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Flood risks are increasing

Storm Events* in the U.S., 1980-2018
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— Flooding is the costliest natural disaster facing the U.S.

— 41 million Americans are exposed to 100 year flood events.
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— Flooding is the costliest natural disaster facing the U.S.

— 41 million Americans are exposed to 100 year flood events.

Global warming is making floods more severe and frequent
— E.g.: Christensen and Christensen (2003), Seneviratne et al. (2017).
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— Flooding is the costliest natural disaster facing the U.S.

— 41 million Americans are exposed to 100 year flood events.

Policy makers are drafting bills to fight climate risks
— Florida passed its Always Ready bills (SB 1954, SB 2514).
— Federal: Growing Climate Solutions Act, U.S. CLIMATE Act.
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Flood insurance is a low-cost and an effective adaptation mechanism

Flood insurance helps property owners minimize losses and recover quickly

- Billings, Gallagher, & Ricketts (2019)
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Flood insurance is a low-cost and an effective adaptation mechanism

Flood insurance helps property owners minimize losses and recover quickly

- Billings, Gallagher, & Ricketts (2019)

~ 90% of policies are sold by the National Flood Insurance Program (NFIP)
— A Special Flood Hazard Area (SFHA) is an area that has 1% probability of a flood

in a given year

Max Coverage SFHA Outside SFHA

Building coverage $ 250k Required Voluntary
Contents coverage $ 100k Voluntary Voluntary
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Flood insurance is a low-cost and an effective adaptation mechanism

Flood insurance helps property owners minimize losses and recover quickly

- Billings, Gallagher, & Ricketts (2019)

~ 90% of policies are sold by the National Flood Insurance Program (NFIP)
— A Special Flood Hazard Area (SFHA) is an area that has 1% probability of a flood

in a given year
Max Coverage SFHA Outside SFHA

Building coverage $ 250k Required Voluntary
Contents coverage $ 100k Voluntary Voluntary

Flood insurance premiums are heavily subsidized
— Subsidized flood insurance costs $482 for $250,000 building and $100,000 contents

— Up to 45% in premium discounts are available in SFHA
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Flood insurance makes sense for most households

Consider a household who has an initial wealth of w with an expected flood loss of A with a
probability p. Assuming an insurance premium of ¢ and a utility function U the household will

purchase flood insurance if:

We assume:
Q U(w) = log(w)
@ w = $75,000; The mean wealth of a U.S. household
@ A = $39,850; The mean flood insurance claim outside SFHA from 2012 to 2018
© p = 0.014; The fraction of policies with claims outside the SFHA from 2012 to 2018

@ ¢ = $470; The mean flood insurance premium
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But... the flood insurance take-up is very low

Flooding Disasters Since 2000 Insurance Take-up outside SFHA
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But... the flood insurance take-up is very low

Flooding Disasters Since 2000 Insurance Take-up outside SFHA
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Why the flood insurance take-up is so low? What factors determine the flood
insurance take-up?

— Insurance demand increases after a disaster (Gallagher (2014))

— Public disaster assistance discourages take-up (Davlasheride and Miao (2019))

— Income and cost (Browne and Hoyt (2000))
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Do climate change beliefs impact flood insurance take-up?

Subjective probability weights that individuals assign to tail events can vary based

on their beliefs and risk preferences
— Tversky and Kahneman (1992); Barberis (2013); Carman and Kooreman (2014)

— Not worried about global warming = low subjective probability of flood damage

Individuals” probability weights may affect the participation of risk-mitigation

interventions
— Carman and Kooreman (2014)

— Low flood insurance take-up if individuals assign a lower probability weight to

flood damages due to climate change denial
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Our Paper

Using flood insurance data from NFIP and data on beliefs about global warming

from Yale Climate Opinion Maps we show that beliefs about climate change are

related:

- positively to the flood insurance demand in non-SFHA areas

— positively to the probability of carrying voluntary contents coverage in SFHA

areas

— negatively to the choice of deductible in SFHA areas
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Our Paper

Using flood insurance data from NFIP and data on beliefs about global warming

from Yale Climate Opinion Maps we show that beliefs about climate change are

related:

- positively to the flood insurance demand in non-SFHA areas

— positively to the probability of carrying voluntary contents coverage in SFHA

areas

— negatively to the choice of deductible in SFHA areas

We use flood insurance renewal data to show that:

— Climate change deniers were less likely to renew voluntary flood insurance

coverage after an exogenous increase in flood insurance premium

Ratnadiwakara and Venugopal (2020) Climate Risk Perceptions and Demand for Flood Insurance Introduction



Data Sources

1. National Flood Insurance Program (NFIP)

— 49 million policy observations effective 2009-2019, Variables include: Premium, effective
date, coverage, flood zone, construction year, census tract

2. Yale Program on Climate Change

— % of people who believe that global warming is happening and are worried at county level
for years 2014, 2016, 2018, and 2019

3. Other Data Sources:
@ American Community Survey (ACS)
@ FEMA Disaster Declarations
@ Zillow Home Value Index
@ MIT Election Data Science Lab
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Definitions and Key Variables

Census Tract A neighborhood established by the Bureau of Census.
2,500 to 8,000 people

No of policies

Flood Insurance Take-up No of homes

for each census tract-year
Non-SFHA Census Tract Less than 5% of the policies in SFHA

Happening Fraction of adults in a county who believe global
warming is happening

Worried Fraction of adults in a county who are worried about
global warming

Personal Fraction of adults in a county who think global warming
can harm them personally
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Three Samples

1. Non-SFHA Census Tract-Year Panel
- ~ 17,000 non-SFHA census tracts covering all the states, 2010-2019
— Tract | Year | Take-up | Happening | Worried | Personal | Cost of flood insurance | ...

4.5% 69.6% 57.4% 39.7% $231 per $100k
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Three Samples

1. Non-SFHA Census Tract-Year Panel
- ~ 17,000 non-SFHA census tracts covering all the states, 2010-2019
— Tract | Year | Take-up | Happening | Worried | Personal | Cost of flood insurance | ...

4.5% 69.6% 57.4% 39.7% $231 per $100k

2. SFHA Census Tract-Year Panel
— =~ 19,000 SFHA census tracts, 2010-2019
— Tract | Year | Contents Ins. % | Max. Deductible % | Happening | Cost of flood ins. | ...
38.1% 33.7% 69.2% $742 per 100k

3. Non-SFHA Policy-Year Panel
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Take-up rate increases with Worried in non-SFHA
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Take-up rate increases with Worried in non-SFHA

Take'uptcy = Zﬁb x b+ /gXtcy + Mt + HStatey TEtey
b

~— N——""
Tract FE State-Year FE

b € (Worried between 25 — 50,50 — 75,75 — 100)

Worried Q1-Q2
Worried Q2-Q3

Worried > Q3

Controls
Census Tract FE
State x Year FE
Observations
Adjusted R?

Take-up Rate

1)

0.005
(0.003)
0.009*
(0.004)

0.039"**
(0.005)

X
v
v
116,986
0.976

()

0.005
(0.003)
0.013*%
(0.004)
0.042%%
(0.005)

v
v
v
100,422
0.976

Controls: income, age, race, education, population, cost of flood insurance, house price, disasters

in previous 3 years
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Content coverage take-up increases with Worried in SFHA

% SFHA with content coverage, ., = Zﬁb x b+ /SXtcy + ur + Ustatey TEtcy
b

Worried Q1-Q2
Worried Q2-Q3

Worried > Q3

Controls
Census tract FE
State x Year FE
Observations
Adjusted R?

Content coverage

1)
0.014*
(0.008)
0.016*
(0.009)
0.023**
(0.011)

X
v
v
128,153
0.929

(2
0.011
(0.008)
0.016*
(0.009)
0.026**
(0.012)

v
v
v
107,139
0.933

~—~ N———
Tract FE State-Year FE

Controls: income, age, race, education, population, cost of flood insurance, house price, disasters

in previous 3 years
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Policies with maximum deductible decreases with Worried in SFHA

% SFHA with max deductible;, =Yy x b+ BXioyt+ Mt + Hstarey TEtey
b

N e

Tract FE State-Year FE

Maximum deductible
() 2

Worried Q1-Q2  -0.016* -0.021*
(0.008) (0.009)

Worried Q2-Q3  -0.031***  -0.040***
(0.009) (0.010)

Worried > Q3 -0.038***  -0.054***
(0.012) (0.013)

Controls X v
Census tract FE v v
State x Year FE v v
Observations 128,153 107,139
Adjusted R? 0.887 0.892

Controls: income, age, race, education, population, cost of flood insurance, house price, disasters
in previous 3 years
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Identification Concerns

Perceptions may be correlated with unobservable factors.

Census tract and State x Year fixed effects help to rule out certain alternative

explanations.

Unobservable local time-varying factors, such as changes to demographics and

economic conditions, could bias our coefficient estimates.
— Upward: past experience, presence of children (Burningham et al. (2008)).

— Downward: structural enhancements, awareness (Mills et al. (2016)).
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Two Identification Strategies

1 Exploit heterogeneous impact of widening partisan polarization on climate

change beliefs after the 2016 general election

2 Study the response to exogenous increases in flood insurance premiums

Ratnadiwakara and Venugopal (2020) Climate Risk Perceptions and Demand for Flood Insurance IV Results



Partisan polarization on climate change beliefs
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Source: Ballew, Matthew T., et al. “Climate Change in the American Mind: Data, Tools, and Trends.” (2019)
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2016 general elections acted as a catalyst in widening partisan divide (Brenan and Saad, 2018;
Motta et al., 2019)

President Trump called global warming a “hoax” while concurrently reversing several
government actions to address climate change
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Donald J. Trump &

@realDonaldTrump

Record low temperatures and massive
amounts of snow. Where the hell is GLOBAL
WARMING?

@ Tweet vertalen

20:23 - 14 feb. 2015 vanuit Manhattan, NY

It's really cold outside, they are calling it a
major freeze, weeks ahead of normal. Man,
we could use a big fat dose of global
warming!

Donald J. Trump

BrealDonaldTrump

2 Follow

o

7451 10710 W@FDENEEOR
8:30 AM - 19 Oct 2015

@ Manhattan, NY
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Donald J. Trump
realDonaldTrump

& -
NBC News just called it the great freeze -
coldest weather in years. Is our country still
spending money on the GLOBAL
WARMING HOAX?

7 gaEsEwEnd

742

LiKES
459

6:48 PM -

26 Jan 2014

Donald J. Trump &
@realDonaldTrump

In the East, it could be the COLDEST New Year’s Eve on
record. Perhaps we could use a little bit of that good old Global

Warming that our Country, but not other countries, was going to
pay TRILLIONS OF DOLLARS to protect against. Bundle up!

Q 194K 4:01 PM - Dec 28, 2017

IV Results
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® @realdonaldtrump @® realdonaldtrump Google Trends

A
Jan 5, 2014 May 31,2015 Oct 23,2016
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Republican vote gain share in 2016 as an instrument

IV: Republican Gainyg g 5015 ¥ After 2016
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Instrument is relevant

log(Worried)ey = LBz x z x I(y = 2018) + pic + piy + €cy
z
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Republican Candidate's Gain in 2016

10% gain in a county by the 2016 Republican candidate = 2% drop Worried
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Flood Insurance Take-up in Non-SFHA Census Tracts: IV Estimation

log(Worried)cy = & Republican Gainyy, g 5015 % After 2016 4 bX ey + it + Pstatey + etey
Take-uptcy = vlog(Worried)c, + ﬂXtcy + pt + Mstatey + €ty
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Flood Insurance Take-up in Non-SFHA Census Tracts: IV Estimation

log(Worried)cy = & Republican Gain,g s o010 X After 2016 + bXiey + pt + Hstatey + erey
Take-uptcy = ylog(Worried)cy + ﬁXtCy + pt + Mstatey + €ty

Take-up Rate

@ 2 ®) 4)
Worried 0.045***  0.033***
(0.002)  (0.002)
Happening 0.034***
(0.002)
Personal 0.036%**
(0.002)
Controls v v v
Census tract FE v v v v
State x Year FE v v v v
Cond. F. Stat 779.42 131.33 110.83 95.25
Observations 116,802 100,265 100,265 100,265
Adjusted R? 0.975 0.975 0.975 0.976

Partial-R? of instrument is 23%

One-standard deviation increase in Worried is associated with 22.8% increase in take-up.
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Content Coverage Take-up in SFHA: IV Estimation

log(Worried)Cy = 0 Republican Gain,g s o010 % After 2016 + bXiey + pt + Ystatey + erey
log(% content)icy = ylog(Worried)cy + /SXtcy + pt + Mstatey T €ty

Content coverage

@ (3] (©) 4)
Worried 0.041***  0.046%**
(0.005) (0.005)
Happening 0.046***
(0.005)
Personal 0.056***
(0.006)
Controls v v v
Census tract FE v v v v
State x Year FE v v v v
Cond. F Stat 893.53 122.23 129.79 120.06
Observations 127,891 106,925 106,925 106,925
Adjusted R? 0.865 0.872 0.872 0.874

Partial-R? of instrument is 31.5%

One-standard deviation increase in Worried associated with 32% increase in content
coverage take-up
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Maximum Deductible in SFHA: IV Estimation

log(Worried)cy = & Republican Gainyy g 5015 % After 2016 4 bX ey + it + Pstatey + etcy
% max deductible, = ylog(Worried)c, + ﬁXtCy + pt + Mstatey + Etey

Maximum Deductible

(1) 2 3) )

Worried -0.004 -0.021***
(0.004) (0.004)
Happening -0.021***
(0.004)

Personal -0.026*+*

(0.005)
Controls v v v
Census tract FE v v v 4
State * Year FE v v v v
Cond. F. Stat 893.53 122.23 129.79 120.06
Observations 127,891 106,925 106,925 106,925
Adjusted R? 0.845 0.849 0.849 0.85

Partial-R? of instrument is 31.5%

One-standard deviation increase in Worried is associated with 14% drop in fraction of
policies with maximum deductible.
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The Biggert-Waters Flood Insurance Reform Act of 2012

National Flood Insurance Program Annual Year-end Debt to Treasury, Fiscal Years 1995-2019
Debt (dollars in billions)

40
35 C‘ October 2017 debt cancellation by Congress

30 - Year-end debt to Treasury

25

20
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10

5

0 =

1985 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019
Fiscal year

Source: GAO analysis of Treasury data. | GAO-20-508

BW-12 raised the flood insurance premiums to reflect the actual overall flood risk to
deal with the increasing debt of NFIP

Ratnadiwakara and Venugopal (2020) Climate Risk Perceptions and Demand for Flood Insurance BW12
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Flood Insurance Premiums Increased by ~ 18%

log(premium)iy = Z,By X Y+ i+ €y
Y

0.3
0.2

0.1

0.0

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Propensity to terminate flood insurance in non-SFHA areas would vary depending on
individuals’ beliefs about global warming
— Recall that flood insurance is required in SFHA areas if there is a mortgage
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Believers were less likely to terminate flood insurance coverage

Terminated;, = Z By xy x Worried + BX + j; + €
Y

Ratnadiwakara and Venugopal (2020) Climate Risk Perceptions and Demand for Flood Insurance BW12

25



Believers were less likely to terminate flood insurance coverage

Terminated;, = Z By xy x Worried + BX + j; + €
Y
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Conclusion

Public perceptions regarding climate change can impact the choice of flood insurance
coverage

For identification, we exploit the fact that perceptions about climate change has
splintered sharply along party lines with widening polarization on the topic after the
2016 general election

After an exogenous increase in flood insurance premium, climate change deniers were

more likely to terminate voluntary flood insurance coverage
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