MODELING EXPOSURE,
VULNERABILITY, AND RESPONSE

BEE 6940 Lecture 14 May 1, 2023
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REVIEW OF RiskK
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Risk DECOMPOSITION

Common framework:

HAZARD VULNERABILITY
Risk as a combination of © O
e Hazard
e Exposure

@)

EXPOSURE RESPONSE

e Vulnerability

e Response

Source: Simpson et al (2021) 4 /38


https://doi.org/10.1016/j.oneear.2021.03.005

ExaAMPLE: WINTER STORM URI

Hazard Vulnerability Severity of impacts t0
- electricity-dependent
services came from:

Risk to ptions due 16 : :
necessity |\ i e poor winter-proofing of
provisions

(heat, water, h omes ;

e worries about
provisioning.

Exposure Response Source: Reed et al (2022) 5/ 38


https://doi.org./10.1029/2021EF002621

ExaAMPLE: WINTER STORM URI

Hazard Vulnerability Severity of impacts to
electricity supply came
from:

e fragility of (isolated) grid
to low temperatures;

* Increased electricity
demand.

Exposure Response Source: Reed et al (2022) 6/ 38


https://doi.org./10.1029/2021EF002621

THESE DETERMINANTS CAN BE COMPLEX

Climate change COﬂtI’IbUtOI’S tO

. . Poor weatherization of
Roadway an : ti t
: North American generation systems .
transportation lockup T 'I:a I l u re S S p a n
- Natural gas supply
Limited food supply Reduced Electricity curtailment
petroleum restoration y t I ' l t
refining services Electricity S S e S ) S e C O rS )
capacity delayed generation outages

for all fuel types and Scales.

High energy demands

Risk to basic energy Power outages

services (heat, water, food)
Low water pressure
Injury, illness, and and outages

loss of human life
Telecommunication outages SOL[I"CQ,’ Reed et Cll (2 022)

Poor home weatherization

Risk to electricity supply

. . Operation of clinics and hospitals
Financial damages to people Isolated electricity grid

Scarcity pricing in Limited oversight on Insufficient planning for supply
electricity markets emergency actions and demand in cold weather
. Earth and . -
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CHALLENGES AND APPRAOCHES: MODELING
EXPOSURE, VULNERABILITY, AND RESPONSE
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OVERARCHING CHALLENGES

Several categories of challenges for modeling exposure,
vulnerability, and response:

e Downscaling uncertainties;
e Data collection/availability at appropriate scales;

e Dynamic changes due to endogenous dynamics.
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DOWNSCALING UNCERTAINTIES

Downscaling uncertainties can play a large role in short-to-
medium term and highly local effects.

These are often neglected due to the complexity/computational
storage needs for navigating large scale ensembles.
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DowNscCALING: DAILY TEMPERATURE
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DoWwNsSCALING: DAILY PRECIPITATION
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DowNscALING: EXTREME DEGREE DAYS

Scenario uncertainty Model uncertainty Downscaling uncertainty Interannual variability

2020-2039

2050-2069

2080-2099

Source: Lafferty & Sriver (submitted)
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DownNscALING: DrY DAys

Scenario uncertainty Model uncertainty Downscaling uncertainty Interannual variability

2020-2039

2050-2069

2080-2099

Source: Lafferty & Sriver (submitted)
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DATA AVAILABILITY AT APPROPRIATE SCALES

What kind of data do we need to assess exposure, vulnerability,
and response?

e Database of population/assets that might be exposued,;
e How much damage could ensue from different events;
e Adaptation measures which have already been implemented;

e Extent to which further adaptation measures or responses might
be triggered.

These are all high-resolution pieces of information which can
be difficult to gather! 15/ 38



DATA AVAILABILITY AT APPROPRIATE SCALES

For flood risk:

e Structure inventory in floodplain;

e Reasonable depth-damage curves (including already-undertaken
adaptations);

e Socloeconomic/settlement data;

e Information about how people would respond to new
policies/programs or dynamic hazards.
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UNCERTAINTY IN DAMAGE ESTIMATES

Earth sciences

How much does the stapoparamoter e,
estimate of potential
damages affect risk? e

damage parameter

Discount rate Lifetime

Social sciences

First—order Total-order Second—order
43% 1% 44% 1% 9% 1%
i

Source: Zarekarizi et al (2020) 17 / 38



https://doi.org/10.1038/s41467-020-19188-9

STRUCTURAL UNCERTAINTY AND DAMAGES

In addition to building stock uncertainties, structural
uncertainty exists in mapping larger-scale hazards to local-

scale assumptions.

For example, certain modeling groups and foundations may
claim high accuracy, but their model isn't publicly available.

This raises the issue of implementation uncertainty, as well as
those emerging from any modeling choices and issues of

resolution/scale.
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STRUCTURE INVENTORY

The FEMA HAZUS database iIs commonly used to estimate

structures at risk, but exposure estimates are sensitive to
building stock uncertainties:

Distribution of Difference in Building Damage Pct

Count

— Mean : 14.26224

O QS D 9 N AN S A @ g b O R D D o

S SRR N R S M P U SO O A AL S

Percentage

Source: Hurricane Idea (n Manville, NJ
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https://www.fema.gov/flood-maps/products-tools/hazus
https://hurricane-ida-in-manville-nj-rutgers.hub.arcgis.com/

UNCERTAINTY IN DAMAGE ESTIMATES

How can we account for:

e Elevation:

e Moving
appliances/electrical
equipment out of the
basement;

e Other tloodproofing
measures.

Engineering

Shape parameter Scale
parameter

Depth— Location
damage parameter
Discount rate Lifetime
Social sciences
First—order Total-order Second-order
43% 1% 44% 1% 9% 1%

Source: Zarekarizi et al (2020)

Earth sciences
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SocioecoNoMic DATA

Census/American Community Survey data provide a means to
get at socloeconomic data.

e Census is more thorough, but only conducted every 10 years.
e ACS: Relatively small sample size
The ACS sample size is simply insufficient to provide high-

frequency data at high spatial resolution with low uncertainty
levels...

Source: Spielman et al (2014)
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SocioecoNoMic DATA

This I1s a fundamental challenge:

How to get high-resolution socioeconomic data without
violating privacy or introducing biases?
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ENDOGENOUS RESPONSE DYNAMICS

How to account for how people respond to dynamic hazards?
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HAzARD PERCEPTION AND ANCHORING
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Risk ToLERANCE CAN BE SuBJECTIVE!

THI5 16 WHY PEOPLE
GHOLLD LEARN STATSTICS

WE MUST TAKE ANY ACTION
AND PAY ANY COST TO
IMIT THE RISK OF A

ERRORIGT ATTACK/

SRFETY FERTURES - o . NAH. T0O
ON YOUR CAR? EXPENGIVE.

Source: SMBC 05/17/2013 25/ 38


https://www.smbc-comics.com/comic/2013-05-17

ReviEw: ATTITUDES TOWARDS RISK

TwoO scenarios:

1. A certain payout of X?
2. An uncertain payout of X — d or X + d, both equally likely?

Note that both of these "bets" have the same expected payout
X. But there are a variety of responses!
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Risk NEUTRAL

Linear utility function: U(X 1 d) |

e Expected utility matches
expected bet outcome.

UX —d) |

X —d X X +d
Bet Outcome
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Risk AVERSE

Concave utility function:

e Greater utility iImpact
from the downside of the
bet than upside.

e Risk Premium (RP): | , |
"penalty" that would be Y Gatoutcome
acceptable to avoid the
uncertainty of the
gamble. 28 / 38

RP




Risk SEEKING

Convex utility function:

e Greater utility iImpact
from the upside of the bet
than downside.

e Risk Premium (RP):
"bonus" that would be

needed to avoid taking
the bet.

UX+d) |

X CE
Bet Qutcome

X+ d
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IMPLICATIONS FOR MODELING RESPONSES

1. How iIs the system state translated into risk assessment?
2. Are decisions modeled directly or more abstractly?
3. What is the:

I. utility function of the decision-makers?

Il. mathematical representation of response?
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CHALLENGES FOR MODELING RESPONSES

e Available information
e Resolution/scale of agents/decision-makers
e Agent/decision-maker representation

e Decision rules/utility functions

31/ 38



CHALLENGES: CALIBRATING DEcisioN RULEs

How can we calibrate decision rules?

e Data on outcomes or decision processes (surveys, experiments?)
e Statistical calibration can be challenging.

= Often intractable likelihoods.

= Hard to assess data biases.
e Often done through hand-tuning.

= QOverfitting?

= Overconfidence?
32 /38



DECISION STRUCTURAL

UNCERTAINTY

1% population growth
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INSTITUTIONAL CONSTRAINTS

(d) Constraints that make it harder to plan and implement human adaptation
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Y GPS 7»@*'” w

North
Europe America Small islands

,v' e ,w @

Sy Jlt@ Jt@

Constraints associated with limits to adaptation for regions across all sectors:

. Economics @ Social|Cultural

)
(&

: Information, . [C)
medium Awareness & c>) iié ’ Human Capacity
Technology
low
~$) J
- Governace,
Finance Institutional &

Policy
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https://www.ipcc.ch/report/ar6/wg2/figures/technical-summary/figure-ts-007

Key TAKEAWAYS
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Key TAKEAWAYS

e Modeling exposure, vulnerability, and response Is challenging for
a variety of reasons.

e Data concerns/insights into decision processes can benefit from
stakeholder engagement and input.

e Should consider structural uncertainty in all facets (including
damage estimates);

e Think in terms of generative social science/exploratory
modeling, not just for agent-based models.

e Institutional constraints add more complexity. and are often

neglected or simplified.
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UrcoMING SCHEDULE
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UrcoMING SCHEDULE

Wednesday: Work on HW4
Monday: Project Presentations.

Next Friday: Project Posters Due.
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