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Resilience in a Post Harvey Houston



Resilient communities are able to…

Prepare for, 
Adapt to, and 

Withstand adverse events. 

In ways that allow systems to…

Maintain essential functions and 
Bounce back relatively quickly.

Personal

Neighborhood/ 
Community

Watershed

Regional…



Traditional Response & Recovery

Warn 

RescueRebuild



Future Likelihood of Extreme Events

▪ Intensity of rainfall extremes increasing 
by ~15%

▪ Probability increasing by a factor of 3

▪ Increasing annual likelihood of Texas 
rainfall events > 20 inches: 

– Yr 2000  ~ every 100 years

– Yr 2017  ~ every 16 years

– Yr 2100  ~ every 5.5 years

K. Emanuel. 2017. Assessing the present and future probability 
of Hurricane Harvey’s rainfall. Proc Nat. Acad. Sci.

Van Oldenborgh et al. 2017. Attribution of extreme rainfall from 
Hurricane Harvey, August 2017. Env. Research Letters.



Resilience: Going Beyond Recovery

•Capacity building

•Financial 
strategies

•Science & 
technology

• Governance

• Policies

• Infrastructure

• Behaviors

• People

• Environment

• Economy

Floods
Hurricanes
Sea level
Heat waves
Drought

Assess 
vulnerabilities

Communicate 
& mitigate risk

Develop 
opportunities

Adapt

Resilience Model



Population Growth

Growing Urban Coastal Region

Data Source: U.S. Census, *Texas Demographic Center Population Projection
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Regional Imperviousness

• Sensitive streams 
impacted by 5-10 % 
impervious surface area

• Greater impairments 
when rates exceed 20-25 
percent

harcresearch.maps.arcgis.com

Assess
Vulnerabilities



Regional Subsidence

Extent of subsidence in the Houston-
Galveston Bay area (ft/year); 1906–95.

USGS Report # FS-051-00

Average subsidence rate (mm/year); 2006-12

Yu J., G. Wang, T.J. Kearns, and L. Yang. 2014. 
International Journal of Geophysics.

Assess
Vulnerabilities



Relative Sea Level Rise

The mean sea level trend based on monthly mean sea level data from 1908 to 2015:  
2.09 feet in 100 years.

Source: NOAA Tides & Currents

NOAA Nuisance Flooding Projections:
• Port Isabel: 30+ days/year by 2020
• Galveston: 30+ days/year by 2041-2060

Assess
Vulnerabilities



Impacts of Relative Sea Level Rise

Broadway Boulevard in Galveston after 9/1/2015 rain storm.
Galveston County daily News

Vingt-et-un “21” Islands

waterbird rookery
Brownwood Subdivision in Baytown, TX abandoned in 1990s.

Assess
Vulnerabilities



Coastal Storms & Storm Surge

GCCPRD

2008 Hurricane Ike 

Assess
Vulnerabilities



Texas Drought

Area with drought conditions:
6/12/2018:  76 % area (10.8 M people)

Area with drought conditions:
10/4/2011:  100% area  (25 M people)

Assess
Vulnerabilities

Texas Drought Monitor



Water Availability
Assess

Vulnerabilities

Projected annual water demand and existing 
water supply in Texas (millions of acre-feet)

2017 State Water Plan, Texas Water Development Board



Source: Kinder Institute
Rice University

Assess
Vulnerabilities



Harvey vs Other Major Floods

Source: Jeff Lindner, Harris County Flood Control District

Assess
Vulnerabilities



Harvey’s Impact on Power System

• Shuttering of refineries

• Power outages due to damage to 
transmission system 

• Cooler temperatures

Assess
Vulnerabilities



ERCOT Power Demand: Texas Coast 2002-2017

Ike (2008)

Harvey (2017)

Assess
Vulnerabilities



Who Lives in a Flood Zone?

• Regional flood alert system

• Flood risk disclosures

• Flood insurance

Communicate 
& Mitigate Risk

FloodTools.com; National Flood Services



harcresearch.maps.arcgis.com

Engaging Communities
Communicate 

& Mitigate Risk

• Robust public engagement in                  
decision making

• Coordinated watershed &                 
community plans



$$ For Solutions

• Total Harvey costs ~ $125B

• Harvey, Irma & Maria exceed federal recovery capacity

• $89B in federal funds for TX, LA, FL, PR for infrastructure 
& buyout projects

• Innovative  financing for resilience projects

– Environmental Impact Bonds (with private sector investment)

– Property Assessed Clean Energy (PACE Financing)

What about resilience strategies & nature-based solutions?

Develop 
Opportunities



Low Impact Development (LID)

• Alternative development strategy 

• Preserves water flow and ecology to 
improve quality and reduce quantity of 
stormwater

• Often associated with preserving or 
replanting native vegetation

• Uses include new or existing development 
projects

– Residential neighborhoods, 
commercial infrastructure, industrial 
facilities, roads, and public 
parks/green space

H-GAC LID Designing for Impact Guide

LID practices include:

Lone Star Groundwater Conservation District

Develop 
Opportunities



Microgrid Opportunities & Backup Power Generation

• The microgrid market 
to reach 3.71 GW of 
operational capacity in 
2020.

• Commercial scale 
natural gas gensets 
played a role in Harvey 
recovery.

Source: https://www.dallasnews.com/news/harvey/2017/08/29/emergency-responders-eat-free-spend-night-houston-katy-buc-ees

Develop 
Opportunities



Exciting Examples of Power Resilience

TECO – 48 MW CHP

Serves 20 million square feet of the 
Texas Medical Center 

UTMB – 15 MW CHP
7.5 MW – East Plant operational 

7.5 MW - West Plant commissioning 

Develop 
Opportunities



Regional Adaptation & Resilience Collaborative

• National trend in resilience collaboratives 

• Goal: Build long-term capacity

• Approach: multi-institutional & regional

1. Assess progress and barriers 

2. Science information network

3. Regional framework of resilience and 
adaptation strategies 

4. Community of practice

Resilience 
Collaborative

CBOs, 
Communities & 
Neighborhoods

Land Trusts           
& 

Environmental 
Nonprofits

Academic & 
Research  

Institutions

Private Sector

Government 
Entities

Develop 
Opportunities



Coastal Storm Surge Barriers

GCCPRD

How can storm surge solutions 
balance economic, social and 
environmental needs?

Adapt

http://coastalstudy.texas.gov



Harris County Bond

GCCPRDhttp://www.harriscountyfemt.org

Adapt



Community-planned infrastructure projects

Rethink development design practices, ordinances & 
building codes

Low Impact Development (LID)

Retrofit existing homes, buyouts/relocation

Bayou greenways & buffers

Stormwater detention with created wetlands

Rain cisterns, gardens, barrels

Wetland protection & conservation easements

Watershed-appropriate strategies

2017 Galveston Bay Report Card

Wetlands & Development

Based on NOAA C-CAP 2010

Adapt



Nature Based InfrastructureAdapt



Designing with Nature

• Less stormwater runoff during    
100-year storms

• Lower nutrient loadings

• Average of 2°C lower land surface 
temperature

• Higher walkability and pedestrian 
access to open space

B. Yang & S. Li. 2015. Design with Nature: Ian McHarg’s 
ecological wisdom as actionable and practical knowledge. 
Landscape & Urban Planning.

Drainage swales surrounded by preserved habitat

Natural bank ponds Collector streets, check dams, water
impoundment on soils with good    
infiltration capacity

Adapt



Regional Bayou GreenwaysAdapt



Does This Model Still Make Sense?

Warn 

RescueRebuild



OR… Can We Develop More Resilient Systems?

Prepare

WithstandAdapt



HARC (härk), n.

an independent research
hub helping people thrive
and nature flourish.

Thank You

Lisa Gonzalez
Email: Lgonzalez@harcresearch.org
Phone: (281) 364-6044

HARCresearch.org
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