Hydrodynamic Simulation and Validation of Coastal Flooding in Galveston
County, Texas to Identity Susceptible Roadway Networks
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Background Methodology
> Coastal areas face severe flood risks from sea level rise, storm » Hydrologic Engineering Cent.er River Analysis System (HEC-RAS 6.6) and Hydrologic Modeling System (HEC-HMS 4.12) » The h.|ghest depths. concentrated along the e g
surges, and hurricanes that can lead to catastrophic floods. software were used along with ArcGIS Pro and Python. coastline and low-lying urban areas.
SN PO e e T e P D e e » Design precipitation were calculated according to NOAA Atlas 14 and TxDOT guidelines. » Depths exceeding 2m occur primarily .m
infrastructures especially they can cause breakdown in » Excess rainfall were calculated using HEC-HMS. Zout?er.n Galvgjton Island and near major
: : : | ay-facing corridors.
transporta’Flon networks. Wh'Ch can lead to system failures, loss » Loss Method: SCS Curve Number; Transform Method: SCS Unit Hydrograph; Graph Type: Delmarva (PRF 284). . .
of human lives and properties. » Moderate flooding (1-2m) extends inland
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» |dentifying vulnerable hotspots can save lives of people and their » Generalized Extreme Value r: — 5 alqng drainage pathways and developed [ Galveston County
properties. (GEV) distribution found to Projection a5 R neighborhoods. - o
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S PSR be the best fit according to Land Related Data T CoastaIgData » Shallow flooding (0—1m) is distributed e e - .
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: = PPCC test. Gumbel R ~ x ) , ﬁ o throughout much of the county. Fig. 7: 100-year Return Period Flood Depth Scenario
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» How accurately can hydrodynamic model predict coastal flooding » Storm surge event = AR 3y —  Magsrudwel | @ S )
due to Hurricane lke? considered as Hurricane lke [ Roadway Hotspots ] nc) 57 — Catastrophic Failre_|  ° .
> What areas of Galveston County, TX can be inundated due to a (2008)he;/ent to ﬁalculate the ® i
_ - p stage hydrograph. | 3
100-year return period event: Fig. 2: Schematic Diagram for Flood Modelling and Susceptibility Analysis N wied S . iy ‘
» Which road network segments of Galveston County are most _ . . o g - 7 0 5w 20 Kiometers = inor Service Disruption 5 Major Sructural Vulnerabilty
» Combined flood depth, roadway attributes, and socio-economic indicators to form the vulnerability dataset. E— Moderate Risk Corridor WMl Catastrophic Failure

susceptible to coastal flooding?

Fig. 8: Roadway Hotspots Fig. 9: Key Distributions for the Clusters

» Normalized and directionally aligned all variables for consistent clustering.
StUdy Area and Data » Performed K-means++ clustering on PCA-refined features to group road segments by vulnerability patterns.

» Segments exposed to >1-2 m or >2 m flooding predominantly fall into the Major Structural
Vulnerability and Catastrophic Failure classes, especially along major roadways.

]]]]]]]]]] \ » |dentified hotspots: Classified segments into distinct risk clusters to highlight the most susceptible. : : . : . :
» Galveston County, TX T Al P 5 sNllE P » Inland areas with shallower flood depths (0—1 m) correspond mainly to Minor Service Disruption
’ - dswood i |
‘ - and Moderate Risk Corridor clusters, reflecting lower physical damage potential but possible
> Surrounded by the GUIf oREF el 1 ; —— Roadway Network ReSUIt 1 | Hurrlcane Ike case St“dy Iocahzed d|Sru tions
of America (South) and | “\&Tmiaia\ed — e > . . . i . . .
Galveston Bay (North), it . re— Hurricane lke event was simulated, and a flood » The violin plots show how key indicators—flood depth, AADT, functional class, and zero-vehicle
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fates flogdingid i f . A inundation map (Fig. 3) was developed. households—vary across these four vulnerability categories.
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both directions. “ » Resultant flood depths were compared (Fig. 4) with
I d FEMA Mitigation Assessment Team Report values. Also,
QI ve roadway | a performance metrics (Table 2) was created
networks. I P - . > The simulated flood depths differ from the observed depths by 0.46 m and the model explains
Fig. 1: Study Area >| O Data Foints o . o ror WP 62% of the variability in observed flood depth.
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Table 1: Details of Data [ Galveston County . = » MBE value is -0.30 m indicates the model underestimates the flood depth by 0.30 m on an
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coatial | Termooral Data S S : average, which is also confirmed by the comparison with HCFCD inundation map.
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Sl e Year e A 2N 2 » The clustering reveals four distinct vulnerability regimes across Galveston County, driven jointly
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i Digital Fig. 3: Hurricane Ike Simulated Flood Map o R » Higher r|s!<. corr.ldors.allgn with major traffic routgs and deeper inundation, indicating system
Elevation USGS 3m NA 2007 Input e S e 2.0 T, evel mobility disruption rather than isolated flooding.
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Meteorologic 1946-1963 Metric Value Metric Value » The simulated map was compared with a flood
al Data Pr*e“csltpoltr;‘:t?('m NOAANCEI|  NA Hourly | and1993- | Auxiliary MAE 0.46 m NSE 0.37 map(Fig. 5) developed by the Harris County Flood » The study will be extended do comparisons with Hurricane Harvey (2017) event.
2024 Control Division(HCFCD). . . . . : .
Land Use and MBE -0.30 m KGE 0.44 ( ) » The developed flood map will be incorporated with traffic simulation to find out the
Land Cover NLCD 30m NA 2023 Input AMISE 064 m o2 0.6 » The model generally underestimates the flood extent susceptible roads due to traffic disruption.
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Land Related —LILE) _ compared to observed event (Fig. 6).
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