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Introduction

● Flood protection infrastructures play an important role for climate adaptation. 

⚫ US Flood protection levees: 22% of counties, 21.3M population, $2.85T property value.

⚫ Flood protection infrastructures forecast to represent 60% of the $500 billion US adaptation 

costs by 2100 (Hummel et al, 2021).
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● Flood protection infrastructures play an important role for climate adaptation. 

⚫ US Flood protection levee: 22% of counties, 21.3M population, $2.85T property value.

⚫ Flood protection infrastructures forecast to represent 60% of the $500 billion US adaptation 

costs by 2100 (Hummel et al, 2021).

⚫ Lifespan of 100 years: substantial maintenance investments. 

Previous literature: immediate economic benefits of new construction (Bradt and Aldy, 2022; 

Kelly and Molina, 2023; Benetton et al., 2024). Limited attention paid to long-term 

maintenance.



Introduction

● Levee maintenance is local responsibility: 79.5% maintained by municipalities and special districts, which 

heavily rely on local property tax revenue. 

USACE constructed and O&M USACE constructed and locally O&M Locally constructed and O&M

sponsor

“Local governments rarely have the resources necessary to properly maintain a levee system” (ASCE 2021)

“A financial record review of 44 levee districts indicates that only 45 percent of those districts are financially 

sound.” (Iowa Department of Homeland Security and Emergency Management 2022)
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● Levee maintenance is local responsibility: 79.5% maintained by municipalities and special districts, which 

heavily rely on local property tax revenue. 

USACE constructed and O&M USACE constructed and locally O&M Locally constructed and O&M

sponsor

● 40% US levees in “unacceptable” maintenance quality. $21 billion needed to address 

performance risk of moderate to high-risk levees (USACE 2018). 

Hurricane Katrina 2005 Spring 2019 Midwest 2023 Town of Pajaro



Neighborhood Feedback Loop

● Local public finance is “pro-cyclical”. 

Urban Doom Loop (Nieuwerburgh, 2021)

Figure Source: https://nypost.com/2023/06/08/work-from-
home-and-empty-offices-leading-to-doom-loop-for-nyc/

Local Financing
(Property Tax Revenue)

Housing Value Levee Maintenance

Levee Failure Risk

Risk Capitalization



Maintenance Quality: Inspection Rating

● Inspection records from US Army Corps of Engineers (USACE):

⚫ Under PL 84-99: Eligibility of Rehabilitation and Inspection Program (RIP).

⚫ Maintenance quality rating: “Acceptable”, “Minimally Acceptable”, “Unacceptable”.

⚫ Also designed protection level (e.g., 0.2% AEP/ 500-year flood).

RIP

40.0%

57.1%

2.9%



Levee Failure: Satellite Imagery

● Moderate Resolution Imaging 

Spectroradiometer (MODIS).

● Daily, 250-meter resolution. 

● Flood inundation mapping method: 

Tellman et al. 2021

a) Flood events from Dartmouth Flood 

Observatory (DFO) 

b) Water detection algorithms on 

imageries using Google Earth Engine

3-day standard algorithms + empirically derived 

thresholds to the short-wave-infrared, near-

infrared, and red bands (bands 7, 2, and 1) from 

MODIS

Method reference: Tellman, B., Sullivan, J. A., Kuhn, C., Kettner, A. J., Doyle, C. S., Brakenridge, G. R., Erickson, T. A., & Slayback, 
D. A. (2021). Satellite imaging reveals increased proportion of population exposed to floods. Nature, 596(7870), 80–86.

Validation

Example: Hurricane Katrina



Motivating Facts: Inequality in Levee Quality

● 1 SD increase in tract income: 

⚫ 8.3 percent increase in 

levee protection 

⚫ 9.6 percent (5.6 percentage 

point) increase in (minimally) 

acceptable quality. 

CBAregression



Local Fiscal Capacity and Levee Quality

⚫ Local fiscal capacity plays a role: 

Income disparity in levee maintenance is particularly salient when municipal 

governments or special districts serve as local sponsors. 

causal



Maintenance Impacts Levee Failure Risk

● Maintenance quality impacts levee 

failure risk.

● Maintenance deficiency 

moderates income disparity in 

levee failure risk. 

consistent 

sample



Levee Failure on Housing Value

● Event study (Callaway & Sant’Anna estimator) to identify the causal effect of levee failure using 

satellite imagery of 103 flooding events in the past two decades.

𝐻𝑃𝐼𝑖𝑓𝑡 = σ𝜏=−5
6 𝛽𝜏 𝐿𝑒𝑣𝑒𝑒𝐹𝑎𝑖𝑙𝑖𝑓 × 𝐸𝑣𝑒𝑛𝑡𝑇𝑖𝑚𝑒𝑓𝑡

𝜏 + 𝛿𝑖 + 𝜃𝑠𝑡 + 𝑋𝑖 × 𝑌𝑒𝑎𝑟𝑦 𝜂 + 𝜖𝑖𝑓𝑡

FHFA Repeated 

Sale Index

1(Flood Inundation 

Within Levee)

Years from 

Event

Census Tract FE, 

State by Year  FE

event summary

Large flooding (> 25%) 

Any flooding (> 0%) 
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● Event study (Callaway & Sant’Anna estimator) to identify the causal effect of levee failure using 

satellite imagery of 103 flooding events in the past two decades.

𝐻𝑃𝐼𝑖𝑓𝑡 = σ𝜏=−5
6 𝛽𝜏 𝐿𝑒𝑣𝑒𝑒𝐹𝑎𝑖𝑙𝑖𝑓 × 𝐸𝑣𝑒𝑛𝑡𝑇𝑖𝑚𝑒𝑓𝑡

𝜏 + 𝛿𝑖 + 𝜃𝑠𝑡 + 𝑋𝑖 × 𝑌𝑒𝑎𝑟𝑦 𝜂 + 𝜖𝑖𝑓𝑡

FHFA Repeated 

Sale Index

1(Flood Inundation 

Within Levee)

Years from 

Event

● Parallel trend assumption: Census tracts experiencing levee failures would have followed the same 

housing price trend as other levee-dependent census tracts without such failure events.   

⚫ Housing price trends could be different: Differences in neighborhood income and flood risk. 

Census Tract FE, 

State by Year  FE

Controls: Tract Income 

& FSF Tract Flood Risk

Interact with year to get 

differential time trends. 

event summary

Large flooding (> 25%) 

Any flooding (> 0%) 



Levee Failure on Housing Value

● Levee failure:

⚫ 3-9% reduction in tract 

housing prices. 

⚫ Persistent.

Any flooding (> 0%) 

Large flooding (> 25%) 



Levee Failure on Housing Value

● Levee failure:

⚫ 3-9% reduction in tract 

housing prices. 

⚫ Persistent.

● Flooding outside of levees:

⚫ Small and transitory impacts.

⚫ Temporary price increase as 

supply outweighs demand for 

large shocks (Tran and 

Wilson, 2020; Graff Zivin, Liao, 

and Panassié, 2023).

heterogeneity

Any flooding (> 0%) 

Large flooding (> 25%) 



Levee Failure on Income Sorting

● Home Mortgage Disclosure Act (HMDA) Data. 

● Negative income sorting: New mortgage buyers are lower income after levee failure; no sorting 

effect for flooding outside levees.



Levee Failure on Local Fiscal Capacity

Local public finance implications?

● Revenue: 

Reduction in Property Tax.

Increase in IG Transfer.  

5.6% decrease in Total Revenue.

● Expenditure: 

Reduction in total expenditure. 

No increase in capital outlay. 
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Summary

● I provide evidence that local financing of levee maintenance: Self-reinforcing Feedback Loop

⚫ Local Financing Effect: Housing value affects local fiscal capacity and levee maintenance 

quality. 

⚫ Capitalization Effect: Levee maintenance deficiency affects levee failure risks and impact 

housing value and local fiscal capacity. 

Local Financing
(Property Tax Revenue)

Housing Value Levee Maintenance

Levee Failure Risk

Risk Capitalization



Cost Benefit Implications

● Levee maintenance has average benefit-cost ratio of 8.81. 

● 36.37% of NPV positive levees not well-maintained. Extra annual flood loss of $456 million (2019 USD).

● Maintenance inefficiency increases with decreasing census tract income. 
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Theoretical Framework

● Local government’s objective function: 

max
𝑚

𝐵 𝑚 − 𝐶(𝑚) = 𝑓 𝑚 ∙ 𝑑 ∙ 𝑉 − 𝑝𝑚𝑚 (1)

𝐵 𝑚 = 𝑓 𝑚 ∙ 𝑑 ∙ 𝑉 : Benefit of maintenance investment; 𝑓 𝑚 reduced probability of flooding, 

𝑑 damage ratio, 𝑉 property value. C 𝑚 = 𝑝𝑚𝑚: Levee maintenance cost. 

● Subject to budget constraint: 𝑝𝑚𝑚+ 𝑝𝑐𝑐 + 𝑝𝑘 𝐼𝑔 ≤ 𝑡𝑉 + 𝑇 + 𝐺

𝑡 property tax rate; 𝑉 property value; 𝑇 other own-source revenue; 𝐺 Intergovernmental 

transfer.

Lagrangian Formulation: 𝑓 𝑚 ∙ 𝑑 ∙ 𝑉 − 𝑝𝑚𝑚− 𝜆 (𝑝𝑚𝑚+ 𝑝𝑐𝑐 + 𝑝𝑘 𝐼𝑔 −𝑡𝑉 − 𝑇 − 𝐺)

● First order condition and  differentiating with respect to housing value 𝑉: 

𝑑𝑚

𝑑𝑉
=

𝜕𝑓 𝑚
𝜕𝑚

∙ 𝑑 −
𝜕𝜆
𝜕𝑉

∙ 𝑝𝑚

−
𝜕2𝑓(𝑚)
𝜕𝑚2 ∙ 𝑑 ∙ 𝑉

(2)

BackBenefit Effect Revenue Effect



Rehabilitation and Inspection Program (RIP)

● Under Public Law 84-99, active in RIP enrollment: federal money for levee repair post-disaster.

● Annual & Periodic (every five year) inspections  by professional engineers conducted for enrolled 

levee systems. Checklist. 

● Results: Acceptable (“A”); Minimally Acceptable (“M”); Unacceptable (“U”). 

M: maximum of two years for correction before inactive RIP; U: immediate inactive RIP.

Source: Report from Congressional Research Service (2011). Back



Validation

● Validate the identified levee failures against the USACE Levee Loading and Incidence Database (LLID) 

(Flynn et al., 2021) and news reports about levee breaches.

● Misclassification rate: 4.9%. 

Back



Motivating Facts: Inequality in Levee Quality

⚫ 1 SD increase in income: 8.3 percent increase in levee protection and 9.6 percent (5.6 

percentage point) increase in (minimally) acceptable quality. 

consistent sample



Consistent Sample I 

Back



USACE Construction Formula
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Consistent Sample II
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Identifying Feedback Loop

● Identification Challenge: Simultaneity (Reverse Causality) 

⚫ Causal Link 1: Bartik-type Instruments of exogeneous economic shocks.

⚫ Causal Link 2: Exogenous levee failure shocks. 

Cross-sectional Disparity in Levee Maintenance Quality

Levee MaintenanceHousing Value

Levee Failure Risk

Causal Link 1

Causal Link 2



Housing Value on Levee Maintenance

● Bartik-type instruments: 1980 CZ industry composition  × 1980s National industry growth rate.

𝑥𝑙 = ෍

𝑘=1

𝐾

𝑧𝑙𝑘,1980 𝑔𝑘

𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒𝑖 = 𝛽 ∆𝐻𝑖,1980−2019+ 𝛼 𝐻𝑖,1980 + γ 𝐷𝑒𝑠𝑖𝑔𝑛𝑃𝑟𝑜𝑡𝑒𝑐𝑡𝑖𝑜𝑛𝑖 + 𝛿 𝐹𝑙𝑜𝑜𝑑𝑅𝑖𝑠𝑘𝑖 + 𝜖𝑖

Historical Industry 

composition in 

1980

National Industry 

growth rates after 

1980

Share (random) Shift

randomness

Tracts started with the same 

housing value, designed 

levee protection, and 

location flood risk in 1980



● Alternative Bartik-type IVs: 

(1) Technology Shock 

(Computerization; Industry routine 

work share)

(2) Trade Shock

(China shock; Industry import 

share from China)

Qualitatively and quantitatively 

consistent.

Housing Value on Levee Maintenance

● Bartik-type instruments: 1980 CZ industry composition  × 1980s National industry growth rate.

alternative iv mechanism

79% cross-

sectional inequality

Back



Bartik IV

● Top 10 industries in Bartik IV: Results robust when using different industries as IV.

● 1980 industry allocation effectively random with respect to flood risk and levee protection. 

Back



Bartik IV

Back



Bartik IV Mechanism

Back



Flooding Event Summary

Back



Levee Maintenance on Housing Value

● Income composition: Home Mortgage Disclosure Act (HMDA) Data. 

● Negative income sorting: New mortgage buyers are lower income after levee failure; no sorting 

effect for normal flooding.

Back



Levee Failure Effect Mechanism

● Suggestive evidence on 

mechanisms: 

(1) Unpriced climate risk 

Climate belief

Flood zone status

(2) Fiscal capacity for recovery

Income

Disaster declaration

random 

forest
Back



Levee Failure Effect Mechanism
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