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What CanYou Do?

Our Actions Impact Coastal Resilience

* Laarn about floodplains and detarmina the proximity
of your home or business to 100-year and B00-year

Houston Ship Channel
Total Volume of Spills

Total No. of Spills

Galveston Bay

INDICATORS

Tonic Metals
in Sediment

What Can You Do?

Prevent Pollution inYour Area

What Can You Do?

B

INDICATORS

Saltwater Wetlands

Frashwater Watlands

Underwater Grasses

Crhystor Reefs

Save the Land We Love

= Valuntaer to restore habitat around the Bay by
participating in conservation projacts,

» Conserve land by donating it to a land trust or
by establishing a conservation sasement.

* Use thaWatershed Information Tool to learn
about wetlands near your home, work and

school. tharcresearch.orgfwetlandplanningtooll.

INDICATORS

floodplains, [harcresearch.orgiwetlandalanningtool),

Freshwater Inflow

* Raduce greanhouse gas emissions by consarving

Sea Level Rise

elactricity, purchasing green power [salar or windl,
driving less and considering fuel efficiency when

Winter Water
Temparature

purchasing a vahicla.

* Racycle and use lass stuff by reusing, repurposing;

Water PH

this conscrves chergy and reduces pollution and

. .
»

greenhouse gas emissions.

Organic Toxins
in Sediment

* Urgae local officials to prioritize Bay
cleanup and preservation,

Dioxin in Sediment

* Report environmental emergencias,
isch , spills, or air relaasas at

Oil Spills

www, galvbay.org/GBAN,

Litter 8 Trash

* Protect bay habitats, and keep trash
and debris out of tha water,

CRITICAL  INSUFFICIENT

DATA

REQUIRES
ACTION

ADEQUATE
FOR NOW
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A Region Shaped by Infrastructure
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e Sawmill and log trap at Wallisville circa 1900.

i ﬂ_ = : = Image courtesy Wallisville Heritage Park.

Rail drove post Civil War development. Galveston Bay and Redfish Bar in 1851 —

Image courtesy Gallaway Collection. Image courtesy National Archives.

Route of i Galvegon-dlouicsn Iserartas, 1%11.1934

Channelization White Oak Bayou 1955.
The Goose Creek oil field in Tabbs Bay near Baytown circa 1908. Image courtesy National Archives. Image courtesy http://whiteoakbayou.org; HCFCD



http://whiteoakbayou.org/

Growing Coastal Region & Urban Estuary

Population Growth
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It’s all Connected

Trinity River

San Jacinto River _
54% of inflows?

28% of inflows?

Coastal
bayous
18% of

e | inflows?

~Half of Texas’

27.5M POPulation1 1 Gahéeasyton

Q U.S. Census, July 2015
(o) 2Texas Water Development Board




Sea Level Rise

Mean Sea Level Trend
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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.




Regional Subsidence

Extent of subsidence in the Houston- Average subsidence rate (mm/year); 2006-12
Galveston Bay area; 1906-95. g (mm/year),
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Impacts of Relative Sea Level Rise

Vingt-et-un “21” Islands
waterbird rookery

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




Coastal Storms & Storm Surge

2011 Hurricane lke

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

Central Region Alernatives

Central Region A lermatrve #1 (CRE)

GCCPRD




Drought Conditions

Area with drought conditions: Area with drought conditions:
10/4/2011: 100% area (25 M people) 1/23/2018: 85% area (7.2 M people)
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Intensity: %_[
None
DO (Abnormally Dry)
D1 (Moderate Drought) \
D2 (Severe Drought)

- D3 (Extreme Drought)
- D4 (Exceptional Drought)




Extreme Rain & Flood Events

Tropical Storm Claudette 1979 Tax Day Floods 2016
e 43" of rain near Alvin in Brazoria e Rainfall rates of 1” in 5 minutes
County

e  Maximum hourly rate of 4.7”

Tropical Storm Allison 2001 e Highest rainfall total in the region was 23.5"

e Max rainfall 28.5” in 12 hours cord in 14.5 hours in Waller County

on Greens Bayou.

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

Memorial Day Floods 2015

e Rain event total 162 billion gallons
of water




Regional Imperviousness

e Sensitive streams

USGS Watersheds HUC10
Imperviousness (2011)

Watershed Imperviousness
(2011)

. Greater Than 20%
10% to 20%
| Less Than 10%

impacted by 5-10 %
impervious surface area

 Greater impairments
when rates exceed 20-25

percent

harcresearch.maps.arcgis.com




Land Cover Change

e Growth in impervious & developed areas
e Wetland areas decreased by 54,000 acres; 1996-2010

Imperviousness Developed Wetlands
2001 2011 Change 2001-2011 1996 2010 Change 1996-2010 1996 2010 Change 1996-2010
County Acres Acres Acres Pct Acres Acres Acres Pct Acres Acres Acres Pct

Brazoria 26,389 33,434 7,044 26.69% 71,016 85,530 14,513 20.44% 307,870 304,674 -3,197 -1.04%
Chambers 8,838 10,619 1,781 20.15% 22,388 27,097 4,209 18.39% 137,993 135,344 -2,649 -1.92%

Fort Bend I 30,856 47,268 16,411 | 53.19% 64,106 106,797 42,690 63,901 59,983 -3,918 -6.13
Galveston 27,449 33,668 6,218 22.65% 73,562 85,411 11,849 16.11% 78,696 75,358 -3,339 -4.24%
Grimes 6,848 7,061 213 3.11% 15,833 16,953 1,121 7.08% 38,294 38,247 -47 -0.12%
Hardin 7,259 7,903 644 8.88% 16,713 19,878 3,165 18.94% 202,515 197,379 -5,136 -2.54%
Harris I 279,648 337,791 58,143 20.79% 522,137 639,135 116,998 22.41% 100,181 87,409 -12,772 -12.?5%'
Jefferson 37,861 40,974 3,112 8.22% 88,113 04,828 6,715 7.62% 232,672 223,397 -9,275 -3.99%
Liberty 9,333 9,898 564 6.04% 22,794 26,126 3,331 14.62% 272,260 266,033 -6,228 -2.29%,
Mantgomery I 35,137 46,966 11,829 33.66% 75,362 117,477 42,115 55.88% 90,108 83,464 -6,644 -?.S'aﬂl
Polk 71,639 7,955 316 4.14% 14,750 17,436 2,686 18.21% 105,625 106,859 1,234 1.17%,
San Jacinto 3,510 3,694 184 5.24% 6,517 8,002 1,485 22.79% 55,041 54,856 -185 -0.34%
Walker 71,442 7,877 435 5.85% 16,942 18,317 1,375 8.12% 50,962 49,123 -1,840 -3.61%
Waller 3,363 3,957 594 17.65% 9,403 11,575 2,172 23.10% 23,607 23,5006 -101 -0.43%
Totals 491,574 599,063 107,490 21.87%| 1,020,135 1,274,562 254,427 24,94%| 1,759,726| 1,705,631 -54,095 -3.07%
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Developed Areas 2010
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Wetland Areas 199
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Wetland Areas 2010
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Greater Houston Region’s Water Systems

The Floodplain
& Wetlands

FEMA Floodplains

100 Year (1% probability)
B 500 vear (0.29 probability)

NOAA Wetlands

. Estuarine Wetlands
. Falustrine Wetlands

harcresearch.maps.arcgis.com



The Impacts

Initial FEMA Assessment
® Destroyed @ Major damage @ Minor damage = Affected by floods

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

alveston

© Mapbox © OpenStreetMap Improve this map

Source: Greater Houston Flood Mitigation Research Consortium



Traditional Response & Recovery




Future Likelihood of Extreme Events

Billion-dollar disasters by type, from 1980-2016
18

B drought
] B it o Increasing annual likelihood of
14 Texas rainfall events > 20 inches:
12
2 — Yr 2000 ~ every 100 years
& 10
%4 l ._ — Yr 2017 ~ every 16 years
6

— Yr 2100 ~ every 5.5 years

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

l‘?BD 1985 1990 1995 2010 2015
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Resilience: Going Beyond Recovery

~
Floods e People
Hurricanes e Environment

Sea level e Economy

Heat waves Resilience Model

Drought
\. Assess Communicate J

vulnerabilities & mitigate risk
Develop
p opportunities )

¢ Capacity building
e Governance

- e Financial
* Policies strategies
e |nfrastructure e Science &
_* Behaviors technology )




Connecting Land & Water: A Watershed Approach

Houston-Galveston

HARC Wetland &

Watershed Development Index
Brays Bayou 73%
White Oak Bayou 67%
Buffalo Bayou 56%
Sims Bayou 50%
Houston Ship Channel 41%
Greens Bayou 44%
Armand-Taylor Bayou 38%
Clear Creek 42%
North Bay 30%
Addicks Reservoir 26%
Dickinson Bayou 23%
Barker Reservair 22%
South Bay 20%
Spring Creek 18%
San Jacinto River 15%
West Bay 9%
Cedar Bayou 8%
West Fork San Jacinto 9%
Chocolate Bayou 7%
Trinity Bay 3%
East Fork San Jacinto 3%
Austin-Bastrop Bayou 3%
East Bay 2%
Trinity River 2%

Based on NOAA C-CAP 2010

Flooding & Water Quality Iss

Wetlands & Development

A Excellent

IO -

Adequate for Now Wi

Io Requires Action

Critical

GULF OF MEXICO

‘Galveston Bay

Insufficient Data

2017 Galveston Bay Report Card

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



Is Designing with Nature Possible in Houston?

Drainage swales surrounded by preserved habitat

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

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: lan McHarg’s
ecological wisdom as actionable and practical knowledge.
Landscape & Urban Planning.



Financing Resilience

e Total Harvey costs ~ $180B
 Harvey, Irma & Maria exceed federal recovery capacity

e Harvey recovery funds = traditional infrastructure &
buyout projects ,
BAYOU GREENWAYS

RECONNECTING HOUSTON WITH ITS

What about everything else?

ONCE FORGOTTEN BAYOUS

* 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)




Moving Forward...Talking Climate Solutions

e Focus on resilience

e Different communities
experience different impacts

e Seek solutions

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




Creating a Regional Adaptation & Resilience Collaborative

e National trend in resilience collaboratives

e Goal: Build long-term capacity

e Approach: multi-institutional & regional

1.

Assess progress and barriers to community resilience
along the Texas Gulf Coast

Create a science information network

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

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

Government
Entities

Private Sector

Academic &
Research
Institutions

INSTITUTE FOR
Sustainable
Communities

=
HARC



New Local Initiatives

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

e Built Environment Working Group B"“"‘E‘g e Snowleege
(ULI-HARC) — g

Formal Training Scenario Planning
Access to Tools/Resources Werking Groups
Warkshops Conferences

e Environmental and Social Justice Coalition

(AII’ Alliance HOuston) Implementation Announced
Support Goals & Projects

Technical Support Benchmarking

e Houston Housing Working Group (LISC) Assistarce withSecuring || Publicty

Funding Accountability

e Habitat & conservation lands (KPC)

www.compactofcoloradocommunities.org

e QOthers...




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’ 7t" 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

Thank You

Lisa Gonzalez

President, HARC |
We can not solve our |\

Email: [gonzalez@harcresearch.org problems with the

Phone: (281) 364-6044 same level of thinking

that created them
— HA/?CfeseafCh, Ofg ~Albert Einstein
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