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A Region Shaped by Infrastructure

Galveston Bay and Redfish Bar in 1851
Image courtesy National Archives.

Sawmill and log trap at Wallisville circa 1900. 
Image courtesy Wallisville Heritage Park.

The Goose Creek oil field in Tabbs Bay near Baytown circa 1908. Image courtesy National Archives.

Rail drove post Civil War development.
Image courtesy Gallaway Collection.

Channelization White Oak Bayou 1955. 
Image courtesy http://whiteoakbayou.org; HCFCD

http://whiteoakbayou.org/


Population Growth

Population Change 1990 - 2040

Growing Coastal Region & Urban Estuary

Data Source: U.S. Census, 2016
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Water: It’s all Connected

~24,000 square 
miles

~Half of Texas’ 
27.5M population1

San Jacinto River 
28% of inflows2

Trinity River 
54% of inflows2

Coastal 
bayous 
18% of 
inflows2

1U.S. Census, July 2015
2Texas Water Development Board



Sea Level Rise

The mean sea level trend is 6.37 millimeters/year with a 95% confidence
interval of +/- 0.24 mm/yr based on monthly mean sea level data from
1908 to 2015 which is equivalent to a change of 2.09 feet in 100 years.

Source: NOAA Tides & Currents



Regional Subsidence
Extent of subsidence in the Houston-
Galveston Bay area; 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.



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.



Coastal Storms & Storm Surge

GCCPRD

2011 Hurricane Ike 
How can storm surge 
solutions balance 
economic, social and 
environmental needs?



Drought Conditions

Area with drought conditions:
1/23/2018:  85% area (7.2 M people)

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



Extreme Rain & Flood Events
Tax Day Floods 2016

• Rainfall rates of 1” in 5 minutes

• Maximum hourly rate of 4.7”

• Highest rainfall total in the region was 23.5″ 
recorded in 14.5 hours in Waller County

Memorial Day Floods 2015
• Rain event total 162 billion gallons 

of water

Tropical Storm Allison 2001
• Max rainfall 28.5″ in 12 hours 

on Greens Bayou.

• >35” of rainfall over the five-
day period

Tropical Storm Claudette 1979
• 43” of rain near Alvin in Brazoria 

County

NWS
Harvey



Regional Imperviousness

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

• Greater impairments 
when rates exceed 20-25 
percent

harcresearch.maps.arcgis.com



Land Cover Change

• Growth in impervious & developed areas

• Wetland areas decreased by 54,000 acres; 1996-2010



Developed Areas 1996



Developed Areas 2010



Wetland Areas 1996



Wetland Areas 2010



Greater Houston Region’s Water Systems

The Floodplain 
& Wetlands

FEMA Floodplains

NOAA Wetlands

harcresearch.maps.arcgis.com

NWS



The Impacts

Source: Greater Houston Flood Mitigation Research Consortium

311 call data by City of Houston, mapped by UH CDRC



Traditional Response & Recovery

Warn 

RescueRebuild



Future Likelihood of Extreme Events

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

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



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 
opportunitiesAdapt

Resilience Model



Rethink development design practices, 
ordinances & building codes

Low Impact Development (LID)

Retrofit existing homes

Bayou greenways & buffers

Stormwater detention with          
created wetlands

Rain cisterns, gardens, barrels

Wetland protection & conservation 
easements

EMPLOY A WATERSHED APROACH 
THAT ACCOUNTS FOR CONNECTIVITY   

& CUMULATIVE IMPACTS

Connecting Land & Water: A Watershed Approach

2017 Galveston Bay Report Card

Wetlands & Development

Based on NOAA C-CAP 2010



Is Designing with Nature Possible in Houston?

• Less stormwater runoff during 100-
year storms

• Lower nutrient loadings

• Lower levels of forest 
fragmentation

• 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



Financing Resilience

• Total Harvey costs ~ $180B

• Harvey, Irma & Maria exceed federal recovery capacity

• Harvey recovery funds  traditional infrastructure & 
buyout projects

• Innovative  financing needed for future resilience    
projects
– Property Assessed Clean Energy (PACE Financing)

– Green Bonds (standard bonds)

– Resilience Bonds (bond premium rebates)

– Environmental Impact Bonds (with private sector investment)

What about everything else?



Moving Forward…Talking Climate Solutions

• Focus on resilience

• Different communities 
experience different impacts

• Seek solutions

People & Nature Speak Series featuring Dr. Katharine Hayhoe & Gov Bill Ritter



Creating a Regional Adaptation & Resilience Collaborative

• National trend in resilience collaboratives 

• Goal: Build long-term capacity

• Approach: multi-institutional & regional
1. Assess progress and barriers to community resilience 

along the Texas Gulf Coast

2. Create a science information network

3. Develop a regional framework of resilience and 
adaptation strategies with broad input

4. Build a community of practice to share technical 
expertise, leverage resources, and advance 
comprehensive and coordinated strategies

Resilience 
Collaborative

CBOs, 
Communities & 
Neighborhoods

Land Trusts           
& 

Environmental 
Nonprofits

Academic & 
Research  

Institutions

Private Sector

Government 
Entities



New Local Initiatives

• Greater Houston Flood Mitigation Research 
Consortium (Huitt-Zollars)

• Built Environment Working Group  
(ULI-HARC)

• Environmental and Social Justice Coalition 
(Air Alliance Houston)

• Houston Housing Working Group (LISC)

• Habitat & conservation lands (KPC)

• Others… www.compactofcoloradocommunities.org



Upcoming Events
• RICS Summit Series Americas 2018 – Houston 

January 30
http://www.rics.org/ca/training-events/conferences-seminars/rics-summit-series-2018---houston/houston/

• I-LinCP – Exploring Resiliency
January 24  
https://i-lincp.wildapricot.org/event-2672464

• Houston Climate Forum 2018 – Texas’ 7th District Congressional Candidates
January 27
https://www.eventbrite.com/e/houston-climate-forum-2018-location-change-tickets-41611344652

• Greater Houston Flood Mitigation Consortium – Buyout best practices in the wake of Harvey 
February 6  
https://www.eventbrite.com/e/buyout-best-practices-in-the-wake-of-harvey-tickets-41963818912

• CoreNet / IFMA – Building a more resilient Houston
February 8 
http://network.corenetglobal.org/events/eventdescription?CalendarEventKey=48c34e33-f8a0-4493-8ebf-
d98eb4221f67&CommunityKey=f811f7de-cb03-4fab-aa5b-
15d9895bb1fa&Home=%2fevents%2frecentcommunityeventsdashboard

• Kinder Institute Forum: What is the Future of Houston in a Disaster Prone World
February 21
https://www.eventbrite.com/e/kinder-institute-forum-what-is-the-future-of-houston-in-a-disaster-prone-world-tickets-
41524866995

• SSPEED Urban Flooding and Infrastructure Conference
February 21-22 
http://sspeed.rice.edu/sspeed/downloads/Conference_Harvey.pdf

http://www.rics.org/ca/training-events/conferences-seminars/rics-summit-series-2018---houston/houston/
https://i-lincp.wildapricot.org/event-2672464
https://www.eventbrite.com/e/houston-climate-forum-2018-location-change-tickets-41611344652
https://www.eventbrite.com/e/buyout-best-practices-in-the-wake-of-harvey-tickets-41963818912
http://network.corenetglobal.org/events/eventdescription?CalendarEventKey=48c34e33-f8a0-4493-8ebf-d98eb4221f67&CommunityKey=f811f7de-cb03-4fab-aa5b-15d9895bb1fa&Home=/events/recentcommunityeventsdashboard
https://www.eventbrite.com/e/kinder-institute-forum-what-is-the-future-of-houston-in-a-disaster-prone-world-tickets-41524866995
http://sspeed.rice.edu/sspeed/downloads/Conference_Harvey.pdf


HARC (härk), n.
an independent research
hub helping people thrive
and nature flourish.

Thank You

Lisa Gonzalez
President, HARC

Email: lgonzalez@harcresearch.org
Phone: (281) 364-6044

HARCresearch.org


	�Resilience: Going Beyond Recovery�
	6 categories  22 Indicators
	A Region Shaped by Infrastructure
	Population Growth
	Water: It’s all Connected
	Sea Level Rise
	Regional Subsidence
	Impacts of Relative Sea Level Rise
	Coastal Storms & Storm Surge
	Drought Conditions
	Extreme Rain & Flood Events
	Regional Imperviousness
	Land Cover Change
	Developed Areas 1996
	Developed Areas 2010
	Wetland Areas 1996
	Wetland Areas 2010
	Greater Houston Region’s Water Systems��The Floodplain �& Wetlands�
	The Impacts
	Traditional Response & Recovery�
	Future Likelihood of Extreme Events
	Resilience: Going Beyond Recovery�
	Connecting Land & Water: A Watershed Approach
	Is Designing with Nature Possible in Houston?
	Financing Resilience
	Moving Forward…Talking Climate Solutions
	Creating a Regional Adaptation & Resilience Collaborative
	New Local Initiatives
	Upcoming Events
	Slide Number 30

