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§ Project purpose and overview

§ Summary of analysis

– Hydrology 

– Hydraulic Modeling

– Tropical Storm Imelda Calibration

§ Conclusions

Presentation Outline
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Project Goals

1. Understand current hydraulic 
performance

2. Develop calibrated model for 
planning and development

3. Develop "resilience storm" to 
represent extreme events

4. Understand performance of 
IH 10 corridor in extreme 
events



2

TFMA Spring 2023 March 9, 2023

§ Beaumont District

§ 92 Miles of IH-10

§ Crosses 3 counties

Project Location
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Corridor Model Boundaries
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Watersheds
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Ike storm surge closest to FEMA stillwater. Scaled to peak values.

Coastal Modeling

Ike

*Image from USACE Sabine Pass to Galveston Bay Lower Sabine Riverine Flooding 
Analysis (Sep 2019) page 37
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Areal Reduction Factors (ARFs)

*Image from InFRM Watershed Hydrology Assessment for the Neches River Basin 
Appendix C page 11

USACE 
Neches 

Depth Area 
Reduction 

(DAR) 
Factors 

based on 
historical 
storms

Weighted 
average of 
each DAR 

ellipse

Areal 
reduction 

factor curve 
based on 

total 
watershed 

area
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§ TP-49 used for watersheds less than 1,000 sq mi

§ Depth-Area Reduction (DAR)-derived areal reduction factors for larger watersheds

Areal Reduction Factors (ARFs)
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§ Purpose: Assess IH-10 
resilience against extreme 
events

§ Historical tropical cyclone 
tracks since 1992

Regional Extreme Storm Event Approach (RESEA)

Project 
Area
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§ 20 rain gauges in project area
§ 20 rain gauges in 10 mi buffer
§ Analyzed data post 1946
§ Includes TS Imelda

Regional Extreme Storm Event Approach (RESEA)
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§ Annual 
maximum 
series for the 
region

Regional Extreme Storm Event Approach (RESEA)

1% Regional AEP 42.7” 

Tropical 
Storm Imelda
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§ Annual 
maximum 
series for the 
region

Regional Extreme Storm Event Approach (RESEA)

1% Regional AEP 42.7” 

Tropical 
Storm Imelda

NOAA Atlas 14 1% 4-day 23.9”

Beaumont 
City Gauge
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§ Used elliptical 
storms from 
USACE Neches 
Study
– Same study 

used to 
determine ARFs

§ Two 10,000 sq mi 
elliptical storm 
runs

Elliptical Storm Center Placement
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§ Terrain
– DEMs layered based on date and 

resolution
• USGS, TNRIS, Bathymetry, TxDOT 

roadway surfaces
– Cell size reduces along IH-10 corridor

§ ~400 structures Modeled
– Collected field data for structures larger 

than 48” on IH-10 and adjacent 
highways

– Bridge-class structures on railroads
– Concrete median barriers

Hydraulic Modeling
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§ City of Beaumont Highwater 
Marks

§ USGS and DD6 Stream Gages
§ TxDOT 

DriveTexas.org Roadway 
Overtopping

Calibration Data
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Tropical Storm 
Imelda
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§ Rain gauges - which measure 
precipitation amounts at given locations. 

§ Earth-observing satellites can provide 
frequent estimates of precipitation at a 
global scale, from a top-down view.

§ Ground-based radars, of which 
measurements are used to estimate 
intensity, altitude, precipitation type 
(e.g., rain, snow, hail), and motion.

Methods of Measuring Rainfall

Source: http://stream1.cmatc.cn/pub/comet/QPFQPE
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Advantages Disadvantages

Rain Gauge “True” measurement Not representative of larger area

Different gauge designs

Satellite Global observation Lower space resolution

Measures cloud-top properties instead of rain

Radar Observations in real time Uncertainty in Z-R relationship

High space and time resolution Expensive to operate

Advantages and Disadvantages of Different Measurement Methods

§ In summary, gauge-based and radar-based data are considered the best data 
sources for catchment-scale hydrologic and hydraulic modeling, whereas satellite 
data can delineate larger areas yet bear with the shortcomings of inaccuracy and low 
resolution for localized studies.
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Objectives

Trinity

Neches

Sabine

Cedar Creek
Neches-
Trinity

Hurricane Harvey (2017) and Imelda (2019):
1. Data Collection

– Obtain the hourly STAGE IV radar rainfall (4x4km)
– Obtain the hourly Multi-Radar Multi-Sensor data 

(MRMS) (1x1km)
– Obtain the available rain gauge data from various 

gauge networks 
2. Data Evaluation

– Compare the STAGE IV rainfall (4x4km) with gauge 
data

– Compare the MRMS rainfall (1x1km) with gauge 
data

3. Data Processing
– Calibrate/fuse the radar rainfall with gauge data at 

1x1km resolution
– Process the fused rainfall into time-series data that 

can be used for 2D modeling

Area: 4,407 m i2
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Imelda(2019): 9/16/2019 19:00 – 9/21/2019 18:00 CDT (5 days)
STAGE IV (4x4km) MRMS (1x1km)

Data Collection for Imelda: Radar Rainfall
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§ Com m unity Collaborative Rain, Hail, and Snow Network 

(CoCoRaHS) 

§ Cooperative Observer Program  (COOP) from  National Clim atic 
Data Center (NCDC)

§ NOAA/NW S Hydrom eteorological Autom ated Data System  
(HADS)

§ NOAA’s National Centers for Environm ental Inform ation (NCEI)

§ Harris County Flood Control District (HCFCD)

§ Jefferson County Drainage District No. 6 (DD6)

Data Selection for Calibration and Validation

Total Gauges: 150

Gauges for Calibration: 135

Gauges for Validation: 15

Validation

Calibration 

• Retaining as much of the actual gauge 
network as possible for calibration.

• Choosing the appropriate sample size 
for validation.
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CC: 0.9280
RMSE: 0.1514

CC: 0.9748
RMSE: 0.1016

CC: 0.9833
RMSE: 0.0730

Before Calibration

RK for Calibration RK for Validation

Calibration of Stage IV Data: Imelda
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CC: 0.9232
RMSE: 0.1558

CC: 0.9828
RMSE: 0.0858

Before Calibration

CC: 0.9966
RMSE: 0.0330

RK for Calibration RK for Validation

Calibration of MRMS Data: Imelda

TFMA Spring 2023 March 9, 2023

Gage Adjusted Radar Rainfall Data – T.S. Imelda
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Conclusions
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§ Depth Over Road – Weighting Factor: 3
– .25’-1’ 
– 1’-3’ 
– 3’-6’ 
– >6

§ Time Overtopping – Weighting Factor: 2
– 1-6 hrs
– 6-24 hrs
– 1-2 days
– >2 days

§ Structure Headloss – Weighting Factor: 1
– .5’-1’
– 1’-2’
– 2’-3’
– >3’

Level of Service

Structure 
Scoring 1% AEP
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Sea Level Rise

1% AEP 
No SLR

1% AEP 
With SLR

10.4’
12.8’

Sabine River Sabine River
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Resilience
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Questions and 
Discussion


