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Evaluation of  Subsidence Impacts

First study to evaluate projected 

subsidence on inland flood risk 

and estimate economic impacts.

1,015 km2

113-km natural channel

7 major tributaries
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H&H Model Selection

• MAAPnext model for riverine 
flooding.

• Covers about 30% of watershed

• HEC-RAS 2D Rain-on-Mesh for 
pluvial flooding.

• Covers 100% of watershed

Topography

Land Use

RainfallStreamflow

Soil types



Flood Model Development | Tiered Approach

Low

• 2,000-foot (ft) cell size

• Least projected subsidence and 
population growth

• Western portion of watershed

Mid

• 1,000-ft cell size

• Moderate projected subsidence

• Central portion of watershed

High

• 500-ft cell size

• Most projected subsidence and 
population growth plus along tributaries

• Eastern portion of watershed



Modeling Conditions

Projected subsidence

from 2019 to 2070

Sourced from HGSD’s Joint Regulatory Plan Review Baseline Scenario

• 2020 terrain and land use

• Calibration and comparison

Baseline

• Projected 2070 subsided terrain

• Projected 2070 population data

• Projected 2070 land use/land 
cover

Subsidence with 
Future 
Development (SFD)



Flood Risk Evaluations | Storm Event Simulations

Calibration

• Hurricane 
Harvey 
(2017)

• Hurricane 
Beryl (2024)

100-year

• 1% Annual 
Exceedance 
Probability 
(AEP)

• 16 inches 
(41 cm) in 
24-hrs

10-year

• 10% AEP

• 8 inches (20 
cm) in 24-
hrs

Source: NOAA Atlas 14, vol.11 v.2



Impact Analysis

• Depth

• Water Surface 
Elevation

• Velocity

• Stream Stability

• Soil Erosion

Flood 
Parameters

• Structures

• Roadways and 
Bridges

• Pipelines

Flooding 
Impacts • Structure and 

Contents Loss

• Labor Loss

• Gross Domestic 
Product Loss

Cost



Flooding Impacts | SFD 10-yr Event

Floodplain expanded 
over 200 acres

Average flood depth 
increased by 6 inches

Streamflow increase 
by 100 cfs

Additional 200 flooded 
structures, majority 

residential

Flooded roadways 
increased by 5 miles



Economic Impacts | SFD 10-yr Event

451 Newly flooded structures

$19 million in direct loss

Flood depth 30 cm or less Flood depth greater than 0.3 meters

137 Newly flooded structures

$29 million in direct loss

0 to 15 centimeters

15 to 30 centimeters Greater than 0.9 meters

0.3 – 0.9 meters

269 Newly flooded structures

$37 million in direct loss

82 Newly flooded structures

$28 million in direct loss



Flooding Impacts | SFD 100-yr Event

Floodplain expanded 
over 1,700 acres

Average flood depth 
increased by 1 foot

Streamflow increase 
by 3,500 cfs

Additional 3,700 
flooded structures, 
majority residential

Flooded roadways 
increased by 40 miles



Economic Impacts | SFD 100-yr Event

700 Newly flooded structures

$13 million in direct loss

Flood depth 30 cm or less Flood depth greater than 0.3 meters

819 Newly flooded structures

$30 million in direct loss

0 to 15 centimeters

15 to 30 centimeters Greater than 0.9 meters

0.3 – 0.9 meters

1,748 Newly flooded structures

$236 million in direct loss

448 Newly flooded structures

$166 million in direct loss



Assessed Economic Impacts from Projected Subsidence

Costs are estimated for a SINGLE event across a 50-year time span. 



Historical Perspective on Flood Events

Over the past 52 years of measured data, 18 major flooding events have occurred in the region.  

1992 1994 1998 2001 2002 2007 2008 2015 2016 2017 2019 2024

August 1983

Hurricane Alicia
May 1989

Flooding

October 1984

Flooding

June 1989

Tropical Storm

Allison

March 1992

Flooding

October 1994

Flooding

October 1998

Flooding

June 2001

Tropical Storm

Allison

October 2002

Flooding

August 2007

Tropical Storm

Erin

September 2008

Hurricane Ike

May 2015

Flooding

April 2016

Flooding

August 2017

Hurricane Harvey

September 2019

Tropical Storm

Imelda

July 2024

Hurricane

Beryl

Source: Federal Emergency Management Agency (FEMA) disaster declaration data

1983 1984 19891972 1979

March 1972

Flooding

July 1979

Tropical Storm

Claudette



Other Potential Losses | Faulting

Total assessed within 200-ft hazard 
zone is about $71 million.
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Conclusions

Flood 

Event
Economic Loss

Subsidence 

with Future 

Development

(Million US 

Dollars)

10-year

Direct Loss 113

Indirect Loss (GDP) 51

Total Loss 164

100-year

Direct Loss 446

Indirect Loss (GDP) 114

Total Loss 560

*Excludes $71 million estimated for faulting damages*

Costs are estimated for a SINGLE event across a 50-

year time span. This region experienced multiple 

major flooding events over the recent decades. 

Greatest flood impacts were experienced downstream in the watershed 

rather than within the area with the most projected subsidence.



More Information | Acknowledgements

• Scan the QR code for the study’s webpage.  →

• Discover more of our Research by visiting our website at: 

HGSUBSIDENCE.ORG/SCIENCE-RESEARCH/DISTRICT-RESEARCH
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(281) 486-1105 info@subsidence.org

www.hgsubsidence.org 1660 W. Bay Area Blvd.
Friendswood, TX 77546

Connect with us!

Ashley Greuter, P.G.
Director of Research and Water Conservation
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