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Study Goals

ÅMeasure Criticality and Vulnerability of Regional Transportation 
Assets to Extreme Weather Events
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Study Goals

ÅDevelop Adaptation Strategy Decision Tool that  Provide 
Recommendations for a Resilient Transportation 
Infrastructure

ÅUpdate H-GAC publications and future project selection 
criteria



ÅFreeways (83 segments)

ÅMajor roads (7,696 segments) 
major arterials

minor arterials

collectors

ÅBridges (3,489) with waterway

Transportation Assets



Scope, Climate/ Extreme Weather Threats
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13 Floods

11 Severe Storms

6 Hurricanes

3 Fires

2 Coastal Storms

FEMA Disaster Declarations
1967 - 2018

Work 
Group 

Feedback

Extreme Weather 
Threats to Study:

1) Inland Flooding
2) Coastal Flooding 



Study Overview

Á Phase 1- Data Collection

Å (Transportation Networks, Roads and Bridge Characteristics, Travel data, LiDAR data, Flood data)

Á Phase 2 ðCriticality Assessment

Å (measures the importance of road segments in the daily movement of people, goods and services) 

Á Phase 3- Vulnerability Assessment 

Å (measures the exposure, sensitivity and adaptive capacity of road segments to flooding)

Á Phase 4- Criticality -Vulnerability Framework 

Å (combines results from criticality and vulnerability creates a C -V Matrix)

Á Phase 5-Economic Impact Analysis

Å ( Measures the economic impact of disruption in a road network)

Á Phase 6- Adaptivity Strategy Decision Tool

Å (provides strategies and recommendations in developing a resilient transportation infrastructure)
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Criticality



Criticality Assessment

Á Socio-economic importance (20%)

link to airport; link to port; service to 

activity population

Á Operational & usage importance 

(40%)

AADT; AADT-truck; transit ridership

Á Health & safety importance (30%)

link to hospitals; link to fire stations; 

service to vulnerable population

Á Emergency response importance 

(10%)

evacuation route; link to shelters; link to 

EOCs; military access



762miles 
(10.6%)

821miles
(11.4%)

2,694miles
(37.4%)

2,927miles
(40.6%)
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Freeway Principal 
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Minor Arterial Collector

Major Streets

Total 7,204 centerline miles

Freeways: 762 centerline miles (10.6%)Major Streets: 6,442centerline miles (89.4%)
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Criticality Assessment



Vulnerability
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Exposure Assessment: Harvey Flooding

Post Harvey Aerial Imagery (2017)
Flight Timeline
Å Aug. 30, 2017 - Sept. 8, 2017

BW 8 at Memorial Drive

BW 8 at IH-10 South



Measuring Level of Exposure 

ÁGround Elevation

ÁSurface Elevation (Roadways and Bridges)

ÁWater Depth
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Digital Elevation Model (DEM) from 2018 LiDAR

Digital Elevation Model (DEM) is a digital 
representation of a terrain's elevation data derived 
from 2018 LiDAR.

Exposure Assessment: Harvey Flooding
BW 8 at IH-10 South



Digital Surface Model (DSM) from 2018 LiDAR

Digital Surface Model(DSM) represents the elevations 
of the reflectivesurfacesof roadwaysand bridges
elevated above the ground.

Exposure Assessment: Harvey Flooding
BW 8 at IH-10 South

LiDAR LAS image



FEMA Harvey Flood Model (2017)
Water Depth Grid = 
Modeled Flood Water Surface Elevation ςGround Elevation (DEM)

Exposure Assessment: Harvey Flooding
BW 8 at IH-10 South



Exposure Description Exposure Level

Not exposed/ Less than 0 foot of 

flood water
No exposure or low risk

0 - 1 foot of flood water Medium-low risk

1 - 2 feet of flood water Medium risk

2 - 3 feet of flood water Medium-high risk

More than 3 feet of flood water High risk

Exposure Depth Grid

Exposure Depth = 
Flood Water Surface Elevation ςDigital Roadway Surface Elevation

Flood Water 
Surface Elevation

Ground Elevation

Roadway 
Surface Elevation

Exposure Depth

Roadway

Exposure Assessment: Harvey Flooding
BW 8 at IH-10 South



Exposure Depth GridA = B -C

Exposure Depth
Potential Risk

Roadway Elevation
DSM

Flood Water Elevation
Water Depth

A

B

C

Exposure Assessment: Harvey Flooding
BW 8 at IH-10 South

Exposure Description Exposure Level

Not exposed/ Less than 0 foot 

of flood water

No exposure or low 

risk

0 - 1 foot of flood water Medium-low risk

1 - 2 feet of flood water Medium risk

2 - 3 feet of flood water Medium-high risk

More than 3 feet of flood water High risk



Exposure Assessment: 500-Year Flooding
BW 8 at IH-10 South
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Vulnerability Assessment

VAST Tool

Å Exposure Assessment (70%)
Flooding (100-year, 500-year, & Harvey)
Storm Surge (Hurricane Category 1 - 5 and Ike)
Sea-Level Rise (4 & 5 feet)

Å Sensitivity Assessment (20%)
Bridge Age
Structural Evaluation
Channel Conditions
Scour Ratings
Pavement Condition
Past Closure

Å Adaptive Capacity Assessment (10%)
Detour Length
Repair Cost



Vulnerability: Flooding (500-year flooding 50% + Harvey Flooding 50%)
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Vulnerability Assessment
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Vulnerability: Storm Surge (Category 4 Storm Surge 50% + Ike Storm Surge 50%)
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