Linking Flood Risk to Resilience

MERIT: A Decision Support Tool for Risk-based Resilience
Investment
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Linking risk to resilience for practical
decision making

= Communities need to understand their risk, but risk models are
designed for experts

* Communities are unique and resilience means something
different to each community

" How does a community prioritize investments while taking into
account risk, resilience, and their own priorities?

" How do we give a community the information they need to
start the conversation?
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The gap: Linking flood risk to practical
recovery and mitigation decisions
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Risk communication and human-
centered design

Intuitive cues

Map process and navigation up front
Consistent use of color, font, and terms
Use plain language

Provide anchors to daily experience

Provide a reference point for flood depths (e.g., waist-high water)

Melkonyan, 2011, National Oceanic and Atmospheric Administration,
2016, Vaughan and Buss, 1998
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Linking Flood Risk to Resilience

The Mitigation Evaluation and Risk Reduction Investment
Tool (MERIT) is an integrated platform to assess flood
risk and design community-evel investments to mitigate
that risk and enhance resitience
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What are you

Houe land
Security

Chovwe
Lecatan

A

ANALYTICS

TALUS

getting yourself into?

Mome Instrictions Abous Lig Cut

MERIT pronddes a platfoem 1o view Nood rigk 0 your communifty, (hoose & subset of
high-petority Sood impacts to target for investments, design Investments, and priortizo
thase irvestments most effective n reducing Bood risk and enhancing resience

The MERIT workfhow Is dhided Into the six steps below. Betore starting, itis uselud 1o
gather Infarmation for any angoing cammunity resdience and flood mitigation efforts
for reference. MERIT can also mgest inundation maps from previous food rsk
assessment offorts (required formatting described laterd To use mdsting inundation
maps, have these on hand before continuing

2 3 Rl 5 6
WView Mgty Flood Desigy Wiew
Flooding of Concern Scesarion mmn:m Besudty
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Who are you? Identify your community

Homeland .
‘8 .\u‘(’urtil) ( Home Instructions About ‘ Log Out
1 CHOOSE LOCATION COMMUNITY OF INTEREST

Seldect a location for the simulated flooding event

10 accur. Select a region type: County, Metropolitan
Statistical Area, NFIP codes.or CRS codes. Then select a
specific community of interest,

Sefect a Region Type Select a county(s) Regions Selected
County v Texas v Add County Harnis County
RS

NFIP

FIMA

MSA

Zipcode

Harris County v

TALUS ' N ASFPM Conference

ANALYTICS June 2018




Building on what you already know

o anc s
A ?{fé’i‘l‘r‘}l‘;_'" Home Instructions About Log Out

1 CHOOSE LOCATION COMMUNITY OF INTEREST

Select a location for the simulated flooding event

to occur. Select a region type: County. Metropolitan
Statistical Area, NFIP codes.or CRS codes, Then select o
specific community of Interest.

ViIEW HOOQDING

I CHIODOSE IMPACTS OF CONCERN
Select a fiegion Type Sedect 8 countys) Regions Selected
4 DESIGN INVESTMENT
Harris County
County v | Texas -1 __Add County
5 CHOUOSE SCENARIOS CRS ¥
NFIP UPLOAD SCENARIO
& VIEW RESLILTS FIMA City data are availabie in some regions and can be
Ak (aroms e SEA uploaded into Merit

zipcode Sefect file
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Flood mapping: Rapid risk assessment

" Developed a rapid risk assessment method in
collaboration with FEMA, drawing on NFIE and
NWM methods

= Supports rapid overlay with infrastructure and
population

" No subject matter expertise required

" Deterministic; assesses range of events
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Flood mapping: Rapid risk assessment

Riverine
Interpolation of riverine gage flows

Lateral projection and compare water level to DEM for inundation

Coastal

Interpolate select coastal gages with still water elevations liked to AEP (from
RENCI)

Project inland, comparing water elevation to DEM

Estuarine

Proof of concept takes simple maximum between riverine and coastal
inundation estimates
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What goes underwater?

2 VIEW FLOODING € Focding
Returm period
&1 Flood gauge heght
18+ 11
16+ F1
15¢F7

10+ 57

L GeRT

o vogsation
Scclo-economically vulnerable

€ Inha@ructure

Care anc sectric power Tackitles v
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Which impacts are of highest priority?

Choose infrastructure priorities

WAL LA Select investment priority(s)
Sefect ond drag from toble on &t to blue mvestment priorities selected Nst on nght.

POPULATION INFRASTRUCTURE INVESTMENT PRIORITIES SELECTED
3 CHOOSE IMPACTS OF CONCERN ::ammvvrm
drop i any order
R Care Faclliities - Ry Tyoe Osnags Laval nl':“p:"" containery below.
Center For Psychiatric Info Care Fadlity EXTREME 7.5 Poputation aged 65+ [}
= Ben Taub General Hospltal Care Facllity EXTREME 6.7 Intracare North Hospital 0
6 VIEW RESULT Intracare North Hospital Care Fadlity EXTREME 6.3 Houston Community Hospltal [x]
Healthsouth Rehabilitation institute Care Faclity EXTREME 6.1
Houston Community Hospltal Care Faality EXTREME 54
Bayshore Medical Center Care Facllity EXTREME 54
Healthsouth Rehabllitation Hospltal Care Fadility EXTREME 54

Show by Resibence Characteristits
INFRASTRUCTURE DAMAGE LEVELS FLOOD LEVELS

10+ KT Water depth

184 F1 Return period
4

® Flood gauge height
200 K1 16+ FT1

g
: &
15¢ F1
£
s 104 FT
10+ F1
T
MINOR EXTREME G+ F1

DAMAGE LEVEL

S% SIZE = PERCENT OF INFRASTRUCTURE DAMAGED BY TYPE




Which impacts are of highest priority?

Choose population priorities

3 CHOOSE IMPACTS OF CONCERN

1 DI N INV IMEN

HO NARIO

Select Investment priority(s)
Sefect and drag from table on lef! to investrment peiorities fist on right

POPULATION NFRASTT URE

Al Vulnesable Populations -
Population aged 65+ HIGH
Population under the age of 5 HIGH

Sockoeconomically vulnerable population

Non-English speaking population

Population without personal vehicle

Population in moblle homes

EDME-dependent population

VULNERABLE POPULATIONS AT GREATEST RISK

v F1

1K1

5%

POPULATION
Impact Level  Number Peaple

17.440

14902

11,297

11,208

"mman

10,240

7.251

Sefect priorities from toble on left
and drop In ary order In the
Parcent (%) containers befow,
as Population aged 65+ o
15
85
9.2
76
105

',V2 —

Show iy Restenice Charscimnancy

POPULATION AGED +05%

HIGH

Poputation sl risk
Percent of total pop.

.

0 10X
TOTAL NUMBER OF PEOPLE

SIZE » PERCENT OF PEOPLE IMPACTED BY POPULATION TYPE

17,440
A5%

FLOOD LEVELS
Water depth

Return penod

184 FT
* Flood gauge helght

164 F1
15¢ F1

10+ F1

J0K 64 FY



Choose scenarios for investment ranking
@ tiomeland ‘

1 CHOGSE LOCATION Select scenarios to evaluate investments
FLOOD LEVELS
2 VIEW FLOODING Flood 1 4
3 CHOOSE IMPALTS OF CONCERN . me
500 YEAHR FLOOD () Flood gauge height »
¢ DESIGN INVESTMENTS 100 YEAR FLOOD
30 YEAR FLDOD Choosing flooding scenarios

5 CHOOSE SCENARIOS

500 YEAR FLOOD Choose a range of flood scenarios
6 VIEW RESULTS (severities) for use In evaluating
100 YEAR FLOOD — lowestments. Utilizing the food
SO VEART Sliidercanbe tsed  gcenarios slider, individual scenarios
10 YEAR FLOOD VAR RR0D toselecta range of  may be selected, or a range may be
"i:':m":;“' selected which designates all the
= nof et periods within the range.
00D 10 Year
STEAREY 50 Year Only scenarios Included at this step
100 year are used to determine the benefits
10 YEAR FLOOD of an Investments and

corresponding ranking i the results.

INVESTMENT 5 YEAR FLOOD
Priority A: Population aged +65, High
Write Resiience Flan

Prioeity B: Intracare North Hospital
Update Evacuation Plan

Priority C: Houston C ity Hospial
Sandbag

BUILY BY TALU? Lok




How do these investments address resilience?

1 CHODSE LOCATION Select investment priority(s)
Select ond drag from table on left to blue investment priorities selected st on right.

searcn

< VIEW FLOODING
POPULATION INFRASTRUCTURE INVESTMENT PRIORITIES SELECTED
3 CHOOSE IMPACTS OF CONCERN WMMW”“
Care Facilities - : :‘MU! m‘:& order in the
| DESIGN INVESTMENT Facllity Type Hesdlience Characteristics :
Center For Psychiatric Info Care Facility Access to healthcare, Access to meds Population aged 65+ {x]
5 CHOOSE SCENARIOS
Ben Taub General Hospital Care Facility Access to healthcare. Bulldings in mitg... Intracare North Hospital o
6 VEW RESLA Intracare North Hospital Care Faciity Access to healthcare, Access to meds Houston Community Hospital %]
Healthsouth Rehabliitation Institute Care Faciity Access to healthcare, indrastructure in mi.
Howston Community Hospital Care Faclity Access 10 healthcare, Access Lo meds
Bayshore Medical Center Care Faclity Access to healthcare, Bulldings in mitg...
Healthsouth Rehabilitation Hospital Care Faciity Access to healthcare, Bulldings in mitg. _
Shuw by Damage Lovs!
INFRASTRUCTURE RESILIENCE CATEGORY FLOOD LEVELS
Water depth
Return perlod
184 FT 2
* Flood gauge height
16+ FT
15+ F1
10+ FT
6+ FT

SIZE = TOTAL NUMBER OF RESILIENCE CHARACTERISTICS

5% RELATED TO INVESTMENT PRIORITIES




Prioritizing resilience characteristics

Research-based crosswalk between investments and
relevant community resilience characteristics

How might this mitigation investment also enhance
community resilience?

Used core domains to categorize resilience
characteristics and to summarize in terms familiar to
users (e.g., health, environmental, economic, social, etc.)
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Design Investments:
What can you do to mitigate flood impacts?

fomeland
& L‘ L“lll"'tll '\” Home Instructions About Log Out

Design investments for each priority

Select one Anvestment from the calwmn on the left and drop @ in the vivestiments selected o the right. foch prioviky has severa) mvestment opbions, located an the corresponding tab

A: FOPULATION AGED 65+ B INTRACARE NORTH HOSPITAL C: HOUSTON COMMUNITY HOSPITAL INVESTMENTS SELECTED

Approximate Cost

AVARLABLE INVESTMENTS (change a5 needed)

4 DESIGN INVESTMENTS

Write resilience plan $2.000 Drog investment for priocity A

Distribute backup generators $30,000

Develop reliable transpoctation to emergency shelters $50,000

Lstablish Yow income housmg plans outside floodplain 250,000

View popuiation aged +65 an map

AMRLTTICN

BLELT BY T-’-'-UI'ET'
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Design Investments:
View on map for context

a m‘;"d ‘ Hame . nstructions About | log Out

1. CHOORE LOCATION Design investments for each priority
mmwmmm«-wu-dwummmimummmmmmmudmwmn

2 VIEW FLOODINS . =
A POPULATION AGED &5+ B: INTRACARE NORTH HOSPITAL €: HOUSTON COMMUNITY HOSPITAL

3 CHOCISE IMPACTS OF COMCLRN
AVAILABLE INVESTMENTS (change a5 needed)

4 DESIGN INVESTMENTS
Write resikence plan 32000

5 CHOOSE SCENARCE Distsibeste backup Populatlon ‘w +65
i VIEW RESUCTS Deveiop rekable
Estabish low

S T T
Lirw Prgrsation, Liw Rocdng wigh Pugp datun, High Paodieg
Poowation Dematy & Nood Dapth '

PRI RS - T e———

wver TAWS



Design Investments — Completed

Homeland

Security Home Instroctions About Log Out

ho ATION Design investments for each priority
Select one investment fromn the column o the feft and drop it in the investiments solected on the right. £ach peiority has several kvestment options, focaded on the corresponding fod,

A POPULATION AGED 65+ B: NTRACARE NORTH HOSPITAL C: HOUSTON COMMUNITY HOSPITAL INVESTMENTS SELECTED
Appraximate Cost
AVAILABLE INVESTMENTS (change a5 neaded)
4 DESIGN INVESTMENTS
Déstribute backup generators $30,000 Prionty A Population aged <65 Write Resiliencs Plan $1.000
; : Sandbag Hospital $47.000 Prianity 8 Intracare Narth Hospital Update Evacuation Plan $2.000
Priorty C: Houston Communey Hospital Sandbag $23.000

s oy i T

puiT Ay TALU 5?_'

[ launcrnes
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Confirm and submit to view results

&. !'ilcf(,:‘rrill.;'m' ‘ Home Instructions About Log Ot

1 OHMOOSE LOCATION Select scenarios to evaluate investments

. S AOOD LEVELS
2 VIEW RDODING Flood return period
o m
| CHOOSE IMPACTS OF CONCLAN @ B
500 YEAR FLOOD 1 Flood gauge gt
4 DESIGN INVESTMENTS 100 YEAR FLOOD

50 YEAR FLOOD
§ CHOOSE SCENARIDS

& VIEW RESULTS

10 YEAR FLOOD

S YEAR FLOOD

INVESTMENT COST

Priorty A: Population aged +65, High Poocing $1,000
write Resilience Plan

Priority 8: Intracare North Hospital $2.000
Update Evacuation Plan .

Priority C: Houston Community Hospital
Sandbag

$23,000

BUILT BY YALU?L'_“"“




Linking Impacts to Benefit

Mean investment benefit 1s used to rank investments
relative to each other

Benetit weighted by the probability the flood will occur
(from water gage history statistics)

Weights are calculated as:
m(w;) = AEP(w;y1) — AEP(w;)

Mean investment benefit is weighted sum:

<bh>= 2 m(wy)b(w;)

TALU SI N ASFPM Conference
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Rank investments for comparative
analysis and communication

& Homeland
W decurity

& VIEW RESULTS

Investments

Home

Instructions

About

Log Out

Location Harris County: Houston, TX

Return period 500 year flood

INVESTMENTS RANKED BY FINANCIAL BENEFIT

FINANCIAL BENEFIT (RELATIVE)

(1) Sandbag

IMPLEMENTATION COST {RELATIVE)

Houston Community Hospital

o) View graph

View table

) View by resilience

characterstics

INVESTMENTS RANKED BY POPULATION BENEFITED

POPULATION BENEFITED (RELATIVE)

(2]

Write resilience plan

o Update evacuation plan
Population aged +65

Intracare Narth Hospital

IMPLEMENTATION COST (RELATIVE)

Export




Link investments to resilience

y, Homeland

% Security Home Instructions About Log Out

¥/ CH00SELOCATION Investments

2 VIEW RLODDIN Locatian Harrss County: Houstan, TX View graph View table (8! View by resilience Export
Return period SO0 year fooc characteristics

1 CHOOSE IMPACTS OF CONCLEN
INVESTMENTS BY RESILIENCE CATEGORY
. SIZE = TOTAL NUMBER OF RESILIENCE CHARACTERISTICS

3 DESIGN INVESTMENTS ®) Characteristic {) Category ' RELATED TO INVESTMENT PRIORITIES

THOGSE SCENAR)

6 VIEW RESULTS

Health

Health

RESILIENCE CHARACTERISTICS

Access 10 healthcare

Arccess 1o necessary medications

ACCRSS 10 BMETEeICy senvices
Priority/ levestment Cast Resilience Category
Priority A Population aged +65, High Flooding Write Resifience Plan $1.000 Heakh, Anancial Physical
Priority B Intracare North Hospital Update Evacuation Plan $2.000 Health, Socksl
Priority C Houston Community Hospital Sandbag $23.000 Heaith, Anancal. Environmertal

AU BY ““’ﬂ.&“m,




Keep it simple. Drive discussion.

& gf{i’,‘fl‘(‘,"d Home Instructions About Log Out
¥ GHOCIELOCATION Investments
2 VIEW FLODOING Location Marris Courtty: Houstan, TX * View graph View table | Wiewn by resifience Export
Return perfod 500 year Mood characteristics A
§ CHOOSF MPACTS OF CONCERN
INVESTMENTS RANKED BY FINANCIAL BENERAT INVESTMENTS RANKED BY POPULATION BENEFITED

4 DESIGN INVESTMENT

S OHOOSE SCENARIOS

6 VIEW RESULTS
Sandba Upd
pdate evacuation plan
Q o g D pooulaton sged 65
. = o
£ 3
5 &
+ -
= Update svacuation plan 3
& § -
] Population aged +65 -
o
g POPULATION AGED +65 & (2] IWHits rhabience pieG
g UPDATE EVACUATION PLANS g Intracare North Hospial
- 3
E Returmn Population g
Period protected v
0 230
i sa2
: 750
750
825
.,k
0 o}
0 ! 0 1
IMPLEMENTATION COST (RELATIVE) IMPLEMENTATION COST {RELATIVE)

BUILT BY TALU?I o




Next Steps

= Complete inittal MERIT prototype

" Gather feedback from Federal stakeholders and community end-users
" Revise prototype workflow and visualizations

" Publish inundation mapping and resilience cross-walk

" Define integrations with Federal partners
= FEMA programs (Community Hazard Mitigation Plans, CRS, HMGP )
= NIST Community Resilience Guide

" Build the fully-integrated, robust platform
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Contact information

Ellie Graeden, PhD

CEO

Boulder, Colorado
egraeden(@talusanalytics.com

www.talusanalytics.com

MERIT development funded by DH.S' Science & Technology Directorate
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