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Mitigating Disaster Risks to Sustain Growth



Introduction

➢ The arrival of natural disasters can cause not only significant 

human suffering but also prolonged economic damage.

• weather disasters：hurricanes

• pandemics：1918 Flu、Covid-19



“Mitigation is the effort to reduce loss of life and property by lessening the 

impact of disasters. In order for mitigation to be effective we need to take action 

now—before the next disaster—to reduce human and financial consequences later 

(analyzing risk, reducing risk, and insuring against risk).”

---FEMA website

The extent of damages depends on investment and greater preparedness, be it 

greater environmental protection in the case of climate disasters or better public 

health capabilities in the case of pandemics.

---World Health Organization (2018)

Introduction



1. Cost and Benefit of Mitigation

2. belief---preparedness---damage function

3. market



Abstract

• We provide the planner’s solution to a model where households learn from

exogenous natural disaster arrivals about arrival rates and spend to mitigate

future damages. Mitigation cannot be decentralized due to positive externalities

from curtailing aggregate risks. First-best can be implemented by capital taxes

and mitigation subsidies.

• Willingness-to-pay, toward public health for pandemics or environmental

protection for climate disasters, depends on mitigation efficacy. Efficacy can be

inferred from damage functions that depend on prior arrivals which determine

preparedness.

• Regulatory risks arise since disaster leads to pessimistic arrival-rate beliefs and

taxes or mandates to fund mitigation, which reduce consumption, investment

and stock-market value.



Model：Production, Capital Dynamics, and Disasters

✓ Aggregate output：

✓ Aggregate resource constraint:



✓ capital stock  evolves as:

Model： Capital Accumulation

• When a jump arrives ( )， capital stock changes from       to         ,              

Z is the recovery fraction.
-tZK1d =tJ -tK

• Ξ(Z) and ξ(Z) denote the cumulative distribution function (cdf) and probability 

density function (pdf) for the recovery fraction, Z, conditional on a jump arrival.



Model： arrival rate of the jump process

➢ Two possible state: good state (G) and bad state (B). 

• jump arrival rate in G is ,  jump arrival rate  in B is       . Naturally,                    .  

• While the state is constant over time, the household does not observe the state and 

therefore has to learn about the value of λ over time to assess the likelihood that the 

arrival rate is high or low. 

G B B G 



Model： Mitigation Technology and Payoffs

➢ Distribution for the recovery fraction Z at t conditional on a jump arrival 

depends on the pre-jump mitigation spending      .
tX −

• The distribution of the Post-jump fractional recovery Z changes from

to , the density function changes from to .

• If mitigation spending X doubles, the benefit of mitigation also doubles.

• The domain for the admissible values of Z is , where is a

constant.

( , )tZ x −
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➢ Representative consumer has homothetic recursive preferences given by:

• ρ :  the rate of time preference

• ψ : the elasticity of intertemporal substitution (EIS)

• γ : the coefficient of relative risk aversion,

Preferences



Solution： Learing



Solution： Learing



Figure 1: This figure simulates a path for jump arrival times in Panel A and plots the 

corresponding belief updating process in Panel B starting with             .
0 0.1 =



Hamilton-Jacobi-Bellman (HJB) equation

Planner’s Optimization

➢ The social planner maximizes the representative household’s utility given in (6)-(7) 

subject to the capital accumulation and the aggregate resource constraint.

• FOC for investment I ：

• FOC with respect to mitigation is 



boundary conditions at π = 0 and π = 1.



Expected Fractional Loss, Growth Rate

➢ The cdf of Z is given by the following power function :

➢ Conditional on a jump arrival, the expected fractional capital loss :

➢ Expected growth rate:





Planner’s Value Function: No Mitigation Technology. 

➢ Value function:



Cost and Benefit of Mitigation

➢ Willingness to pay (WTP)



Competitive Equilibrium and Market Failure



Competitive Equilibrium and Market Failure



Competitive Equilibrium and Market Failure

HJB equation:

FOC for investment :



➢ The household’s value function:







Taxes, Subsidies, and Markets

➢ The government chooses the optimal path of mitigation spending (financed by time-

varying lump-sum taxes) to maximize the household’s welfare.







Taxes, Subsidies, and Markets

HJB equation:

The FOC for x :

We obtain

➢ The government chooses the optimal path of mitigation spending (financed by time-varying 

lump-sum taxes) to maximize the household’s welfare.



➢ Taxation and Subsidy: Resurrecting First Best 





Calibration Exercise and Parameter Choices













Regulatory Risks and Sustainable Investing

➢ Direct effect：Increasing mitigation funded by taxes to curtail the damage of

disaster risk causes further prolonged drops in consumption and investment,

leading to lower expected growth rates and stock market valuations.

➢ Indirect effect: indirect effect of belief updating that disasters in the future are

more likely and hence investment opportunities are worse.



Conclusion

➢ We provide the planner s solution to a model where households learn

from exogenous natural disaster arrivals about arrival rates and spend to

mitigate potential future damages.

➢ Mitigation—by curtailing aggregate risk and insuring sustainable

growth—is a public good in our model. The planner’s solution can be

implemented via a capital tax and mitigation subsidy scheme.

➢ Our model provides an integrated assessment of the cost and benefit of

mitigation efforts such as public health spending or environmental

protection via an aggregate risk management rationale.

➢ Our model also delivers a number of testable implications pertaining to

damage functions, regulatory risks and sustainable investments. Future

research avenues include an estimation of our model using damage and

mitigation spending data.




