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PREFACE  

A team of researchers affiliated with the Center for Risk and Economic Analysis of Terrorism Events 

(CREATE) was asked by the Federal Emergency Management Agency (FEMA) to develop a formula for 

ƛƳǇƭŜƳŜƴǘƛƴƎ ŀ 5ŜŘǳŎǘƛōƭŜκ/ǊŜŘƛǘ {ȅǎǘŜƳ ŦƻǊ ǘƘŜ !ƎŜƴŎȅΩǎ tǳōƭƛŎ !ǎǎƛǎǘŀƴŎŜ όt!ύ tǊƻƎǊŀƳΦ  ¢Ƙƛǎ C9a! 

Program provides post-disaster financial relief for losses incurred by state, tribal, and local governments 

for property damage and for various emergency expenditures to protect health and safety and to 

continue critical government operations in the aftermath of events that meet the current threshold of 

Presidential Disaster Declarations.  On average, over the last 10 years, FEMA has covered approximately 

77.5% of the losses included in grant applications for PA. 

The trend for disaster losses is expected to increase, owing primarily to the expanding built 

environment, and possible new threats (e.g. terrorist attacks) and more extreme natural forces (e.g., 

hurricanes, flooding).  This will necessitate increased PA expenditures at a time of increased concern 

over federal spending.  However, the conflict between growing needs and tighter fiscal management is 

true at all levels of government, not just the federal level. 

One approach to relieving the budgetary strain, and, more importantly, the losses incurred by disasters, 

is for non-federal government entities to implement disaster loss reduction strategies, including 

mitigation, post-disaster actions to promote government continuity and recovery, insurance, and the 

establishment of relief funds.  The existence of the PA Program, however, undercuts the incentives to 

implement these loss reduction measures because the federal government is covering a large portion of 

disaster losses.  The situation is an example of moral hazard, where one party does not exercise due 

diligence because it is not fully responsible for the cost of its actions (or inactions).  Just as automobile 

insurance policies have a deductible against claims in order to promote more responsibility among 

drivers, a Disaster Deductible is intended likewise to increase the accountability of state governments 

for disaster losses.  A program that consists only of a Disaster Deductible provides some incentives, but 

it would also make states worse off in the near term because of the need to incur expenses to cover a 

larger share of disaster losses.  However, the incentive system can be strengthened and the imposition 

on state budgets relieved considerably if a Credit against the Deductible can be established for state 

government expenditures on risk reduction.  As risk reduction accumulates, there can potentially be a 

win-win outcome in the longer-term, whereby both federal and state government disaster expenditures 

will be reduced. 

This report provides an analysis of the Deductible/Credit System in this context. The research team 

followed an established policy analysis framework.  It begins by orienting the research to the goal, or 

objective, of the proposed policy -- the reduction of disaster losses.  It identifies alternative strategies 

and tactics to achieve this objective -- mitigation, resilience, insurance, and relief funds.  It estimates the 

cost and effectiveness of the strategies and tactics to achieving the objective as reflected in benefit-cost 

ratios.  It factors in constraints on this achievement of the objective -- the reality that not all types of 

losses can be reduced.  It also includes policy levers that can be fine-tuned -- the Credits against the 

Deductible.  Another aspect of policy analysis is the design of policy instruments to achieve various 
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objectives.  An incentive-based system, like a Disaster Deductible and/or Credit, in contrast to direct 

regulation, is an established and increasingly popular and effective policy instrument approach, but it 

needs to be refined to take account of the conditions and realities of the case in point, including the 

reaction to the policy by those who must carry it out.  At the same time, the best policy instruments are 

those that incorporate some flexibility for improvement over time as contextual conditions, conceptual 

understanding, data availability, and technology and institutions change. 

This report begins by providing a foundation for the estimation of the Disaster Deductible itself.  This 

initial Base Deductible is calculated using historical PA expenditures as a proxy for disaster losses.  We 

then adjust the Base Deductible for important characteristics that differ across states by the application 

of a Fiscal Capacity Index, which reflects the financial ability of each state to respond to disasters, and by 

the application of a Risk Index, which differentiates the expected value of disaster losses across states.  

We develop a Mathematical Programming (MP) Model to analyze the potential response of states.  The 

MP Model includes all of the important features of the policy analysis framework, and its optimal 

solution yields the mix of loss reduction strategies and tactics that can achieve alternative goals of risk 

reduction and credit attainment at the least cost.  In addition, we perform a Burden Analysis (BA), which 

analyzes thŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ 5ŜŘǳŎǘƛōƭŜκ/ǊŜŘƛǘ ǎȅǎǘŜƳ ŀƴŘ ǘƘŜ ǎǘŀǘŜΩǎ ǊŜǎǇƻƴǎŜ ƻƴ ōƻǘƘ ŦŜŘŜǊŀƭ ŀƴŘ ǎǘŀǘŜ 

budgets. 

The MP and BA analyses have also generated methodologies by which FEMA and the states can analyze 

all elements of the Deductible/Credit system.  We have developed spreadsheet programs that readily 

calculate the Base Deductible, the various indices, and the Adjusted Deductible.  We have also 

developed a visualization tool that displays the implications of various configurations of the 

Deductible/Credit System on a map of the United States. 

The basic Disaster Deductible Formula (DDF) derived in Part I of this Report and the extended versions 

developed in Part II are evaluated in relation to several criteria, such as:  technical and fiscal ability to 

achieve FEM!Ωǎ ƎƻŀƭǎΣ ǎǘŀōƛƭƛǘȅΣ ŜŎƻƴƻƳƛŎ ŜŦŦƛŎƛŜƴŎȅΣ Ŝǉǳƛǘȅ όŦŀƛǊƴŜǎǎύΣ ŦƭŜȄƛōƛƭƛǘȅΣ ǘǊŀƴǎǇŀǊŜƴŎȅΣ ŀƴŘ 

political feasibility.  No single formulation is superior to all others according to these criteria, so policy-

makers must make judgments about the relative priorities (weight) among these evaluative criteria. 

The report also examines various alternative assumptions and parameters that can be considered in the 

formulation of the DDF. Moreover, sensitivity tests are undertaken to determine implication of 

variations in assumption/parameters on the bottom-line costs, on federal/state expenditure shares, and 

on various other evaluative criteria. 

This Report is divided into two parts.  In Part I, we construct what we refer to as the Basic 

Deductible/Credit System (DDF1), which conforms to assumptions and parameters suggested in a FEMA 

White Paper on the Disaster Deductible/Credit System.  In Part II, we explore important refinements of 

DDF1 under the heading of what we refer to as DDF2.  We examine each major assumption and 

parameter of DDF1 and evaluate the implications of alternatives.  We do not limit this analysis to the 

current delineation of the PA Program.  Instead, we take a broader and longer-term view. We emphasize 

at the outset that several of the refinements that we examine could not be implemented in the near 
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term, because of the absence of a firm conceptual base for them or lack of data by which to gauge their 

implications.  In addition, the reader should not view DDF2 as a fixed combination of 

assumption/parameters, but rather as a menu of possible refinements for the corresponding aspect of 

DDF1. 

The major refinements explored in DDF2 include a Fiscal Capacity Index based on alternative 

combinations of indicators than those employed in DDF1, a Risk Index that can include forecasts of some 

changing conditions that can cause future increases in risk, a broader risk framework that offers more 

insight into state government motivations and also provides a capability to fine-tune the federal-state 

share, a DDF that goes beyond a focus on property damage to include life-saving and reduction of 

government interruption, and the addition of post-disaster resilience tactics as a means to both reduce 

risk and to obtain credits against the deductible. 

The authors acknowledge valuable guidance, input, and feedback by FEMA staff, primarily Jotham Allen, 

Colt Hagmeier, and James Ruger, as well as Marc Fuller and Julie Waters.  We also thank our colleague 

Ali Abbas for his comments on an earlier draft, as well as Philip Schneider and Carolyn Kousky, who 

served as external reviewers.  Noah Miller, Joshua Banks, Lillian Anderson, Phuong Nguyen, and Krystian 

Palmero served as able research assistants.  The authors are, however, solely responsible for any 

remaining errors and omissions.
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PART I.  BASIC ANALYSIS OF A DISASTER DEDUCTIBLE/CREDIT SYSTEM 

 

EXECUTIVE SUMMARY FOR PART I 

Part I of this report develops a basic Disaster Deductible/Credit Formula (DDF1) to incentivize state 

governments to increase their capabilities to withstand disasters.  It parallels on-going efforts by the 

Federal Emergency Management Agency to design such a policy (see, e.g., FEMA, 2016a).   

Currently, following a Presidential Disaster Declaration, FEMA provides approximately three-quarters of 

the funds needed for intergovernmental disaster relief through its Public Assistance (PA) Program, while 

non-federal levels of government cover the remaining non-federal share.  The DDF is intended to 

encourage states to build fiscal capacity to fund their post-disaster assistance needs, to provide 

incentives to engage in mitigation, and to purchase insurance to reduce expected losses.  All of these 

responses will lessen the need for future federal disaster assistance.  

The DDF establishes a Base Deductible chosen using a simple equal-share rule, whereby it is the same 

dollar value for each state.  The Base DeductiōƭŜ ƛǎ ŀŘƧǳǎǘŜŘ ŦƻǊ ŜŀŎƘ ǎǘŀǘŜΩǎ CƛǎŎŀƭ /ŀǇŀŎƛǘȅ ŀƴŘ 

underlying Risk Exposure, extreme values are capped, and then the final adjusted deductible is 

normalized (proportionally shifted so that the mean value is consistent with the original base).  By itself, 

a deductible shifts the responsibility of funding the first dollar of public assistance to the states, and 

away from FEMA.   When combined with Credits offsetting the Deductible that come from spending on 

mitigation and other disaster-reduction activities, each state can reduce both its total cost of disasters 

and its need for PA compared to a Deductible alone.  

A Mathematical Programming model is used to determine the least-cost combination of the state 

response to the Deductible choosing among mitigation, insurance, and relief fund expenditures to 

achieve specified risk-reduction or deductible-reduction goals.   While mitigation measures are generally 

preferred because they offer higher benefit-cost ratios (BCRs), the optimal solution for some states is to 

choose a mix of mitigation and insurance, often depending on the particular threats the state faces.  In 

Part I, the BCRs for mitigation projects have been adjusted to focus on property damage reduction only, 

which vary depending on the type of threat. 

The results are then analyzed in a Burden Analysis -- a simple technique to measure the fiscal impacts of 

the response on the states and FEMA. This analysis, reported for selected states, reveals the following 

impacts: 

1. Compared to the current situation (the status quo), the Deductible by itself shifts a portion of the 

burden of funding public assistance from FEMA to the states. 

2. The Deductible alone offers little or no incentive for states to undertake risk-reduction tactics, 

since the state share of public assistance is otherwise still the status quo of approximately 25%. In 

many cases, any risk reduction benefits are offset by state spending on risk reduction. 
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3. Offering credit for mitigation and other disaster risk-reduction activities provides a strong 

incentive for states to engage in these activities, and thereby significantly reduces the negative fiscal 

impact of the deductible alone.  Simulations indicate that in the first few years, states are still not 

better off than under the current (no deductible) situation.  However, over time, the cumulative risk 

reduction does make states better off in terms of their risk exposure and their expected payoff.  

Over time, as states respond through increased mitigation, expected losses decrease, and, with a 

constant deductible, the states become better off than they are currently.  Reducing the Deductible 

to zero makes them no worse off than currently, but reducing expected losses makes them better 

off at some point in the near future.  

Sensitivity analyses demonstrated that the general results are quite robust.  That is, the basic 

conclusions hold, even with moderate changes in key assumptions and parameter values relating to caps 

on the deductible, relative weights given to the fiscal capacity and risk adjustments, benefit-cost ratios, 

and credit multipliers.  The optimal mix of risk reduction responses is affected by variations in benefit-

cost ratios for individual types of responses, but the optimal mix of responses to attain a given credit 

level against the deductible is affected only to a limited extent. 

There are two major contributions of Part I of this report:  the development of an initial Disaster 

Deductible Formula, and the development of tools to analyze the impact of the policy change.  The first 

formula meets ŀƭƭ ƻŦ C9a!Ωǎ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŀƴŘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ŀƴŀƭȅǘƛŎŀƭ ǘƻƻƭǎ ƻŦŦŜǊǎ ƛƴǎƛƎƘǘǎ ƛƴǘƻ 

its strengths and weaknesses.  The tools also provide means for FEMA to determine how to adjust the 

Deductible formula parameters to meet some specific goals with respect to risk reduction, efficiency, 

and equity.  However, not all goals are likely to be met simultaneously, as some of them involve 

tradeoffs.   
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I.  INTRODUCTION  

A.  OBJECTIVES  

The research containeŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ƛǎ ŀƛƳŜŘ ŀǘ ƛƴŦƻǊƳƛƴƎ C9a!Ωǎ ǎǘŀǘŜŘ ƳŀƧƻǊ ƻōƧŜŎǘƛǾŜ ǘƻ άŘŜǾŜƭƻǇ ŀ 

state level capability measure which will be used to support the possible incorporation of a state-funded 

deductible into the structure of federal disaster assistance in a manner that will incentivize state, tribal, 

territorial, and local governments to take the actions necessary to increase their capabilities to 

ǿƛǘƘǎǘŀƴŘ ŘƛǎŀǎǘŜǊǎέ όC9a!Σ нлмрŀΤ ǇΦнύΦ  ¢Ƙƛǎ ǊŜǇƻǊǘ ǇǊŜǎŜƴǘǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴ ƛƴƛǘƛŀƭ 5ƛǎŀǎǘŜǊ 

Deductible Formula (DDF) to meet this objective.  The DDF is based on indicators recommended for 

consideration by FEMA, and assumptions and parameters consistent with real world considerations and 

consensus by FEMA and the research team.  A second report will explore alternative DDF formulations. 

The proposed DDF is intended to encourage behavior that leads state governments1 to decrease 

vulnerability and hence losses from disasters.  The goal has multiple facets:  to reduce moral hazard,2 to 

encourage states to purchase hazard insurance, increase fiscal capacity for disaster recovery, and to 

reduce losses through mitigation and resilience.   

The current FEMA PA Program provides funding for emergency and permanent work in communities in 

relation to public facilities following a Presidential Disaster Declaration.  This Declaration is triggered if 

the expected losses exceed the threshold value as determined by simply multiplying a $1.41 factor to 

ǘƘŜ ǎǘŀǘŜΩǎ ǇƻǇǳƭŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ƭŀǎǘ ŎŜƴǎǳǎΦ  ¢ƘŜ ŀŎǘǳŀƭ ŜƭƛƎƛōƭŜ t! Ŏƻǎǘǎ ŀǊe split between FEMA and the 

state at a nominal 75:25, but the FEMA share can increase to 90%, or even 100%.  Based on PA data 

from 2005 to 2015 the average FEMA share nationally was 77.5%. 

Under the proposed Disaster Deductible Formula (DDF) program, disasters will still be declared using the 

current system.  However, a Deductible, composed of a base level for all states and then adjusted state 

by state, according to state fiscal capacity and state risk, is proposed.  Individual states would pay for 

those disaster losses, eligible to be covered by PA, up to the level of their Adjusted Deductible minus 

credits they earn for qualifying expenditures on risk reduction through mitigation, insurance, relief 

funds, and resilience in the previous year.  For declared disasters, the Net Deductible (Deductible less 

credits) would be applied beginning January 1 on an annual, rather than on an event, basis.  Once the 

Net Deductible is met from state spending, the remaining public assistance spending would be split 

between FEMA and the state along the lines of the current system.  

C9a!Ωǎ ²ƘƛǘŜ tŀǇŜǊ ƻƴ 5ƛǎŀǎǘŜǊ 5ŜŘǳŎǘƛōƭŜǎ όC9a!Σ нлмрōΤ ǇΦ рύ ǇǊƛƻǊƛǘƛȊŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ άƎǳƛŘƛƴƎ 

ǇǊƛƴŎƛǇƭŜǎέ ǘƻ ŘǊƛǾŜ ŘŜǎƛƎƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ 55C ŎƻƴŎŜǇǘΥ 

- Ensure the supplemental natuǊŜ ƻŦ C9a! ǎǳǇǇƻǊǘ ōȅ ŜƭƛƳƛƴŀǘƛƴƎ άŦƛǊǎǘ-ŘƻƭƭŀǊέ ŀǎǎƛǎǘŀƴŎŜΤ 

                                                           
1
 IŜƴŎŜŦƻǊǘƘΣ ǿŜ ǿƛƭƭ ǳǎŜ ǘƘŜ ǘŜǊƳ άǎǘŀǘŜέ ǘƻ ŎƻǾŜǊ state, territorial, and local governments.  We acknowledge that 

the roles of these various jurisdictions differ and there is important interplay between some of them, but these 
aspects are beyond the scope of this study. 
2
 Moral hazard is the lack of incentive to guard against risk where one is shielded from its consequences, e.g., by 

disaster assistance.   
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- Incentivize proactive fiscal planning by states for disasters and establish mechanisms to better   
assess state fiscal capacity to respond to disasters; and 

- Encourage and incentivize risk-informed mitigation strategies on a broad scale. 

The DDF is not just an end in itself, even though promoting risk reduction is a positive outcome.  It is a 

broader instrument to improve federal disaster relief policy.  Thus, some objectives of this broader 

policy include: 

1.  Provide financial assistance to states impacted by disasters.  It should be kept in mind that most 

FEMA disaster relief comes from its Public Assistance (PA) program, and that the proposal calls for 

examining only this program.  This assistance provides funds to: 

- Restore operation of non-federal governments; 

- Restore operation of infrastructure for their populations; 

- Restore operation of their economies and orderly functioning of their communities (including non- 

profit organizations); and  

- Decrease vulnerability to future disasters. 

2.  Both the public and the private sector are concerned with what economists call economic efficiency. 

This is the concept of achieving the greatest benefit from a given expenditure, or equivalently, spending 

the least resources to achieve a given objective. If the goal is to reduce losses from disasters, everyone 

in society has a desire to do so without wasting resources unnecessarily.  With a clear objective, the DDF 

can be designed to choose the combination of deductible, and credits that lead to mitigation and other 

disaster-related activities with the least cost. 

3.  An additional consideration that has received accelerating attention in recent years, in part because 

of the increased frequency and magnitude of major disasters, is setting the FEMA criteria for evaluating 

ǎǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ǊŜǎǇƻƴǎŜ ŀƴŘ ǊŜŎƻǾŜǊȅ ŎŀǇŀōƛƭƛǘȅΦ  hƴŜ ƻŦ C9a!Ωs charges in stipulating the goals of this 

research states: άLƴ ǇǊŀŎǘƛŎŜΣ ǘƘŜ ŦƻǊƳǳƭŀ ǿƻǳƭŘ ƛŘŜƴǘƛŦȅ ŀ ōŀǎŜƭƛƴŜ ƭŜǾŜƭ ƻŦ ŎŀǇŀōƛƭƛǘȅ ōŀǎŜŘ ƻƴ ƛŘŜƴǘƛŦƛŜŘ 

measures, below which a requesting state would be entirely responsible for the costs, and above which 

thŜ t! tǊƻƎǊŀƳ ǿƻǳƭŘ ǇǊƻǾƛŘŜ ŎƻƴǘǊƛōǳǘƛƻƴǎέ όC9a!Σ нлмрŀΤ ǇΦ нύΦ  ²ƘƛƭŜ ŀ 55C ǿƻǳƭŘ ƴƻǘ ŘƛǊŜŎǘƭȅ 

affect the criterion (or trigger) for a state to receive a major disaster declaration, it would address much 

of the broader input FEMA has received from Congress, the GAO (2012), and the DHS Office of the 

Inspector General, by establishing a sound baseline in the form of the Disaster Deductible for each state, 

thereby incentivizing each state to better plan for smaller disaster relief, and yet maintain all the 

elements of the current federal assistance program for larger disasters.  The proposed formula would 

thus alter the amount of federal government assistance from its current level.  This report analyzes how 

the DDF will affect both total federal and state funding for disaster relief.  

4.  The DDF would also affect the distribution of federal assistance dollars across states, and hence 

would affect the distribution of state spending on disaster relief.  Most definitions of equity are 

altruistic, though efforts have been made to come up with objective alternatives (e.g., absence of envy), 
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but even these are fraught with value judgments.  Altruistic definitions essentially focus on the 

άƴŜŜŘƛŜǎǘέ ƛƴ ǎƻŎƛŜǘȅΦ  IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǎǳōǘƭŜǘƛŜǎ ƘŜǊŜ ƛƴ ŘŜŦƛƴƛƴƎ ǘƘŜ neediest.  Is it neediest 

states, or groups within each state?  Should need be based on baseline conditions at the state level (e.g., 

per capita income or overall income inequality), vulnerability, or losses for each disaster?  Should these 

άǊŜŦŜǊŜƴŎŜ ōŀǎŜǎέ ōŜ ŀƴŎƘƻǊŜŘ ǘƻ ŎǳǊǊŜƴǘ ŎƻƴŘƛǘƛƻƴǎΣ ŎǳƳǳƭŀǘƛǾŜ ƘƛǎǘƻǊƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎΣ ƻǊ ŦǳǘǳǊŜ 

projections?   

This report explores the many subtleties of the research questions.  However, our major focus will be to 

address the main issues head-on:   

¶ ²Ƙŀǘ ŀǊŜ ǘƘŜ άŜǎǎŜƴǘƛŀƭέ ŜƭŜƳŜƴǘǎ ƻŦ ŀ 55CΚ  ²Ŝ ŜǎǘŀōƭƛǎƘ ŀ ǎƻǳƴŘ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ŀ .ŀǎŜ 

Deductible with Fiscal Capacity and Risk Adjustments.  We weight the adjustments and impose 

caps on the DDF to control for potentially extreme levels applicable to some states.   

 

¶ How would a Deductible Credit mechanism work?  The Credit mechanism provides a way that 

states can offset the Deductible through risk reduction efforts such as mitigation, insurance, and 

relief funds.  The state response would depend on the state target (e.g., risk reduction vs. 

deductible reduction), benefit-cost ratios for these risk reduction efforts, and the amount of 

ŎǊŜŘƛǘ ǘƘŜȅ ǊŜŎŜƛǾŜ ŦƻǊ ŜȄǇŜƴŘƛǘǳǊŜǎ ƻƴ ǘƘŜƳΦ C9a! ŎƻǳƭŘ ǳǎŜ ǾŀǊƛƻǳǎ άǇƻƭƛŎȅ ƭŜǾŜǊǎέΣ ƛƴŎƭǳŘƛƴƎ 

the base deductible, deductible caps, adjustment weights, credit multipliers, and timing of 

credits, to promote various disaster related goals.  

 

¶ Would a Deductible and Credit formula provide incentives to undertake additional disaster loss 

reduction activities, and would states even be better off than they are currently?   We simulate 

the potential response of states to specific risk reduction and credit attainment targets.  The 

analysis indicates that each state is better off with Deductible Credits for disaster loss reduction 

than under the Deductible alone, but does incur more post-disaster expenditures than the 

status quo (no Deductible).  However, over time, the cumulative risk reduction does make states 

better off in terms of their risk exposure and their expected payoff.  

 

¶ What is the cross-state fairness of various DDFs?  The Base Deductible is the same for each 

state. However, the Fiscal Capacity and Risk Adjustments render it somewhat unequal across 

states in relation to state per capita GDP, and this inequality is increased slightly following the 

ǎǘŀǘŜǎΩ Ǌƛǎƪ-reduction response.  

B.  OVERVIEW 

This report offers the following contributions to formulating and analyzing a Disaster Deductible 

Formula (DDF): 

¶ Establishes a Base Deductible for all states 

¶ Develops and computes formula adjustments for state Fiscal Capacity and Risk 
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¶ Calculates an Adjusted DDF for all states 

¶ Analyzes the incentives to reduce risk and obtain credits against the Deductible 

¶ Develops a Mathematical Programming model to optimize state strategies to achieve fixed 

targets of risk reduction and credit attainment 

¶ Conducts a Burden Analysis for sample states of the implications of the DDF 

¶ Develops a Burden Analysis spreadsheet capability 

¶ Simulates the time-path of the implications of the DDF 

¶ Analyzes the equity implications of the DDF 

¶ Provides an assessment of the assumptions and parameters underlying the analysis 

¶ Evaluates the advantages and disadvantages of the first DDF 

In Part II of this study, we further analyze the Disaster Deductible/Credit System.  This includes a critical 

appraisal of many of the assumptions and parameters underlying the first DDF Formula (DDF1) 

presented below.  It includes consideration of alternative indicators by which to adjust the Base 

Deductible, consideration of a broader set of risks and risk reduction strategies, and additional 

sensitivity tests.  It also includes an analysis of policy implementation issues. 

II.  THE BASE DEDUCTIBLE 

The particular deductible charged to a state should be a function of the expected disaster losses a state 

faces, but also must consider the ability of a state to fund that deductible, as well as its share of public 

assistance as it does under the current program.  Currently a state pays nominally 25% of public 

assistance on declared disasters, although the President can adjust the federal share up from 75% to 

90%, or even 100%.  As a result, the average state share for declared disasters over the past ten years 

has been 22.5%.  To implement a Disaster Deductible Formula, we first establish a Base Deductible upon 

which state disaster risk and fiscal capacity adjustments are made to create a final adjusted state-

specific deductible. 

Although there are a number of candidates for a Base Deductible, the simplest approach is to begin with 

an equal share basis, whereby it is the same dollar value for each state.3  We set the Base Deductible at 

$22.2 million, which is the median value of annual average PA across each of the states.4  Without 

further adjustments for risk and fiscal capacity, this would result in one-half of states receiving public 

                                                           
3
 We considered alternative base deductibles, such as various equal percentage or equal absolute amount of base 

deductibles.  We also considered setting the deductible so that it offsets a given level of PA in the absence of 
credits (e.g., 50% of total PA divided by 51 would mean that the deductible program would offset 50% of total PA). 
4
 The annual average PA for each state is calculated as the sum of PA between 1999 and 2015 divided by 17 years. 

The Base Deductible is the median of these annual values across the 50 states.  
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assistance and one-half of states not receiving public assistance if all states experience their average 

disaster-year.  Note also that the median annual average PA value is substantially lower than the mean 

annual average PA value ($88 million).  This indicates that, in the absence of mitigation and credits 

against the deductible, the baseline deductible would reduce FEMA expenditure by approximately 25%.5  

In the following two sections we develop a State Fiscal Capacity Index and State Risk Disaster Index.  

These are applied to the Base Deductible to arrive at an Adjusted Disaster Deductible Formula (DDF): 

                Adjusted Deductible = Base Deductible * 75% x Risk Index + 25% x Fiscal Capacity Index) 

III.  FISCAL CAPACITY INDEX 

¢ƘŜ .ŀǎŜ 5ŜŘǳŎǘƛōƭŜ ƛǎ ŀŘƧǳǎǘŜŘ ōȅ ŀ CƛǎŎŀƭ /ŀǇŀŎƛǘȅ LƴŘŜȄ ƴƻǘ ƻƴƭȅ ōŜŎŀǳǎŜ ƛǘ ƛǎ ƻƴŜ ƻŦ C9a!Ωǎ ƎǳƛŘƛƴƎ 

principles for the Disaster Deductible (FEMA, 2015b), but more fundamentally because it reflects a 

ǎǘŀǘŜΩǎ ŀōƛƭƛǘȅ ǘƻ ōǳƛƭŘ ŘƛǎŀǎǘŜǊ ǊŜǎǇƻƴǎŜ ŎŀǇŀcity, and to plan for disasters (GAO, 2012).  It is only when a 

ǎǘŀǘŜΩǎ ŀōƛƭƛǘȅ ǘƻ ŦǳƴŘ ŘƛǎŀǎǘŜǊ ŀǎǎƛǎǘŀƴŎŜ ƛǎ ƻǾŜǊǿƘŜƭƳŜŘ ǘƘŀǘ C9a! ǎƘƻǳƭŘ ōŜŎƻƳŜ ƛƴǾƻƭǾŜŘΦ 

A.  THE MEANING OF FISCAL CAPACITY 

Over the last ten years, states spent an average of $1.2 billion each year on disaster public assistance 

out of a total average spending on public assistance of almost $5.5 billion.  To provide some perspective, 

average annual state public assistance represents less than one-tenth of 1% of total state spending of 

$1,500 billion. However, there are many competing demands on state budgets. All states have some 

form of balanced budget requirement, and there is constant political pressure for lower taxes. Although 

a state government can expect some amount of disaster spending to occur every year, the exact amount 

is unpredictable, and not easily incorporated into a budget.  Even with the current relatively generous 

level of assistance provided by the federal government for declared disasters, states are often hard 

pressed to fund the levels of public assistance required when large disasters strike.  Through the DDF, 

FEMA is attempting to make states more fiscally responsible for anticipated losses while providing 

incentives to reduce the need for public assistance, as well as increase the capacity to fund that public 

assistance.  Fiscal capacity potentially has two components which differ in the extent they can be 

planned: a reserve fund committed to disaster related assistance, and a general ability to appropriate 

funds to cover the actual costs of public assistance post-disaster. 

The most general measures of fiscal capacity would be potential revenue and actual revenue. As 

reported by FEMA (2014; p.28) median state actual revenue was $26 billion in 2012, while potential 

revenue, as measured by Total Taxable Resources (TTR) was almost ten times that amount.  According 

to the Department of the Treasury, states only capture 10% of their potential revenue.  However, 

history and political realities limit actual revenue collection, ŀƴŘ ǊŜŦƭŜŎǘ Ƙƻǿ ŜŀŎƘ ǎǘŀǘŜΩǎ ŎƛǘƛȊŜƴǊȅ ǾŀƭǳŜǎ 

state-provided public goods and activities and the relative importance of spending on such things as 

education, public safety, transportation, and social services.  The current potential or actual revenues 

available to a state are not the only measures of fiscal capacity, as many states have reserves and access 

                                                           
5
 $22M / $88M x 100 = 25.28% 
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to financial markets to borrow money. These sources may be as important as politically contentious 

taxes and fees in determining the ability of a state to fund disaster assistance.  

Our analysis not only introduces alternative sources of fiscal capacity, but will allow FEMA to adjust the 

relative role each plays in funding disaster assistance through the mechanism of the credit given each 

source against the deductible.  

B.  FISCAL INDICATORS 

The FEMA (2015b) White Paper lists several fiscal capacity indices, as well as specific US government 

accounts for some of them. In creating the Fiscal Capacity Index we consider the following measures: 

i. Total actual revenue (TAR) 

ii. State gross domestic product (GDP)  

iii. Potential revenue as measured by Total Taxable Resources (TTR)* 

iv. State surplus/deficit* 

v. State reserve funds* 

vi. State bond rating*  
 

We found most of these indicators to be highly correlated, as noted in Table I-1.  Therefore, we utilized 

only the indicators listed above that are denoted by an asterisk.6  Compared with TAR, both TTR and 

GDP are more widely used measures of state fiscal capacity that are not affected by the jurisdictƛƻƴΩǎ 

fiscal choices.  The major reason that we choose TTR over GDP is that the former excludes some 

components in GDP, such as employer and employee contributions to social insurance and federal 

indirect business taxes, which are not susceptible to taxation by the state government, and thus cannot 

be utilized to increase the state fiscal capacity to fund disaster assistance.  On the other hand, TTR 

includes some state income sources such as dividend income, monetary interest from assets its 

residents hold in other jurisdictions, and labor income received by commuter residents that is 

potentially subject to state taxation (U.S. Department of Treasury, 2002; GAO, 2012).  In sub-section D 

below, we discuss how we combine the four indicators to compute a Fiscal Capacity Index for the 

purpose at hand 

Table I-1. Correlations Between Some Capacity Indicators 

 
Population TAR GDP TTR Surplus/Deficit 

Reserve 
Funds 

Bond 
Rating 

Population 1.000 
      TAR 0.958 1.000 

     GDP 0.986 0.980 1.000 
    TTR 0.987 0.981 0.998 1.000 

   Surplus/Deficit 0.752 0.708 0.724 0.717 1.000 
  Reserve Funds 0.221 0.204 0.236 0.222 0.351 1.000 

 Bond Rating -0.217 -0.306 -0.257 -0.251 0.018 0.057 1.000 

                                                           
6
 For ŜȄŀƳǇƭŜΣ ƛƴ ƛǘǎ ŀǎǎŜǎǎƳŜƴǘ ƻŦ C9a!Ωǎ PA allocation criteria, GAO (2012) strongly recommended the use of 

Total Taxable Resources (TTR) to reflect fiscal capacity.   
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C.  DATA  

Appendix I-A presents the basic data we used to calculate the various fiscal capacity indices.  For each 

fiscal indicator, we collected data for the most recent 10 years of available data, and computed the 10-

year average values.   Major data sources include the following:  

 

2003-2012 state Total Taxable Resources:  U.S. Department of Treasury (2014) 

http://www.treasury.gov/resource-center/economic-policy/taxable-resources/Pages/Total-Taxable-

Resources.aspx;  

2005-2014 GSP:  U.S. Department of Commerce (2015a) http://www.bea.gov/regional/;  

2005-2014 state Total Actual Revenue:  Department of Commerce (2015b) 

https://www.census.gov/govs/state/;  

2005-2014 data on state Reserve Funds:   

National Association of State Budget Officers (2015) http://www.nasbo.org/publications-data/fiscal-

survey-of-the-states/archives;  

Office of the Chief Financial Officer, Washington, DC. 2015. Annual Financial Reports, 

http://cfo.dc.gov/page/annual-financial-report-cafr;  

Department of Finance and Administration. 2013. "Official Forecast of General Revenues for the Fiscal 

Year Ending June 30, 2014," State of Arkansas. 

http://www.dfa.arkansas.gov/offices/budget/Documents/fy14_gr_forecast.pdf (Change the number in 

the URL to access other years);  

Wisconsin State AssemblȅΦ нлмнΦ Ϧwŀƛƴȅ 5ŀȅ CǳƴŘ ǊŜŎŜƛǾŜǎ ƛǘǎ ƭŀǊƎŜǎǘ ŘŜǇƻǎƛǘ ƛƴ ²ƛǎŎƻƴǎƛƴΩǎ IƛǎǘƻǊȅΣϦ 

http://legis.wisconsin.gov/assembly/thiesfeldt/pressreleases/Pages/Rainy%20Day.aspx.   

2004-2013 data on state Surplus/Deficit are (calculated as the difference between state total actual 

revenue and state total expenditures):  Department of Commerce (2015b) 

https://www.census.gov/govs/state/. 

2005-2014 S&P state Bond Ratings:  Pew Charitable Trusts (2015) 

http://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2014/06/09/sp-ratings-2014. 

 

D.  FISCAL CAPACITY INDEX  

Four fiscal capacity indices are first computed based on the following four indictors:  Total Taxable 

Resources, State Surplus/Deficit, State Reserve Funds, and State Bond Rating.  The formulas used to 

construct the indices are:   

http://www.treasury.gov/resource-center/economic-policy/taxable-resources/Pages/Total-Taxable-Resources.aspx
http://www.treasury.gov/resource-center/economic-policy/taxable-resources/Pages/Total-Taxable-Resources.aspx
http://www.bea.gov/regional/
https://www.census.gov/govs/state/
http://www.nasbo.org/publications-data/fiscal-survey-of-the-states/archives
http://www.nasbo.org/publications-data/fiscal-survey-of-the-states/archives
http://cfo.dc.gov/page/annual-financial-report-cafr
http://www.dfa.arkansas.gov/offices/budget/Documents/fy14_gr_forecast.pdf
http://legis.wisconsin.gov/assembly/thiesfeldt/pressreleases/Pages/Rainy%20Day.aspx
https://www.census.gov/govs/state/
http://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2014/06/09/sp-ratings-2014
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1. Per Capita TTR Index 

 

ὖὩὶ ὅὥὴὭὸὥ ὝὝὙ          (1) 

ὖὩὶ ὅὥὴὭὸὥ ὝὝὙ ὍὲὨὩὼ
  

   
       (2) 

 

2. Per Capita Surplus/Deficit Index 

 

ὖὩὶ ὅὥὴὭὸὥ ὛόὶὴὰόίȾὈὩὪὭὧὭὸ
Ⱦ

       (3) 

ὖὩὶ ὅὥὴὭὸὥ ὛόὶὴὰόίȾὈὩὪὭὧὭὸ ὍὲὨὩὼ
  Ⱦ

   Ⱦ
    (4) 

 

3. Per Capita Reserve Fund Index 

 

ὖὩὶ ὅὥὴὭὸὥ ὙὩίὩὶὺὩ ὊόὲὨ
 

       (5) 

ὖὩὶ ὅὥὴὭὸὥ ὙὩίὩὶὺὩ ὊόὲὨ ὍὲὨὩὼ
   

    
     (6) 

 

4. Bond Rating Index 

 

ὄέὲὨ ὙὥὸὭὲὫ ὍὲὨὩὼ
 

  
        (7) 

The first four numerical columns in Table I-2 present the values of the four alternative fiscal capacity 

indices for the 50 states and DC.  In Column 5, we computed the simple average of the four indices, 

which implies an application of equal weights in integrating the four fiscal capacity indices into one 

overall index.7  The overall fiscal capacity index ranges from 0.52 in Kentucky to 61.47 in Alaska (mainly 

due to its high per capita reserve funds index).     

The last row of Table I-2 presents the standard deviations of the indices.  The Bond Rating Index has the 

lowest standard deviation (0.13), followed by the Per Capita TTR Index (0.23).  The Per Capita Reserve 

Funds Index has the highest standard deviation (32.49), due to a couple of outlier states, such as Alaska 

and Wyoming, which hold substantially higher reserve funds compared with the other states (primarily 

due to their taxation of the extraction of natural resources within their borders). The standard deviation 

of the Average Index is 8.48.  A discussion of attempts to control for the influence of outliers in this 

measure appears later in the report. 

 

                                                           
7
 We adjust these weights in the sensitivity analysis below.  
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Table I-2. Fiscal Capacity Indices 

 
State 

Per Capita 
TTR Index 

Per Capita 
Surplus/Deficit 

Index 

Per Capita State 
Reserve Funds 

Index 

Bond Rating 
Index 

Average of 
Four Indices 

1 Alabama 0.82 0.38 0.70 0.96 0.71 

2 Alaska 1.42 10.30 233.12 1.05 61.47 

3 Arizona 0.85 0.68 0.81 0.90 0.81 

4 Arkansas 0.82 1.79 0.02 0.96 0.90 

5 California 1.12 0.52 0.86 0.60 0.77 

6 Colorado 1.05 0.91 0.81 0.92 0.92 

7 Connecticut 1.56 0.69 3.67 0.96 1.72 

8 Delaware 1.34 3.16 3.66 0.69 2.21 

9 DC 1.97 2.95 12.43 1.19 4.64 

10 Florida 0.93 0.88 0.73 1.18 0.93 

11 Georgia 0.90 0.45 1.17 1.19 0.93 

12 Hawaii 1.03 1.95 0.67 0.92 1.14 

13 Idaho 0.78 2.49 1.00 0.99 1.31 

14 Illinois 1.15 0.26 0.25 0.80 0.61 

15 Indiana 0.95 0.84 1.02 1.12 0.98 

16 Iowa 1.01 1.78 3.03 1.15 1.74 

17 Kansas 1.00 1.00 0.00* 1.07 0.77 

18 Kentucky 0.83 0.03 0.40 0.84 0.52 

19 Louisiana 1.00 0.50 2.24 0.78 1.13 

20 Maine 0.89 2.58 0.82 0.93 1.31 

21 Maryland 1.28 0.29 2.37 1.19 1.28 

22 Massachusetts 1.32 0.37 4.44 0.97 1.77 

23 Michigan 0.92 0.47 0.23 0.88 0.63 

24 Minnesota 1.09 0.95 2.41 1.17 1.41 

25 Mississippi 0.72 1.28 0.97 0.96 0.98 

26 Missouri 0.95 1.38 0.81 1.19 1.08 

27 Montana 0.82 3.71 0.00* 0.91 1.36 

28 Nebraska 1.05 2.54 4.38 1.11 2.27 

29 Nevada 1.02 2.09 0.58 1.01 1.18 

30 New Hampshire 1.16 2.41 0.47 0.96 1.25 

31 New Jersey 1.36 0.00 0.46 0.91 0.68 

32 New Mexico 0.88 0.77 5.51 1.07 2.06 

33 New York 1.33 0.68 1.12 0.96 1.02 

34 North Carolina 0.90 1.06 0.92 1.19 1.02 

35 North Dakota 0.99 7.20 7.98 1.01 4.30 

36 Ohio 0.97 1.27 0.95 1.07 1.07 

37 Oklahoma 0.88 1.61 2.44 1.03 1.49 

38 Oregon 1.00 1.65 0.62 0.96 1.06 

39 Pennsylvania 1.03 0.03 0.47 0.96 0.62 
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40 Rhode Island 1.12 3.02 2.12 0.94 1.80 

41 South Carolina 0.77 0.16 0.92 1.09 0.73 

42 South Dakota 1.02 4.30 2.76 1.00 2.27 

43 Tennessee 0.86 0.64 1.25 1.05 0.95 

44 Texas 0.97 0.65 2.92 1.03 1.39 

45 Utah 0.85 1.31 1.98 1.19 1.33 

46 Vermont 0.99 5.14 1.76 1.07 2.24 

47 Virginia 1.15 0.71 1.55 1.19 1.15 

48 Washington 1.11 0.47 0.40 1.04 0.75 

49 West Virginia 0.78 2.98 5.96 0.90 2.66 

50 Wisconsin 0.99 0.94 0.13 0.91 0.74 

51 Wyoming 1.44 9.40 17.70 1.06 7.40 

  Standard Deviation 0.23 2.16 32.49 0.13 8.48 

       Sources:  U.S. Department of Treasury (2014); Department of Commerce (2015b); National Association of State Budget     
      Officers (2015); Pew Charitable Trusts (2015). 
 

      *According to the National Association of State Budget Officers (2015), Kansas and Montana have no reserve fund. 

 

To better compare the indices, we plotted the four alternative indices in Figure I-1.  The final fiscal 
capacity index, which again is the average of per capita TTR index, per capita budget surplus/deficit 
index, per capita state reserves index, and bond rating index, is plotted in Figure I-2. 

 

 

Figure I-1. Comparison of Alternative Fiscal Capacity Indices 
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Figure I-2. Fiscal Capacity Index 

 

IV.  DISASTER RISK INDEX 

A.  RISK FRAMEWORK  

One of the dimensions that FEMA has identified for state deductible adjustment is disaster risk.  States 

with higher risks will have higher PA payments, shared by FEMA and the state entities.  As is the case in 

all risk-based insurance, those with higher risks pay higher premiums. Although the PA program is not a 

premium-based insurance program, it remains both efficient and fair for higher risk states to expect to 

pay higher PA, and as part of that, a higher deductible. A higher deductible also provides a state with 

greater incentive to mitigate, and otherwise offset the deductible and expected PA through credits. As a 

result, increasing the deductible as risk increases leads to larger reductions in expected public assistance 

needs. 

While there are many functional forms that could relate deductibles to risk, one approach is to adjust 

ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ ŀ ǎǘŀǘŜΩǎ Ǌƛǎƪ ǘƻ ǘƘŜ ŀǾŜǊŀƎŜ ƻǊ ƳŜŘƛŀƴ Ǌƛǎƪ ŀŎǊƻǎǎ ŀƭƭ ǎǘŀǘŜǎΦ  ¢Ƙƛǎ ƛǎ ŀ ǇŀǊǎƛƳƻƴƛƻǳǎ 

approach that rŜǎǳƭǘǎ ƛƴ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǎǘŀǘŜǎΩ ŘŜŘǳŎǘƛōƭŜǎ ŜǉǳŀƭƛƴƎ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ 

ǎǘŀǘŜǎΩ ǊƛǎƪΣ ŀƭƭ ŜƭǎŜ ŜǉǳŀƭΦ  ! ǎǘŀǘŜ ǘƘŀǘ Ƙŀǎ ǘǿƛŎŜ ŀǎ ƳǳŎƘ Ǌƛǎƪ ŀǎ ǘƘŜ ŀǾŜǊŀƎŜ ƻǊ ƳŜŘƛŀƴ ǎǘŀǘŜ ǿƛƭƭ ƘŀǾŜ ŀ 

deductible that is twice as high as the deductible of the average or median state. 

Lƴ ǘƘŜƻǊȅΣ ŀ ǎǘŀǘŜΩǎ Ǌƛǎƪ ǎƘƻǳƭŘ ōŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ƳǳƭǘƛǇƭȅƛƴƎ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ǘƘŀǘ ƛǘ ŜȄǇŜǊƛŜƴŎŜǎ ŀ ŘƛǎŀǎǘŜǊ 

by its public assistance needs in the event of a disaster, and summing over all potential disasters.  After 
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considering both the magnitude of disasters, as well as the disaster type, however, there is a continuum 

ƻŦ ŘƛǎŀǎǘŜǊǎ ǘƘŀǘ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ŎƻƳǇǳǘƛƴƎ ǎǘŀǘŜ ǊƛǎƪΦ  9ǎǘƛƳŀǘƛƴƎ ǘƘŜ άǘǊǳŜέ Ǌƛǎƪ ŦŀŎƛƴƎ ŜŀŎƘ 

state would therefore require knowledge of the probability of a disaster of every magnitude occurring, 

as well as the PA needs resulting from such a disaster. 

B.  AAL RISK INDEX 

The first state-level risk index is constructed using the Average Annualized Loss (AAL) values obtained 

using HAZUS loss modeling results. (FEMA, 2016b; CBO, 2016; Jaiswal, 2015) These loss estimates for 

ǾŀǊƛƻǳǎ ǘƘǊŜŀǘǎ όŦƭƻƻŘΣ ƘǳǊǊƛŎŀƴŜΣ ŀƴŘ ŜŀǊǘƘǉǳŀƪŜύ ŀǊŜ ǳǎŜŘ ǘƻ ŎƻƴǎǘǊǳŎǘ ŀ ƳŜŀǎǳǊŜ ƻŦ ŜŀŎƘ ǎǘŀǘŜΩǎ 

relative risk.  Unfortunately, the AAL estimates are for the total amount of the loss caused by the 

hazard, which includes losses by individuals and businesses as well as public sector losses.  They also 

differ in terms of drivers and the treatment of insured vs. uninsured losses.  Consequently, the AAL 

losses do not offer a necessarily accurate measure of Public Assistance losses covered by FEMA under 

the current program.  If, however, the relationship between total losses and PA losses were constant, or 

are assumed to be constant, across hazards and across states, the AAL can be used to construct the 

relative risk index. 

Since the HAZUS loss modeling approach uses science-based estimates of loss exposure and physical 

inventory, the estimates are not directly related to actual observed losses, as opposed to the alternative 

risk index model using actual PA losses over a nearly 20-year period.  However, since actual losses 

ŘŜǇŜƴŘ ƘŜŀǾƛƭȅ ƻƴ ŀŎǘǳŀƭ ŜǾŜƴǘǎΣ Ƴŀƴȅ ƭƻǿŜǊ ǇǊƻōŀōƛƭƛǘȅ ŜǾŜƴǘǎ ǿƘƛŎƘ ƘŀǾŜƴΩǘ ōŜŜƴ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ 

past 20 years, such as 100-year floods, or severe earthquakes, can be modeled by HAZUS and thus 

appear in the AAL risk measure, but not in the alternative PA risk measure. 

The AAL based risk index produces risk measures for hazards in states that may not have experienced 

such a disaster in recent times.  The science-based models predict threats and consequent losses for 

events that might occur over a time period of hundreds, or even thousands of years.  Consequently, 

while California is often considered at greatest risk from an extreme earthquake, HAZUS models predict 

larger annual losses from flooding.  

The strengths of using the AAL risk measure include: 

 1. Based on a common HAZUS modeling approach 

2. All threats, including those not recently experienced, are included in the measure 

The weaknesses are: 

1. There is no direct link between total losses and PA losses across hazards, states or time 

2. It includes events that are extremely unlikely to occur within social or political decision-

making time frames 
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C.  PA-BASED RISK INDEX (PARI) 

We also calculate an alternative measure of PA risk using historical data on PA between 1999 and 2015, 

inclusive.  This approach provides a Risk Index (RI) that is relatively close to historical average PA but can 

provide some smoothing of major disaster events.  

A Risk Index that is based on PA is aǘǘǊŀŎǘƛǾŜ ōŜŎŀǳǎŜ ƛǘ ŎƭƻǎŜƭȅ ƳƛǊǊƻǊǎ C9a!Ωǎ ƘƛǎǘƻǊƛŎŀƭ άŜȄǇƻǎǳǊŜέ ǘƻ 

risk in terms of financial assistance it has provided.  Because large deductibles provide greater incentive 

to mitigate than small deductibles, tying the Risk Index to PA means that states that receive large 

amounts of FEMA PA will receive the highest deductibles and therefore have the greatest incentive to 

mitigate.  The downside to this approach is that it only reflects risk if a state experienced declared 

disaster events that occurred between 1999 and 2015.  Although, for example, California has substantial 

earthquake risk, that is not reflected because no earthquakes resulting in substantial PA occurred in 

California between 1999 and 2015.   

! ǎǘŀǘŜΩǎ ŜȄǇŜŎǘŜŘ ŀƴƴǳŀƭ t! ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƴumber of disasters that occur each year and on the 

amount of PA needed when a disaster occurs.  We assume that both the frequency and magnitude of 

disasters are distributed as random variables.  This simultaneously takes into account the frequency and 

magnitude of disaster events, as well as state characteristics such as infrastructure that would affect PA 

needs. 

We assume that the number of disasters that occur each year is a Poisson random variable.8  Similarly, 

we assume that the magnitude of PA needs for a disaster is a log-normal random variable.9  For each 

state we calculate the number of disasters that have received PA in each year between 1999 and 2015.  

We then estimate the parameters of the Poisson distribution that most accurately fit the observed data 

on the number of disasters in each year. Similarly, for each state we estimate the parameters of the log-

ƴƻǊƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ǘƘŀǘ Ƴƻǎǘ ŎƭƻǎŜƭȅ Ŧƛǘǎ ǘƘŜ ǎǘŀǘŜΩǎ ƘƛǎǘƻǊƛŎŀƭ t! ǊŜŎŜƛǇǘǎΦ   

We then compute the mean number of disaster events per year and the mean PA per event based on 

the fitted parameters of the distributions.  The average PA per year for each state is calculated by 

multiplying the mean number of disaster events per year by the mean PA per event. We calculate the 

Risk Index for each state ōȅ ŘƛǾƛŘƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ŜȄǇŜŎǘŜŘ t! ǇŜǊ ȅŜŀǊ ōȅ ǘƘŜ ƳŜŘƛŀƴ ƭŜǾŜƭ ƻŦ ŜȄǇŜŎǘŜŘ t! 

per year across each of the 50 states. Figure I-3 shows the PARI across the 50 states and, for 

ŎƻƳǇŀǊƛǎƻƴΣ ǘƘŜ wƛǎƪ LƴŘŜȄ ōŀǎŜŘ ƻƴ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ t!Σ ƛΦŜΦ ŀ ǎǘŀǘŜΩǎ ŀǾŜǊŀƎŜ ŀƴnual PA divided by the 

median average annual PA across all states. The PARI tracks relatively closely to the historical average PA 

Risk Index. Note that states that had one or two extremely damaging events, like Louisiana, have lower 

PARI risk than average annual risk. States that have frequent, moderately damaging disasters, such as 

California, have higher PARI risk than average annual risk. 

                                                           
8
 A Poisson random variable takes on positive integer values, including zero.  This is the most common distributions 

to model the number of relatively rare events occurring in a given time period. 
9
 A log-normal random variable is strictly positive and is not restricted to integers.  The log-normal distribution is 

commonly used for variables that have a long right-hand tail (i.e., an over-representation of large events compared 
with more symmetric distributions.   
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Figure I-3. PA-Based Risk Index 

 

To summarize, the strengths of this approach are: 

1.  Based on PA risk 

 2.  PA data are based on estimates of disaster losses for actual events.  The estimates have been 

ƳŀŘŜ ŀǘ ǘƘŜ άƎǊƻǳƴŘέ όǎǘŀǘŜ ŀƴŘ ƭƻŎŀƭύ ƭŜǾŜƭ ŀƴŘ ƘŀǾŜ ōŜŜƴ ǾŜǘǘŜŘ ƛƴŘƛǾƛŘǳŀƭƭȅ ōȅ C9a!Φ 

3.  Takes into account the full set of available PA data 

4.  Easy to update 

The weaknesses are: 

1.  Does not distinguish threat types 

2.  Omits risk for threats for which no disaster event took place between 1999 and 2015. 

3.  Disaster damage estimates may be poor for states with few disaster events  

 

D.  RISK INDEX 

Risk indices are ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ ŀ ǎǘŀǘŜΩǎ Ǌƛǎƪ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ Ǌƛǎƪ ƻŦ ǘƘŜ ƳŜŘƛŀƴ ǎǘŀǘŜΦ CƻǊ 

the AALRI, the measure of risk is based on AAL losses, while for the PARI the measure of risk is based on 

average annual PA.  A state that has risk twice as high ŀǎ ǘƘŜ ƳŜŘƛŀƴ ǎǘŀǘŜΩǎ Ǌƛǎƪ ǿƻǳƭŘ ōŜ ŀǎǎƛƎƴŜŘ ŀ Ǌƛǎƪ 

index of 2.0, while a state that has risk that is half of the median risk would have a risk index of 0.5. Risk 

indices are presented in Figure I-4. 

Risk indices range from 0.09 in Wyoming to 24.48 in Florida under the AALRI and from 0.03 in Wyoming 

to 22.37 in Florida for the PARI approach.  The mean and standard deviation are 2.16 and 4.10 for the 

AALRI approach and 2.70 and 5.53 for the PARI approach.  PARI values are higher for states that have  
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Figure I-4. State Risk Indices 

 

experienced major disasters since 1999, while AALRI values are higher for states that are relatively 

highly exposed to floods, hurricanes, and earthquakes.  The majority of states have Risk Indices that fall 

between 0.5 and 2 for both the PARI and AALRI approaches.  The Risk Indices are substantially higher for 

Florida, Louisiana, New York, and Texas, while the lowest values occur in Delaware, Idaho, Montana and 

Wyoming. 

V.  DISASTER DEDUCTIBLE FORMULA  

A.  COMBINED INDEX 

Following the construction of the Risk and Fiscal Capacity Indices, it is necessary to combine the two 

adjustments into a single index that can be applied to a Baseline Deductible. There are a large number of 

ways that the Risk and Fiscal Capacity Indices can be combined, but we place 75% of the weight on the 

Risk Index and 25% of the weight on the Fiscal Capacity index.10 Further, we place caps on both the Risk 

Index and on the elements of the Fiscal Capacity Index to prevent extremely large values from resulting 

in unduly large deductibles.  We place a cap of 15 on the Risk Index and a cap of 5 on the elements of 

ǘƘŜ CƛǎŎŀƭ /ŀǇŀŎƛǘȅ LƴŘŜȄΦ  ²Ŝ ŦǳǊǘƘŜǊ ƴƻǊƳŀƭƛȊŜ ǘƘŜ /ƻƳōƛƴŜŘ LƴŘŜȄ ōȅ ŘƛǾƛŘƛƴƎ ŜŀŎƘ ǎǘŀǘŜΩǎ /ƻƳōƛƴŜŘ 

Index by the median Combined Index across all of the 50 states.  

The Combined Index for each state is presented in Figure I-5 for both the AALI and PARI. With the 

exception of Alaska, the Combined Indices fall below 5.0, and most fall below 2.0.  The Combined Index 

is particularly high for states like Alaska, North Dakota, and Wyoming because of their high fiscal  

                                                           
10

 See sensitivity tests on alternative weighting schemes in Section VIIIB. 
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Figure I-5. State Combined Indices 

 

capacity due to their taxation of natural resource extraction.  On the other hand, the Combined Index is 

high for states like Louisiana and Texas because of high risk exposure. 

 

B.  DDF 

Following the calculation of the Risk and Fiscal Capacity Indices, the baseline deductible must be 

adjusted to reflect these concerns.  The Risk and Fiscal Capacity Indices were constructed to reflect a 

ǎǘŀǘŜΩǎ Ǌƛǎƪ ƻǊ ŦƛǎŎŀƭ ŎŀǇŀŎƛǘȅ ǊŜƭŀǘƛǾŜ ǘƻ ƻǘƘŜǊ ǎǘŀtes.  The Combined Index for a given state is therefore 

relative to other states as well.  As a result, the Combined Index can simply be multiplied by the Base 

DŜŘǳŎǘƛōƭŜ ǘƻ ǎŎŀƭŜ ƛǘ ǳǇ ƻǊ Řƻǿƴ ǘƻ ǊŜŦƭŜŎǘ ŀ ǎǘŀǘŜΩǎ Ǌƛǎƪ ŀƴŘ ŦƛǎŎŀƭ ŎŀǇŀŎƛǘȅΦ 

The Adjusted Deductible is:  

ὃὨὮόίὸὩὨ ὈὩὨόὧὸὭὦὰὩ

ὄὥίὩὰὭὲὩ ὈὩὨόὧὸὭὦὰὩᶻὙὭίὯ ὍὲὨὩὼπzȢχυὊὭίὧὥὰ ὅὥὴὥὧὭὸώ ὍὲὨὩὼπzȢςυ 

Finally, we normalize these Deductibles to ensure that the Average Deductible equals the Baseline 

Deductible.  Without this normalization, the former will exceed the latter, leading to potential political 

problems in implementation.11  ¢ƘŜ ƴƻǊƳŀƭƛȊŀǘƛƻƴ ƛǎ ŀŎƘƛŜǾŜŘ ōȅ ƳǳƭǘƛǇƭȅƛƴƎ ŜŀŎƘ ǎǘŀǘŜΩǎ 5ŜŘǳŎǘƛōƭŜ ōȅ 

the ratio of the Baseline DŜŘǳŎǘƛōƭŜ ǘƻ ǘƘŜ !ǾŜǊŀƎŜ 5ŜŘǳŎǘƛōƭŜ ǘƻ ǎŎŀƭŜ Řƻǿƴ ŜŀŎƘ ǎǘŀǘŜΩǎ 5ŜŘǳŎǘƛōƭŜ 

down to the Baseline Deductible value. 

 

                                                           
11

 The average deductible exceeds the baseline deductible because the Risk and Fiscal Capacity Indices are 
calculated relative to the corresponding median values, rather than mean values.  
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Figure I-6. State Normalized Deductibles 

 

Normalized Deductibles are presented in Figure I-6. Normalized Deductibles generally fall between $15 

million and $40 million.  Under both the AALRI and PARI approaches, Florida has the highest Normalized 

Deductible, $141.5 million for AALRI and $127.2 million for PARI.  Using the AALRI approach, Montana 

has the lowest Normalized Deductible at $6.2 million, while the PARI approach results in Idaho having 

the lowest Normalized Deductible at $3.9 million.  

In Section VIII-B, we perform the following three sensitivity analyses on the calculation of the DDF: 

1. Change weighting for Risk Index and Fiscal Capacity to 25/75 or 50/50  

2. Set credit multipliers equal to mitigation BCR multipliers 

3. Use alternative mitigation BCRs 

VI.  INCENTIVIZATION FORMULA 

A.  ANALYTICAL FRAMEWORK 

Charging states a disaster deductible, by itself, would have no impact on expected disaster losses and 

simply represent a transfer of fiscal responsibility from FEMA to the states. States currently share this 

responsibility for declared disaster public assistance though the nominal 25% non-federal share, which 

can be adjusted to 10% or even less.  The average non-federal share, based on the past ten years, is 

22.5%.  Imposing a deductible alone will increase state spending for declared disasters.  

The primary goal of the DDF is to provide states with an incentive to mitigate or otherwise undertake 

actions both pre- and post-disaster that reduce the total loss and associated need for public assistance.  
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Consequently, a key to this analysis is creating a mechanism to incentivize mitigation. In its simplest 

form, the relationship between the disaster losses, the deductible, and mitigation credits is defined by 

the equation: 

Expected state spending per year = Adjusted deductible ς Mitigation Credits + State non-Federal share 

Each element is expanded upon in the illustration below: 

1. Adjusted Deductible = Base Deductible * (75% x Risk Index + 25% x Fiscal Capacity Index)*(Base 

Deductible/ avg (Base Deductible * (75% x Risk Index + 25% x Fiscal Capacity Index))) 

1.1. Base Deductible = median of 17-yr avg annual Fed PA  

1.2. Risk Index = sum (flood, hurricane, severe storm exposure) / median exposure 

1.3. Fiscal Capacity Index = [(TTR/pop)/median(TTR/pop) + (Budget surplus/pop)/median(Budget 

surplus/pop) + ( Reserves/pop)/median(Reserves/pop) + (Bond rating )/median(Bond rating)] / 4 

2. Mitigation Spending:  for example set to 75% of the risk or Deductible. 

 2.1. Mitigation Multiplier (reduction in loss) = Mitigation Spending * 3.18  

 2.2. Deductible Credit  = Mitigation Spending * 3 

3. Non-Federal Share = .225 * [Total PA ς (Adjusted Deductible ς Credits)] 

The DDF, and the resulting fund and offsetting expenditures reflect both the interest of the state to 

contribute to disaster relief, and the need for FEMA to establish a vested interest for states in reducing 

disaster damage.  

B.  CREDITS FOR MITIGATION, RELIEF FUND, INSURANCE INCENTIVES  

A state has many options for responding to disasters and the resultant need for public assistance. 

Mitigation covers a broad range of activities, most of which are undertaken pre-disaster (even post-

disaster mitigation is primarily intended to use the restoration and reconstruction phase to reduce 

losses in the future).  We use mitigation as a general term to also include some resilience tactics, actions 

taken to reduce losses from the present disaster, either in preparation for the disaster (e.g., purchasing 

portable generators) or once the disaster has struck (such as debris removal).  Measures to improve 

resilience are likely to have shorter temporal impact than mitigation measures, but may also have more 

immediate and obvious benefits than mitigation.  Also, most resilience tactics are intended to reduce 

business (or) government interruption, rather than property damage (Rose, 2009). 

As an alternative to mitigation, which as a general category of actions reduces the probability or the size 

of damage and loss, insurance and relief funds provide a source of compensation for those losses once 
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they occur.  For a relatively modest premium a public building can be insured against damage.12  In fact, 

C9a!Ωǎ wŜŎƻǾŜǊȅ tƻƭƛŎȅ Ct нлс-086-1 requires those receiving federal public assistance to insure the 

property against future loss by purchasing individual or multi-hazard insurance, or self-insuring via a 

FEMA approved plan.  Establishing a relief fund not only represents a commitment by the state to 

funding expected public assistance needs, but also ensures that necessary public assistance is available 

when, inevitably, disasters occur.  

It can be shown, with the examples below, that simply charging the states a deductible will not provide a 

significant incentive for states to mitigate. The mechanism by which FEMA can encourage states to 

mitigate is through credits against the disaster deductible.  Even if states are currently engaged in 

disaster loss reduction activities, further reductions can be achieved by additional mitigation, by insuring 

public assets against disaster-related damage, and by establishing relief funds.  As is shown in Section 

VIF below, charging states a deductible alone does not guarantee an incentive for states to undertake 

any of these activities. However, the deductible credit does, and FEMA can use the credits to incentivize 

loss reduction and risk spreading.  The relevant parameters in the DDF are the credit rates applied to 

expenditures on each type of activity. For example, with regard to establishing and funding a disaster 

relief fund (DRF), states may receive a one-time lump sum credit for establishing a DRF, and then each 

year receive a dollar-for-dollar credit for state budget allocations made to the DRF.   

 

C.  INCENTIVIZATION MATHEMATICAL PROGRAMMING MODEL  

1. Overview 

We have developed a formal mathematical programming (MP) model13 to analyze the state government 

response to the Disaster Deductible.14  The model is a stylized approach to the problem, based on 

several key assumptions and parameters, aimed at both making the analysis realistic but also imposing 

some simplifications to make it manageable. Results do not yield pinpoint accurate results, but are 

intended to be indicative of potential outcomes. The MP Model will be structured so that it will 

represent a user-friendly software tool that FEMA can employ for analysis similar to those presented 

below. 

 

                                                           
12

 Although in any year, for any particular insured building, the premium represents only a fraction of the total loss 
if the disaster strikes, the insurance premiums will be set at least equal to the actually fairτexpected value of 
lossτamount.  Hence, over the long run, and across many insured properties, the premium cost will be equal to 
the expected loss, plus administrative costs and insurance company profits. 
13

 Mathematical programming models use computational methods to solve optimization problems.  The typical 
formation of such problems is a linear or nonlinear function of a number of variables (objective function) to be 
optimized subject to a number of constraints in the form of linear or nonlinear equalities or inequalities (constraint 
functions). 
14

 The MP Model is currently run in a linear programming format using the General Algebraic Modeling System 
(GAMS).  This model can be generalized to include non-linearities and can be run in GAMS as well.  Corresponding 
to the MP Model, the optimization decision can be expressed as a standard economic optimization problem.  This 
has been programmed in R and yields equivalent results. 
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The MP model is set up to optimize an objective function subject to various constraints relating to 

physical conditions and policy variables. There are two variants according to the following objective 

functions: 

¶ Minimize state expenditure subject to a target risk reduction 

¶ Minimize state expenditure subject to a target credit against the deductible15 

 

The major parameters of the model include: risk reduction per dollar of expenditure on risk reduction 

strategies (loss reduction multipliers) and credits per dollar of expenditure on risk reduction strategies 

(credit multipliers).  Major constraints other than the targets noted above are individual limits on the 

extent of these mitigation and policy limits on the use of various strategies. 

 

2. Model Specification 

 

The MP Model is specified below, beginning with following definitions of terms: 

 

Xij  :  expenditure on risk reduction (credit attainment) for threat, i by tactic, j,   where i = 1 . . . 5 

(flood, hurricane, severe storm, earthquake, other); where  j = 1 . . . 3 (mitigation, relief fund, 

insurance)  

aij  :  risk reduction in dollar values per dollar expenditure on risk reduction for threat, i, by tactic, j  

ri : maximum risk (expected annual loss) for each threat type, i 

Rs : overall risk reduction target for state, s, where s = 1 . . . 51 

dj :  deductible credit per dollar expenditure on risk reduction tactic, j 

ci :   maximum deductible credit for each threat type, i 

Cs :  overall deductible credit attainment target for state, s, where s = 1 . . . 51 

Ys  :  fiscal capacity in each state, s 

 

MP Problem #1:  Minimize cost (expenditure on various risk reduction tactics) to achieve a Risk 

Reduction Target 

Objective function: 

Minimize   ВВὢ ὢ    [minimize total expenditure on risk reduction] 

                                                           
15

 We model state responses to their expected annual amount of PA so in our models each state requires PA each 
year.  As a result, states respond to the deductible amount and total PA, but not to the probability that the 
deductible is paid (the probability of a disaster). 
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Subject to: 

Вὥὢ ὶ       [risk reduction for each threat should not exceed the maximum annual risk of that 

threat] 

Вὶ Ὑ      [total risk reduction obtained from risk reduction of each threat meets the state risk 

reduction goal (e.g., 25%, 50%, or 75% of state total risk, which is capped by the state adjusted 

deductible)] 

ὥȟ ὢȟ υπϷὶ     [risk reduction from mitigation for each threat should not 

exceed 50% of the maximum annual risk of that threat] 

ὥȟ ὢȟ υπϷὶ     [risk reduction from insurance for each threat should not 

exceed 50% of the maximum annual risk of that threat] 

ὥȟ  ὢȟ  υπϷὶ     [risk reduction from relief funds for each threat should not 

exceed 50% of the maximum annual risk of that threat] 

ВВὢ ὣ    [state expenditure constraint; will integrate it later] 

 

MP Problem #2:  Minimize cost (expenditure on various risk reduction tactics) to achieve a Deductible 

Credit Attainment Target: 

Objective function: 

Minimize   ВВὢ ὢ    [minimize total expenditure on deductible credit attainment] 

Subject to: 

Вὥὢ ὶ       [risk reduction for each threat not exceeding the maximum annual risk of that threat] 

В Ὠ Вὢ ὅ      [total deductible credit obtained should meet the state credit attainment goal 

(e.g., 25%, 50%, and 75% of state adjusted deductible)] 

ὥȟ ὢȟ υπϷὶ     [risk reduction from mitigation, m, for each threat should not exceed 50% of 

the maximum annual risk of that threat] 

ὥȟ ὢȟ υπϷὶ     [risk reduction from insurance, n, for each threat should not exceed 50% of the 

maximum annual risk of that threat] 

ὥȟ ὢȟ υπϷὶ     [risk reduction from relief funds, f, for each threat should not exceed 50% of 

the maximum annual risk of that threat] 

Ὠ ὢȟ υπϷὧ     [deductible credit obtained from insurance for threat i should not exceed 50% of 

the credit limit for that threat] 



 

I-24 
 

Ὠ ὢȟ υπϷὧ     [deductible credit obtained from relief funds for threat i should not exceed 50% 

of the credit limit for that threat] 

ВВὢ ὣ    [state expenditure constraint; will integrate it later] 

 

Appendix I-B presents an example of one of the mathematical programming (MP) problems, organized 

in what is known as activity analysis form, which clearly displays all of the parameter values within the 

structure of the model.   

 

3. Assumptions 

¶ Loss Reduction Multipliers.  This refers to the benefit-cost ratios (BCRs) associated with risk 

reduction strategies.  

Á Mitigation:  We rely upon the Benefit-Cost ratios (BCRs) derived in the Mitigation Saves 

Report to Congress (MMC, 2005; referred to as the MS Study).  These BCRs include a range 

of benefits categorized broadly as property damage, casualty, historical and environmental, 

and business interruption.  Mitigation projects for various threats tend to emphasize some 

benefits more than others.  For example, the MS Study found that casualty reduction was 

the largest benefit in wind-related mitigation projects, while property damage reduction 

was the largest benefit for flood-related projects.  Since FEMA Public Assistance focuses on 

property damage rather than casualties or business interruption, which are, in part, covered 

by other programs or from other sources, we have adjusted the BCRs from the MS Study to 

reflect only property damage.  The Study only identified three threat types:  Wind, Flood, 

and Earthquake.  For the other two threat types, the Property Damage Only BCRs are 

calculated as the property damage share of benefits of the entire costs, resulting lower 

adjusted BCRs.  The resulting adjusted BCRs are: earthquakes, 28% *1.5 = .42; hurricanes, 

13% *3.9 = 0.51; flood: 96% * 5.0 = 4.75.  The overall BCR is a weighted average of the 

component BCRs using cost as the weights and changes from 4.0 to 3.18.  This BCR is also 

ǳǎŜŘ ŦƻǊ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ǎŜǾŜǊŜ ǎǘƻǊƳ ŀƴŘ άƻǘƘŜǊέΦ 

 

Á -  Floodsτ 4.75:1 

-  Hurricanesτ 0.51:1 

-  Earthquakesτ 0.42:1 

-  Severe stormsτ 3.18:1 

-  Otherτ 3.18:1 

 

-- wŜƭƛŜŦ CǳƴŘǎΥ ŀǎǎǳƳŜ ǘƘŜ άƭƻǎǎ ǊŜŘǳŎǘƛƻƴέ ƛǎ мΥмΦ  ²ƘƛƭŜ ǘƘƛǎ ǎǘǊŀǘŜƎȅ ŀǇǇƭƛŜǎ ǘƻ ŀƭƭ ǘƘǊŜŀǘǎΣ ƛǘ 

can only be applied to specific losses that take place in a given year; hence, it is threat specific in 

the model.  Most importantly, it is not actually a reduction in risk but simply a shift in the risk 

from the federal government to the state. 
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--LƴǎǳǊŀƴŎŜΥ  ŀǎǎǳƳŜ ǘƘŜ άƭƻǎǎ ǊŜŘǳŎǘƛƻƴέ ƛǎ мΥмΣ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ŀŎtuarial value of insurance.   

We assume that this strategy is threat-specific (i.e., states would buy separate insurances 

against each threat, and the coverage would be bundled such that the premiums would reflect 

the actuarial value of the individual threats).  And again, it is not actually a reduction in risk but 

simply a shift in the risk, this time to the private sector. 

 

--In our incentivization analysis, we will place the following limits on risk reduction strategies: 

- Mitigation:  50% of risk (because not all risks can be mitigated) 

- Relief Fund:  50% (because this is only risk spreading and not actually risk reduction)  

- Insurance:  50% (because this is only risk spreading and not actually risk reduction)  
 

¶ Credit Multipliers.16  In order to incentivize risk reduction behavior, we assume that FEMA would 

provide credits for state implementation of various strategies.  The credit multipliers are: 

-  Mitigationτ3:117 

-  Relief fundsτ1:118 

-  Insuranceτ2:119 

 

4. Simulation Results 

a. AAL Risk Case 

 

We selected three states, CA, MS, and OH, as the example states to run the MP analysis.  The simulation 

results of the MP analysis are presented in Tables I-3, I-4, I-5, I-6, I-7, and I-8.  Summary tables that 

present the basic data and parameters used in the MP analysis are presented in Appendix I-C1.  Note 

that because Insurance and Relief Funds were not part of the optimal solution in most cases, we have 

suppressed their entries in the tables of those cases to conserve space. 

 

MP Problem #1 

 

California:  The total state risk is $1,334.33 million.  The state adjusted deductible is $141.03 

million.  The maximum risk any state would choose to reduce in response to the policy proposal is 

                                                           
16

 The question of when credit will be applied is relevant for our analysis of the DDF program over a period of 
years.  Since credits must be applied ex post, the credit for Year 1 mitigation will be applied to the anticipated 
deductible in Year 2.  However, since the deductible is a virtual (budgeted) expenditure and is only realized at the 
end of the year, it is possible to align both the calculation of the credit, and the actual expenditures by the state on 
mitigation (and other credit activities) and public assistance.  Given that many states have two-year budgets, and 
that annual variation in the deductible is likely to be politically unappealing, the assessment of the deductible and 
credits can be aligned with relative ease. 
17

 Applicable to the year in which the expenditure is made. 
18

 Applicable only in year the Relief Fund is initiated, or year in which any subsequent increases to it are made. 
19

 Applied to annual insurance premium.  Since the premium is a small fraction of the actual damage coverage, the 
multiplier of 2 is used to provide sufficient incentive, and differentiate it from the direct dollar nature of the relief 
fund. 
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limited by its deductible.  Moreover, we assume that any given sate will not fully respond to the 

incentive, and we limit the response to 75%.  For the 75% reduction case (which is the Base Case of our 

analysis), the risk reduction target is $105.77 million for CA.  We also perform sensitivity tests for the 

50% and 25% reduction cases, where the risk reduction target is $70.51 million and $35.26 million, 

respectively.   

 

For all three cases, the risk reduction target is achieved by mitigation of floods, which has the highest 

BCR (4.75) among all the mitigation strategies.  Since the PA risk of flood adjusted from AAL-based flood 

risk for California is $866.67 million, the constraint that mitigation can only achieve up to 50% reduction 

of the maximum risk of floods is not binding for any of the three cases.  The total expenditures in the 

75%, 50%, and 25% risk reduction cases are $22.27, $14.85, and $7.42 million, respectively.  

 

 

Mississippi:  The total state risk is $99.34 million.  The state adjusted deductible is $13.32 million.  Since 

we limit the state maximum risk by the deductible, for the 75% reduction case, the risk reduction target 

is $9.99 million, and for the 50% and 25% reduction cases, the risk reduction target is $6.66 million and 

$3.33 million, respectively. 

 

As in the case of California, for all of the three alternative risk reduction targets, the optimal risk 

reduction mix will only include flood mitigation.  The PA risk of flood adjusted from AAL-based flood risk 

for Mississippi is $58.82 million.  Therefore, the constraint that mitigation of floods cannot reduce more 

than 50% of the maximum risk of flood in the state is not binding for any of the three cases.  The total 

expenditures in the 75%, 50%, and 25% risk reduction cases are $2.10, $1.40, and $0.70 million, 

respectively. 

 

 

Ohio:  The total state risk is $210.91 million.  The state adjusted deductible is $25.86 million.  Since we 

limit the state maximum risk by the deductible, for the 75% reduction case, the risk reduction target is 

$19.40 million, and for the 50% and 25% reduction cases, the risk reduction target is $12.93 million and 

$6.47 million, respectively. 

 

As for the cases of California and Mississippi, Ohio will choose to achieve the three alternative risk 

reduction targets by mitigation of flood alone.  The PA risk of flood adjusted from AAL-based flood risk 

for Ohio is $187.22 million.   Therefore, the constraint that mitigation of floods cannot reduce more than 

50% of the maximum risk of flood in the state is not binding for any of the three cases.  The total 

expenditures in the 75%, 50%, and 25% risk reduction cases are $4.08, $2.72, and $1.36 million, 

respectively. 
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TABLE I-3. Minimization of Risk Reduction Expenditure for Target Risk Reduction ς California 
AALRI Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 
 

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 

        Mitigation 
           Hurricanes 
           Floods 22.27 14.85 7.42  105.77 70.51 35.26 

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 22.27 14.85 7.42  105.77 70.51 35.26 

* We limit the state risk by the state adjusted deductible (which is 141.03 for CA). 

 

 

 

 

 

 

TABLE I-4. Minimization of Risk Reduction Expenditure for Target Risk Reductionς Mississippi 
AALRI Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 
 

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 

        Mitigation 
           Hurricanes        

    Floods 2.10 1.40 0.70  9.99 6.66 3.33 

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 2.10 1.40 0.70  9.99 6.66 3.33 

* We limit the state risk by the state adjusted deductible (which is 13.32 for MS). 
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TABLE I-5. Minimization of Risk Reduction Expenditure for Target Risk Reduction ς Ohio 
AALRI Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 
 

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 

        Mitigation 
           Hurricanes        

    Floods 4.08 2.72 1.36  19.40 12.93 6.47 

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 4.08 2.72 1.36  19.40 12.93 6.47 

* We limit the state risk by the state adjusted deductible (which is 25.86 for OH). 

 

 

MP Problem #2 

 

California:  The state adjusted deductible is $141.03 million.  So the targeted credit level is $105.77 

million for the 75% deductible credit attainment case (Base Case), $70.51 million for 50% deductible 

case, and $35.26 million for the 25% deductible case. 

 

For all of the three cases, the model chooses mitigation of floods alone to achieve the credit attainment 

target.  The total expenditures are $35.26, $23.50, and $11.75 million, respectively, for the 75%, 50%, 

and 25% credit attainment cases.  

 

Mississippi:  The state adjusted deductible is $13.32 million.  So for the 75% deductible Base Case, the 

credit attainment target is $9.99 million and for 50% and 25% deductible cases, the credit attainment 

target is $6.66 million and $3.33 million, respectively. 

 

For all of the three cases, the model chooses mitigation of Hurricanes alone to achieve the credit 

attainment target.  The total expenditures are $2.10, $1.40, and $0.70 million, respectively, for the 75%, 

50%, and 25% credit attainment cases. 

 

Ohio:  The state adjusted deductible is $25.86 million.  So for the 75% deductible Base Case, the credit 

attainment target is $19.40 million and for 50% and 25% deductible cases, the credit attainment target 

is $12.93 million and $6.47 million, respectively. 

 

As in the case of California, the optimal solution includes mitigation of Floods alone.  The total 

expenditures are $6.47, $4.31, and $2.16 million, respectively, for the 75%, 50%, and 25% credit 

attainment cases. 
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Note that for all three cases in all three states, the optimal solutions presented in the tables are not 

unique.  This is because the credit multiplier for mitigation on the various threat types is the same at 

3.0.  So from the expenditure (cost) minimization point of view, to achieve the same deductible credit 

attainment target, there is no difference in investing in mitigation among the various threat types, as 

long as the risk reduction for each threat type from mitigation does not exceed 50% of the maximum 

risk of that threat.  The reason that the model chooses mitigation of hurricanes for Mississippi over the 

ƻǘƘŜǊ ƳƛǘƛƎŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ƛǎ ǘƘŀǘ άƘǳǊǊƛŎŀƴŜǎέ ƛǎ ŜƴǘŜǊŜŘ ƛƴǘƻ ǘƘŜ ƳƻŘŜƭ ōŜŦƻǊŜ ǘƘŜ ƻǘƘŜǊ ǎǘǊŀǘŜƎƛŜǎΣ 

and thus becomes the first one examined by the optimization algorithm in the model.  As for California 

and Ohio, since the two states have zero risk of hurricanes, the model optimization algorithm chooses 

the second threat type, floods, that is entered into the model.  

 

TABLE I-6. Minimization of Risk Reduction Expenditure for Target Credit ς California 
AALRI Case 

(in million dollars) 

          Expenditure   Deductible Credit Attained 

  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit 

        Mitigation 
           Hurricanes 
           Floods 35.26 23.50 11.75  105.77 70.51 35.26 

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 35.26 23.50 11.75  105.77 70.51 35.26 

 
 

TABLE I-7. Minimization of Risk Reduction Expenditure for Target Credit ς Mississippi 
AALRI Case 

(in million dollars) 

          Expenditure   Deductible Credit Attained 

  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit 

        Mitigation 
           Hurricanes 3.33 2.22 1.11  9.99 6.66 3.33 

    Floods        

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 3.33 2.22 1.11  9.99 6.66 3.33 
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TABLE I-8. Minimization of Risk Reduction Expenditure for Target Credit ς Ohio 
AALRI Case 

(in million dollars) 

          Expenditure   Deductible Credit Attained 

  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit 

        Mitigation 
           Hurricanes        

    Floods 6.47 4.31 2.16  19.40 12.93 6.47 

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 6.47 4.31 2.16  19.40 12.93 6.47 

 

 

b. PA Risk Case 

 

The simulation results of the MP analysis for the PA Risk Case are presented in Tables I-9, I-10, I-11, I-12, 

I-13, and I-14.  Summary tables that present the basic data and parameters used in the MP analysis are 

presented in Appendix I-C2.   

 

MP Problem #1 

 

California:  The total state risk is $224.98 million.  The state adjusted deductible is $72.89 million.  Since 

we limit the state maximum risk by the deductible, for the 75% reduction case, the risk reduction target 

is $54.66 million, and for the 50% and 25% reduction cases, the risk reduction target is $36.44 million 

and $18.22 million, respectively. 

 

For the Base Caseτreducing 75% of state risk: 

 

1. Total minimized expenditure is $16.66 million 

2. The risk reduction target of $54.66 million (75% of deductible) is achieved 

3. The constraint that mitigation can only achieve up to 75% reduction of the maximum risk is 

binding for floods and severe storms  

4. ¢ƘŜ ƳƻŘŜƭ ǘƘŜƴ ŎƘƻǎŜ ŜȄǇŜƴŘƛǘǳǊŜ ƻƴ ƳƛǘƛƎŀǘƛƻƴ ŦƻǊ άƻǘƘŜǊέ ǘƘǊŜŀǘ ǘƻ ƳŜŜǘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ Ǌƛǎƪ 

reduction target 

 

For the Sensitivity Casesτreducing 25% or 50% of state risk: 

 

1. Total minimized expenditure is $5.20 million and $10.93 million, respectively 

2. The risk reduction target of $18.22 million or $36.44 million are achieved 
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3. The constraint that mitigation can only achieve up to 50% reduction of the maximum risk is only 

binding for floods  

4. The model then chose expenditure on mitigation for severe storms to meet the remaining risk 

reduction target 

 

Note for all of the three cases, the optimal solutions presented in the tables are not unique.  This is 

because, while mitigation of floods has the highest BCR of 4.75 (which is why it is always chosen by the 

model as the first risk reduction strategy to implement and is always fully utilized before the model 

chooses the strategy that has thŜ ƴŜȄǘ ƘƛƎƘŜǎǘ ./wύΣ ōƻǘƘ ƳƛǘƛƎŀǘƛƻƴ ƻŦ ǎŜǾŜǊŜ ǎǘƻǊƳǎ ŀƴŘ άƻǘƘŜǊέ ƘŀǾŜ 

the next highest BCR of 3.18.20  So from the expenditure (cost) minimization point of view, to achieve 

the risk reduction goal, there is no difference in investing between mitigation of severe storms and 

άƻǘƘŜǊέΣ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ Ǌƛǎƪ ǊŜŘǳŎǘƛƻƴ ŦƻǊ ǘƘŜǎŜ ǘǿƻ ǘƘǊŜŀǘ ǘȅǇŜǎ ŦǊƻƳ ƳƛǘƛƎŀǘƛƻƴ ŘƻŜǎ ƴƻǘ ŜȄŎŜŜŘ рл҈ ƻŦ 

the maximum risk of the threat. 

 

Mississippi:  The total state risk is $104.91 million.  The state adjusted deductible is $35.73 million.  Since 

we limit the state maximum risk by the deductible, for the 75% reduction case, the risk reduction target 

is $26.80 million, and for the 50% and 25% reduction cases, the risk reduction target is $17.87 million 

and $8.93 million, respectively. 

 

For the Base Caseτreducing 75% of state risk: 

 

1. Total minimized expenditure is $24.77 million 

2. The risk reduction target of $26.80 million (75% of deductible) is achieved 

3. The constraints that mitigation can only achieve up to 50% reduction of the maximum risk are 

binding for floods, severe storms, and other 

4. According to the modeled risk, MS does not have risks associated with earthquake.  Since the 

BCR of mitigating risk from hurricanes is 0.51, which is lower than the BCR for insurance or relief 

fund, the remaining amount of risk reduction target is met by insurance or relief fund 

expenditures ƻƴ άƘǳǊǊƛŎŀƴŜǎέΦ  bƻǘŜ ǘƘŀǘ ōƻǘƘ ƛƴǎǳǊŀƴŎŜ ŀƴŘ ǊŜƭƛŜŦ ŦǳƴŘ ƘŀǾŜ ŀ ./w ƻŦ мΦ  

Therefore, there is no difference in choosing between insurance and relief fund in the MP 

optimal solution.  In addition, the BCRs for insurance and relief funds of different threat types 

ŀǊŜ ŀƭƭ ǘƘŜ ǎŀƳŜ ŀǘ м ŀǎ ǿŜƭƭΦ  ¢ƘŜ ǊŜŀǎƻƴ ǘƘŀǘ άƘǳǊǊƛŎŀƴŜǎέ ƛǎ ŎƘƻǎŜƴ ƻǾŜǊ ǘƘŜ ƻǘƘŜǊ ǘƘǊŜŀǘ ǘȅǇŜǎ 

ƛǎ ōŜŎŀǳǎŜ άƘǳǊǊƛŎŀƴŜǎέ ƛǎ ŜƴǘŜǊŜŘ ƛƴǘƻ ǘƘŜ ƳƻŘŜƭ ōŜŦƻǊŜ ƻǘƘŜǊ ǘƘǊŜŀǘ ǘȅǇŜǎΣ ŀƴŘ ǘƘǳǎ ǘƘŜ ƳƻŘŜƭ 

chooses it first when the strategies with BCRs higher than 1 have been used up.   

 

For the Sensitivity Casesτreducing 25% or 50% of state risk: 

 

1. Total minimized expenditure is $6.91 million and $15.84 million, respectively 

2. The risk reduction target of $8.93 million or $17.87 million is achieved 

                                                           
20

 In the DDF Visualization Interface, the BCR is adjustable, as is the rate at which BCRs decline as high-risk projects 
are selected first. 
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3. The constraint that mitigation can only achieve up to 50% reduction of the maximum risk is 

binding for floods, severe storms, and άotherέ 

4. ¢ƘŜ ƳƻŘŜƭ ǘƘŜƴ ŎƘƻǎŜ ŜȄǇŜƴŘƛǘǳǊŜ ƻƴ ƛƴǎǳǊŀƴŎŜ ŦƻǊ άƘǳǊǊƛŎŀƴŜǎέ ǘƻ ƳŜŜǘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ Ǌƛǎƪ 

reduction target 

5. The MP solutions for the 25% and 50% cases are not unique as well.  This is for the same reasons 

stated above -- the BCRs for insurance against the various threat types and for relief fund are all 

the same at 1.0.  Therefore, the choice between insurance for different threat types and relief 

fund does not affect the optimal solution.   

 

Ohio:  The total state risk is $23.13 million.  The state adjusted deductible is $10.26 million.  Since we 

limit the state maximum risk by the deductible, for the 75% reduction case, the risk reduction target is 

$7.70 million, and for the 50% and 25% reduction cases, the risk reduction target is $5.13 million and 

$2.57 million, respectively. 

 

For the three cases ς reducing 75%, 50%, or 25% of state risk: 

 

1. Total minimized expenditure is $2.42, $1.61, and $0.81 million, respectively 

2. The risk reduction target of $7.70 million (75% of deductible), $5.13 million (50% of deductible), 

or $2.57 million (25% of deductible) is achieved 

3. The only mitigation spending category in the optimal solution is severe storms   

4. The constraints that mitigation can only achieve up to 50% reduction of the maximum risk is not 

binding for severe storms 

5. The optimal solutions for any of the three cases are not unique.  This is again because both 

mitigation of severe stormǎ ŀƴŘ άƻǘƘŜǊέ ƘŀǾŜ ŀ ./w ƻŦ оΦмуΦ  So from the expenditure (cost) 

minimization point of view, to achieve the risk reduction goal, there is no difference in investing 

ōŜǘǿŜŜƴ ƳƛǘƛƎŀǘƛƻƴ ƻŦ ǎŜǾŜǊŜ ǎǘƻǊƳǎ ŀƴŘ άƻǘƘŜǊέΦ  
 

 

TABLE I-9. Minimization of Risk Reduction Expenditure for Target Risk Reduction ς California 
PARI Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 
 

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 

        Mitigation 
           Hurricanes 
           Floods 1.08 1.08 1.08  5.12 5.12 5.12 

    Severe Storms 11.42 9.85 4.12  36.31 31.33 13.11 

    Earthquakes        

    Other 4.17    13.24   

 
       

Total 16.66 10.93 5.20   54.66 36.44 18.22 

* We limit the state risk by the state adjusted deductible (which is 72.89 for CA). 
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TABLE I-10. Minimization of Risk Reduction Expenditure for Target Risk Reductionς Mississippi 
PARI Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 
 

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 

        Mitigation 
           Hurricanes        

    Floods 0.02 0.02 0.02  0.10 0.10 0.10 

    Severe Storms 0.84 0.84 0.84  2.69 2.69 2.69 

    Earthquakes        

    Other 0.05 0.05 0.05  0.16 0.16 0.16 
Insurance or 
Relief Funds        

    Hurricanes 23.86 14.93 5.99  23.86 14.93 5.99 

    Floods        

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 24.77 15.84 6.91   26.80 17.87 8.93 

* We limit the state risk by the state adjusted deductible (which is 35.73 for MS). 

 
 
 

TABLE I-11. Minimization of Risk Reduction Expenditure for Target Risk Reduction ς Ohio 
PARI Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 
 

Reduce 
75% of 

State Risk* 

Reduce 
50% of 

State Risk* 

Reduce 
25% of 

State Risk* 

        Mitigation 
           Hurricanes        

    Floods        

    Severe Storms 2.42 1.61 0.81  7.70 5.13 2.57 

    Earthquakes        

    Other        

 
       

Total 2.42 1.61 0.81  7.70 5.13 2.57 

* We limit the state risk by the state adjusted deductible (which is 10.26 for OH). 

 

 

 

 



 

I-34 
 

MP Problem #2 

 

California:  The state adjusted deductible is $72.89 million.  So the targeted credit level is $54.67 million 

for the 75% deductible credit attainment case, $36.44 million for 50% deductible case, and $18.22 

million for the 25% deductible case. 

 

For the Base Caseτattaining credit = 75% deductible: 

 

1. Total minimized expenditure is $18.22 million 

2. The credit attainment target of $54.67 million (75% of deductible) is achieved 

3. The constraint that mitigation can only achieve up to 50% reduction of the maximum risk is only 

binding for floods and severe storms 

4. The model then chose expenditure on mitigation of earthquake to meet the remaining credit 

attainment target 

 

For the Sensitivity Caseτattaining credit = 25% deductible: 

 

1. Total minimized expenditure is $6.07 million  

2. The credit attainment target of $18.22 million (25% of deductible)  is achieved 

3. The constraint that mitigation can only achieve up to 50% reduction of the maximum risk is only 

binding for floods 

4. The model then chose expenditure on mitigation of severe storms to meet the remaining credit 

attainment target 

 

For the Sensitivity Caseτattaining credit = 50% deductible: 

 

1. Total minimized expenditure is $12.15 million 

2. The credit attainment target of $36.44 million (50% of deductible) is achieved 

3. The constraint that mitigation can only achieve up to 50% reduction of the maximum risk is 

binding for floods  

4. The model then chose expenditure on mitigation of severe storms to meet the remaining credit 

attainment target 

 

Mississippi:  The state adjusted deductible is $35.73 million.  So for the 75% deductible case, the credit 

attainment target is $26.80 million and for 50% and 25% deductible cases, the credit attainment target 

is $17.87 million and $8.93 million, respectively. 

 

For the Base Caseτattaining credit = 75% deductible: 

 

1. Total minimized expenditure is $8.93 million 

2. The credit attainment target of $26.80 million (75% of deductible) is achieved 

3. The model chose expenditure on mitigation of hurricanes to meet the credit attainment target   
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4. The constraints that mitigation can only achieve up to 50% reduction of the maximum risk is not 

binding for any threat type 

 

For the Sensitivity Casesτobtaining credit = 25% or 50% deductible: 

 

1. Total minimized expenditure is $2.98 million or $5.96 million, respectively 

2. The credit attainment target of $8.93 million (25% of deductible) or $17.87 million (50% of 

deductible) is achieved 

3. The model chose expenditure on mitigation of hurricanes to meet the credit attainment target   

4. The constraints that mitigation can only achieve up to 50% reduction of the maximum risk is not 

binding for any threat type 

 

Ohio:  The state adjusted deductible is $10.26 million.  So for the 75% deductible case, the credit 

attainment target is $7.70 million and for 50% and 25% deductible cases, the credit attainment target is 

$5.13 million and $2.57 million, respectively. 

 

For the Base Caseτattaining credit = 75% deductible: 

 

1. Total minimized expenditure is $2.57 million 

2. The credit attainment target of $7.70 million (75% of deductible) is achieved 

3. The model choses expenditure on mitigation of hurricanes and severe storms to meet the credit 

attainment target   

4. The constraints that mitigation can only achieve up to 50% reduction of the maximum risk is 

binding for hurricanes 

 

For the Sensitivity Caseτattaining credit = 25% deductible: 

 

1. Total minimized expenditure is $0.86 million 

2. The credit attainment target of $2.57 million (25% of deductible) is achieved 

3. The model choses expenditure on mitigation of hurricanes to meet the credit attainment target   

4. The constraints that mitigation can only achieve up to 50% reduction of the maximum risk is not 

binding for hurricanes 

 

For the Sensitivity Caseτobtaining credit = 50% deductible: 

 

1. Total minimized expenditure is $1.71 million  

2. The credit attainment target of $5.13 million is achieved 

3. The model chose expenditure on mitigation of hurricanes and severe storms to meet the credit 

attainment target   

4. The constraints that mitigation can only achieve up to 50% reduction of the maximum risk is 

binding for hurricanes 
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Note that for all three cases in all three states, the optimal solutions presented in the tables are not 

unique.  This is because the credit multiplier for mitigation on the various threat types is the same at 

3.0.  So from the expenditure (cost) minimization point of view, to achieve the same deductible credit 

attainment target, there is no difference in investing in mitigation among the various threat types, as 

long as the risk reduction for each threat type from mitigation does not exceed 50% of the maximum 

risk of that threat.   

 

TABLE I-12. Minimization of Risk Reduction Expenditure for Target Credit ς California 
PARI Case 

(in million dollars) 

          Expenditure   Deductible Credit Attained 

  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit 

        Mitigation 
           Hurricanes 
           Floods 1.08 1.08 1.08  3.23 3.23 3.23 

    Severe Storms 11.42 11.07 5.00  34.25 33.21 14.99 

    Earthquakes 5.73    17.18   

    Other        

 
       

Total 18.22 12.15 6.07   54.67 36.44 18.22 

 
 
 
 
 

TABLE I-13. Minimization of Risk Reduction Expenditure for Target Credit ς Mississippi 
PARI Case 

(in million dollars) 

          Expenditure   Deductible Credit Attained 

  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit 

        Mitigation 
           Hurricanes 8.93 5.96 2.98  26.80 17.87 8.93 

    Floods        

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 8.93 5.96 2.98  26.80 17.87 8.93 
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TABLE I-14. Minimization of Risk Reduction Expenditure for Target Credit ς Ohio 
PARI Case 

(in million dollars) 

          Expenditure   Deductible Credit Attained 

  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit  

75% 
Deductible 

Credit 

50% 
Deductible 

Credit 

25% 
Deductible 

Credit 

        Mitigation 
           Hurricanes 0.99 0.99 0.86  2.97 2.97 2.57 

    Floods        

    Severe Storms 1.58 0.72   4.73 2.16  

    Earthquakes        

    Other        

 
       

Total 2.57 1.71 0.86   7.70 5.13 2.57 

 

Comparing the MP results for the AALRI Case and the PARI Case, we have the following findings: 

¶ For California and Ohio, the adjusted deductibles in the AALRI Case are higher than in the PARI 

Case.  Since we limit the state maximum risk by the deductible in the risk reduction target MP 

analysis, total expenditures to achieve a specified level of risk reduction are lower in the PARI 

Case than in the AALRI Case for the two states.  Less total expenditures are also incurred to 

achieve a specified level of deductible credit in the PARI case because of the lower total 

adjusted deductible in this case compared to the AALRI Case. 

¶ In contrast, for Mississippi, since the adjusted deductible in the AALRI Case is lower than in the 

PARI Case, less expenditure is incurred for the state in both the risk reduction and credit 

attainment simulations for the AALRI Case than in the corresponding simulations for the PARI 

Case.   

¶ In most cases, the optimal solution for the AALRI Case only includes mitigation of floods.  This is 

largely because of the high risk level of floods based on the AAL estimates even after adjusting 

by 0.1 for the PA risk.  Since flood mitigation has the highest BCR, all three states can achieve 

the risk reduction target by using flood mitigation alone without reaching the 50% risk reduction 

constraint for this mitigation strategy. 

Note that the simulations presented above do not illustrate the full capability of the MP Model.  As 

ǿŜΩǾŜ ŀƭǊŜŀŘȅ ƴƻǘŜŘΣ ǘƘŜ ǊŜǎǳƭǘǎ ŎƘŀƴƎŜ ŀƴŘ ōŜŎƻƳŜ ƳƻǊŜ ƎŜƴŜǊŀƭ όƛƴ ǘŜǊƳǎ ƻŦ ŀŘŘƛǘƛƻƴŀƭ ǎǘǊŀǘŜƎƛŜǎ 

being part of the optimal solution) as the constraints are adjusted.  Also, the constant parameter values 

ŀƴŘ ǘƘŜ ƻǾŜǊŀƭƭ ƭƛƴŜŀǊ ŎƘŀǊŀŎǘŜǊ ƻŦ ǘƘŜ ƳƻŘŜƭ ǊŜǎǳƭǘŜŘ ƛƴ άŎƻǊƴŜǊέ ǎƻƭǳǘƛƻƴǎΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ǘƘŜ aƻŘŜƭ ǿƛƭƭ 

choose extreme values for the strategies, rather than a mix of them in the non-linear case, which would 

imply substitutability between strategies.  The non-linearities would realistically stem from the fact that 

the mitigation multiplier, for example, would decline as additional mitigation options were implemented 

(one would begin with the highest return on investment and work down the mitigation investment 

schedule).  The various individual constraints might be tightened or loosened, or credit multiplier values 
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changed, depending on policy considerations relating to C9a!Ωǎ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ ǎǘǊŀǘŜƎƛŜǎ 

(recall that insurance and relief funds do not actually reduce risk but simply spread it).  

In Section VIIIB, we perform MP analysis for the following two sensitivity cases: 

1. Set credit multipliers equal to mitigation BCR multipliers 

2. Use alternative mitigation BCRs 

 D.  BURDEN ANALYSIS 

In general, an economic "burden analysis" shows how better off, or worse off, both the state 

government and the federal government are under alternative scenarios.  We use this tool to analyze 

the impact of the DDF on states.  Not only can we identify if the state will be better or worse off under 

the DDF program, we can measure the size of the impact in terms of dollar expenditures.  In this section, 

sample burden analyses are presented for three states: California, Mississippi, and Ohio.  These were 

chosen because California and Mississippi suffer significant disaster losses on an annual basis and one is 

a large, wealthy state, while the other is a relatively small, poorer state. Ohio has lower expected losses 

and represents many states for which disasters are not common, but when they do occur such states are 

often unprepared for them. The burden analysis can, and will be, conducted on all states, however, at a 

later date.  

The analysis is based on the following relationships: 

1. Adjusted Deductible  =  Base Deductible * (75% x Risk Index + 25% x Fiscal Capacity Index) *(Base 

Deductible/ avg (Base Deductible *  (75% x Risk Index + 25% x Fiscal Capacity Index))) 

2. Base Deductible  = median of 17-yr avg annual Fed PA across states 

3. Risk Index  =  sum (flood, hurricane, severe storm exposure) / median exposure 

4. Fiscal Capacity Index  =  avg (TTR/pop, Budget surplus/pop, Reserves/pop, Bond rating ) 

5. Mitigation Spending:  set to 75% of the risk or the Deductible 

 6. Loss Reduction  =  Mitigation Spending * Mitigation Multiplier 

 7. Deductible Credit  =  Mitigation, or other, Spending * Credit Multiplier 

8. Expected State Spending  =  Adjusted Deductible  ς  Credits  +  Non-Fed share 

 9. Non-Fed Share  =  .225 * [Total PA ς (Adjusted Deductible ς Credits)] 

From an accounting perspective, the deductible is set at the beginning of the fiscal year, while actual 

spending on disasters and credits against the deductible are calculated at the end of the fiscal year. For 

example, the state will be charged its deductible and state share at the end of the fiscal year by FEMA, 
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once actual losses and actual mitigation spending is known. This timing makes for a relatively simple 

implementation of the DDF.21 The parameters used in the examples are described in Section VIC3.   

1. Burden Analysis of AALRI based deductible. 

Two sample Burden Analyses are provided below when the Deductible is calculated using the AALRI. 

This is done for the three states. The first burden table reflects a mitigation goal to reduce risk by 75%, 

and the second table reflects the goal of achieving a 75% reduction in the deductible via credits.   

In all burden tables the status quo reflects the current situation in which states pay an average share of 

22.5% of all public assistance related losses per year, while FEMA pays the remaining.  This is shown in 

Section A Status Quo of Table I-15.  

The impact of charging the state a deductible is shown in Section B of the same table. Compared to the 

status quo base-ŎŀǎŜΣ ǘƘŜ ŘŜŘǳŎǘƛōƭŜ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǎǘŀǘŜΩǎ ŘƛǎŀǎǘŜǊ ōǳǊŘŜƴΦ  

There is a corresponding decrease (same magnitude) in federal spending on disaster public assistance as 

the deductible alone represents a simple transfer of cost from FEMA to the state. 

Section C of Table I-9 shows the effect of the DDF where a state can offset the deductible through 

credits for spending on mitigation. Mitigation efforts by the state lower the expected total loss and 

ŀǎǎƻŎƛŀǘŜŘ ǇǳōƭƛŎ ŀǎǎƛǎǘŀƴŎŜΣ ǘƘŜǊŜōȅ ǊŜŘǳŎƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ŜȄǇŜŎǘŜŘ ǎƘŀǊŜΦ {ǇŜƴŘƛƴƎ ƻƴ ƳƛǘƛƎŀǘƛƻƴ ƛǎ 

credited with a multiplier agaƛƴǎǘ ǘƘŜ ŘŜŘǳŎǘƛōƭŜΣ ǘƘŜǊŜōȅ ǊŜŘǳŎƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ŘŜŘǳŎǘƛōƭŜ ōǳǊŘŜƴΦ ¦ƴŘŜǊ 

the DDF program, states benefit two ways from spending on mitigation: mitigation lowers total losses 

and lowers the deductible. However, the funds spent on mitigation do offset some of these benefits. 

FEMA also benefits from state mitigation spending since it pays the larger share of total public 

assistance. As the example above shows, each state still spends more on disaster related activities 

(mitigation and post-disaster public assistance) compared to the current system. However, compared to 

the deductible only scenario, each state spends less. As was the case with the deductible only, FEMA 

spends less than the current system when credit against the deductible is given for mitigation spending.  

Another sample burden analysis is provided below, where the goal for mitigation is achieving a 75% 

reduction in the deductible via credits.  

 

 

 

                                                           
21

 Since mitigation is done in advance of a disaster, credit should be given when the mitigation spending occurs.  
But as soon as the mitigation is in place, it reduces expected losses, and actual losses when they occur.  All dollars 
in the DDF are anticipated, and only realized throughout the year as actual disasters occur. Actual spending on 
disasters occurs in real time. Accounting of the DDF can be done at the end of the period (one or two years, 
depending on state budget cycle)Φ LŦ ǘƘŜ ǎǘŀǘŜ άƻǾŜǊǎǇŜƴŘǎέ ƻƴ ŘƛǎŀǎǘŜǊǎΣ C9a! Ŏŀƴ ƛǎǎǳŜ ŀ ǊŜōŀǘŜΣ ƻǊ ŎŀǊǊȅ ƻǾŜǊ 
the credit to the following year. 
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Table I-15. 
Burden Analysis for DDF1 ς AALRI case 

California, Mississippi, Ohio 
(75% risk reduction) 

 
 
 Expenditures ($millions) 
 CA MS OH 
       
A. Status Quo       

Total expected Public Assistance (PA) 1334.33 99.34 210.91 

State share of PA 300.22 22.35 47.46 

Federal PA 1034.10 76.99 163.46 

       

B. Deductible only       

Total expected Public Assistance (PA) 1334.33 99.34 210.91 

State deductible 141.03 13.32 25.86 

PA after state pays deductible 1193.30 86.02 185.05 

State share of remaining PA 268.49 19.35 41.64 

State total spending (deduct. + state share) 409.52 32.68 67.50 

Federal PA 924.81 66.67 143.41 

Change in State burden  109.29 10.33 20.05 

Change in Federal burden -109.29 -10.33 -20.05 

       

C. Mitigation with DDF credit       

Total expected Public Assistance (PA) 1334.33 99.34 210.91 

Spending on mitigation 22.27 2.10 4.08 

Insurance coverage 0.00 0.00 0.00 

Additions to relief fund 0.00 0.00 0.00 

Reduction in PA from expenditures  105.77 9.99 19.40 

Total actual PA 1228.56 89.35 191.52 

State deductible less credits 74.22 7.01 13.61 

PA less deductible 1154.33 82.34 177.90 

State share of remaining PA 259.73 18.53 40.03 

State total spending (mitigation + deduct. + share) 356.22 27.64 57.72 

Federal PA 894.61 63.81 137.88 

Change in State burden from status quo 55.99 5.29 10.27 

Change in State burden rel. to deductible only -53.30 -5.04 -9.78 

Change in Federal burden from status quo -139.50 -13.18 -25.58 

Change in Federal burden rel. to deductible only -30.20 -2.85 -5.54 
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Table I-16. 
Burden Analysis for DDF1 ς AALRI case 

California, Mississippi, Ohio 
(75% reduction in deductible) 

 
 
 Expenditures ($millions) 
 CA MS OH 
       
A. Status Quo       

Total expected Public Assistance (PA) 1334.33 99.34 210.91 

State share of PA 300.22 22.35 47.46 

Federal PA 1034.10 76.99 163.46 

       

B. Deductible only       

Total expected Public Assistance (PA) 1334.33 99.34 210.91 

State deductible 141.03 13.32 25.86 

PA after state pays deductible 1193.30 86.02 185.05 

State share of remaining PA 268.49 19.35 41.64 

State total spending (deduct. + state share) 409.52 32.68 67.50 

Federal PA 924.81 66.67 143.41 

Change in State burden  109.29 10.33 20.05 

Change in Federal burden -109.29 -10.33 -20.05 

       

C. Mitigation with DDF credit       

Total expected Public Assistance (PA) 1334.33 99.34 210.91 

Spending on mitigation 35.26 3.33 6.47 

Insurance coverage 0.00 0.00 0.00 

Additions to relief fund 0.00 0.00 0.00 

Reduction in PA from expenditures  105.77 9.99 19.40 

Total actual PA 1228.56 89.35 191.52 

State deductible less credits 35.26 3.33 6.47 

PA less deductible 1193.30 86.02 185.05 

State share of remaining PA 268.49 19.35 41.64 

State total spending (mitigation + deduct. + share) 339.01 26.02 54.57 

Federal PA 924.81 66.67 143.41 

Change in State burden from status quo 38.78 3.66 7.11 

Change in State burden rel. to deductible only -70.51 -6.66 -12.93 

Change in Federal burden from status quo -109.30 -10.32 -20.05 

Change in Federal burden rel. to deductible only 0.00 0.00 0.00 

 
 
 
Sections A and B of Table I-16 are the same as the previous table. Because mitigation spending is 

designed to reduce the deductible by 75% through the credit, the portfolio of mitigation activities can 

differ from that intended to reduce the risk by 75%. Section C of Table I-12 shows this slightly different 

effect of the DDF where a state can offset the deductible through credits for spending on mitigation.  

Mitigation spending rises slightly for each of the states.  Total state spending falls compared to the 

status quo. Similar results hold for the comparison of the DDF to the deductible only scenario.  Overall 

the differences are relatively small between the two goals of reducing risk by 75% and reducing the 

deductible by 75%. 
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2. Burden Analysis of PARI based deductible 

Two sample burden analyses are provided below when the deductible is calculated using the PARI to 

calculate the deductible. This is done for the three states. The first burden table reflects a mitigation 

goal to reduce risk by 75%, and the second table reflects the goal of achieving a 75% reduction in the 

deductible via credits.   

In all burden tables the status quo reflects the current situation in which states pay an average share of 

22.5% of all public assistance related losses per year, while FEMA pays the remaining.  This is shown in 

Section A Status Quo of Table I-17. Expected PA losses are significantly lower in the PARI case than in the 

AALRI case. 

The impact of charging the state a deductible is shown in Section B of the same table. Compared to the 

status quo Base-/ŀǎŜΣ ǘƘŜ ŘŜŘǳŎǘƛōƭŜ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǎǘŀǘŜΩǎ ŘƛǎŀǎǘŜǊ ōǳǊŘŜƴΦ  

There is a corresponding decrease (same magnitude) in federal spending on disaster public assistance as 

the deductible alone represents a simple transfer of cost from FEMA to the state. 

Section C of Table I-17 shows the effect of the DDF where a state can offset the deductible through 

credits for spending on mitigation and other activities such as insurance.  Mitigation efforts by the state 

lower the expeŎǘŜŘ ǘƻǘŀƭ ƭƻǎǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ǇǳōƭƛŎ ŀǎǎƛǎǘŀƴŎŜΣ ǘƘŜǊŜōȅ ǊŜŘǳŎƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ŜȄǇŜŎǘŜŘ 

share.  Spending on mitigation is credited with a multiplier against the deductible, as are insurance 

ŎǊŜŘƛǘǎ ōǳǘ ƴƻǘ ǿƛǘƘ ŀ ƳǳƭǘƛǇƭƛŜǊΣ ǘƘŜǊŜōȅ ǊŜŘǳŎƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ŘŜductible burden.  As the example above 

shows, each state still spends more on disaster-related activities (mitigation and post-disaster public 

assistance) compared to the current system.  Compared to the case based on the AAL Risk Index, both 

California and Ohio continue to spend on mitigation only, but at a lower level, whereas Mississippi 

moves to spending on insurance, which causes a large increase in the relative burden of the DDF 

compared to the status quo for that state.  The relative burdens for the other two states fall 

considerably, due mainly to the mitigation choices revealed in the MP analysis. 

Another sample burden analysis is provided below, where the goal for mitigation is achieving a 75% 

reduction in the deductible via credits.  

Sections A and B of Table I-18 are the same as the previous table.  Because mitigation spending is 

designed to reduce the deductible by 75% through the credit, the portfolio of mitigation activities can 

differ from that intended to reduce the risk by 75%. Section C of Table I-14 shows this slightly different 

effect of the DDF where a state can offset the deductible through credits for spending on mitigation.  

Mitigation spending changes slightly for California and Ohio, but Mississippi moves away from insurance 

to a higher level of mitigation spending.  Total state spending falls compared to the status quo.  Overall 

the differences are relatively small between the two goals of reducing risk by 75% and reducing the 

deductible by 75% except for Mississippiτagain a result driven by the response of the state to the 

particular threats faced. 
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Table I-17. 
Burden Analysis for DDF1 ς PARI case 

California, Mississippi, Ohio 
(75% risk reduction) 

 
 
 Expenditures ($millions) 
 CA MS OH 
       
A. Status Quo       

Total expected Public Assistance (PA) 224.98 104.91 23.13 

State share of PA 50.62 23.60 5.20 

Federal PA 174.36 81.30 17.92 

       

B. Deductible only       

Total expected Public Assistance (PA) 224.98 104.91 23.13 

State deductible 72.89 35.73 10.26 

PA after state pays deductible 152.09 69.17 12.86 

State share of remaining PA 34.22 15.56 2.89 

State total spending (deduct. + state share) 107.11 51.30 13.16 

Federal PA 117.87 53.61 9.97 

Change in State burden  56.49 27.69 7.95 

Change in Federal burden -56.49 -27.69 -7.95 

       

C. Mitigation with DDF credit       

Total expected Public Assistance (PA) 224.98 104.91 23.13 

Spending on mitigation 16.66 0.87 2.42 

Insurance coverage 0.00 23.86 0.00 

Additions to relief fund 0.00 0.00 0.00 

Reduction in PA from expenditures  54.66 26.80 7.70 

Total actual PA 170.32 78.11 15.43 

State deductible less credits 22.91 9.28 3.00 

PA less deductible 147.41 68.83 12.43 

State share of remaining PA 33.17 15.49 2.80 

State total spending (mitigation + deduct. + share) 72.73 49.49 8.22 

Federal PA 114.24 53.34 9.63 

Change in State burden from status quo 22.11 25.89 3.01 

Change in State burden rel. to deductible only -34.37 -1.81 -4.94 

Change in Federal burden from status quo -60.12 -27.96 -8.29 

Change in Federal burden rel. to deductible only -3.63 -0.27 -0.34 
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Table I-18. 
Burden Analysis for DDF1 ς PARI case 

California, Mississippi, Ohio 
(75% reduction in deductible) 

 
 
 Expenditures ($millions) 
 CA MS OH 
       
A. Status Quo       

Total expected Public Assistance (PA) 224.98 104.91 23.13 

State share of PA 50.62 23.60 5.20 

Federal PA 174.36 81.30 17.92 

       

B. Deductible only       

Total expected Public Assistance (PA) 224.98 104.91 23.13 

State deductible 72.89 35.73 10.26 

PA after state pays deductible 152.09 69.17 12.86 

State share of remaining PA 34.22 15.56 2.89 

State total spending (deduct. + state share) 107.11 51.30 13.16 

Federal PA 117.87 53.61 9.97 

Change in State burden  56.49 27.69 7.95 

Change in Federal burden -56.49 -27.69 -7.95 

       

C. Mitigation with DDF credit       

Total expected Public Assistance (PA) 224.98 104.91 23.13 

Spending on mitigation 18.22 8.93 2.57 

Insurance coverage 0.00 0.00 0.00 

Additions to relief fund 0.00 0.00 0.00 

Reduction in PA from expenditures  54.66 26.80 7.70 

Total actual PA 170.32 78.11 15.43 

State deductible less credits 18.22 8.93 2.57 

PA less deductible 152.10 69.17 12.86 

State share of remaining PA 34.22 15.56 2.89 

State total spending (mitigation + deduct. + share) 70.66 33.43 8.03 

Federal PA 117.87 53.61 9.97 

Change in State burden from status quo 20.04 9.83 2.82 

Change in State burden rel. to deductible only -36.44 -17.87 -5.13 

Change in Federal burden from status quo -56.48 -27.69 -7.96 

Change in Federal burden rel. to deductible only 0.00 0.00 0.00 

 
 

Table I-19 shows the effect of the DDF on state expenditure for a sample of eight states. States are 

assumed to spend on mitigation to reduce their deductible by 75%. Mitigation results in reduction in 

9ȄǇŜŎǘŜŘ t!Φ  bƻǘŜΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŀǘ /ŀƭƛŦƻǊƴƛŀΩǎ ǇǊŜ-mitigation expected PA was originally $1334.2 

million, while its post-mitigation PA (shown in line 4 of the table) is $1,228.4 million in the AALRI 

scenario.22  Total state expenditure with mitigation is shown in line 7, where total expenditure is the 

sum of mitigation expenditure plus the deductible plus the remaining state-share.  Finally, line 8 shows 

                                                           
22

 /ŀƭƛŦƻǊƴƛŀΩǎ ŜȄǇŜŎǘŜŘ t! Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŘƛǾƛŘƛƴƎ ƛǘǎ ƴƻƴ-federal share PA in Column 1, by the state share of 
0.225. Values may not line up perfectly due to rounding in the table. 
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ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǎǘŀǘŜΩǎ ŜȄǇŜƴŘƛǘǳǊŜ ǳƴŘŜǊ ǘƘŜ 55C ǿƛǘƘ ƳƛǘƛƎŀǘƛƻƴ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ status quo, in 

which they pay only the 22.5% share.  

Table I-20 shows the impacts for eight states under the PARI case. Expenditure on risk reduction is 

higher for every state under the DDF than under the status quo.  Expenditure increases are highest for 

states that have relatively high expected PA, such as Florida, Louisiana, and New York.  Expenditure 

increases are relatively small for states that face relatively smaller risk. 

In Section VIIIB, we perform burden analysis under alternative mitigation BCRs. 

 

Table I-19. Summary of Incentivization Response 

Spending Set to Reduce Deductible by 75% - AALRI 

 States 

Component of DDF: AK* CA DE* FL IA LA NY OH 

1. Current State Share 20.14 300.2 2.3 437.8 33.1 133.5 194.8 47.5 

2. Deductible + Share 35.2 409.5 8.5 547.5 41.3 190.8 234.8 67.5 

3. Mitigation Spending 3.0 22.0 2.9 22.1 2.8 11.5 8.1 4.0 

4. Expected PA w. 
Mitigation 

74.9 1228.6 4.1 1839.6 138.9 537.9 826.9 191.6 

5. Deductible ς Credit 10.3 74.9 4.0 75.2 5.6 39.3 27.5 13.7 

6. State Share w. 
Mitigation 

14.5 259.6 0.9 397.0 30.0 112.2 179.9 40.0 

7. Total State Spending 
( = 3 + 5 + 6) 

27.9 356.5 9.2 494.3 37.3 163.0 215.4 57.8 

8. Change from Current 
( = 7 ς 1) 

7.8 56.3 5.5 56.5 4.2 29.5 20.6 10.3 

ϝ ¢Ƙƛǎ ǎǘŀǘŜΩǎ ŘŜŘǳŎǘƛōƭŜ ƛǎ ƭŀǊƎŜǊ ǘƘŀƴ ƛǘǎ expected PA. The entry is MIN (deductible + share, expected PA).  This has no effect on the overall DDF 

ƛƳǇŀŎǘ ōŜŎŀǳǎŜ ǘƘŜǊŜ ǿƛƭƭ ǎǘƛƭƭ ōŜ ȅŜŀǊǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ǎǘŀǘŜΩǎ t! ŜȄŎŜŜŘǎ ǘƘŜ ŘŜŘǳŎǘƛōƭŜΦ Lǘ ƻƴƭȅ ƳŀǘǘŜǊ ǎ ŦƻǊ ǇǊŜǎŜƴǘŀǘƛƻƴΦ 

 

Table I-20. Summary of Incentivization Response 

Spending Set to Reduce Deductible by 75% - PARI 

 States 

Component of DDF: AK* CA DE* FL IA LA NY OH 

1. Current State Share 2.9 50.6 0.8 133.0 12.8 101.3 174.1 5.2 

2. Deductible + Share 12.8 107.1 3.4 231.5 30.6 200.3 272.9 13.2 

3. Mitigation Spending 5.8 16.6 2.1 69.0 5.2 94.7 29.9 2.4 

4. Expected PA w. 
Mitigation 

3.5 170.2 0.8 495.5 40.0 354.6 678.4 15.5 

5. Deductible ς Credit 0 22.9 0.8 0 7.1 0 37.8 3.0 

6. State Share w. 
Mitigation 

0.7 33.1 0 111.5 7.4 114.9 144.1 2.8 

7. Total State Spending 
( = 3 + 5 + 6) 

3.6 72.3 3.0 180.5 19.7 209.6 211.8 8.2 

8. Change from Current 
( = 7 ς 1) 

0.7 22.1 2.2 56.5 6.9 108.3 37.7 3.0 
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E.  TIME-PATH OF DDF IMPLICATIONS 

Figures I-7 to I-10 show the effect of the DDF on PA and on state expenditure for California and 

Mississippi over a twenty-year time horizon.  States obtain credits for seventy five percent of their 

normalized deductible.  In early years, states obtain credits through mitigation expenditure on disaster 

types that have a benefit-cost ratio that exceeds 1:1, focusing on the mitigation behaviors that have high 

BCRs.  For example, in year 1, California offsets its deductible by mitigating floods (the highest BCR) and 

severe storms (the second highest BCR).  Because California has mitigated its expected flood PA by half 

ƛƴ ȅŜŀǊ мΣ ƛƴ ȅŜŀǊ н ƛǘ ƻŦŦǎŜǘǎ ƛǘǎ ŘŜŘǳŎǘƛōƭŜ ōȅ ƳƛǘƛƎŀǘƛƴƎ ŀƎŀƛƴǎǘ ǎŜǾŜǊŜ ǎǘƻǊƳǎ ŀƴŘ άƻǘƘŜǊέ όǿƘƻǎŜ ./w ƛǎ 

equal to that of severe storms).  By year 4, California Ƙŀǎ ƳƛǘƛƎŀǘŜŘ ƛǘǎ ǎŜǾŜǊŜ ǎǘƻǊƳ ŀƴŘ άƻǘƘŜǊέ 

expected PA by one-half and then obtains insurance to offset its deductible.  Note that even though 

California could mitigate against earthquakes, it chooses to obtain insurance because earthquake 

mitigation has a BCR below 1:1 (the BCR for insurance). The time path horizon suggests similar results if 

the deductible is calculated using the AALRI. While AALRI suggests substantially higher PA than PARI, 

giving California the ability to mitigate more before it reaches the 50% constraint on mitigation, 

/ŀƭƛŦƻǊƴƛŀΩǎ ŘŜŘǳŎǘƛōƭŜ ƛƴŎǊŜŀǎŜǎ ŀǎ ǿŜƭƭΦ !ǎ ŀ ǊŜǎǳƭǘΣ /ŀƭƛŦƻǊƴƛŀΩǎ Ǌƛǎƪ ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ 

PARI case and California increases its expenditure on mitigation. The general order of behavior is 

unchanged. California first mitigates against floods, and then against severe storms and other threats. 

After risk from floods, severe storms, and other threats has been reduced by one half, California 

purchases insurance rather than mitigate against earthquakes, which have a BCR below 1:1. 

In Mississippi, by contrast, most PA is due to hurricanes, which have a BCR below 1:1.  As a result, 

Mississippi performs relatively little mitigation before switching to insurance.  This mitigation is for flood 

threats, and MissisǎƛǇǇƛ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ǊŜŘǳŎŜ ƛǘǎ ŦƭƻƻŘ t! ōȅ ƘŀƭŦ ōŜŦƻǊŜ ŜǾŜƴ ǘƘŜ ŦƛǊǎǘ ȅŜŀǊΩǎ ŎǊŜŘƛǘ ƛǎ 

offset. This is the case in both the PARI and AALRI formulations of the Risk Index. 

Note that in California expected PA after mitigation is declining over time.  This occurs because the 

benefits of mitigation are cumulative.  The changes in the slope of the total PA after mitigation curve 

occur when there is a switch between the types of disasters that are being mitigated.  In states that have 

relatively high BCR disasters, such as floods and severe storms, it is possible to have many years of 

mitigation expenditure, and substantial reductions in expected PA. In both California and Mississippi, 

expected expenditure falls relative to the baseline under the assumption of AALRI risk. This occurs 

because AALRI assumes higher flood risk than PARI, thus increasing the amount of possible mitigation. 

Further, because flood mitigation has the highest BCR among all possible mitigation strategies, this 

results in more mitigation at a lower cost.   
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Figure I-7. Effect of DDF on California Over Time ς PARI  

 

 

 

Figure I-8. Effect of DDF on California Over Time ς AALRI  
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Figure I-9. Effect of DDF on Mississippi Over Time - PARI 

 

 

 

Figure I-10. Effect of DDF on Mississippi Over Time - AALRI 
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VII.  EQUITY ISSUES 

A.  OVERVIEW  

All public policies have equity implications whether intended or not.  The motivation for disaster 

assistance is to a great extent to help survivors of a random occurrence. Those entities affected by a 

disaster, whether a political jurisdiction or the individuals who reside within its boundaries, suffer a loss 

of economic well-being, and are therefore deemed worthy of assistance either with regard to their 

absolute or relative status.  Like most equity motivations, this one is altruistic.23 

²Ŝ ǿƛƭƭ ŀǇǇǊƻŀŎƘ ǘƘŜ Ŝǉǳƛǘȅ ƻŦ ǘƘŜ C9a! 5ƛǎŀǎǘŜǊ 5ŜŘǳŎǘƛōƭŜ ŦǊƻƳ ǘǿƻ ǇŜǊǎǇŜŎǘƛǾŜǎΦ  CƛǊǎǘ ƛǎ ŀ άōƻǘǘƻƳ-

ǳǇέ ŀǇǇǊƻŀŎƘΣ ǿƘŜǊŜ ǿŜ ǿƛƭƭ ŜȄŀƳƛƴŜ ǘƘŜ Ŝǉǳƛǘȅ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜ 55C ǿƘƻǎŜ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ 

specified in this Report.  This involves applying standard measures of inequality, such as the Gini 

Coefficient and Atkinson Index, to the Disaster deductible itself across states. 

{ŜŎƻƴŘ ƛǎ ŀ άǘƻǇ-Řƻǿƴέ ŀǇǇǊƻŀŎƘΣ ǿƘŜǊŜ ŀƴ Ŝǉǳƛǘȅ ǇǊƛƴŎƛǇƭŜ ƛǎ ŎƘƻǎŜƴ ŀǘ ǘƘŜ ƻǳǘǎŜǘΣ ŀƴŘ ǘƘŜ 5ƛǎŀǎǘŜǊ 

Deductible levels across states are devised to conform to it.  Equity principles are numerous, and there is 

no consensus on the best one to apply in general, and typically not in particular instances either.  Some 

standard equity principles in cases such as this include Ability to Pay, Horizontal Equity (having the initial 

allocation or outcome be equal across entities), and Egalitarian (equal per capita allocation or outcome).  

CƻǊ ŜȄŀƳǇƭŜΣ C9a!Ωǎ ǘƘǊŜǎƘƻƭŘ ŦƻǊ ǘƘŜ ŘƛǎŀǎǘŜǊ ŘŜŎƭŀǊŀǘƛƻƴ ƻŦ Ŝǉǳŀƭ ǇŜǊ ŎŀǇƛǘŀ ƭƻǎǎŜǎ όcurrently at $1.41) 

is an example of this equity principle.  Application of this top-down perspective would require an explicit 

policy decision about equity on the part of FEMA. 

Lƴ ŀŘŘƛǘƛƻƴΣ ǿŜ ǿƛƭƭ ŜȄŀƳƛƴŜ ǘƘŜ άōƻǘǘƻƳ-ǳǇέ ǊŜǎǳƭǘǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ Ŝǉǳƛǘȅ principles that they most 

closely approximate.  This will provide further insight as to whether the equity outcome of the DDF 

formula specified above is desirable.  As with other aspects of our methodology, it can be generalized to 

other DDFs. 

B.  BOTTOM-UP ANALYSIS 

Here we analyze the equity implications of the Disaster Deductible itself in terms of common measures 

of inequality.  Figure I-11 and Figure I-12 presents the Lorenz Curve associated with the Disaster 

deductibles across states in the Base Case for the AALRI Case and the PARI Case, respectively.  The 

Lorenz curve plots the cumulative Disaster Deductible on the vertical axis in relation to individual state 

allocations with respect to per capita GSP on the horizontal axis (the states are ordered from lowest to 

highest in terms of per capita GSP deductibles). The 45° line represents perfect equality.  In this case, the 

perfect equality condition represents proportional relationship between state deductibles and state per 

capita GSP (i.e., state that has twice per capita GSP of another state should also have twice deductibles).  

The difference between the curve and the 45° line is the extent of inequality.  The Gini Coefficient 

measures this by the ratio of the area between the curve and the 45° line in relation to the triangle 

                                                           
23

 Not all equity principles are altruistic, as will be discussed later.  Also, disaster assistance has motivations beyond equity.  One 

perspective is that the region hit by the disaster will be an economic drag on its state or even national economy, and therefore 
post-disaster assistance is intended to promote overall economic efficiency. 
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delineated by the 45° line and horizontal and vertical axes.  Gini Coefficient values range between 0 and 

1, with higher levels indicating higher levels of inequality 

In Figure I-11, the Gini Coefficient value is .4888 for the AALRI Case, indicating a modest amount of 

inequality across states in terms of the Disaster Deductible itself.24  The Gini Coefficient value for the 

PARI Case shown in Figure I-12 is .5493, indicating a higher amount of inequality across states. 

One way to evaluate which equity principle best reflects the DDFs calculated in this report is correlation 

analysis.  We calculated correlations for both the AALRI Case and PARI Case with the following results: 

Adjusted State Deductibles (AALRI Case) and State Populations:  0.8085 

Adjusted State Deductibles (AALRI Case) and GSPs:  0.7692 

Adjusted State Deductibles (AALRI Case) and per capita GSPs:  0.0974 

Adjusted State Deductibles (PARI Case) and State Populations:  0.5894 

Adjusted State Deductibles (PARI Case) and GSPs:  0.5937 

Adjusted State Deductibles (PARI Case) and per capita GSPs:  0.1627 

 

Potentially the Ability to Pay principle would be relevant to the Deductible, while the Vertical Equity 

principle would be relevant to the Burden, the reason being that the former is an allocation-based 

principle, while the latter is outcome-based.  The Egalitarian Principle would be relevant to both.   

For the Adjusted Deductible, the correlations for Population and GSP are higher in the AALRI Case than 

in the PARI Case.  Since Egalitarian principle in general would favor states with large populations, high 

correlations between Adjusted Deductibles and Population indicate that this equity principle is not 

operative in both cases.  If we focus on the correlation between the Adjusted State Deductible and per 

capita GSP, the correlation of 0.0974 for the AALRI Case and 0.1627 for the PARI Case are both very low, 

which indicate that the Ability to Pay principle is not applicable here as well.  We can also make 

assessments regarding other equity principles.  By inspection of the poorest states, we can also note 

that the Rawlsian Maximin principle25 does not apply.  We also know by inspection that the Deductible 

does not reflect Horizontal Equity.  In fact, it appears that the state Deductibles are rather random with 

respect to GSP, the reference base by which most equity principles are measured. However, since most 

equity measures use income, or wealth, as the basis for comparison, some of the adjustments for 

individual states can create unanticipated results.  For example,  

 

 

                                                           
24

 The Gini coefficient for total GSP itself across states is 0.5330.  
25

 This principle calls for favoring the bottom tier of least well-off states.   
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Figure I-11. Lorenz Curve of State Adjusted Deductibles for AALRI Case 

(states are ordered by per capita GSP adjusted deductibles) 

 

 

Figure I-12. Lorenz Curve of State Adjusted Deductibles for PARI Case 

(states are ordered by per capita GSP adjusted deductibles) 
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although wealthier states may suffer greater loss for a given hazard, hazards tend to be distributed 

randomly with regard to wealth.26 

C.  TOP-DOWN ANALYSIS 

For this second approach, we will utilize the framework for equity analysis developed by Rose and 

applied in other major public policy contexts (Rose et al., 1998; Rose and Zhang, 2002; Rose, 2013).  The 

framework involves the following steps: 

a.  Specifying equity principles, or criteria, applicable to the issue at hand 

b.  Mapping equity principles into reference bases, or metrics, by which to gauge them 

c. Analyzing the implications of alternative policy designs on equity, and analyzing the broader 

implications (e.g., efficiency, political feasibility) of alternative in principle/reference base 

combinations (equity formulas) 

d.  Designing and implementing a DDF that conforms to a desired equity principle 

This brief introduction provides a summary of some major aspects of the analysis of FEMA disaster 

assistance with and without the DDF. 

Current policy calls for a per capita disaster damage threshold for the designation of a presidential 

ŘƛǎŀǎǘŜǊ ŘŜŎƭŀǊŀǘƛƻƴ ŀƴŘ ŀǎ ŀ ƎǳƛŘŜ ǘƻ ƴŀǘǳǊŀƭ ŘƛǎŀǎǘŜǊ ŀƛŘΣ ǎǳŎƘ ŀǎ C9a!Ωǎ tǳōƭƛŎ !ǎǎƛǎǘŀƴŎŜ όt!ύ 

program.  In essence, this reflects Egalitarian equity, in this case, whereby every person in the US has an 

equal right to disaster assistance no matter where they are located.  The reference base here is 

obviously population, though for other equity principles there may be several possible bases.27  From 

the standpoint of fiscal capacity alone, the relevant equity principle is Ability to Pay, long a staple of the 

public finance literature. Here the choice of reference base becomes more complicated because there is 

no consensus on the best measure of this capacity.  However, the proposed Total Taxable Resources 

(TTR), developed by the US Treasury Department, has several attractive features. 

DƻƛƴƎ ƻƴŜ ǎǘŜǇ ŦǳǊǘƘŜǊ ǘƻ ƛƴŎƭǳŘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ ƘŀȊŀǊŘǎ όǘƘŜ Ǌƛǎƪ ǎƛŘŜύ ōǊƛƴƎǎ άƴŜŜŘέ ƛƴǘƻ ǇƭŀȅΣ ƛƴ 

contrast to Ability to Pay.  Note, however, this does not invoke the Benefits principle of public finance, 

which requires that those who benefit from a public expenditure be the ones who pay for it.  Attention 

to benefits in relation to the deductible is more a matter of altruism, though not necessarily Vertical 

Equity because of the relatively low correlation between the Deductible level and state GSP. 

                                                           
26

 One possible exception, where there may be a strong positive correlation between wealth and disaster loss is 
when wealth accumulates in geographical areas that are more prone to disaster loss such as in coastal areas, 
mountainous or heavily wooded areas. Heavily populated commercial areas are also often located on coasts and 
more prone to storm surge or tsunami hazards.  
27

 Even for the Egalitarian principle, the reference base is not automatic.  Here we are implicitly considering the 
current population. However, one can invoke a dynamic reference base relating to the previous or future 
population. 
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If we combine the fiscal capacity and risk/vulnerability aspects of the DDF, this translates into a change 

in well-being in terms of fiscal expenditure minus loss.  If the formula is structured in such a way as to 

equalize the DDF across states on this basis, it corresponds to the Horizontal Equity principle.  If it favors 

relatively less well-off states, then it corresponds to a Vertical Equity principle. 

Another way of looking at equity is in relation to cross-subsidization among states.  Because we use the 

median for the Base Deductible, half of the states are above it and half are below, thus dampening this 

possibility somewhat, though this is offset by the fiscal capacity and risk adjustments.  Of course, there 

are no direct transfers from state to state involved in the implementation of the deductible, so any such 

effect would be through the federal-state fiscal apparatus of taxation, public expenditures, and 

intergovernmental transfers.  Given the complexity of this federal-state relationship, it is not clear that 

indirect cross-subsidization would take place.  Instead, we have focused on the aspect that can be 

measuredτ the cross-state equity of the deductible itself and of the state response. 

Equity is important in its own right, but also in relation to political feasibility (Rose et al., 1989).  Previous 

attempts by FEMA to revise the criteria for the allocation of disaster assistance have involved an analysis 

of equity implications (S. 1960, 2014; H. R. 3925, 2014) and have been criticized on equity grounds 

(GAO, 2001). 

Overall, the State Deductible does not strongly conform to any of the standard equity principles.  While 

there is inequality across states, the inequality appears to be random in relation to fairness.  FEMA can, 

however, alter the Deductible level across states to meet any of several established equity principles.  

Equity is a complex consideration.  Unlike economic efficiency, for which there is a strong consensus on 

a best definition, there is no consensus on the best form of equity.  Therefore, one must consider 

several alternative equity principles and decide on the set most appropriate for the case at hand.  Even 

then, there can be conflicts among the leading candidates.   

VIII.  DISASTER DEDUCTIBLE FORMULA EVALUATION 

A.  ASSUMPTIONS AND PARAMETERS 

The specification of the DDF and the incentivization response presented above is based on several major 

assumptions and key parameters.  In this section, we discuss each in greater detail and indicate some of 

the major implications, including the sensitivity of the DDF to changes in the values used. 

¶ Deductible Base Level.  Based on the median of staǘŜǎΩ м7-year (1999-15) average of total annual 

PA funding.  This value is then divided by median of all states plus the District of Columbia to 

obtain individual state values.  The result is a Base Deductible of $22.2 million per state. The 

advantage of this specification is that it represents a pure level without any initial bias according 

to state conditions. Of course, the state-specific conditions are important and are factored in 

through the Fiscal Capacity and Risk Indices. 
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¶ Fiscal Capacity Adjustment.  Numerous indicators of fiscal capacity were considered, but many 

of them were highly correlated. We therefore chose the following based on their inherent 

strengths in the absence of high correlations between them. 

-  Per capita Total Taxable Resource (TTR) index 

-  Per capita budget surplus/deficit index 

-  Per capita state reserves index 

-  State bond rating index 

Each index for each state is computed by calculating the value for each state and dividing by the 

median value across states.  Then an average value of the four indices is used as the adjustment 

factor (together with the Risk Index) applied to the Base Deductible. 

¶ Risk Adjustments.  We utilized two approaches to adjusting for state risk.  In one, a statistical 

distribution was fitted to the 17-year (1999-15) history of annual PA receipts for each state.  

Based on the fitted distributions we calculate the average annual amount of PA for each state.  

This adjustment is applied to the Base Deductible by calculating the value for each state and 

dividing by the median value across states.  This risk adjustment is referred to as the PARI, or 

Public Assistance Based Risk Index.  The second approach uses annualized average loss (AAL) 

estimates from models developed using the HAZUS loss estimation tool for earthquake, flood, 

and hurricane threats.  Rather than being based on a short historical period of actual events, the 

AAL risk estimates are based on models that predict losses by threat using science-based models 

of hazard probability and exposure of physical assets to damage.  Again this adjustment is 

applied to the Base Deductible by calculating the value for each state and dividing by the 

median value across states.  This risk adjustment is referred to as the AALRI, or Average 

Annualized Loss Risk Index.  

¶ Adjusted Base Deductible.  The Fiscal Capacity Index and Risk Index are applied with 25% weight 

and 75% weight, respectively.  In addition, the result is normalized back to a $22.2 million state 

ŀǾŜǊŀƎŜ ǘƻ ŎƻƴǘǊƻƭ ŦƻǊ ǘƘŜ ǘȅǇŜ ƻŦ άōǊŀŎƪŜǘ ŎǊŜŜǇέ ǘƘŀǘ ŀǊƛǎŜǎ ǿƛǘƘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ н 

adjustment indices. 

¶ Deductible Cap.  A cap of $138.6 million is applied to eliminate outliers. The $138.6 million is 

based on the 95th percentile of disaster damages, which is then normalized to $94.6 million. 

¶ Loss Reduction Multipliers. This refers to the benefit-cost ratios (BCRs) associated with risk 

reduction strategies.  

-- For mitigation, these were derived from the Mitigation Saves Report to Congress (MMC, 2005) 

and only consider property damage benefits: 

Á -  Floodsτ 4.75:1 

-  Hurricanesτ 0.51:1 

-  Earthquakesτ 0.42:1 

-  Severe stormsτ 3.18:1 

-  Otherτ 3.18:1 

Á The BCRs derived in the Mitigation Saves Report to Congress (MMC, 2005) include a range 

of benefits categorized broadly as property damage, casualty, historical and environmental, 

and business interruption.  Mitigation projects for various threats tend to emphasize more 
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of some benefits than others. For example, the MS Study found that casualty reduction was 

the largest benefit in wind-related mitigation projects, while property damage reduction 

was the largest benefits for flood-related projects.  Since federal Public Assistance focuses 

on property damages rather than casualties or business interruption, which are covered by 

other programs or from other sources, we have derived property-damage only BCRs from 

the Mitigation Saves Study.  The Study only identified three threat types: Wind, Flood and 

Earthquake, whereas we have five types.  The Property Damage Only BCRs are calculated as 

the property damage share of benefits over the entire costs, thereby creating lower BCRs. 

These are for earthquakes: 28% *1.5 = .42; hurricanes 13% *3.9 = 0.51; flood: 96% * 5.0 = 

4.8.  The overall BCR is a weighted average of the component BCRs using cost as the weights 

and changes from 4.0 to 3.18. This BCR is also used for the other categories of severe storm 

and other. 

-- CƻǊ ǊŜƭƛŜŦ ŦǳƴŘǎΣ ǿŜ ŀǎǎǳƳŜ ǘƘŜ άƭƻǎǎ ǊŜŘǳŎǘƛƻƴέ ƛǎ мΥмΦ  bƻǘŜ ǘƘŀǘ ǘƘƛǎ ǎǘǊŀǘŜƎȅΣ ƘƻǿŜǾŜǊ, 

applies to all threats (and is not just threat-specific).   Most importantly, it is not actually a 

reduction in risk but simply a shift in the risk from the federal government to the state. 

--CƻǊ ƛƴǎǳǊŀƴŎŜΣ ǿŜ ŀǎǎǳƳŜ ǘƘŜ άƭƻǎǎ ǊŜŘǳŎǘƛƻƴέ ƛǎ мΥмΣ ǊŜǇǊŜǎŜƴting the actuarial value of 

insurance.  We assume that this strategy is threat-specific.   And again, it is not actually a 

reduction in risk but simply a shift in the risk, this time to private sector. 

--In our incentivization analysis, we will place the following limits on risk reduction strategies: 

- Mitigation:  50% of risk (because not all risks can be mitigated) 

- Relief fund:  50% (because this is only risk spreading and not actually risk reduction)  

- Insurance:  50% (because this is only risk spreading and not actually risk reduction)  

¶ Credit Multipliers.  In order to incentivize risk reduction behavior, we assume that FEMA would 

provide credits for state implementation of various strategies.  The credit multipliers are as 

follows: 

-  Mitigationτ3:128 

-  Relief fundsτ1:129 

-  Insuranceτ2:130 

We assumed that all credits are applied the first year in which the expenditures made.31 

¶ The useful life of mitigation projects is assumed to be 50 years.  This reflects the useful life of 

most buildings and various other structures like bridges, levees and dams (MMC, 2005). 

 

The aforementioned assumptions and parameters fall into 3 groups.  First, we can identify objective 

values to which an accuracy test can be applied.  This would include the BCRs and useful life of 

mitigation projects.  A second category is more subjective ŀƴŘ Ŏŀƴ ƘŀǾŜ ŀ ǘŜǎǘ ƻŦ άǊŜŀǎƻƴŀōƭŜƴŜǎǎέ 

                                                           
28

 Applicable to the year in which the expenditure is made. 
29

 Applicable only in year the Relief Fund is initiated, or year in which any subsequent increases to it are made. 
30

 Applied to annual insurance premium. 
31

 Lƴ ǇǊŀŎǘƛŎŜΣ ǘƘŜ ŎǊŜŘƛǘ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ȅŜŀǊ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ŜȄǇŜƴŘƛǘǳǊŜΦ Lƴ ǘƘƛǎ ǊŜǇƻǊǘΣ ǿŜ ŀƴŀƭȅȊŜ 
state burdens under the assumption that each state experiences their expected damages with certainty (i.e. there 
is no chance of not having a disaster). Under this framework, dynamic issues around timing of the credit are 
negligible.  
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applied, such as the decision to adjust the Base Deductible by Fiscal Capacity and Risk Indices.  This also 

applies to the 3:1 credit for risk reduction expenditures and the application of this credit to only the first 

year.  A final category pertains to equity or fairness considerations (to be discussed further below) with 

respect to the initial $22.2 million Base Deductible and the imposition of a cap on outliers.  The Base 

Deductible level chosen is considered fair from the standpoint of applying an equal baseline deductible 

across states. Moreover, by selecting the median of average annual PA, we ensure that half of the states 

will expect PA that falls below the baseline deductible and one-half of states will expect PA that is above 

the deductible. 

 

We acknowledge that our illustrative results of the application of the DDF are sensitive to the various 

assumptions and parameters. The implications of any of them are straightforward in that the 

adjustment factors are applied in a multiplicative fashion, as are the Deductible Credit Multiplier and 

Loss Reduction Multipliers (BCRs).  Use of forecasts of risk are less transparent, because they would 

likely be based on differentials in population and economic growth rates across states, as well as 

potentially changing climatic conditions.  However, we will perform sensitivity tests on this aspect as 

well as many of the assumptions and parameters disused above. 

 

B.  SENSITIVITY ANALYSES 

We considered several sensitivity analyses.  These sensitivity analyses involve changes to the 

assumptions of key parameters that affect how states will respond to the DDF (such as values of risk 

reduction multipliers and credit multipliers).  We do not present all possible calculations for each 

sensitivity analysis; instead we highlight the calculation that is most directly affected by each.  In one 

case, however, we compute all applicable DDF calculations, allowing a full comparison to the DDF 

assumptions in the Base Case. 

 

1. CHANGE IN WEIGHTS FOR RISK INDEX AND FISCAL CAPACITY INDEX 

The Deductible in the Base Case assumed that the combined index was calculated by placing 75% of the 

weight on the Risk Index and 25% on Fiscal Capacity Index.  In the sensitivity test, we calculate the 

combined index placing 25% of the weight on the Risk Index and 75% of the weight on the Fiscal 

Capacity Index, and by assuming a simple 50/50 weighting between the Risk Index and Fiscal Capacity 

Index.  This reduces the relative impact of high risk states.  In general, states that have high Fiscal 

Capacity experience a higher deductible than they would receive under the baseline.  Wyoming, for 

example, receives a normalized deductible of $21 million and $35 million for the 50/50 and 25/75 PARI 

sensitivity analyses. Its normalized Deductible in the Base Case is $10 million.  Figures I-13 and I-14 show 

the effect of these sensitivity analyses in the case of the PARI and AALRI risk indices, respectively. 
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Figure I-13. Comparison of State Normalized Deductibles between the Base Case and Sensitivity Case - 

PARI 

 

 

 

Figure I-14. Comparison of State Normalized Deductibles between the Base Case and Sensitivity Case ς 

AALRI 
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2. CREDIT MULTIPLIERS EQUAL TO MITIGATION BCR MULTIPLIERS 

We consider a sensitivity analysis in which the credit multiplier associated with mitigation expenditure is 

equal to the BCR of mitigation. This causes variation between disaster types, i.e., mitigation against 

floods receives more credits against the deductible than mitigation against earthquakes.  This sensitivity 

analysis causes the mix of mitigation strategies to be the same regardless of whether the state is trying 

to achieve disaster reduction or trying to mitigate away a portion of its deductible. When all mitigation 

behavior receives the same amount of credit, a state focusing on obtaining deductible credits would be 

indifferent between the disaster types.  By matching the credit multipliers to the BCR multipliers, states 

are incentivized to pursue the highest BCR mitigation ƻǇǘƛƻƴǎ ŦƛǊǎǘΣ ŜǾŜƴ ǿƘŜƴ ŀ ǎǘŀǘŜΩǎ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ 

obtain credits rather than to mitigate risk. 

3. ALTERNATIVE BCR VALUES  

In this sensitivity analysis, we investigate the effect of using the overall BCRs from the Mitigation Saves 

study (MMC, 2005): rather than the property damage only BCRs used in the Base Case.  The study BCRs 

ƛƴŎƭǳŘŜ ŀƭƭ ōŜƴŜŦƛǘǎΣ ƴƻǘ Ƨǳǎǘ ǘƘƻǎŜ ǘƘŀǘ ǿƻǳƭŘ ǊŜŘǳŎŜ ǇǳōƭƛŎ ŀǎǎƛǎǘŀƴŎŜΦ  ²ƘƛƭŜ ǘƘŜ Ǝƻŀƭ ƻŦ C9a!Ωǎ ǇƻƭƛŎȅ 

is to encourage mitigation of all types, the focus of the DDF has been on its impact on Public Assistance 

needs.  The comparison presented here reveals the robustness of the DDF formula and the analytical 

tools we have developed because the results do not differ much between the Base Case and this 

sensitivity case.  The full BCRs from the Mitigation Saves study are 

 

Á -  Floodsτ 5.0:1 

-  Hurricanesτ 3.9:1 

-  Earthquakesτ 1.5:1 

-  Severe stormsτ 4.0:1 

-  Otherτ 4.0:1 

 

AALRI Case 

 

We only run the sensitivity analysis based on the 75% risk reduction or 75% credit attainment target (the 

Base Case).  The MP analysis results for the AALRI Case are presented in Tables I-21 and I-22. 

 

For the 75% risk reduction case, mitigation of floods will be the only strategy in the optimal solution for 

all three states.  However, since the BCR of floods increases from 4.75 in the Base Case to 5.00 in the Full 

BCR Sensitivity Case, total expenditures decrease by about 5% for each state. 

 

For the 75% credit attainment case, we got the exactly same results for California and Ohio.  This is 

because in the credit attainment target simulation, the BCRs of different mitigation strategies do not 

matter as long as the credit multiplier for each mitigation strategy is the same at 3.0.  As for Mississippi, 

the optimal solution in the sensitivity test includes both mitigation of Hurricanes and Earthquakes 

(compared to just mitigation of Hurricanes in the Base Case).  This is because when the BCR of mitigation 

of Hurricanes increases from 0.51 to 3.90 in the Full BCR case, the constraint of 50% risk reduction from 
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this threat type becomes binding.  The model then chooses mitigation of Earthquakes to achieve the 

remaining credit attainment target.  We note that the optimal solution is not unique in this sensitivity 

case.  This is again because the credit multipliers for all the mitigation options are the same (3.0).  From 

the expenditure minimization point of view, there is no difference in choosing among alternative 

mitigation options as long as the 50% risk reduction constraint is not binding for the individual 

mitigation options. 

 

TABLE I-21. Minimization of Risk Reduction Expenditure for 75% Risk Reduction Target  
AALRI Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  CA MS OH 
 

CA MS OH 

        Mitigation 
           Hurricanes        

    Floods 21.15 2.00 3.88  105.77 9.99 19.40 

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 21.15 2.00 3.88  105.77 9.99 19.40 

 
 

TABLE I-22. Minimization of Risk Reduction Expenditure for 75% Credit Attainment Target 
AALRI Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  CA MS OH 
 

CA MS OH 

        Mitigation 
           Hurricanes  3.18    9.53  

    Floods 35.26  6.47  105.77  19.40 

    Severe Storms        

    Earthquakes  0.16    0.47  

    Other        
Insurance or 
Relief Funds        

    Hurricanes        

    Floods        

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 35.26 3.33 6.47  105.77 9.99 19.40 
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PARI Case 

The MP analysis results for the PARI Case are presented in Tables I-23 and I-24.   

For California, the results indicate that when the state seeks to achieve the risk reduction goal with 

minimized spending, it chooses the same set of risk reduction options (i.e., mitigating risk from floods, 

severe storms, and other) as in the Base Case simulation.  However, the total risk reduction 

expenditures decrease by about 20%.  This is because when the BCRs of the mitigation strategies 

increase in the sensitivity case, lower mitigation expenditures are needed to achieve the same level of 

risk reduction as in the Base Case.  ²ƘŜƴ ǘƘŜ ǎǘŀǘŜΩǎ Ǝƻŀƭ ƛǎ ǘƻ ŀǘǘŀƛƴ ŀ тр҈ ŘŜŘǳŎǘƛōƭŜ ŎǊŜŘƛǘ ǿƛǘƘ 

minimized spending, the total amount of risk reduction expenditures in the optimal solution remains the 

same as in the Base Case.  However, the solution of this sensitivity case includes one additional 

mitigation strategy ς ƳƛǘƛƎŀǘƛƻƴ ƻŦ άƻǘƘŜǊέ ǘƘǊŜŀǘǎΣ ŀǎ ǿŜƭƭ ŀǎ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ŀƳƻǳƴǘǎ ƻŦ ŜȄǇŜƴŘƛǘǳǊŜ ƻƴ 

mitigation of Floods, Severe Storms, and Earthquake.  This is because in the sensitivity case, the BCRs for 

Floods, Severe Storms, and Earthquake increase from 4.75, 3.18, and 0.42 to 5.00, 4.00, and 1.50, 

respectively. Therefore, less can be spent on mitigating the risk of these threat types before the 50% risk 

reduction constraint becomes binding for the corresponding mitigation strategies.  In addition, after the 

constraints for mitigating Floods, Severe Storms, and Earthquakes all become binding in the sensitivity 

analysis of the 75% credit attainment case, mitigation of Other threats becomes part of the optimal 

solution. However, for the same reason mentioned above, we note that the optimal solution is not 

unique in the sensitivity case.   

For Mississippi, when the target is to achieve 75% risk reduction, the state does not need to spend on 

insurance in the sensitivity case as in the Base Case. This is because, in the sensitivity case, the BCR of 

mitigation of hurricanes increases from 0.51 to 3.90.  Therefore, instead of choosing insurance after the 

constraint on mitigation becomes binding for Floods, Severe Storms, and Other as in the Base Case, the 

state will choose to mitigate Hurricanes to achieve the remaining risk reduction target in the sensitivity 

case.  The total expenditures by MS decrease by 72%, because of the increased BCRs of the mitigation 

strategies relative to the Base Case.  When the state target is credit attainment, the sensitivity analysis 

yields the exactly same results as in the base case.  This is because in the credit attainment target 

simulation, the BCRs of different mitigation strategies do not matter as long as the credit multiplier for 

each mitigation strategy is the same at 3.0, and the constraint that risk reduction from mitigation cannot 

exceed 50% for each threat is not binding. 

For Ohio, when the state target is risk reduction, the state will again choose mitigation of Severe Storms 

to achieve the 75% risk reduction goal as in the Base Case.  However, since the BCR of Severe Storms 

increases from 3.18 in the Base Case to 4.00 in the Full BCR Sensitivity case, the total expenditure to 

achieve the same risk reduction goal is reduced by about 20%.  For the 75% credit attainment case, the 

mix of mitigation strategies and the total expenditures remain the same as in the Base Case.  However, 

less is spent on mitigation of Hurricanes and more is spent on Severe Storms.  This is because when the 

BCR of Hurricanes increases from 0.51 to 3.90, less can be spent on this strategy before the constraint of 

a maximum of 50% risk reduction on this threat type is reached.  However, we note again that the 

optimal solution is not unique in the sensitivity case. 
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TABLE I-23. Minimization of Risk Reduction Expenditure for 75% Risk Reduction Target  
PARI Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  CA MS OH 
 

CA MS OH 

        Mitigation 
           Hurricanes  6.12    23.86  

    Floods 1.02 0.02   5.12 0.10  

    Severe Storms 9.08 0.67 1.93  36.31 2.69 7.70 

    Earthquakes 
           Other 3.31 0.04 

  
13.24 0.16 

 Insurance or 
Relief Funds        

    Hurricanes        

    Floods        

    Severe Storms        

    Earthquakes        

    Other        

        Total 13.41 6.85 1.93  54.66 26.80 7.70 

 
 
 
 

TABLE I-24. Minimization of Risk Reduction Expenditure for 75% Credit Attainment Target PARI 
Case 

(in million dollars) 

          Expenditure   Risk Reduction Attained 

  CA MS OH 
 

CA MS OH 

        Mitigation 
           Hurricanes  8.93 0.13   26.80 0.39 

    Floods 1.02    3.07   

    Severe Storms 9.08  2.44  27.23  7.31 

    Earthquakes 4.82    14.45   

    Other 3.31    9.92   
Insurance or 
Relief Funds        

    Hurricanes        

    Floods        

    Severe Storms        

    Earthquakes        

    Other        

 
       

Total 18.22 8.93 2.57  54.66 26.80 7.70 
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Following from the investigation of alternative BCR specification in the mathematical programing model, 

we use the results in a burden analysis to assess the impact on this analysis of the alternative 

assumptions for BCRs for both the AALRI (Table I-25) and PARI (Table I-26). 

 
 

 

Table I-25. 

Burden Analysis for DDF1 ς AALRI 

Three States (75% risk reduction) 

Sensitivity Analysis ς Full Benefit BCRs 

 

 Expenditures ($millions) 
 California Mississippi Ohio 

    

A. Status Quo    

Total expected Public Assistance (PA) 1334.33 99.34 210.91 

State share of PA 300.22 22.35 47.46 

Federal PA 1034.10 76.99 163.46 

       

B. Deductible only       

Total expected Public Assistance (PA) 1334.33 99.34 210.91 

State deductible 141.03 13.32 25.86 

PA after state pays deductible 1193.30 86.02 185.05 

State share of remaining PA 268.49 19.35 41.64 

State total spending (deduct. + state share) 409.52 32.68 67.50 

Federal PA 924.81 66.67 143.41 

Change in State burden  109.29 10.33 20.05 

Change in Federal burden -109.29 -10.33 -20.05 

       

C. Mitigation with DDF credit       

Total expected Public Assistance (PA) 1334.33 99.34 210.91 

Mitigation spending 21.15 2.00 3.88 

Insurance coverage 0.00 0.00 0.00 

Relief fund  0.00 0.00 0.00 

Reduction in PA from mitigation expenditures  70.51 6.66 12.93 

Total actual PA 1263.81 92.68 197.98 

State deductible less credit for mitigation 141.03 7.33 14.22 

PA less deductible 1122.79 85.35 183.76 

State share of remaining PA 252.63 19.20 41.35 

State total spending (mitigation + deduct. + share) 393.65 28.53 59.45 

Federal PA 870.16 66.15 142.41 

Change in State burden from status quo 93.43 6.18 11.99 

Change in State burden rel. to deductible only -15.87 -4.15 -8.05 

Change in Federal burden from status quo -163.94 -10.84 -21.05 

Change in Federal burden rel. to deductible only -54.65 -0.52 -1.00 
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Table I-26. 

Burden Analysis for DDF1 ς PARI 

Three States (75% risk reduction) 

Sensitivity Analysis ς Full Benefit BCRs 

 

 Expenditures ($millions) 
 California Mississippi Ohio 

    

A. Status Quo    

Total expected Public Assistance (PA) 224.98 104.91 23.13 

State share of PA 50.62 23.60 5.20 

Federal PA 174.36 81.30 17.92 

       

B. Deductible only       

Total expected Public Assistance (PA) 224.98 104.91 23.13 

State deductible 72.89 35.73 10.26 

PA after state pays deductible 152.09 69.17 12.86 

State share of remaining PA 34.22 15.56 2.89 

State total spending (deduct. + state share) 107.11 51.30 13.16 

Federal PA 117.87 53.61 9.97 

Change in State burden  56.49 27.69 7.95 

Change in Federal burden -56.49 -27.69 -7.95 

       

C. Mitigation with DDF credit       

Total expected Public Assistance (PA) 224.98 104.91 23.13 

Mitigation spending 13.41 6.85 1.93 

Insurance coverage 0.00 0.00 0.00 

Relief fund  0.00 0.00 0.00 

Reduction in PA from mitigation expenditures  36.44 17.87 5.13 

Total actual PA 188.54 87.04 18.00 

State deductible less credit for mitigation 32.66 15.19 4.49 

PA less deductible 155.88 71.85 13.51 

State share of remaining PA 35.07 16.17 3.04 

State total spending (mitigation + deduct. + share) 81.14 38.20 9.45 

Federal PA 120.81 55.68 10.47 

Change in State burden from status quo 30.52 14.60 4.25 

Change in State burden rel. to deductible only -25.97 -13.09 -3.71 

Change in Federal burden from status quo -53.55 -25.62 -7.46 

Change in Federal burden rel. to deductible only 2.94 2.07 0.50 

 
 

Using the full impact BCRs does not have a significant impact on the goal of achieving a 75% reduction in 

the deductible through credits compared to the property damage only BCRs.  Although the change in 

BCRs across threats in this sensitivity analysis changes the mitigation mix by threat type, it does not 

result in an appreciable effect on the burden analysis for either California or Ohio.   This is because these 

two states will not swap the mix of mitigation strategies significantly.  The only time this effect becomes 

significant is when the threat mix is such that those threats with low property damage BCRs are 

important, and a state moves away from mitigation to either insurance or building a relief fund.  Since 
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these activities have lower credit multipliers, states will have to spend more to achieve the credit goal. 

This effect results in a noticeable change in results for Mississippi, compared to using the property 

damage only BCRs.  This is largely because of the particular threats the state faces.  The optimal mix of 

mitigation and insurance favors insurance when using the property damage only BCR for hurricanes, 

which is lower than the all-benefit BCR.  The Mathematical Program result has the state move away 

from mitigation and toward insurance to achieve the desired risk reduction.  

¢ƘŜǊŜ ƛǎ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜ ƛƴ ŀƴȅ ǎǘŀǘŜΩǎ ƻǳǘŎƻƳŜ ǿƘŜƴ ǘƘŜ ƻōƧŜŎǘƛǾŜ ƛŦ ŀ тр҈ ǊŜŘǳŎǘƛƻƴ ƛƴ 

deductible. This is because the credit multipliers do not change, and the goal of reducing the deductible 

by 75% is driven in this case by the credit multipliers.  

The conclusion of this sensitivity analysis is that while the choice of BCRs affects the choice of optimal 

mitigation strategy mix, depending on the mix of threats each state faces, the choice of property 

damage only BCRs is driven more by concerns that we use BCRs that measure the appropriate benefits.  

The modeling approach is proven to be robust to alternative BCR values. 

The sensitivity BCRs result in substantial changes in the time path figures, particularly in states that have 

high earthquake and hurricane PA.  This large change occurs because under the baseline scenario, there 

is no mitigation against these threats, while under the alternative BCRs it is less costly to mitigate 

against these threats than to buy insurance.  In California, the changes are relatively small under the 

t!wL ŘŜŘǳŎǘƛōƭŜ ōŜŎŀǳǎŜ Ƴƻǎǘ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ƘƛǎǘƻǊƛŎŀƭ t! ŎƻƳŜǎ ŦǊƻƳ ǎŜǾŜǊŜ ǎǘƻǊƳǎΣ ŦƭƻƻŘǎΣ ŀƴŘ 

άƻǘƘŜǊέ ŘƛǎŀǎǘŜǊǎΣ ŀƭƭ ƻŦ ǿƘƛŎƘ ŀǊŜ ƳƛǘƛƎŀǘŜŘ ŀƎŀƛƴǎǘ ŜǾŜƴ ǳƴŘŜǊ ǘƘŜ ōŀǎŜƭƛƴŜ ./wǎΦ ¢Ƙƛǎ ƛs shown in 

Figure I-15. Under the AALRI deductible which is shown in Figure I-16, however, expected earthquake 

damage is relatively high and the sensitivity BCRs result in several years of earthquake mitigation that 

does not take place under the baseline BCR assumption.  The effect of the sensitivity parameters on 

aƛǎǎƛǎǎƛǇǇƛΩǎ ŜȄǇŜƴŘƛǘǳǊŜ ŘŜǇŜƴŘǎ ƻƴ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ Ǌƛǎƪ ƛǎ ƳƻŘŜƭŜŘ ǿƛǘƘ t!wL ƻǊ !![wLΦ ¦ƴŘŜǊ ǘƘŜ t!wL 

approach which is shown in Figure I-17Σ aƛǎǎƛǎǎƛǇǇƛΩǎ Ǌƛǎƪǎ ŀǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ƘǳǊǊƛŎŀƴŜǎ ŀƴŘ ǎwitching 

from the baseline BCRs to the sensitivity BCRs results in greater potential mitigation. Under the AALRI 

assumptions shown in Figure I-18Σ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ aƛǎǎƛǎǎƛǇǇƛΩǎ Ǌƛǎƪ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ ŦƭƻƻŘǎΣ ǿƘƛŎƘ 

receive mitigation even under the baseline BCRs. 
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Figure I-15. The Effect of DDF on California over Time ς PARI 

 

 

 

 

Figure I-16. The Effect of DDF on California over Time - AALRI 
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Figure I-17. The Effect of DDF on Mississippi over Time ς PARI 

 

 

 

 

Figure I-18. The Effect of DDF on Mississippi over Time ς AALRI 
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C.  ASSESSMENT 

The particular specification of the Disaster Deductible Formula presented here can be assessed against 

selected criteria.  These criteria include: 

¶ !ōƛƭƛǘȅ ǘƻ ŀŎƘƛŜǾŜ C9a!Ωǎ Ǝƻŀƭǎ.  The DDF shifts more responsibility for disaster risk to states and 

provides incentives for states to reduce this risk.  

¶ Stability. The application of caps on deductibles prevents extreme outliers from having too 

much influence.  This controls for both extreme values in the measures of fiscal capacity and the 

influence of extreme disasters. 

¶ Economic efficiency.  This is promoted by giving each state a choice in its risk reduction 

alternatives, so as to achieve a least-cost portfolio strategy.  

¶ Equity and fairness.  The Base Deductible satisfies some of the fundamental principles of equity.  

Each state starts off with the same deductible before adjustments are made for risk and fiscal 

capacity, which is consistent with Horizontal equity.  Each state deductible is then adjusted for 

risk exposure, from all relevant hazards it faces, and adjusted for the fiscal capacity to fund both 

ǘƘŜ ŘŜŘǳŎǘƛōƭŜ ŀƴŘ ǘƘŜ ǎǘŀǘŜΩǎ ǎƘŀǊŜ ƻŦ ŘƛǎŀǎǘŜǊ ǇǳōƭƛŎ ŀǎǎƛǎǘŀƴŎŜΣ ōƻǘƘ ƻŦ ǿƘƛŎƘ ǊŜƭŀǘŜ ǘƻ !ōƛƭƛǘȅ 

to Pay equity.32  Overall the adjustments address both Horizontal and Vertical equity objectives:  

similar states are treated similarly, but different states are treated differently.   

¶ Flexibility.  C9a!Ωǎ ŎƘƻƛŎŜ ƻŦ ŎǊŜŘƛǘ ƳǳƭǘƛǇƭƛŜǊǎ ǎŜǘǎ ōƻǘƘ ǘƘŜ ƻǾŜǊŀƭƭ ƭŜǾŜƭ ƻŦ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ǎǘŀǘŜ 

disaster risk reduction expenditures and the relative reward for alternative tactics.  Each type of 

mitigation can be credited differently, as can be the credit for purchasing insurance for public 

facilities and the credit for establishing a disaster relief fund.  The credits can be set to affect the 

portfolio choice of disaster risk reduction response.   

¶ Transparency.  The DDF is predictable and easily calculated.  This is attained by a relatively 

simple formula using publicly available data and with only a few parameters.   

¶ Political feasibility.  Allowing states to choose how to achieve a given reduction in their 

deductible via alternatives such as mitigation, insurance or establishing a relief fund empowers 

the states, and encourages participation in the program. 

IX.  CONCLUSION 

This report has presented the results of developing an initial Disaster Deductible Formula (DDF) to 

incentivize state, tribal, territorial, and local governments to increase their capabilities to withstand 

disasters.  The report specifies a DDF, deconstructs its operation, and analyzes the risk reduction and 

fiscal impact the DDF will have on all states using various economic methods to evaluate performance. 

Currently, once a disaster declaration has been made, FEMA provides approximately three-quarters of 

the funds needed for public assistance, while non-federal levels of government cover the remaining 

non-federal share.  The DDF is intended to encourage states to build fiscal capacity to fund their post-

disaster assistance needs, to provide incentives to engage in mitigation and resilience, and to purchase 

                                                           
32

 Ability to Pay is indirectly affected by the need for covering losses. 
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insurance to reduce expected losses.  All of these responses will lessen the need for federal disaster 

assistance.  

The DDF establishes a Base Deductible chosen using a simple equal-share rule.  The Base Deductible is 

ŀŘƧǳǎǘŜŘ ŦƻǊ ŜŀŎƘ ǎǘŀǘŜΩǎ CƛǎŎŀƭ /ŀǇŀŎƛǘȅ ŀƴŘ ǳƴŘŜǊƭȅƛƴƎ wƛǎƪ 9ȄǇƻǎǳǊŜ ǿƛǘƘ ŎŀǇǎ ŀǇǇƭƛŜŘ ǘƻ ǇǊŜǾŜƴǘ 

extreme values, and the final Adjusted Deductible is normalized (proportionally shifted so that the mean 

value is consistent with the original base).  By itself, a deductible shifts the responsibility of funding the 

first dollar of Public Assistance to the states, and away from FEMA.  When combined with Credits 

offsetting the Deductible for spending on mitigation and other disaster-reduction activities, each state 

can reduce both its total cost of disasters and reduce its need for PA compared to a deductible alone.  

A Mathematical Programming Model is used to determine the least-cost combination of the state 

response to the Deductible through mitigation, insurance and relief fund expenditures to achieve 

specified risk-reduction or deductible-reduction goals.   

The results are then analyzed in a Burden Analysis -- a simple technique to measure the fiscal impacts of 

the response on the states and FEMA. This analysis reported for selected states reveals the following 

impacts: 

1. Compared to the status quo, a Deductible by itself shifts some of the burden of funding Public 

Assistance from FEMA to the states. 

2. The Deductible alone offers little or no incentive for states to undertake risk-reduction tactics, 

since their Public Assistance share is approximately 25%, and any risk reduction is offset by the 

associated expenditures for many states. 

3. Offering credit for mitigation and other disaster risk-reduction activities provides a strong 

incentive for states to engage in these activities, and thereby significantly reduces the negative fiscal 

impact of the Deductible alone.  Simulations indicate that in the first few years, states are still not 

better off than under the current (no Deductible) situation.  However, over time, the cumulative risk 

reduction does make states better off in terms of their risk exposure and their expected payoff.   

Sensitivity analyses demonstrated that the general results are quite robust.  That is, the basic 

conclusions hold, even with moderate changes in key assumptions and parameter values relating to caps 

on the Deductible, relative weights given to the fiscal capacity and risk adjustments, benefit-cost ratios 

and credit multipliers.  The optimal mix of risk reduction responses is affected by variations in benefit-

cost ratios for individual types of responses, but the optimal mix of responses to attain a given credit 

level against the Deductible is affected only to a limited extent. 

Finally, we emphasize that this report not only provides the formulation of a first Disaster Deductible 

and insights into its strengths and weaknesses, but it also provides methods and tools to enable FEMA 

to determine how to adjust it to meet some specific goals with respect to risk reduction, efficiency, and 

equity.  However, not all goals are likely to be met simultaneously, as some of them involve tradeoffs.  
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