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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.



Traditional Response & Recovery




Future Likelihood of Extreme Events

Billion-dollar disasters by type, from 1980-2016
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(v Intensity of rainfall extremes increasir@
by ~15%

= Probability increasing by a factor of 3

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

( 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.




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 N

e Capacity building
e Governance

N ¢ Financial
e Policies strategies
¢ Infrastructure e Science &
_* Behaviors technology y




Assess

vunerabilities . @rowing Urban Coastal Region

Population Growth
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Assess

Vulnerabilities Regional Imperviousness

USGS Watersheds HUC10
Imperviousness (2011)

Watershed Imperviousness
(2011)

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

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

* Greater impairments
when rates exceed 20-25
percent

- harcresearch.maps.arcqgis.com
e ps.arcg



Assess
Vulnerabilities

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

Average subsidence rate (mm/year); 2006-12
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Fesess Relative Sea Level Rise

Vulnerabilities

NOAA Nuisance Flooding Projections:

* Port Isabel: 30+ days/year by 2020

Mean Sea Level Trend o .
877145:?32Iv22to?1v;ierrgq, Texas Galveston: 30+ days/year by 2041-2060

8771450 Galveston Pier 21, Texas 6.37 +/- 0.24 mm/yr
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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



Assess

Vulnerabilities

Impacts of Relative Sea Level Rise

Galvestons”
Island’

‘ach

Vingt-et-un “21” Islands
waterbird rookery

)

Broadway Boulevard in Galveston after 9/1/2015 rain storm.
Galveston County daily News
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o Coastal Storms & Storm Surge

Vulnerabilities

2008 Hurricane lke

Hurricane ke ’
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Assess

Vulnerabilities Texas Drought

Area with drought conditions: Area with drought conditions:
10/4/2011: 100% area (25 M people) 6/12/2018: 76 % area (10.8 M people)

Intensity: |

None

DO (Abnormally Dry)

D1 (Moderate Drought

D2 (Severe Drought)

- D3 (Extreme Drought) \ l

- D4 (Exceptional Droug

Texas Drought Monitor




Assess

Vulnerabilities Water A\Iailability

Projected annual water demand and existing

25 | water supply in Texas (millions of acre-feet)
Water use category shares of projected annual water demand in 2070
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2017 State Water Plan, Texas Water Development Board



@ Tropical Storm Allison (June 2001)

Memorial Day Floods (May 2015)
Tax Day Floods (April 2016)
Hurricane Harvey (August 2017)

Assess
Vulnerabilities
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Assess
Vulnerabilities

Harvey vs Other Major Floods

Ha Allison Tax Day October 1994
ugust 2017 | June 2001 April 2016

1-hr
2-hr
3-hr
6-hr
12-hr
24-hr
2 days
4 days

119
14.8
18.9
20.9
25.6
35.2
47.7

2.9
13.5
21.2
28.3
28.4
28.5
38.5

7.3 4.7
8.3 5.3
13.9 1.2
16.7 12.0
17.4 20.9
17.5 23.1
N/A 28.9

Source: Jeff Lindner, Harris County Flood Control District
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Assess

ERCOT Power Demand: Texas Coast 2002-2017

Vulnerabilities
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Who Lives in a Flood Zone?

Regional flood alert system

Flood risk disclosures

Flood insurance

FLOODTOOLS™ +

©) Powell Elemel¥t®

Map My Risk Flood maps help you to se

£l .
risk at a location. Since ris} oding comes from den Woods g

many sources there are seve layer below to help
illustrate many of these.

..... N m 3
O Map View = 2 E Eelhanges
. % & BearBranch Park
® Terrain View S Q T
@ Satellite View Bear Branch
Labels — Bear Branch Sportsfields O ° IS

25
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¥ Estimated Flood Area Kroger o

Other Hazards

Hurricanes W O
.
05\\09 R4 iR
Flood Risk Howbend Park & Pool 2 —

F/oodToo/;.com,' Natioha/ Flood Services

Harris County Flood Education Mapping Tool

www.harriscountyfemt.org/ ¥

Montgomery County Flood Plain Viewer
gis.mctx.org/apps/floodplains/ ¥



Engaging Communities

COMMUNITY =—

Robust public engagement in |MPACT
1ct : — NEWSPAPER
decision making TR

IMPACTS TRANSPORTATION GOVERNMENT BUSINESS DINING THINGSTODO E-NEWSLETTER

* Coordinated watershed & et e i i
community plans

referendum

Harris County pieces together flood bond projects,
millions at a time, in Harvey's wake




Develop

Opportunities ss For Solutions

e Total Harvey costs ~ $S125B

* Harvey, Irma & Maria exceed federal recovery capacity

e S89B in federal funds for TX, LA, FL, PR for infrastructure

& buyout projects BAYOU GREENWAYS

What about resilience strategies & nature-based solutions? R e e A AL

ONCE FORGOTTEN BAYOUS

* Innovative financing for resilience projects

— Environmental Impact Bonds (with private sector investment)

— Property Assessed Clean Energy (PACE Financing)




Develop

Low Impact Development (LID)

Opportunities

LID practices include:

. .
Alternative development strategy Lone Star Groundwater Conservation District

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

e Often associated with preserving or
replanting native vegetation

e Uses include new or existing development
projects

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

e! 5. ..
JIcci nuui rcilicavic raveiiiciiu naiiil Da

H-GAC LID Designing for Impact Guide




Develop

Opportunities Microgrid Opportunities & Backup Power Generation

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

e 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

Exciting Examples of Power Resilience

Opportunities

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

e Approach: multi-institutional & regional

Private Sector

1. Assess progress and barriers

2. Science information network

Academic &
Research
Institutions

3. Regional framework of resilience and
adaptation strategies

4. Community of practice

TTTTTTTTTTTT

Sustainable
Communities




Adapt Coastal Storm Surge Barriers

Coastal Texas
Protection
and Restoration
Feasibility Study

Alternative A

Navigation and
Environmental Gates

=== Levee/Floodwall
s Galveston Ring Levee”
Galveston Seawall

" Improvements HOW Can StOFm Surge SO|UtiOnS

Galveston Island *

ot B - balance economic, social and
Nonstructural >

Improvements s y o > enV|r0nmenta| nEEdS?

* One or both of these
features may be selected

http://coastalstudy.texas.gov




Harris County Bond

:
BOND PROGRAM PRELIMINARY DRAFT 5

INFORMATION & COMMUNITY ENGAGEMENT

ECONTROL
— =DISTRICT
Step1: Find Your Watershed All Watersheds \ Select Watershed for More Detail
Enter Address FIND ‘
e.g. 9900 Northwest Fwy. Houston 77092 = Liberty
County

LEGEND
PROPOSED BOND PROJECTS

* Buyout Areas \\.,—,\’\\)%(\\
A\ Storm Repairs
’ Subdivision Drainage Improvements Wall

. Local Projects Coun
+ Partnership Projects

* Community Input :::;, NS
WATERSHED BOUNDARIES

A (@ Watersheds

JURISDICTIONS

mes® . Texas House Districts

meew | Texas Senate Districts

mae® ' US House of Representatives

Harris County Precincts

¥ Pct. 1 - Rodney Ellis
Pct. 2 - Jack Morman

b 4 ’ 7 AN W
v o (s TRy
& 3 — - \ “ X VA"
« ‘ \ 66 ¥
XZ,
Pct. 3 - Steve Radack ﬁ-\_\ & >
Pct. 4 - R. Jack Cagle J .
I, Existing Detention Basins
Other Municipalities
City of Houston
LInincarnorated Harris Countv Countv Fort Bend

Fort Bend

HCFCD \spe)

http://www.harriscountyfemt.org



Watershed-appropriate strategies

Wetlands & Development

Community-planned infrastructure projects

Rethink development design practices, ordinances &
building codes

Low Impact Development (LID)
Retrofit existing homes, buyouts/relocation

Bayou greenways & buffers

\
GULF OF MEXICO

Stormwater detention with created wetlands

“Galveston Bay

Rain cisterns, gardens, barrels

N . .
et A Wetland protection & conservation easements

2017 Galveston Bay Report Card Based on NOAA C-CAP 2010




Nature Based Infrastructure

Gulf-Houston Regional Conservation Plan - Phase 1 & 2 Projects That Have Received Funding
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Katy Prairie Conservancy
onservation Impact Map Legend

Project That Have Received Funding

Phase One Projects =

= TheNature
SCENIC Phase Two Prolects  witiwiiiiss Conservancy N

Riparian Corridor Protecting nature. Preserving life.

GALVESTON

Bay City Edge of 8-county area around Houston

4 Ecological Areas

04285, .17 ,.,255

MATA GORDA Major Highways




Designing with Nature

Drainage swales surrounded by preserved habitat

o
R

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

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.



Regional Bayou Greenways

Bayou Greenways 2020 Learn More Send Feedback
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Other Greenways

SpPRING CREEK GREENWAY

15012 Brown Road
Toeball, Texas 77375

9738 Hufsmith Road
Tomball, Texas 77375

o6800n
L L~] s )

GPS 2 07 675 N, 957 34,469 W

() Dennis Johnston Park
(55 acres)
709 Riley Fuzzel Road
Spring, Texas 77373

LT ]

GFS N 05,009 N, 55" 19088 W

) Burroughs Park (333 acres)

2813536100
) Spring Creek Park (114 acres)

€) Pundt Park (528 acres)
4129 Spring Creek Drive
Spring, Texas 77373

CoaGs0n
Al aJ
ors oL 92 W

() Carter Park (114 acres)
7221 Treaschwig Rosd
Spring, Texas 77373

cuecsn
(P15

T T )

(1) Turkey Creek Park (178 acres)

Undeveloped
Broze Rosd, Humble

P

G 7 01423 N 20T W

Montgomery

(2 Jesse H. Jones Park &
Nature Center (312 acres)

( : Registrativn required Tor detatls. vieit sewse hepd nee/parksdcanoekayak htm J

€ George Mitchell Nature
Preserve (800 scres)
North ude of croek:
5171 Flintridge Drive
The Woodlands, Texas 77381
osan

CO% 30 00771 N 95 3LISEW

281-367-3977

© spring Acres Preserve”

(55.5 acres)
23801 Glen Loch Drive
Spring, Texas 77380

G 3 0AS0T N 9" 20950 W

y County

Preserve® (71 acres)
1118 Pruist Read
Spring, Texas 77380
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© Old Riley Fuzzel Rosd
Preserve® (7 acres)
1209 OM Ribey Puzzel Road
Spring, Texas 77386

G 07 08 00 N, 15" 24 04 W

(O Peckinpaugh Preserve and
Nature Center® (25 acres)
1209 Ol Riley Puzzel Road
Spring, Texas 77386

P53 05 738

€) George Mitchell Nature Preserve
and Reb

P 07 08 660 1%, 957 3068 W

The Woodlands ———
RS-

Fleming Park (900 acres)
South vide of creek
5900 Creckside Forest Drive
The Woodlands, Texas 77389
281-210-3900

B Existing Greenway Land Dog Park

v Existing Greenway Trails Bquestrian Trale () Pienicking : * '
S Future Greenway Trails a Fishing . Playground >
S5 canoe Launch 0 i D Rest Rooms ™5 Tmie

Aschery @ Nasure Center

Bicycling 1 rarking

B Wheekchair Accessible




Does This Model Still Make Sense?




OR... Can We Develop More Resilient Systems?
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Thank You

Lisa Gonzalez
Email: Lgonzalez@harcresearch.org We can not solve our s
Phone: (281) 364-6044 problems with the

same level of thinking
that created them
~Albert Einstein

HARCresearch.org
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