
Pre-Dolly profiles were collected on the 3rd of July 2008 and post-Dolly profiles were collected in June 2009;
therefore the post-Dolly profiles do not only account for Hurricane impacts but will also reflect morphodynamics
under relatively normal conditions over a year. An example of the pre- and post-Dolly profiles are shown for
transect CBI21 (237+94) in Figure 7.2. In profile CBI21 nearshore bars are present which are also present in the
other profiles collected along SPI shown in Figure 7.1. The bars between the pre- and post-Dolly surveys in the
profiles located closest to Brazos Santiago Pass exhibit a spatial variability which is likely due to modification of
the tidal currents in the proximity of the entrance channel and its interaction with the nearshore bars. The preand post-Dolly beach profiles along CBI21 indicate an erosion of sediment from the top of the beach which
appears to be deposited at the foot of the shoreface, shoreward of the initial bar present in the pre-Dolly profile
(Figure 7.2). The onshore migration of the nearshore bars indicate an onshore sediment transport direction;
however, this cannot be attributed solely to Hurricane Dolly.
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Figure 7.1: Location of the South Padre Island annual beach monitoring survey transects. The location of
transect CBI21 used for the XBeach verification is highlighted for clarity
Source:

HR Wallingford with data from HDR Engineering Inc.
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Figure 7.2: Pre- (black line) and post- (red line) Hurricane Dolly beach profile collected along transect CBI21
(237+94) as part of the South Padre Island (SPI) annual beach monitoring surveys. (Blue box shows area where
volume change pre and post Dolly is calculated)
Source:

7.1.2.

HR Wallingford with data from HDR Engineering Inc. (2013)

Model Setup

Bathymetric data
Transect CBI21 was chosen to verify the sediment transport and beach volume change predicted by XBeach
using boundary conditions generated for Hurricane Dolly in the regional hydrodynamic modeling (Section 5).
This profile was chosen as it is located north of the Brazos Santiago Pass entrance channel and therefore
presents a more stable profile in that is less susceptible to the flow modification and bar variability in the
proximity of the channel (Figure 7.1). The cross-shore extent of transect CBI21 is shown in Figure 7.2. To avoid
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instabilities in the boundary forcing at the offshore extent of the model domain, the transect was extended to a
water depth of approximately 100 ft by generating a composite profile containing the pre-Dolly bathymetry (3rd of
July 2008) and bathymetry data extracted along the profile from the Region 4 regional model. The composite
profile generated for CBI21 is shown in Figure 7.3a along with the nearshore composite beach profile in the first
3,000 ft offshore in Figure 7.3b. The beach profile was schematized to remove the presence of the nearshore
bars by extending the profile linearly from approximately 260 ft (0.55 ft MLLW) offshore to 1,340 ft (-2.97 ft
MLLW) offshore (Figure 7.3b). This decision was made due to the use of XBeach in surfbeat mode to reduce the
computational burden in which the Hurricane generated waves were predicted to be dissipated by the offshore
bars, thus significantly eroding the profile in the vicinity of the bars, and preventing the erosion of the beach as
evidenced in the pre- and post-Dolly profiles (Figure 7.2).
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Figure 7.3: a) Composite pre-Dolly profile generated for transect CBI21 using the pre-Dolly beach profile (black
line) and the bathymetric data from the Region 4 regional model (blue line). b) Nearshore schematized beach
profile in the first 3,000 ft of the composite profile (black line) and the original profile containing the nearshore
bars (black dashed lines). (Blue box shows area where volume change pre and post Dolly is calculated)
Source:

HR Wallingford with data from HDR Engineering Inc. (2013)
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Boundary forcing
The waves and tidal elevations used to force the model were extracted from the Region 4 regional hydrodynamic
model at the offshore extent of the beach profile in a water depth of approximately 100 ft MLLW. The point at
which the boundary forcing was extracted is located at 2671724.02 mE and -605695.38 mN (NAD27 Texas
South Central). The wave and tidal forcing was applied to the XBeach model at the same timestep as output by
the regional model (1,800 s). As XBeach 1D was used herein, the wave forcing was applied as shore-normal
waves. The model was run in surfbeat mode allowing for both short wave variations on the wave group scale,
and the associated long (infragravity) waves to be resolved. This reduces the computational time considerable
but at the expense of not resolving the phase of the short waves.

Sediment composition
Sediment data collected across Region 4 have been collated from various sources including:
 The Texas General Land Office’s coastal sediment database (TxSeD);
 The United States Geological Survey’s usSEABED database;
 The Bureau of Ocean Energy Management (BOEM) Marine Mineral Information System (MMIS) with
additional core logs provided by University of Texas Institute for Geophysics (UTIG);
 Shear strength maps of shallow water sediments in the Gulf of Mexico compiled by Texas A&M Offshore
Technology Research Center (OTRC); and,
 Sediment sampling from individual projects along the Texas Coast.
The grain sizes are reported using the phi (φ) scale which is a logarithmic-based modification of the UddenWentworth grain size scale that takes the base 2 negative logarithm of the metric particle diameter (mm). The
conversion between the phi-grain size, φ, and the metric grain size in millimeters, d(mm), is given by:
𝜑𝜑 = −log 2 𝑑𝑑(𝑚𝑚𝑚𝑚)
𝑑𝑑(𝑚𝑚𝑚𝑚) = 2−𝜑𝜑
Table 7.1 provides the conversion between phi-grain sizes and the grain sizes in millimeters. The grain sizes of
the available sediment data for Region 4 are shown in Figure 7.4. The samples across the Region 4 model
domain indicate that the sediment is dominantly composed of silt with a mean grain size of 4.6φ (40 μm). In
samples with greater than 50% sand content, the mean grain size is 3.9φ (66 μm) classified as very fine sand
with grain sizes ranging from 3φ (62.5 μm) to 4φ (125 μm). In the vicinity of transect CBI21 the mean grain size
was 0.12 mm therefore this grain size was used when verifying the model against transect CBI21. The sensitivity
of the model was assessed by running the model with grain sizes of 0.07 mm to 0.125 mm, respectively, to
represent the upper and lower sizes of very fine sand across the Region 4 model domain.
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Table 7.1: Conversion between the phi-grain size scale and the metric grain size scale
phi (φ) scale

Metric Size
Range (mm)

Grain Size
Classification

<−8

>256 mm

Boulders

−6 to −8

64 to 256 mm

Cobbles

−5 to −6

32 to 64 mm

Very Coarse Gravel

−4 to −5

16 to 32 mm

Coarse gravel

−3 to −4

8 to 16 mm

Medium gravel

−2 to −3

4 to 8 mm

Fine gravel

−1 to −2

2 to 4 mm

Very fine gravel

0 to −1

1 to 2 mm

Very coarse sand

1 to 0

0.5 to 1 mm

Coarse sand

2 to 1

0.25 to 0.5 mm

Medium sand

3 to 2

0.125 to 0.25 mm

Fine sand

4 to 3

0.0625 to 0.125 mm

Very fine sand

8 to 4

3.9 to 62.5 μm

Silt

10 to 8

0.98 to 3.9 μm

Clay

20 to 10

0.95 to 977 nm

Colloid
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Figure 7.4: Location of available sediment data across the Region 4 model domain

Erodible bed
From google earth imagery, Transect CBI21 appears to be terminated onshore by a man made structure
(Figure 7.5). In order to prevent erosion at this structure, and therefore to prevent instabilities at the terminus of
the profile, the bed was set as non-erodible in the first 16 ft offshore. Across the rest of the model domain the
bed was set as erodible with the depth of the erodible layer set to 30 ft.
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Figure 7.5: Google earth images showing the location of transect CBI21 a) pre-, and b) post-Hurricane Dolly
Source:

Google Earth

Model sensitivity
To test the sensitivity of the model to the input parameters the model was run for a series of scenarios to test the
effect of grain size (d50), the wave skewness/asymmetry factor (facua), the critical avalanching slope (wetslp),
the bed friction formula (bedfriction), and the associated bed friction coefficient (bedfriccoeff) (Table 7.2). These
parameters have the potential to significantly influence the predicted sediment transport rates, directions and
resulting beach profile volume change. Each of the scenarios were compared with the baseline settings which
were derived from the analysis in the preceding sections. To test the sensitivity to the beach profile
schematization used to remove the offshore bars, additional model runs were completed in which the
schematized profiles were generated such that the profiles corresponded with the peaks of the offshore bars,
and with the troughs of the offshore bars.
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Table 7.2: Sensitivity testing scenarios
Scenarios
Model Parameter

Baseline

1

2

3

4

5

6

d50

0.15 mm

0.07 mm

0.125 mm

0.12 mm

0.12 mm

0.12 mm

0.12 mm

facua

0.1
(Default)

0.1
(Default)

0.1
(Default)

0

0.25

0.1
(Default)

0.1
(Default)

wetslp

0.3

0.3

0.3

0.3

0.3

0.5

0.3

bedfriction

Chezy
(Default)

Chezy
(Default)

Chezy
(Default)

Chezy
(Default)

Chezy
(Default)

Chezy
(Default)

White-Colebrook
(Nikuradse)

bedfriccoeff

C = 55
m /s
(Default)

C = 55
m /s
(Default)

C = 55
m /s
(Default)

C = 55
m /s
(Default)

C = 55
m /s
(Default)

C = 55
m /s
(Default)

ks = 2.5d50
= 0.30 mm

7.1.3.

0.5

0.5

0.5

0.5

0.5

0.5

Results

Pre- and post-Dolly profile volume change
The volume change between the pre- and post-Dolly profiles along transect CBI21 was calculated by integrating
the area under the profiles between approximately -250 ft offshore (14 ft MLLW) and 0 ft offshore (0 ft MLLW)
(Figure 7.3b). The analysis was restricted to this area as the erosion of the beach is likely attributed to Hurricane
Dolly impacts. The total volume loss between the pre- and post- Dolly profiles was calculated at 42.6 cy.
XBeach sensitivity to beach profile schematization
A series of tests were completed to assess the sensitivity of the post-Dolly profile predicted with XBeach to the
schematized profiles. The schematized profiles compared against the original beach profile Figure 7.6. In the
minimum and maximum profiles, the profiles in the vicinity of the bars were schematized using the troughs and
peaks of the nearshore bars, respectively (Figure 7.6). In the linear profile, the profile is extended linearly from
approximately 0 ft offshore to 1,110 ft offshore to remove the presence of the nearshore bars (Figure 7.6). The
predicted post-Dolly profiles using each of the initial schematized profiles are shown in Figure 7.7, including the
post-Dolly profile predicted using the original profile including the nearshore bars. The model fails to predict the
erosion of the beach using the original profile including bars and overpredicts the erosion at the shoreface
(Figure 7.7). The model over predicts the erosion of the beach using the minimum schematized profile and under
predicts the erosion of the beach using the maximum schematized profile (Figure 7.7). The post-Dolly profile
predicted using the linearly schematized profile provides the best approximation to the measured post-Dolly
profile with a BSS of 0.78 and is therefore used in the model validation herein (Figure 7.7).
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Table 7.3: Predicted volume change and brier skill score (BSS) for each of the schematized profiles
Profile
Schematization

Predicted Volume
Change (cy)

Difference to
Observed (%)

BSS

-86.0

102.0

0.57

Minimum

-157.3

269.6

0.49

Maximum

-1.6

-96.3

-6.77

-71.6

68.3

0.78

Original

Linear

Figure 7.6: Linear (dashed black line). minimum (blue line) and maximum (orange line) schematized profiles for
CBI21 compared with the original profile (solid black line). The dotted lines at approximately 35 ft and 1,110 ft
offshore identify the location where the beach profile schematization was applied
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Figure 7.7: Comparison of the post-Dolly profiles predicted along transect CBI21 using the original profile
(dashed red line) and the min (dashed yellow), max (dashed purple) and linearly schematized (dashed green)
post-Dolly profiles. The measured post-Dolly profile is shown (solid black line) for comparison

XBeach sensitivity to model input parameters
The sensitivity of XBeach to the grain size of the bed material was tested by setting the grain size across the
model domain at 0.12 mm, 0.07 mm and 0.125 mm (the lower and upper limit, respectively, of the fine sand
observed across Region 4). With grain sizes of 0.12 mm (Baseline), 0.07 mm (Scenario 1), and 0.125 mm
(Scenario 2) the predicted volume change was -71.6 cy, -89.3 cy and 72.3 cy, respectively (Table 7.4).
Therefore, uncertainty in the grain size distribution can lead to variability in the predicted volume change of 17 cy
(Table 7.4). The shape of the profile was not noticeably affected by the variability in the employed grain size.
Using the grain size of 0.12 mm (Baseline) resulted in the best result compared with observation both in terms of
the predicted volume change and Brier Skill Score (BSS) (Table 7.4).
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As XBeach does not resolve the phase of short waves in surfbeat mode, the wave skewness/asymmetry factor
(facua) can be used to discretize the skewness and asymmetry of the waves thus modifying the sediment
advection velocity and direction of sediment transport. Nederhoff et al. (2015) simulated the morphodynamic
impacts of Hurricane Sandy and identified that a value of 0.25 provided the best representation of the observed
beach profile, and therefore the best model, for the steep beach profiles of the New Jersey coast. Increasing the
facua parameter to 0.25 (Scenario 4) results in increased net onshore sediment transport which, in the case of
transect CBI21, reduces the skill score of the model to -0.30 as the model predicts a deposition of 44.5 cy
(Table 7.4). Reducing the facua parameter to 0 (Scenario 3) results in increased net offshore sediment transport
which also reduces the skill of the model to a BSS of 0.39 with a predicted volume change of -207.5 cy
(Table 7.4). The default facua parameter of 0.1 (Baseline) is therefore taken as being appropriate for modeling
the impacts of Hurricane Dolly with a predicted volume change of -71.6 cy and a BSS of 0.78 (Table 7.4). This is
in agreement with previous studies which have utilized XBeach to model the morphological impacts of Hurricane
Dolly (Pollard, 2009).
The critical avalanching slope (wetslp) was set as default (0.3) in the baseline scenario and was increased to 0.5
in Scenario 5 following an assessment of the maximum steepness of the pre- and post- Dolly beach profiles. The
higher wetslp parameter used in Scenario 5 resulted in an improvement to the predicted volume change and
resulted in an increase of the BSS to 0.80 (Table 7.4).
Use of the White-Colebrook bed friction formula with the Nikuradse friction coefficient (ks) set at 2.5d50
(Scenario 6) resulted in an increased volume change and a reduced skill score with a BSS of 0.76 (Table 7.4).

Table 7.4: Predicted volume change and brier skill score (BSS) for each of the sensitivity testing scenarios
Scenario

Varied Parameter

Baseline

Predicted Volume
Change (cy)

Observed
Difference (%)

BSS

-71.6

68.3

0.78

Scenario 1

d50 = 0.07 mm

-89.3

109.9

0.71

Scenario 2

d50 = 0.125 mm

-72.3

69.8

0.77

Scenario 3

facua = 0.00

-207.5

387.6

0.39

Scenario 4

facua = 0.25

44.5

-204.6

-0.30

Scenario 5

wetslp= 0.50

-64.7

51.9

0.80

Scenario 6

bedfriction = White-Colebrook
bedfriccoeff (ks) = 0.30

-76.7

80.2

0.76

As a result of the sensitivity analysis, optimal settings were chosen with which to complete the XBeach modeling,
these settings are summarized in Table 7.5. The remaining XBeach model parameters were kept as default.
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Table 7.5: Optimal XBeach settings determined from the sensitivity analysis
Parameter
facua
wetslp

Setting
0.1 (Default)
0.5

The predicted post-Dolly profile along transect CBI21 using the optimal settings in Table 7.5 with a d50 of
0.12 mm is compared with the measured post-Dolly profile in Figure 7.8. The predicted volume change was
-69.7 cy which is 63.6 % greater than the observed difference between the measured profiles. The model
predicts the observed beach profile well, however, some features are not resolved in first 240 ft offshore which
has contributed to the discrepancy between the predicted and observed beach volume change. The reduced
ability to fully resolve the post-Dolly profile shape is likely related to factors of the model setup including:
 the use of a uniformly sized non-cohesive sediment; and,
 Using XBeach in surfbeat mode, amongst others.
There appears to be a horizontal edge in the post-survey profile, located under the original horizontal profile,
which suggests there may be some non-erodible layer. In addition, the concave slope of the eroded profile under
the dune in the initial profile, suggests that there may have been some cohesive material in that location,
possibly from organic matter formed during the formation of the dune (it matches the area of different color in
Figure 7.5b).
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Figure 7.8: Comparison of the post-Dolly profile predicted along transect CBI21 with the measured post-Dolly
profile

NUZ6270-RT021-R01-00

57

Sediment Budget Analysis and Modeling of the Texas Coast
Task 2B.7. Sand transport modeling for extreme conditions

7.2. Regional cross-shore modeling
7.2.1.

Model setup

Bathymetric transects, oriented perpendicular to the coastline and extending to a water depth of approximately
90 ft, were extracted at 10 locations from the bathymetry used in the regional model. The transects were also
extended 1,640 ft (0.31 miles) landward of the shoreline taken as 0 ft MLLW to allow for the potential storm
surge associated with Hurricane Dolly. The XBeach model was then setup for each of the 10 transects. The
locations of the 10 transects are shown in Figure 7.9 and the bathymetric profiles for each transect are shown in
Figure 7.10.
At each of the offshore points of the transects, tidal elevation and wave parameter timeseries (significant wave
height, period and mean wave direction) were extracted from the Hurricane Dolly regional hydrodynamic model
(Section 5) and used to force the XBeach models. The optimal model settings identified in Section 7.1 were used
for each of the XBeach models. The nearshore mean grain size at the beginning of each profile was extracted
from the regional model grain size distribution (Figure 6.1) and applied uniformly across each of the transects.
To compare the cross-shore morphodynamics predicted for Hurricane Dolly with that predicted under higherfrequency conditions, the 10 XBeach models were also forced with tidal elevation and wave parameter time
series extracted from the hydrodynamic model for November of the representative year, 2018. The Hurricane
Dolly and November 2018 boundary forcing are shown in Figure 7.11 and Figure 7.12, respectively.
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Figure 7.9: Location of the transects from which the bathymetric data were extracted from the regional model
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Figure 7.10: Bathymetric profiles along each of the 10 transects used as an input for the XBeach modeling
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Figure 7.11: Hurricane Dolly model boundary forcing
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Figure 7.12: Nov 2018 model boundary forcing
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7.2.2.

Results

The predicted final bed levels along each of the transects after forcing with Hurricane Dolly boundary conditions,
and boundary conditions from November 2018, are compared against the initial bed elevations in Figure 7.13,
and the associated bed level changes are shown in Figure 7.14. The bed level change presented in Figure 7.14
is the difference between the initial and final bed levels, and therefore indicates the magnitude of erosion
(negative values) or deposition (positive values) along each of the profiles. The maximum erosion is defined as
the bed level change at the location where the largest difference between the initial and final bed level occurred.
The shoreline is defined herein as the 0 ft MLLW contour. The cross-shore extent of the profiles in Figure 7.13
and Figure 7.14 are restricted to the first 2 miles offshore to provide clarity of the nearshore processes, the full
extent of these figures are included in Appendix B.
The incident waves arising from Hurricane Dolly are predicted to erode sediment from the shoreface of the
Region 4 coastline by up to 7 ft (Figure 7.13, Figure 7.14 and Table 7.6). The eroded material can be seen to be
transported and deposited mainly at the base of the shoreface (2 ft MLLW to -10 ft MLLW) resulting in deposition
of up to 0.8 ft of bed material (Figure 7.14). Sediment is also predicted to be deposited in a thin layer,
approximately 0.3 ft thick, offshore of the shoreline (Figure 7.14). The maximum erosion of 7.0 ft of the bed
predicted as a result of Hurricane Dolly wave forcing is predicted to occur along the shoreline of transect 2
(Table 7.6). During November 2018, sediment is also predicted to be eroded from the shoreface, however, both
the spatial extent across which the incident waves act and the magnitude of the erosion is smaller than that
predicted for Hurricane Dolly (Figure 7.13 and Figure 7.14). The eroded bed material is also predicted to be
transported and deposited offshore (Figure 7.13 and Figure 7.14). The maximum erosion of 6.2 ft predicted as a
result of wave forcing from November 2018 also occurs along the shoreline of transect 2 (Table 7.6).
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Table 7.6: Summary of the maximum erosion, the depth of closure (DoC), and the sediment volume transport
both onshore and offshore during Hurricane Dolly and November 2018

Transect

Profile
Length
(miles)

Max Erosion
(ft)

Depth of Closure
(ft MLLW)

Sed Volume
Transported
Offshore of Nov 18
DoC (cy)

Sed Volume
Transported
Onshore (cy)

Nov18

Dolly

Nov18

Dolly

Nov18

Dolly

Nov18

Dolly

1

15.7

-3.0

-4.2

-28.5

-61.3

3.0

32.7

0.0

0.0

2

15.3

-6.2

-7.0

-28.8

-65.2

2.5

38.1

0.0

0.0

3

14.4

-3.0

-3.7

-30.2

-68.1

2.7

39.1

0.0

0.0

4

13.1

-3.0

-3.6

-31.5

-63.4

3.1

44.6

0.0

0.0

5

12.4

-2.9

-4.2

-32.2

-50.6

3.1

41.5

0.0

5.3

6

12.6

-2.7

-2.9

-33.2

-65.1

3.4

43.5

0.0

0.0

7

12.8

-1.6

-2.1

-33.9

-51.8

3.5

32.3

0.0

3.1

8

14.4

-2.1

-2.7

-35.4

-59.9

3.2

32.0

0.0

0.0

9

13.3

-3.0

-3.5

-34.5

-51.1

3.0

31.2

0.0

0.0

10

12.2

-1.8

-2.3

-33.7

-63.3

3.5

27.1

0.0

0.0

Note:

DoC – depth of closure. The DoC used herein represents the depth above which the model predicts 99% of the
bed elevation change to occur. The bed elevation change is susceptible to morphodynamic process other than
wave stirring (e.g. avalanching) and therefore the reported DoC does not solely represent the depth above which
the wave action mobilizes the sediment.
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Figure 7.13: Predicted bed levels after forcing with Hurricane Dolly (red) and November 2018 (blue) boundary
conditions compared with the initial bed levels (black). The location of the shoreline along each transect is
indicated by the vertical grey dashed lines
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Figure 7.14: Predicted bed elevation change after forcing with Hurricane Dolly (red) and November 2018 (blue)
boundary conditions. The location of the shoreline along each transect is indicated by vertical grey dashed lines.
The bathymetric profile (grey) is provided for clarity
Note:

Negative elevation change indicates erosion, and positive elevation change indicates deposition.
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The cumulative bed elevation change along each transect is shown as a percentage of the total cumulative bed
elevation along each transect in Figure 7.15. Figure 7.15 highlights the cross-shore extent across which the
incident waves from Hurricane Dolly and those from November 2018 act to modify the bed and is used to
indicate the depth of closure. The depth of closure is defined herein as the water depth below which 99% of the
bed elevation change occurs to provide a quantifiable way of comparing the depth of closure across each
transect as well as between Hurricane Dolly and November 2018 wave forcing. The value of 99% was chosen as
the percentage of the bed evolution change asymptotically approaches 100% with increasing distance offshore
in which the depth of closure would be located at the end of each transect. The depth of closure calculated using
the above method is indicated for each transect, pre- and post-Dolly, in Table 7.6. With November 2018 wave
boundary conditions, the cross-shore extent of sediment transport is predicted at between -28.5 ft and 35.4 ft,
whereas with Hurricane Dolly wave boundary conditions the cross-shore extent of sediment transport is much
greater with the predicted depth of closure at between 50.6 ft and 68.1 ft (Figure 7.15 and Table 7.6).
The predicted residual cross-shore transport rates as a result of Hurricane Dolly wave forcing, and wave forcing
from November 2018 are shown for each transect in Figure 7.16. Positive residual transport rates indicate
onshore sediment transport, and negative residual transport rates indicate offshore sediment transport.
During Hurricane Ike, sediment landward of the shoreline is predicted to be moved offshore for all transects
except for transects 5 and 7 across which some sediment is transported onshore (Figure 7.16). During
November 2018, eroded sediment is predicted to be transported offshore of the shoreline (Figure 7.16) for all
transects. To assess the volume of sediment moved offshore by Hurricane Dolly which may not be moved back
onshore during higher frequency, less extreme conditions, the sediment volume predicted to be transported
offshore of the November 2018 depth of closure was compared with the sediment volume predicted to be
transported offshore of the same point during Hurricane Dolly (Table 7.6). Under November 2018 wave forcing,
minimal volumes of sediment are predicted to be transported offshore of the depth of closure at between 2.5 cy
and 3.5 cy (Table 7.6). No sediment is predicted to be transported onshore so the dominant sediment transport
direction during November 2018 is in an offshore direction (Table 7.6).
Under Hurricane Dolly wave forcing, significant volumes of sediment are predicted to be transport offshore of the
November 2018 depth of closure at between 27.1 cy to 44.6 cy per yard of coastline (Table 7.6). This amounts to
a total of approximately 1.5 million cy of sediment lost from South Padre Island. During Hurricane Dolly,
sediment is only predicted to be transported onshore for transects 5 and 7 at 5.3 cy and 3.1 cy, respectively
(Table 7.6). The dominant sediment transport direction during Hurricane Dolly is therefore in an offshore
direction (Table 7.6).
Pre-/post- Dolly google earth imagery are presented for each transect in Appendix A. Due to the lack of
structures or consistent features as a reference is difficult assess whether sediment can be seen to be
transported offshore and therefore verify the transport direction predicted by XBeach, however, this is largely
consistent with the pre-/post-Dolly SPI beach survey profiles and the historic shoreline changes along SPI (HDR
Engineering Inc., 2013). In the google earth imagery, there is no visible evidence of significant sediment deposits
onshore as was apparent for Hurricane Ike in HR Wallingford (2021b) (Appendix A).
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Figure 7.15: Cumulative bed elevation change along each transect as a percentage of the total cumulative bed
level change for each transect after forcing with Hurricane Dolly (red) and November 2018 (blue) boundary
conditions. The location at which 99% of the cumulative bed elevation change occurs is illustrated for the
Hurricane Dolly and November 2018 boundary conditions by the blue and red dashed lines, respectively
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Figure 7.16: Predicted residual transport rate (ft2/s) after forcing with Hurricane Dolly (red) and November 2018
(blue) boundary conditions. The location of the shoreline along each transect is indicated by black dashed lines.
The bathymetric profile (grey) is provided for clarity
Note:

Positive residual transport rates indicate sediment transport in an onshore direction, and negative residual
transport rates indicate sediment transport in an offshore direction.
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8. Summary
8.1. Regional sediment transport modeling
The sediment transport pathways across the Region 4 model domain during Hurricane Dolly are predicted to be
largely similar to that predicted during July 2018 with sediment being transported approximately parallel to the
shoreline from north to south but at higher magnitudes. The hurricane moved roughly the same amount of
sediment as the annual residual transport.
During Hurricane Dolly and July 2018, the sediment transported in the offshore region is predicted to be
dominantly fine sand whereas along the coastline of Region 4 the transported sediment is predicted to be
dominantly sandy material (Figure 6.4 and Figure 6.7).

8.2. Regional cross-shore sediment transport modeling
The cross-shore sediment transport results presented in this report provide an insight into the effect of extreme
conditions, specifically Hurricane Dolly, on cross-shore sediment transport compared to higher frequency, less
extreme events (November 2018).
During both Hurricane Dolly and November 2018, sediment is predicted to be eroded from the upper shoreface
and dune system, and is transported dominantly offshore along each of the transects within Region 4. Little
sediment is predicted to be transported onshore during Hurricane Dolly. This is in contrast to the onshore
sediment transported predicted along Region 1 as a result of Hurricane Ike (HR Wallingford, 2021b). The lack of
onshore transport along the Region 4 coastline is a result of the higher shoreface elevations along the Region 4
coastline, and the reduced storm surge associated with Hurricane Dolly, in comparison with Hurricane Ike.
Figure 8.1 shows a comparison between two profiles in Region 1 and 4 north of where the hurricanes make
landfall as well as the tidal surge levels associated with each of the hurricanes considered. In these figures it is
seen that where Ike causes high enough surge levels for the water to flow over the barrier islands in Region 1,
this did not occur during Dolly in Region 4.
The predicted depth of closure during Hurricane Dolly (50.6 ft to 68.1 ft) extends further offshore than that
predicted for November 2018 (25.8 ft to 35.4 ft). The method used to predict the depth of closure was used as a
means to provide a quantitative way to compare the depth beyond which the wave forcing as a result of
Hurricane Dolly and November 2018 has limited impact on the bed morphodynamics. This method is, however,
influenced by the fact that changes to the bed elevation predicted by XBeach are not solely a function of the
wave interaction with the bed alone as sediment can also be mobilized due to avalanching, for example.
Although the predicted depth of closure is greater during Hurricane Dolly, the bed level changes offshore are
insignificant and reflect a redistribution of sediment. The results do not indicate that large volumes of sediment
are transported and deposited in thick veneers at isolated locations offshore, but spread out over large areas in
water depths between 0ft MLLW and up to 70 ft MLLW.
Minimal volumes of sediment (2.5 cy to 3.5 cy) were predicted to be transported offshore of the depth of closure
during November 2018, however, significantly more sediment was predicted to be transported offshore of the
same location during Hurricane Dolly: 27.1 cy to 44.6 cy per yard of coastline, or approximately 1.5 million cy for
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South Padre Island. This indicates that significant volumes of sediment are predicted to have been lost offshore
during Hurricane Dolly as limited sediment was predicted to be transported in an onshore direction.
The results provide an upper limit to the volume of sediment predicted to be transported offshore as the model
assumes an unlimited depth of sediment available for transport. Similarly, the model assumes a uniform grain
size therefore representing an upper estimate of sediment transport as in reality, the cross-shore grain size
distribution, and the mobility of the sediment, will be spatially variable.
The volume of sediment transported offshore along the Region 4 coastline does not appear to be related to the
location of the transects relative to the hurricane landfall location as was predicted for Hurricane Ike in Region 1
(HR Wallingford, 2021b).
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Figure 8.1: Comparison of a) the cross-shore profile for transect 6 in Region 4 (orange line) with transect 6 in
Region 1 (blue line); and b) the combined tidal surge and wave heights for Hurricane Dolly (orange line) and
Hurricane Ike (blue line)
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8.3. Offshore sediment transport during Dolly
Two modeling approaches are applied to estimate the offshore transport during Hurricane Dolly. They both
simulate different mechanisms leading to the sediment transport. The XBeach modeling looks at the cross shore
transport due to wave asymmetry and wave breaking as well as the undertow this causes. This leads to amounts
of sediment transported offshore past the depth of closure for normal conditions. The tides and storm surge
currents modeled with SISYPHE indicate a southward, shore parallel transport in the same water depths along
the Region 4 coastline. This indicates that much of the material eroded from the shoreface in Region 4 will be
moved south in the deeper waters.
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Appendices
A. Pre-/post-Dolly google earth imagery
Transect01

04/29/2008

Figure A.1: Pre-/post-Dolly google earth imagery along transect 01
Source:

Google Earth
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Transect02

04/29/2008

01/14/2009

Figure A.2: Pre-/post-Dolly google earth imagery along transect 02
Source:

Google Earth

Transect03

04/29/2008

Figure A.3: Pre-/post-Dolly google earth imagery along transect 03
Source:

Google Earth
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Transect04

04/29/2008

01/14/2009

Figure A.4: Pre-/post-Dolly google earth imagery along transect 04
Source:

Google Earth

Transect05

04/29/2008

Figure A.5: Pre-/post-Dolly google earth imagery along transect 05
Source:

Google Earth
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Transect06

04/29/2008

01/14/2009

Figure A.6: Pre-/post-Dolly google earth imagery along transect 06
Source:

Google Earth

Transect07

04/29/2008

Figure A.7: Pre-/post-Dolly google earth imagery along transect 07
Source:

Google Earth
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Transect08

04/29/2008

01/14/2009

Figure A.8: Pre-/post-Dolly google earth imagery along transect 08
Source:

Google Earth

Transect09

04/29/2008

Figure A.9: Pre-/post-Dolly google earth imagery along transect 09
Source:

Google Earth
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Transect10

04/29/2008

Figure A.10: Pre-/post-Dolly google earth imagery along transect 10
Source:

Google Earth
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B. Extended cross-shore figures

Figure B.1: Predicted bed levels after forcing with Hurricane Dolly (red) and November 2018 (blue) boundary
conditions compared with the initial bed levels (black). The location of the shoreline along each transect is
indicated by black dashed lines
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Figure B.2: Predicted bed elevation change after forcing with Hurricane Dolly (red) and November 2018 (blue)
boundary conditions. The location of the shoreline along each transect is indicated by vertical grey dashed lines.
The bathymetric profile (grey) is provided for clarity
Note:

Negative elevation change indicates erosion, and positive elevation change indicates deposition. Different y-axis
scales are used for the Hurricane Dolly and November 2018 elevation change to allow representation in the
variability of the predicted bed elevation change.
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Figure B.3: Predicted residual transport rate (ft2/s) after forcing with Hurricane Dolly (red) and November 2018
(blue) boundary conditions. The location of the shoreline along each transect is indicated by black dashed lines.
The bathymetric profile (grey) is provided for clarity
Note

Positive residual transport rates indicate sediment transport in an onshore direction, and negative residual
transport rates indicate sediment transport in an offshore direction.
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