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Urgency of climate risks

Germany, 2021: €33bn of losses
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Urgency of climate risks

Germany, 2021: €33bn of losses

Jorg Asmussen, General Manager of GDV (German
insurance association):

“Only 52 percent of houses in Germany are still
insured [against floods] " ...

“If we do not consistently implement prevention
and adaptation to climate change, we estimate
that premiums for residential building insurance in
Germany could double within the next ten years as
a result of climate damage alone.”

Figure: Erftstadt-Blessem, Germany, July 2021
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Urgency of climate risks

Figure: Erftstadt-Blessem, Germany, July 2021

Figure: Valencia, Spain, October 2024
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Urgency of climate risks

Figure: Hurricane Helene, US, September 2024
Figure: Erftstadt-Blessem, Germany, July 2021
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Sheltering from Climate Risks

This paper:

m How will households mitigate climate damages, and what are the broader consequences?

Empirical evidence:
m Administrative data on flood insurance of homeowners in the US
m Insurance vs adaptation via home elevation

m Response to proxy of climate risk awareness
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This paper:

m How will households mitigate climate damages, and what are the broader consequences?

Empirical evidence:
m Administrative data on flood insurance of homeowners in the US
m Insurance vs adaptation via home elevation

m Response to proxy of climate risk awareness

Results:
m Insurance and adaptation increase
m Sharp differences across incomes

m Higher incomes adapt; lower incomes rely on insurance
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Sheltering from Climate Risks

This paper:
m How will households mitigate climate damages, and what are the broader consequences?

Interpret results via model:
m Embed flood risk to housing into a heterogeneous agent model
m Households can choose to insure and/or invest in adaptation

m Model a gradual rise in actual risk

Mechanism:
m Financial constraints limit low-income households’ investment in long-term adaptation

m Flood insurance subsidies exacerbate reliance on insurance

= Climate damage is larger and more regressive
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Empirics - Outline

Question: How do households respond to rising climate risk?
— Focus on flood risk in the US

Identification challenges:
Gradual change in flood risk
Correlation of risk with amenity values

Local economic effects of floods

Approach:
m Evaluate shocks to flood awareness.
m Construct measure of time-varying flood experience of faraway friends.

m Novel panel using administrative data from National Flood Insurance Program

m Adaptation decision: home elevation



Flood insurance in the US

m ~95% of household flood insurance is
provided by the government via the
National Flood Insurance Program (NFIP)

Elevated prop of houses Other desc. stats
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m ~95% of household flood insurance is
provided by the government via the
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m Low uptake despite heavy subsidisation

m Not compulsory except for some houses in
flood zones, low compliance.
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Flood insurance in the US

m ~95% of household flood insurance is
provided by the government via the
National Flood Insurance Program (NFIP)

% (log scale)

m Low uptake despite heavy subsidisation
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m Not compulsory except for some houses in
flood zones, low compliance.

m The NFIP publishes administrative
microdata on insurance policies: >70mn
policies, including census block group
location and details of home insured, Figure: Insured proportion of all housing units
universe of policies since 2009.

m $1.6bn in claims in FY2022.
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Elevation

m Another way to reduce your exposure to
flood risk is to elevate your building above
ground level.

Elevation process Elevation map Elevated prop of houses
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Elevation

m Another way to reduce your exposure to
flood risk is to elevate your building above
ground level.

m Flood insurance is cheaper for elevated

bu ||d | ngs' Definition of elevation Example rate table

m Elevation is required in some flood zones
for new or significantly reconstructed
buildings.

Elevation process Elevated prop of houses

Sheltering from Climate Risks (Natalie Rickard, LBS)

Figure: Tangier Island, Virgina
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Elevation, insurance and flood risk across incomes
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NFIP - constructing panel

NFIP policy microdata is not linked as policies are renewed. However, 90% of flood insurance
policies were uniquely identified year-to-year, by:

m Census block group

m Date of renewal of insurance policy and original date of policy issuance

m Date of building construction

And in addition, all but a negligible (<0.1%) of flood insurance claims can be mapped to a
flood insurance policy.



NFIP - constructing panel

NFIP policy microdata is not linked as policies are renewed. However, 90% of flood insurance
policies were uniquely identified year-to-year, by:

m Census block group

m Date of renewal of insurance policy and original date of policy issuance

m Date of building construction

And in addition, all but a negligible (<0.1%) of flood insurance claims can be mapped to a
flood insurance policy.

Use this to make a novel panel:
m Almost certainly the same property, repeatedly insured, no insurance claims.
m Track change in elevation status while insured.

m For insurance panel, assume insured if present, uninsured if not.



Identification strategy

m Climate risk is very slow moving

m Use salience of climate risk as a proxy
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Identification strategy

Climate risk is very slow moving
m Use salience of climate risk as a proxy

m Construct a measure of this using average rainfall experienced by friends:

m Friendship network - Social Connectedness Index from Facebook data, Bailey et al. (2016)
m Rainfall - annual rainfall modelled at 4km resolution, from PRISM Climate Group

Use just the experience of far-away (>200 miles) friends to remove local effect of flooding



Event study specification

Specification:

Yie,t = E 5kAZc,t—k + 5—52c,t+5 + 55Zc7t—5 + o+t it
k=—4:—-2,0:4

Following Freyaldenhoven, Hansen, Pérez, Shapiro (2021)
m Y+ Binary variable, elevated/insured = 1 for property i in census tract ¢ and year t

B z.—«: Continuous treatment: census tracts' faraway (200 miles) friends’ rainfall
experience, annual

B «;,:: Property and year fixed effects
m SEs clustered by year and census tract
m Sample period: 2009 - 2017

+ interact the treatment z; . ;4 with census tract income in 2000 (above or below median).



Results - Insurance - Response to flood salience shock
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Results - Elevation - Response to flood salience shock

Elevated proportion
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Results - Elevation - Response to flood salience shock

Elevated proportion
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Results - Responses to flood salience shock

Key takeaways:
m Insurance and adaptation rise — insurance 14x more than adaptation

m Low income more reliant on insurance — insurance 25x more than adaptation
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Results - Responses to flood salience shock

Key takeaways:
m Insurance and adaptation rise — insurance 14x more than adaptation

m Low income more reliant on insurance — insurance 25x more than adaptation

Robustness:
m Migration: high income areas with low levels of relocation drive adaptation
m Different flood awareness proxy construction

m Local effects of flooding change results
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m Households face flood risk to their housing stock
m Choose to insure or elevate their housing

m Solve transition as flood risk rises



Model - Qutline

Heterogenous agent model of climate risk:
m Households face flood risk to their housing stock
m Choose to insure or elevate their housing
m Solve transition as flood risk rises
Key mechanism:
m ldiosyncratic income risk x borrowing constraint shortens planning horizon
m Adaptation is an illiquid, long-term investment, insurance is short-term and flexible

m Constrained, low income households will adapt less as risk rises



Model - Flood risk and housing

Housing: choose h at price p"

m Get utility from housing, depreciates at rate J, subject to adjustment costs.

Flood risk:
m ldiosyncratic, binary risk of a flood f hitting, with probability pf.
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Model - Adaptation and Insurance

Housing decision: h

Non-elevated Elevated

Price: p" p" + pe
Portion damaged: 77 (1 —7°)
Not insured Insured Not insured Insured
Payout if flooded: 0 7fph 0 Tf(]. _ 7_e)(ph + p°)

Premium: 0 qprfph 0 qpf‘rf(lffe)(ph+pe)



Model - Flood risk and housing

Housing: choose h at price pp
Flood risk: binary f with probability p’

Elevation (e € {0,1}):
m If households don't elevate, they will suffer loss 7 to housing stock if flooded.
m Can choose to elevate for premium p®, reduces flood damage by 7¢.

m Binary choice, subject to adjustment costs.



Model - Flood risk and housing

Housing: choose h at price py, illiquid
Flood risk: binary f with probability p’
Elevation: binary e, premium p,, reduces damage by 7, illiquid

Insurance (i € {0,1}):
m Can insure housing for a premium subsidised below fair value (q)
m Utility cost reflecting behavioural frictions

m Net insurance payout:

I(h,f,i,e) = i(fr (1 —7%e)(p" + p%e) — qp’ 7" (1 — 7°€)(p" + p°e))(1 — 6)h

Insurance payout Premium




Model - Flood risk and housing

Housing: choose h at price py, illiquid

Flood risk: binary f with probability p’

Elevation: binary e, premium p., reduces damage by 7, illiquid
Insurance: binary i, subsidised, utility cost

Next period housing:
m H(h,f,i,e)=(1—fx7F(1—7%))(1—d)h



Model - Timing

Within period timing:
Enter period with pre-existing housing stock, elevation status, bonds and productivity
Choose whether to insure within that period
Hit by exogenous shocks: productivity and flood

Make savings, housing and elevation decisions for next period, consume.



Model - Household problem

V(b,hi,e;s, f)= max {u(c)+y"u(H(h,f, i €)=~ iV(b,h,i, es, )+BEV(L, K, i e;s' )]}

b’ h il el
Subject to:
c=ws+(L+r)b-b
+ (p" + pe)H(h, f,i,e) — (p" + pce')H
+ I(h,f i e) — (K h) — dF(e e, h)
b'>b

m b: Risk-free bonds, pay r.
m s: Income state

m ®: Adjustment costs for housing and elevation



Model - Prices

Solve for equilibrium in high flood risk local economies:

Endogenous:

m p": Solve for house price that makes housing demand equal to a fixed stock of housing:

Hage — HS
m Using sequence-space approach of Auclert, Bardoczy, Rognlie and Straub (2021)
Exogenous

m p: set equal to the physical cost of elevating a home c*©

m r: Interest rate



Calibration - Flooding

Value
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Initial flood risk
Flood damage
Insurance subsidy
Disutility from
insuring

Cost of elevation

Damage
reduction from
elevation

Special Flood Hazard Area cut-off.

Kousky and Michel-Kerjan (2017)
Wagner (2022)
Initial insurance take-up of 46%

Xian, Lin, and Kunreuther (2017)
examples

Higher than Kousky and
Michel-Kerjan (2017), to
accommodate no claims.
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Calibration

Parameter Value Description

B 0.96 Discount rate

1/o 2.5 Intertemporal elasticity of substitution
p" 1 Price of housing

r 0.02 Bond return

~H 0.1 Housing utility

4 0.025  Depreciation of housing

X0 0.25 Housing adjustment parameter
X1 0.9 "

X2 1.2 "

Xe 0.01 Elevation adjustment

Pz 0.966  Persistence of productivity shocks
oz 0.92 Variance of productivity shocks

b 0.1 Borrowing constraint




Model results - Transition to higher flood risk

| - Insurance E - Elevation
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m Insurance increases 6x more than adaptation (14x in data)

Partial equilibrium results Steady state Removing insurance subsidies
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Model results - Transition to higher flood risk

| - Insurance E - Elevation
507 — high income —— High income
% —— Low income % 124 —— Low income
@ ]
40 +
o z 10 4
3 3
& &
A g
5 04 °
Z
E £ 5
E E
2 204 £
u v 44
=3 &
2 2
5 5
S 104 S 24
ES ES
04
T T T T r T T T v T y T
o 10 20 30 40 50 o] 10 20 30 40 50
Years Years

m High income rely on insurance less

m Low income do not adapt

Partial equilibrium results Steady state Removing insurance subsidies
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Model results - Transition to higher flood risk

p" - House price
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m House prices decline as risk rises
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Model results - Transition to higher flood risk

H - Housing C- Consumption V - Lifetime utility
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m Low income substitute toward housing as house prices decline

Partial equilibrium results Steady state Removing insurance subsidies
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Model results - Transition to higher flood risk

Reduction in climate damage, relative to no adaptation
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Low income households' failure to adapt means:
m ... climate damage is more regressive

® ... and larger

Climate damage = HNE pfrf + HE pf2f (1 — 7€)
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Conclusion

m Empirical responses in micro-data to flood salience shocks suggest:

m Richer households invest more in adaptation
m Lower income households are more reliant on insurance

m Heterogeneous agent model of climate risk

m Demonstrate implications of empirical responses
m Climate damage is larger and more regressive because low income households fail to adapt

m Policy implications:
m Removing insurance subsidies would help speed up adaptation
m Savings could be redirected to (targeted) adaptation subsidies



Policy implications

Primarily a positive conclusion: — Climate damage is regressive and larger

Policy conclusions (some speculative!):
Insurance subsidies

m Seem unwise as they reduce incentives to invest in adaptation
m Could be reduced (as already being seen) and redirected to (targeted) adaptative subsidies

Increased risk — self-insurance (decreased borrowing) 4+ more reconstruction
m Effect on interest rates ambiguous
Carbon taxes

m Larger and more regressive climate damage suggest higher social costs of carbon
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Appendix



Economic magnitude of disaster risk

2022 Billion-Dollar Weather and Climate Disaster Cost as % of State GDP (CPI-Adjusted) @’

Disaster
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m Swiss RE estimates that insured losses globally have been growing 5-7% per year, and

60% of losses are uninsured.
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Elevation definition

NFIP definition of elevated building:

An elevated building is a no-basement building that was constructed so as to meet the
following criteria: 1. The top of the elevated floor (all A zones) or the bottom of the lowest
horizontal structural member of the lowest floor (all V' zones) is above ground level; 2. The
building is adequately anchored; 3. The method of elevation is pilings, columns (posts and
piers), shear walls (not in V zones), or solid foundation perimeter walls (not in V zones)



Example NFIP rate table

RATE TABLE 3B. REGULAR PROGRAM - POST-FIRM CONSTRUCTION RATES!2
ANNUAL RATES PER $100 OF COVERAGE (Basic/Additional)

FIRM ZONES AE, A1-A30 — BUILDING RATES

1 FLOOR MORE THAN 1 FLOOR MORE THAN 1 FLOOR
No Basement,/ Enclosure/ No Basement/ Enclosure/ With Basement/Enclosure/ MANUFA
¢ : ¢ (MOBILE)
Other Other Other
ELEVATION OF Residential, Residential, Residential,
LOWEST FLOOR N N Non-Residential
ABOVE OR Business, Other Business, Other Business, Other

BELOW THE BFE** 1-4 Family [N i 1-4 Family _|Non-Residential®| 1-4 Family | N i Single Family
+4 31/ .09 28/ 13 27/ 08 22/ 08 24/ 08 20/ 08 32/ 16
+3 .35/ .09 32/ .15 31/ 08 .25/ .08 21/ .08 23/ .09 37/ 18
+2 51/ 41 46/ 20 44/ 08 36/ .08 32/ 08 28/ 10 54/ 24
1 96/ a7 84/ 31 .80/ 08 66/ .09 46/ .08 36/ 12 102/ .40

0 226/ .27 192/ 50 179/ 08 144/ 14 .68/ .08 58/ 14 239/ .71

-1 547/ .36 458/ .69 4.40/ 08 354/ 15 117/ 08 86/ 17 583/113
-28 807/ .70 6.88/1.35 6.53/ 13 525/ 26 b A 861/219
-3¢ 10.00 /1.20 876/2.30 832/ 22 6.77/ .47 e e 10.59 /3.41
4% 12.06 /1.80 10.76 /3.45 10.26/ 36 846/ 7 b s 12.68/4.77
-5¢ 1361/2.41 12.34 /4.60 1179/ .57 9.88/1.16 e A 14.21/6.00
-6° 13.96 /2.96 12.86 /5.63 1236/ 84 10.56 /1.69 e s 14.51/6.84
- 14.20 /3.49 13.34/6.53 12.87 /111 11.15/2.21 b A 14.85/7.50
-8 14.26 /3.99 13.44 /7.48 13.23 /1.40 1159 /2.75 e e 14.89 /8.04

Figure: Example NFIP rate table (2021)

Sheltering from Climate Risks (Natalie Rickard, LBS) Empirics Model



Building elevation

It is possible to elevate a building without completely reconstructing it:

2\

NN

Figure 2. 2000 sq. ft. i 1y6.500 cu. . of it will dirtis removed
from beneath the structure. Dirt to be re-used must be kept dry (cover with plastic sheeting). There will be a large hole under the
structure until the elevation is complete and fill-dirt has been added. The contractor should be prepared to pump water out of the
excavated area in the event of rain

)

FEMA Case Study; LSU guide; CNBC 2021 coverage; Example construction company

Sheltering from Climate Risks (Natalie Rickard, LBS) Empirics Model


https://www.fema.gov/case-study/home-elevations-work-rebuild-higher-and-stronger
https://www.lsuagcenter.com/~/media/system/7/d/4/4/7d44925c2251a60adf97655bfd26c7cb/pub2638above_flood_2005.pdf
https://www.cnbc.com/2021/04/19/house-lifting-is-big-business-following-a-record-year-of-storms.html
https://www.orleansshoring.com/home-elevation/?doing_wp_cron=1673275198.7621610164642333984375

Elevation

Figure: Tangier Island, Virgina

Figure: Holycross, New Orleans (2014)

Sheltering from Climate Risks (Natalie Rickard, LBS) Empirics Model



Historic elevation

m Long history of elevation as flood defense, particularly in New Orleans:

EMILE ABRY & SONS,

BOUS ARG,

Navers and Shovers,

AT OFFIGE

126 CARONDELETST.
©. PHONE 1877,

B16-818 H. Jonsen 8L
©. PEONE 2778-1%,

AR

ST. ANN, NEAR N. BROAD,
NEW ORLEANS,

Figure: New Orleans during the Great Mississippi Figure: Advert for building elevation services (1901,
Flood (1927) New Orleans)
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Elevation
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Figure: Elevated proportion of flood insurance policies

Perc. of housing units
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Elevation

% (log scale)

10
1
0.1
0.01

Figure: Elevated proportion of all housing units
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Other descriptive statisticss

Table: Summary statistics

By census tract

No. policies 64
No. housing units 1864
Perc. insured of all housing units  3.2%
Perc. elevated of insured 16.1%
Overall

Av. policy cost (2015%) $754

Sheltering from Climate Risks (Natalie Rickard, LBS) Empirics Model



Social Connectedness

Construction of average friend's rainfall, for year t, for zipcode i/ and friend zipcodes j:

J
Friend rainfall; ; = Z SCl; j  (rainfall); (1)
j=1
This is then mapped from zip codes to census tracts and the treatment variable is the log of
this, normalised by the SE.



Social connectedness - representativeness

79% of online adults (68% of all
Americans) use Facebook

2% of online adults wh ok

All online adults 79%

Men 75

‘Women 83

1829 88

30-49 84

50-84 72

65 &2 m Average distance of friendship connections
High school degree or less 77 . .

Some coliede 8 between zipcodes: 290 miles.

College+ 79 i i

Less than 830K yeer 5 m Correlation between annual rainfall of
$30K-349 999 80 . .

$50K$74.998 7 far-away friends (> 200 miles) and
e . insurance claims in own tract is 0.009
Suburean I (statistically significant but low).

Rural 81

PEW RESEARCH CENTER

Figure: Facebook user demographics (PEW, 2016
survey
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Borusyak and Hull - Non-Random Exposure to Exogenous Shocks

m The combination of (exogenous) rainfall and (potentially endogenous) social network
suggests that my identification strategy could be subject to omitted variable bias of the
type described by Borusyak and Hull (2022).

m They recommend (in the case of natural experiments) controlling for a measure of average
treatment across shock counterfactuals:

pi= g O flr(@)w) @

O

m However, they also note that:
In panel data with z; = fy(g:, w:), for example, unit fixed effects generally purge
OVB only when the expected instrument is time-invariant, which generally requires the
fi:() mapping, the value of w;, and the distribution of g; to be time-invariant. While
plausible in some applications, these conditions (in particular, stationarity of the shock
distribution) can be quite restrictive.

Which could be the case here.



Borusyak and Hull - Non-Random Exposure to Exogenous Shocks

If we assume rainfall in location j and time t can be modelled very simply as:

rainfall; ; = 7j + 7+ + € ¢ (3)

With ¢; ; iid normal, then u; : becomes:

J J J
pie =Y _SCli;Erainfallj (|w; ] = > SClij+ 7 »_ SClij = Ki + 7

j=1 Jj=1 Jj=1

Controlling for a time and location fixed effects is already done in the main specification, so
under this assumption there is no OVB.
m However, a more complex process for rainfall in a specific location over time would imply
OVB. A better rainfall model to generate an additional fi;; to also control for in the
regression, as suggested by Borusyak and Hull (2022), could solve this.



NFIP - constructing panel

NFIP policy microdata is not linked as policies are renewed. However, 90% of flood insurance
policies were uniquely identified year-to-year, by:

m Census block group

m Date of renewal of insurance policy and original date of policy issuance

m Date of building construction

Furthermore, we can select those that are likely to be unique properties (rather than the same
property under different ownership), based on:

m Census block group
m Building construction dates
m Whether policy dates overlap

And in addition, all but a negligible (<0.1%) of flood insurance claims can be mapped to a
flood insurance policy.



Model - Household heterogeneity

Households face idiosyncratic risk to productivity s;:

log(st) = plog(st—1) + €:

Approximated by a Markov chain using the Rouwenhorst approach.
Households can save in risk-free bonds b with interest rate r, subject to a borrowing constraint:

b'>b



Model - Adjustment costs

Adjustment costs for housing

¢1 It lt 1 G
¢2 lt 1 +¢0

Follow the specification in Auclert, Bardoczy, Rognlie and Straub (2021) for illiquid assets.

(hlt) hlt 1)

[hit—1 + ¢o] -

Adjustment costs for elevation:

XE(hi e, €ir €ie—1) = 1(eir # € r—1)P3hie—1



Calibration

Parameter Value Description

Ne 4 Number of productivity states

bmax 10 Maximum bond holdings

bmin -0.1 Borrowing constraint

hmax 10 Maximum housing holding

kmax 10000 Additional numerical grid calibration
ng 80 Number of points on bond grid

np 110 Number of points on housing grid
Taste shock variance 1le-5 Chosen to ensure it doesn't affect elevation and insurance choice
SS tol le-4 Convergence of SS

GE tol le-6 Max housing market error in transition

Table: Numerical parameters



Model results - Steady state

Table: Steady state outcomes

Variable Aggregate value Low income High income Description

C 0.98 0.33 1.63 Consumption
B -0.05 -0.0997 -0.0082 Bonds

H 0.36 0.11 0.61 Housing

E 0.75 0.77 0.72 Elevation

I 0.46 0.36 0.56 Insurance

Notes: Initial steady state outcomes. Low income and high income values are the aver-
ages for above and below median income households.



Model - Steady state

Table: Steady state outcomes

Variable Aggregate value Low income High income

Description

C 0.98 0.33 1.63 Consumption

B -0.05 -0.0997 -0.0082 Bonds

H 0.36 0.11 0.61 Housing

E 0.75 0.77 0.72 Elevation

/ 0.46 0.36 0.56 Insurance

Variable Value  Description

Damage 0.0005 Damage each period from flooding in housing units
Low income share of damage 15% Share of damage absorbed by low income

MPC 0.066 Marginal propensity to consume, income weighted
ol 0.0068 Housing adjustment costs

1(e # €) 0.14 Proportion adjusting elevation

Notes: Initial steady state outcomes. Low income and high income values are the averages for above and

below median income households.



Model - Steady state, example policy functions

Bond choice Consumption Housing Elevation Insurance
v — Lowest income” | 3{ ——— 0301 / 01 |
1.00 1— Highest incorn d4251 0.8 1 0.8 1
0.75 ’ 2 4201 0.6 0.6
0.50 4 015 4 .44 0.4
0251 Y 0104 0.2 4 0.2
I ol A l—————boio bl
00 05 10 00 05 1.0 00 05 1.0 00 05 1.0
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Removal of insurance subsidies

Percentage Change (%)

| | | |
Insurance Elevation House price Borrowing

Sheltering from Climate Risks (Natalie Rickard, LBS) Empirics Model



Model results - Transition to higher flood risk

Elevated Housing Insured Housing Non-elevated Housing Unprotected housing
o 0
74
2
£ 04 -10
> 6 -
3
g
@ 03 -20
= 5 -10
E 02 -30
& 49 -15
v
2
go1 N -40
M -20
0.0 51 -50
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40
Years Years Years Years
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Model results - Transition to higher flood risk

al steady state

% change from

Housing

Elevated Housing

Insured Housing

Non-elevated Housing

—— High income
—— Low income

°
I
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£
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Empirics Model
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Model results - Partial equilibrium

Partial equilibrium responses to a immediate, small (1%) increase in flood risk:

| - Insurance E - Elevation
164 0.07 4
£
% 144 0.06 1
>
® 124
g ) 0.05 4
® 104
2 0.04 4
£
I 0.8
g 0.03 4
o 0.6
€ 0.02 4
£ 0.4
£ 0.2 0.01
0.0 T T T T T 0.00 T T T T
0 2 4 6 8 0 2 4 6
Years Years

s (Natalie Rickard, LBS) Empirics Model



Model results - Partial equilibrium

Partial equilibrium responses to a immediate, small (1%) increase in flood risk:

| - Insurance E - Elevation
0.16
164 —— High income

% . % 0.14 Low income

# 144 w

%ﬁ § 0.12 4

8124 ki oo

@ @ 0.10 4

T 104 E

2 =]

] E 0.08

5] §

= £ 0.06 4

< 061 s

o o

E 0.4 .E 0.04 4

=] =]

R g2l — High income £ 0,024

Low income
00— T T r T 0.00 T T
[} 2 4 6 8 0 2 4
Years Years
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Results - Elevation vs Migration

Elevated proportion
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Years after shock
—®- In high relocation counties ~®- In low relocation counties

Mean elevated prop: 16.1 %, Adj R2: 0.9967 , N: 27,784,643 , FE# - i: 8,023,838 , year: 8

Relocation: number of movers as a proportion of the population in a county.
Data: ACS 2006-2010 Migration flows - county level
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Results - Elevation vs Migration

Low relocation areas areas: High relocation areas:

Elevated proportion Elevated proportion

0.04- H 0.04-

°
S
8

Change in elevation (pp) after
1sd increase in treatment

Change in elevation (pp) after
1sd increase in treatment

——
.

t S

-

-
'

0.02 * 0.02
6 5 4 3 2 40 1 2 3 4 5 & 6 5 4 3 2 a0 i 2 3 4 5 6
Years after shock Years after shock
e~ In high income tracts -8~ In low income tracts o~ In high income tracts ~8~ In low income tracts
Mean elevated prop: 16.1 %, Adj R2: 0.9941, N: 5,355,575 , FE# - 1: 1,499,715, year: 8 Mean elevated prop: 16.1 %, Adj R2: 0.9977 , N: 22,429,068 , FE# - i 6,524,123 , year: 8

Relocation: number of movers as a proportion of the population in a county. @EEED @EEED
Data: ACS 2006-2010 Migration flows - county level
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Results - Insurance - Response to flood salience shock

Alternative shock: number of extreme (>3 inch) rainfall days

Insurance coverage (pp) Insurance coverage (pp)
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-1 0 1 -~ High income tracts 8- Low income tracts
Years after shock

Mean insurance coverage: 39.9 %, Adj R2: 0.2857 , N: 93,945,744 , FE# - i: 10,438,416 , year: 9 Mean insurance coverage: 39.9 %, Adj R2: 0.286 , N: 93,945,744 , FE# - i: 10,438,416 , year: 9
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Results - Elevation - Response to flood salience shock

Alternative shock: extreme (> 3 inch) rainfall days

Elevated proportion
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Mean elevated prop: 17.1 %, Adj R2: 0.9968 , N: 29,455,617 , FE# - i: 8,511,530 , year: 8
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Change in elevation (pp) after
1sd increase in treatment

Elevated proportion
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Mean elevated prop: 17.1 %, Adj R2: 0.9968 , N: 29,455,617 , FE# - i: 8,511,530 , year: 8
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Results - Insurance - Response to flood salience shock

Alternative shock: number of flood claims

Insurance coverage (pp) Insurance coverage (pp)
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Mean insurance coverage: 39.9 %, Adj R2: 0.2857 , N: 93,945,744 , FE# - i: 10,438,416 , year: 9 Mean insurance coverage: 39.9 %, Adj R2: 0.286 , N: 93,945,744 , FE# - i: 10,438,416 , year: 9
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Results - Elevation - Response to flood salience shock

Alternative shock: number of flood claims

Elevated proportion Elevated proportion
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Results - Insurance - Response to flood salience shock

Alternative shock: all friends, including nearby

Insurance coverage (pp) Insurance coverage (pp)
i
' 0.02-
'
! o}
' =
5 ! L ©
2 ] .
5 ' 8t
- ' @
Q. 001- o
atc ! SE 001-
[ ' S
&E : g5
ST ! oc
59 ' 8=
5 - 1 o g
8= ! 2a
o o ' S o
ce ! 56
s 3 FE-SCAGETES IRTERERTIRT ST, SIBTI SHIEH : AR SIRT SETAT  SEET  SERtE
g8 £o
3 e co
D L 0,00 o e e e ERE R e CR R EEEE RS X SR K =
o o
£2 2
[} i «
=
2 i 5}
£ : 0.01
o ! i g
! L 5 4 3 2 A 0 1 2 3 4 5
! Years after shock
0.01- Y
5 -4 -3 2 -1 0 1 2 3 4 5 -e- High income tracts 8- Low income tracts
Years after shock
Mean insurance coverage: 39.9 %, Adj R2: 0.2855 , N: 93,945,744 , FE# - i: 10,438,416 , year: 9 Mean insurance coverage: 39.9 %, Adj R2: 0.286 , N: 93,945,744 , FE# - i: 10,438,416 , year: 9

Sheltering from Climate Risks (Natalie Rickard, LBS) Empirics Model



Results - Elevation - Response to flood salience shock

Alternative shock: all friends, including nearby

Elevated proportion
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Mean elevated prop: 17.1 %, Adj R2: 0.9968 , N: 29,455,617 , FE#- i: 8,511,530 , year: 8
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Results - Insurance - Response to local flooding

Alternative shock: local flooding

Insurance coverage (pp) Insurance coverage (pp)
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Results - Elevation - Response to local flooding

Alternative shock: local flooding

Elevated proportion
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Years after shock
Mean elevated prop: 17 %, Adj R2: 0.9968 , N: 29,250,326 , FE# - i: 8,460,036 , year: 8
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Results - Insurance - Response to insurance price change

Alternative shock: residualised insurance price

Insurance coverage (pp) Insurance coverage (pp)
!
: L
!
| .
0.2- | 2
5} | s
= s Q
@ ! &2 o02s-
b~ 1 o
o
&= o1- ' SE
; S i S ®
=31 : 2L
©
3o ' 8s
- 00—-E - ____ Ce st B (IO SRSl SO MORUS | SRS NORS SR B 0.0+ Magerrerre O @8 ket T
o .= c o
33 ! ge
83 ! 55
o
88 ' 2<
2L2-01- R
2.£
= o
cs r o -0.25- :
5 2 :
5 -02- :
< :
[§) :
. . . i . . .
3 2 A 0 1 2 3
0.3- Years after shock
. . . | . . .
3 2 -1 0 1 2 3 -e- High income tracts 8- Low income tracts
Years after shock
Mean insurance coverage: 60.2 %, Adj R2: 0.2973 , N: 32,520,361 , FE# - i: 6,543,201 , year: 5 Mean insurance coverage: 60.2 %, Adj R2: 0.298 , N: 32,520,361 , FE# - i: 6,543,291 , year: 5

Sheltering from Climate Risks (Natalie Rickard, LBS) Empirics Model



Results - Elevation - Response to insurance price change

Alternative shock: residualised insurance price

Elevated proportion
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Interaction with migration

Elevated proportion
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Years after shock

—®- In high relocation counties ~®- In low relocation counties

Mean elevated prop: 16.1 %, Adj R2: 0.9967 , N: 27,784,643 , FE# - i: 8,023,838 , year: 8

Using ACS 2006-2010 Migration flows - relocation defined by the number of non-movers as a
proportion of the population in a county.
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Interaction with migration - Inequality

Poor areas: Rich areas:

Elevated proportion Elevated proportion
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-8~ In high relocation counties @~ In low relocation counties -8~ In high relocation counties @~ In low relocation counties
Mean elevated prop: 16.1 %, Adj R2: 0.9978 , N: 8,485,509 , FE# - i: 2,486,404 , year: 8 Mean elevated prop: 16.1 %, Adj R2: 0.9962 , N: 19,299,134 , FE# - i: 5,537,434 , year: 8

Using ACS 2006-2010 Migration flows - relocation defined by the number of non-movers as a
proportion of the population in a county.
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Migration - comparison of areas

Low relocation High relocation

Relocation share 0.11 0.18
Net migration share -0.01 0.01
Median household income 43,532.96 45,005.21
Median age 41.67 38.04
Unemployment rate 7.14 7.63
Labour force participation 0.75 0.73
Share of population with high school or less education 0.38 0.33
Share of population in poverty 0.14 0.14
Share of population in rural areas 0.73 0.46
Share of population in owner-occupied housing 0.75 0.67
Median value, mortgaged houses 131,459.60 151,038.30

Data: 5y 2010 ACS, 2010 census



Results - Elevation vs Migration

Low relocation areas: High relocation areas:

Insurance coverage (pp) Insurance coverage (pp)
03- :

Change in insurance coverage (pp) after
1sd increase in treatment
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5 -4 3 2 -1 0 1 2 3 4 5 5 -4 -3 2 -1 0 1 2 3 4 5
Years after shock Years after shock

o~ High income tracts 8- Low income tracts o~ High income tracts 8- Low income tracts

Mean insurance coverage: 39.9 %, Adj R2: 0.291 , N: 16,986,195 , FE# - i: 1,887,355, year: 9 Mean insurance coverage: 39.9 %, Adj R2: 0.284 , N: 71,671,851 , FE# - i: 7,963,539, year: 9
Relocation: number of movers as a proportion of the population in a county.
Data: ACS 2006-2010 Migration flows - county level

Sheltering from Climate Risks (Natalie Rickard, LBS) Empirics Model



Interaction with migration - alternative definitions

Net migration from county:

Change in elevation (pp) after
1sd increase in treatment

Elevated proportion

0.02-

0.01-

0,00

Years after shock

&~ In high net migration counties 8- In low net migration counties

Mean elevated prop: 16.1 %, Adj R2: 0.9967 , N: 27,784,643 , FE# - i: 8,023,838 , year: 8

Sheltering from Climate Risks (Natalie Rickard, LBS)

Empirics

Outward migration from county:

Change in elevation (pp) after
1sd increase in treatment

Elevated proportion

0.025-

0.020 -

0.015-

0.010-

0.005 -

0.000=":+,

Years after shock

-®- I high outward migration counties 8- In low outward migration counties

Mean elevated prop: 16.1 %, Adj R2: 0.9967 , N: 27,784,643 , FE# - i: 8,023,838 , year: 8

Model
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