














































































































































































































































































































































































































































































































































































































































































































1090 Vermont Avenue, NW 
Suite 700 
Washington, D.C. 20005
(202) 289-7800
www.nibs.org


	Foreword
	Technical Documentation
	1 Introduction
	1.1 Background
	1.2 Objectives
	1.3 Future Mitigation Saves Study Activities
	1.4 Organization of Interim Report

	2 Findings
	2.1 Summary Results
	2.2 Results From Designing to Exceed 2015 I-Code Requirements
	2.2.1 Designing to Exceed 2015 I-Code Requirements for Riverine Flood
	2.2.2 Designing to Exceed 2015 I-Code Requirements for Hurricane Surge
	2.2.3 Designing to Exceed 2015 I-Code Requirements for Hurricane Wind
	2.2.4 Designing to Exceed 2015 I-Code Requirements for Earthquake
	2.2.5 Complying with 2015 IWUIC
	2.2.6 Incentivization

	2.3 Results from Federal Grants
	2.3.1 Grants for Flood Mitigation
	2.3.2 Grants for Wind Mitigation
	2.3.3 Grants for Earthquake Mitigation
	2.3.4 Grants to Mitigate Fire at the WUI

	2.4 Aggregate Benefits and Costs
	2.5 Recap of Interim Study Findings
	2.6  Natural Hazard Mitigation Saves in Every State
	2.7 All Stakeholders Benefit from Exceeding 2015 I-Code Requirements
	2.8 Synergies Across Mitigation Strategies
	2.9 Applying Alternative Discount Rates
	2.9.1 OMB Discount Rates
	2.9.2 Calculating BCRs with a 3% Discount Rate
	2.9.3 Calculating BCRs with a 7% Discount Rate

	2.10 Job Creation for Designing to Exceed 2015 I-Code Requirements
	2.11 Avoided Deaths, Injuries, and Cases of PTSD
	2.12 Savings to the Federal Treasury
	2.13 Other Sensitivity Tests
	2.13.1 Designing to Exceed 2015 I-Code Requirements for Coastal Flooding
	2.13.2 Designing to Exceed 2015 I-Code Requirements for Hurricane Wind
	2.13.3 Designing to Exceed 2015 I-Code Requirements for Earthquake
	2.13.4 Designing to Comply with 2015 IWUIC
	2.13.5 Federal Grants


	3 Review of Mitigation Guidance and Quantification of Benefits
	3.1 Building on Prior Work
	3.2 Relevant Building Codes and Standards
	3.3 Options to Exceed Code Minimum Requirements
	3.3.1 Options to Exceed Minimum Wind Design Requirements
	3.3.2 Options to Exceed Minimum Flood Design Requirements
	3.3.3 Options to Exceed Minimum Earthquake Design Requirements
	3.3.4 Complying with the IWUIC
	3.3.5 Options to Adopt or Better Enforce Minimum Design Requirements

	3.4 Estimating Benefits and Costs of Exceeding Code Requirements
	3.5 Efforts to Estimate Benefits and Costs of Federal Grants
	3.6 Methods to Quantify Business Interruption Losses
	3.7 Methods to Quantify Social Impacts
	3.8 Methods to Quantify Other Intangibles
	3.9 Land Use Planning to Reduce Flood Hazard
	3.10 Flood Risk Modeling
	3.11 Estimating Future Growth
	3.12 Alternatives to BCA for Natural Hazard Mitigation

	4 Methodology Employed in This Study
	4.1 Engineering Approach to BCA
	4.2 BCA for Mitigation Estimates Long-Term Averages
	4.3 Calculating Aggregate Benefit-Cost Ratio
	4.4 Selection of Designs to Exceed 2015 I-Code Requirements
	4.5 Identifying the IEMax Level of Additional Mitigation
	4.6 BCA of Federal Mitigation Grants
	4.7 Grant Sampling Strategy
	4.8 Notes on Riverine Flood Methodology
	4.9 Estimating Exposure
	4.9.1 Present Day Exposure
	4.9.2 Creating a Proxy Portfolio for Designing to Exceed I-Code Requirements for Riverine Flood
	4.9.3 Estimating Building Exposure for Riverine Flooding
	4.9.4 Estimating Building Exposure for Coastal Inundation
	4.9.5 Number of People and Households Based on Number of Buildings

	4.10 Estimating Hazard
	4.10.1 Estimating Riverine Flood Hazard
	4.10.2 Estimating Storm Surge Hazard
	4.10.3 Estimating Hurricane Wind Hazard
	4.10.4 Estimating Tornado Wind Hazard
	4.10.5 Estimating Seismic Hazard
	4.10.6 Estimating Fire Hazard

	4.11 Estimating Vulnerability
	4.11.1 Estimating Vulnerability in General
	4.11.2 Estimating Riverine Flood Vulnerability
	4.11.3 Estimating Coastal Flooding Vulnerability
	4.11.4 Estimating Hurricane Wind Vulnerability
	4.11.5 Estimating Seismic Vulnerability
	4.11.6 Estimating Fire Vulnerability

	4.12 Estimating Property Repair Cost and Repair Duration
	4.13 Residential Displacement Cost (Additional Living Expenses)
	4.14 Estimating Business Interruption Loss
	4.14.1 Model Parameters
	4.14.2 Sector Inoperability
	4.14.3 Interdependency Matrix
	4.14.4 Demand Perturbation
	4.14.5 Economic Resilience
	4.14.6 Economic Loss
	4.14.7 Relating Hazus Results with IO Assessment of Indirect Business Interruption
	4.14.8 Additional Considerations in Estimating Business Interruption Losses

	4.15 Estimating Total (Direct and Indirect) Business Interruption Loss
	4.16 Insurance Benefits
	4.17 Deaths, Nonfatal Injuries, and Post-Rraumatic Stress Disorder
	4.17.1 Deaths and Nonfatal Injuries
	4.17.2 Post-Traumatic Stress Disorder (PTSD)
	4.17.3 Discounting Human Life, Nonfatal Injuries, and PTSD

	4.18 Other Intangibles
	4.19 Estimating Expected Annualized Losses
	4.20 Estimating and Aggregating Benefits and Costs to the National Level
	4.20.1 Aggregating Above-Code Design Results by Peril to the National Level
	4.20.2 Aggregating Federal Grant Results by Peril to the National Level
	4.20.3 Aggregating Results Across Perils to a Nationwide Level

	4.21 Allocating Net Benefits to Stakeholder Groups
	4.22 Job Creation

	5 Project Data, Sampling, and Other Analytical Details
	5.1 Federal Mitigation Program Data
	5.2 Designing to Exceed I-Code Requirements for Riverine Flood
	5.2.1 Building Inventory for Above-Code Design for Riverine Flood
	5.2.2 Cost of Designing to Exceed I-Code Requirements for Riverine Flood
	5.2.3 Life-Safety and Additional Living Expense Benefits of Designing to Exceed I-Code Requirements for Riverine Flood

	5.3 Grants for Riverine Flood Mitigation
	5.3.1 Building Inventory for Flood Mitigation Grants
	5.3.2 Riverine Flood Grant Sample
	5.3.3 BCA of Riverine Flood Grants

	5.4 Designing to Exceed I-Code Requirements for Hurricane Surge
	5.5 Grants for Wind Mitigation
	5.6 Designing to Exceed I-Code Requirements for Earthquake
	5.6.1 Cost to Build New Buildings to Exceed I-Code Requirements for Earthquake
	5.6.2 Vulnerability of Buildings that Exceed I-Code Requirements for Earthquake

	5.7 Grants for Earthquake Mitigation
	5.8 Grants for Fire at the WUI

	6 References
	Appendix A.  Glossary and List of Acronyms
	A.1 Glossary
	A.2 List of Acronyms

	Appendix B.  Databases
	B.1 Building-Related Grants
	B.2 Data.gov Database of HMGP grants
	B.3 PA Data Availability
	B.4 EDA

	Appendix C.  City of Moore Wind Code Enhancements
	Appendix D.  Which Years to Include for BCA of PA Grants
	Appendix E.  Innovations Since the 2005 Mitigation Saves Study
	Appendix F.  Sea Level Rise
	Appendix G.  Quality Assurance Procedures
	G.1 Project Quality Assurance Plan
	G.2 QA Procedures for Seismic Hazard and Seismic Vulnerability

	Appendix H.  Discount Rate
	H.1 Options for Selecting the Discount Rate
	H.2 Selected Discount Rate Values
	H.2.1 Real Cost of Borrowing
	H.2.2 Discount Rates According to OMB Circular A-4


	Appendix I.  Actual Economic Life of North American Buildings
	Appendix J.  Cost of Greater Elevation
	Appendix K.  Details of Seismic Vulnerability
	K.1 Calculating the Capacity Curve
	K.2 Calculate Input Motion for Each Point on the Capacity Curve
	K.3 Calculate Damage for Each Point on the Capacity Curve
	K.4 Calculate Building Repair Cost as a Fraction of Building Replacement Cost
	K.5 Calculate Content Repair Cost as a Fraction of Content Replacement Cost
	K.6 Calculate Injured Occupants as a Fraction of All Indoor Occupants
	K.7 Calculate Loss of Function Duration
	K.8 Calculate Direct, Indirect Time-Element Losses per Occupant
	K.9 Calculate Fraction of Residents Displaced from their Homes
	K.10 Calculate Collapse Probability Based on Number of Collapsed Buildings, Total Building Area
	K.11 Calculate Fraction of Buildings that are Red-Tagged, Number of Red-Tagged Buildings as a Factor of Total Building Area
	K.12 Calculate Fraction of Buildings that are Yellow-Tagged, Number of Buildings that are Yellow-Tagged as a Factor of Total Building Area
	K.13 Calculate Persons Trapped in Collapsed Buildings as a Fraction of all Indoor Occupants
	K.14 Tabulating Vulnerability Functions
	K.15 Statewide Weighted-Average Vulnerability Functions
	K.16 Nationwide Weighted-Average Vulnerability Functions
	K.17 Uncertainty Does Not Matter to BCR
	K.18 Calculating BCR at the Census-Tract, County, State, and National Level
	K.19 Aggregation to Counties
	K.20 Aggregation to State Level
	K.21 IEMax Ie Value
	K.22 Sensitivity Tests

	Appendix L.  Project Participants
	Appendix M.  Specific Summaries of Results
	Blank Page
	MSv2 vol 2 Combined_Jan 3.pdf
	Foreword
	Technical Documentation
	1 Introduction
	1.1 Background
	1.2 Objectives
	1.3 Future Mitigation Saves Study Activities
	1.4 Organization of Interim Report

	2 Findings
	2.1 Summary Results
	2.2 Results From Designing to Exceed 2015 I-Code Requirements
	2.2.1 Designing to Exceed 2015 I-Code Requirements for Riverine Flood
	2.2.2 Designing to Exceed 2015 I-Code Requirements for Hurricane Surge
	2.2.3 Designing to Exceed 2015 I-Code Requirements for Hurricane Wind
	2.2.4 Designing to Exceed 2015 I-Code Requirements for Earthquake
	2.2.5 Complying with 2015 IWUIC
	2.2.6 Incentivization

	2.3 Results from Federal Grants
	2.3.1 Grants for Flood Mitigation
	2.3.2 Grants for Wind Mitigation
	2.3.3 Grants for Earthquake Mitigation
	2.3.4 Grants to Mitigate Fire at the WUI

	2.4 Aggregate Benefits and Costs
	2.5 Recap of Interim Study Findings
	2.6  Natural Hazard Mitigation Saves in Every State
	2.7 All Stakeholders Benefit from Exceeding 2015 I-Code Requirements
	2.8 Synergies Across Mitigation Strategies
	2.9 Applying Alternative Discount Rates
	2.9.1 OMB Discount Rates
	2.9.2 Calculating BCRs with a 3% Discount Rate
	2.9.3 Calculating BCRs with a 7% Discount Rate

	2.10 Job Creation for Designing to Exceed 2015 I-Code Requirements
	2.11 Avoided Deaths, Injuries, and Cases of PTSD
	2.12 Savings to the Federal Treasury
	2.13 Other Sensitivity Tests
	2.13.1 Designing to Exceed 2015 I-Code Requirements for Coastal Flooding
	2.13.2 Designing to Exceed 2015 I-Code Requirements for Hurricane Wind
	2.13.3 Designing to Exceed 2015 I-Code Requirements for Earthquake
	2.13.4 Designing to Comply with 2015 IWUIC
	2.13.5 Federal Grants


	3 Review of Mitigation Guidance and Quantification of Benefits
	3.1 Building on Prior Work
	3.2 Relevant Building Codes and Standards
	3.3 Options to Exceed Code Minimum Requirements
	3.3.1 Options to Exceed Minimum Wind Design Requirements
	3.3.2 Options to Exceed Minimum Flood Design Requirements
	3.3.3 Options to Exceed Minimum Earthquake Design Requirements
	3.3.4 Complying with the IWUIC
	3.3.5 Options to Adopt or Better Enforce Minimum Design Requirements

	3.4 Estimating Benefits and Costs of Exceeding Code Requirements
	3.5 Efforts to Estimate Benefits and Costs of Federal Grants
	3.6 Methods to Quantify Business Interruption Losses
	3.7 Methods to Quantify Social Impacts
	3.8 Methods to Quantify Other Intangibles
	3.9 Land Use Planning to Reduce Flood Hazard
	3.10 Flood Risk Modeling
	3.11 Estimating Future Growth
	3.12 Alternatives to BCA for Natural Hazard Mitigation

	4 Methodology Employed in This Study
	4.1 Engineering Approach to BCA
	4.2 BCA for Mitigation Estimates Long-Term Averages
	4.3 Calculating Aggregate Benefit-Cost Ratio
	4.4 Selection of Designs to Exceed 2015 I-Code Requirements
	4.5 Identifying the IEMax Level of Additional Mitigation
	4.6 BCA of Federal Mitigation Grants
	4.7 Grant Sampling Strategy
	4.8 Notes on Riverine Flood Methodology
	4.9 Estimating Exposure
	4.9.1 Present Day Exposure
	4.9.2 Creating a Proxy Portfolio for Designing to Exceed I-Code Requirements for Riverine Flood
	4.9.3 Estimating Building Exposure for Riverine Flooding
	4.9.4 Estimating Building Exposure for Coastal Inundation
	4.9.5 Number of People and Households Based on Number of Buildings

	4.10 Estimating Hazard
	4.10.1 Estimating Riverine Flood Hazard
	4.10.2 Estimating Storm Surge Hazard
	4.10.3 Estimating Hurricane Wind Hazard
	4.10.4 Estimating Tornado Wind Hazard
	4.10.5 Estimating Seismic Hazard
	4.10.6 Estimating Fire Hazard

	4.11 Estimating Vulnerability
	4.11.1 Estimating Vulnerability in General
	4.11.2 Estimating Riverine Flood Vulnerability
	4.11.3 Estimating Coastal Flooding Vulnerability
	4.11.4 Estimating Hurricane Wind Vulnerability
	4.11.5 Estimating Seismic Vulnerability
	4.11.6 Estimating Fire Vulnerability

	4.12 Estimating Property Repair Cost and Repair Duration
	4.13 Residential Displacement Cost (Additional Living Expenses)
	4.14 Estimating Business Interruption Loss
	4.14.1 Model Parameters
	4.14.2 Sector Inoperability
	4.14.3 Interdependency Matrix
	4.14.4 Demand Perturbation
	4.14.5 Economic Resilience
	4.14.6 Economic Loss
	4.14.7 Relating Hazus Results with IO Assessment of Indirect Business Interruption
	4.14.8 Additional Considerations in Estimating Business Interruption Losses

	4.15 Estimating Total (Direct and Indirect) Business Interruption Loss
	4.16 Insurance Benefits
	4.17 Deaths, Nonfatal Injuries, and Post-Rraumatic Stress Disorder
	4.17.1 Deaths and Nonfatal Injuries
	4.17.2 Post-Traumatic Stress Disorder (PTSD)
	4.17.3 Discounting Human Life, Nonfatal Injuries, and PTSD

	4.18 Other Intangibles
	4.19 Estimating Expected Annualized Losses
	4.20 Estimating and Aggregating Benefits and Costs to the National Level
	4.20.1 Aggregating Above-Code Design Results by Peril to the National Level
	4.20.2 Aggregating Federal Grant Results by Peril to the National Level
	4.20.3 Aggregating Results Across Perils to a Nationwide Level

	4.21 Allocating Net Benefits to Stakeholder Groups
	4.22 Job Creation

	5 Project Data, Sampling, and Other Analytical Details
	5.1 Federal Mitigation Program Data
	5.2 Designing to Exceed I-Code Requirements for Riverine Flood
	5.2.1 Building Inventory for Above-Code Design for Riverine Flood
	5.2.2 Cost of Designing to Exceed I-Code Requirements for Riverine Flood
	5.2.3 Life-Safety and Additional Living Expense Benefits of Designing to Exceed I-Code Requirements for Riverine Flood

	5.3 Grants for Riverine Flood Mitigation
	5.3.1 Building Inventory for Flood Mitigation Grants
	5.3.2 Riverine Flood Grant Sample
	5.3.3 BCA of Riverine Flood Grants

	5.4 Designing to Exceed I-Code Requirements for Hurricane Surge
	5.5 Grants for Wind Mitigation
	5.6 Designing to Exceed I-Code Requirements for Earthquake
	5.6.1 Cost to Build New Buildings to Exceed I-Code Requirements for Earthquake
	5.6.2 Vulnerability of Buildings that Exceed I-Code Requirements for Earthquake

	5.7 Grants for Earthquake Mitigation
	5.8 Grants for Fire at the WUI

	6 References
	Appendix A.  Glossary and List of Acronyms
	A.1 Glossary
	A.2 List of Acronyms

	Appendix B.  Databases
	B.1 Building-Related Grants
	B.2 Data.gov Database of HMGP grants
	B.3 PA Data Availability
	B.4 EDA

	Appendix C.  City of Moore Wind Code Enhancements
	Appendix D.  Which Years to Include for BCA of PA Grants
	Appendix E.  Innovations Since the 2005 Mitigation Saves Study
	Appendix F.  Sea Level Rise
	Appendix G.  Quality Assurance Procedures
	G.1 Project Quality Assurance Plan
	G.2 QA Procedures for Seismic Hazard and Seismic Vulnerability

	Appendix H.  Discount Rate
	H.1 Options for Selecting the Discount Rate
	H.2 Selected Discount Rate Values
	H.2.1 Real Cost of Borrowing
	H.2.2 Discount Rates According to OMB Circular A-4


	Appendix I.  Actual Economic Life of North American Buildings
	Appendix J.  Cost of Greater Elevation
	Appendix K.  Details of Seismic Vulnerability
	K.1 Calculating the Capacity Curve
	K.2 Calculate Input Motion for Each Point on the Capacity Curve
	K.3 Calculate Damage for Each Point on the Capacity Curve
	K.4 Calculate Building Repair Cost as a Fraction of Building Replacement Cost
	K.5 Calculate Content Repair Cost as a Fraction of Content Replacement Cost
	K.6 Calculate Injured Occupants as a Fraction of All Indoor Occupants
	K.7 Calculate Loss of Function Duration
	K.8 Calculate Direct, Indirect Time-Element Losses per Occupant
	K.9 Calculate Fraction of Residents Displaced from their Homes
	K.10 Calculate Collapse Probability Based on Number of Collapsed Buildings, Total Building Area
	K.11 Calculate Fraction of Buildings that are Red-Tagged, Number of Red-Tagged Buildings as a Factor of Total Building Area
	K.12 Calculate Fraction of Buildings that are Yellow-Tagged, Number of Buildings that are Yellow-Tagged as a Factor of Total Building Area
	K.13 Calculate Persons Trapped in Collapsed Buildings as a Fraction of all Indoor Occupants
	K.14 Tabulating Vulnerability Functions
	K.15 Statewide Weighted-Average Vulnerability Functions
	K.16 Nationwide Weighted-Average Vulnerability Functions
	K.17 Uncertainty Does Not Matter to BCR
	K.18 Calculating BCR at the Census-Tract, County, State, and National Level
	K.19 Aggregation to Counties
	K.20 Aggregation to State Level
	K.21 IEMax Ie Value
	K.22 Sensitivity Tests

	Appendix L.  Project Participants
	Appendix M.  Specific Summaries of Results

	MSv2 vol 2 Combined_Jan 3.pdf
	Foreword
	Technical Documentation
	1 Introduction
	1.1 Background
	1.2 Objectives
	1.3 Future Mitigation Saves Study Activities
	1.4 Organization of Interim Report

	2 Findings
	2.1 Summary Results
	2.2 Results From Designing to Exceed 2015 I-Code Requirements
	2.2.1 Designing to Exceed 2015 I-Code Requirements for Riverine Flood
	2.2.2 Designing to Exceed 2015 I-Code Requirements for Hurricane Surge
	2.2.3 Designing to Exceed 2015 I-Code Requirements for Hurricane Wind
	2.2.4 Designing to Exceed 2015 I-Code Requirements for Earthquake
	2.2.5 Complying with 2015 IWUIC
	2.2.6 Incentivization

	2.3 Results from Federal Grants
	2.3.1 Grants for Flood Mitigation
	2.3.2 Grants for Wind Mitigation
	2.3.3 Grants for Earthquake Mitigation
	2.3.4 Grants to Mitigate Fire at the WUI

	2.4 Aggregate Benefits and Costs
	2.5 Recap of Interim Study Findings
	2.6  Natural Hazard Mitigation Saves in Every State
	2.7 All Stakeholders Benefit from Exceeding 2015 I-Code Requirements
	2.8 Synergies Across Mitigation Strategies
	2.9 Applying Alternative Discount Rates
	2.9.1 OMB Discount Rates
	2.9.2 Calculating BCRs with a 3% Discount Rate
	2.9.3 Calculating BCRs with a 7% Discount Rate

	2.10 Job Creation for Designing to Exceed 2015 I-Code Requirements
	2.11 Avoided Deaths, Injuries, and Cases of PTSD
	2.12 Savings to the Federal Treasury
	2.13 Other Sensitivity Tests
	2.13.1 Designing to Exceed 2015 I-Code Requirements for Coastal Flooding
	2.13.2 Designing to Exceed 2015 I-Code Requirements for Hurricane Wind
	2.13.3 Designing to Exceed 2015 I-Code Requirements for Earthquake
	2.13.4 Designing to Comply with 2015 IWUIC
	2.13.5 Federal Grants


	3 Review of Mitigation Guidance and Quantification of Benefits
	3.1 Building on Prior Work
	3.2 Relevant Building Codes and Standards
	3.3 Options to Exceed Code Minimum Requirements
	3.3.1 Options to Exceed Minimum Wind Design Requirements
	3.3.2 Options to Exceed Minimum Flood Design Requirements
	3.3.3 Options to Exceed Minimum Earthquake Design Requirements
	3.3.4 Complying with the IWUIC
	3.3.5 Options to Adopt or Better Enforce Minimum Design Requirements

	3.4 Estimating Benefits and Costs of Exceeding Code Requirements
	3.5 Efforts to Estimate Benefits and Costs of Federal Grants
	3.6 Methods to Quantify Business Interruption Losses
	3.7 Methods to Quantify Social Impacts
	3.8 Methods to Quantify Other Intangibles
	3.9 Land Use Planning to Reduce Flood Hazard
	3.10 Flood Risk Modeling
	3.11 Estimating Future Growth
	3.12 Alternatives to BCA for Natural Hazard Mitigation

	4 Methodology Employed in This Study
	4.1 Engineering Approach to BCA
	4.2 BCA for Mitigation Estimates Long-Term Averages
	4.3 Calculating Aggregate Benefit-Cost Ratio
	4.4 Selection of Designs to Exceed 2015 I-Code Requirements
	4.5 Identifying the IEMax Level of Additional Mitigation
	4.6 BCA of Federal Mitigation Grants
	4.7 Grant Sampling Strategy
	4.8 Notes on Riverine Flood Methodology
	4.9 Estimating Exposure
	4.9.1 Present Day Exposure
	4.9.2 Creating a Proxy Portfolio for Designing to Exceed I-Code Requirements for Riverine Flood
	4.9.3 Estimating Building Exposure for Riverine Flooding
	4.9.4 Estimating Building Exposure for Coastal Inundation
	4.9.5 Number of People and Households Based on Number of Buildings

	4.10 Estimating Hazard
	4.10.1 Estimating Riverine Flood Hazard
	4.10.2 Estimating Storm Surge Hazard
	4.10.3 Estimating Hurricane Wind Hazard
	4.10.4 Estimating Tornado Wind Hazard
	4.10.5 Estimating Seismic Hazard
	4.10.6 Estimating Fire Hazard

	4.11 Estimating Vulnerability
	4.11.1 Estimating Vulnerability in General
	4.11.2 Estimating Riverine Flood Vulnerability
	4.11.3 Estimating Coastal Flooding Vulnerability
	4.11.4 Estimating Hurricane Wind Vulnerability
	4.11.5 Estimating Seismic Vulnerability
	4.11.6 Estimating Fire Vulnerability

	4.12 Estimating Property Repair Cost and Repair Duration
	4.13 Residential Displacement Cost (Additional Living Expenses)
	4.14 Estimating Business Interruption Loss
	4.14.1 Model Parameters
	4.14.2 Sector Inoperability
	4.14.3 Interdependency Matrix
	4.14.4 Demand Perturbation
	4.14.5 Economic Resilience
	4.14.6 Economic Loss
	4.14.7 Relating Hazus Results with IO Assessment of Indirect Business Interruption
	4.14.8 Additional Considerations in Estimating Business Interruption Losses

	4.15 Estimating Total (Direct and Indirect) Business Interruption Loss
	4.16 Insurance Benefits
	4.17 Deaths, Nonfatal Injuries, and Post-Rraumatic Stress Disorder
	4.17.1 Deaths and Nonfatal Injuries
	4.17.2 Post-Traumatic Stress Disorder (PTSD)
	4.17.3 Discounting Human Life, Nonfatal Injuries, and PTSD

	4.18 Other Intangibles
	4.19 Estimating Expected Annualized Losses
	4.20 Estimating and Aggregating Benefits and Costs to the National Level
	4.20.1 Aggregating Above-Code Design Results by Peril to the National Level
	4.20.2 Aggregating Federal Grant Results by Peril to the National Level
	4.20.3 Aggregating Results Across Perils to a Nationwide Level

	4.21 Allocating Net Benefits to Stakeholder Groups
	4.22 Job Creation

	5 Project Data, Sampling, and Other Analytical Details
	5.1 Federal Mitigation Program Data
	5.2 Designing to Exceed I-Code Requirements for Riverine Flood
	5.2.1 Building Inventory for Above-Code Design for Riverine Flood
	5.2.2 Cost of Designing to Exceed I-Code Requirements for Riverine Flood
	5.2.3 Life-Safety and Additional Living Expense Benefits of Designing to Exceed I-Code Requirements for Riverine Flood

	5.3 Grants for Riverine Flood Mitigation
	5.3.1 Building Inventory for Flood Mitigation Grants
	5.3.2 Riverine Flood Grant Sample
	5.3.3 BCA of Riverine Flood Grants

	5.4 Designing to Exceed I-Code Requirements for Hurricane Surge
	5.5 Grants for Wind Mitigation
	5.6 Designing to Exceed I-Code Requirements for Earthquake
	5.6.1 Cost to Build New Buildings to Exceed I-Code Requirements for Earthquake
	5.6.2 Vulnerability of Buildings that Exceed I-Code Requirements for Earthquake

	5.7 Grants for Earthquake Mitigation
	5.8 Grants for Fire at the WUI

	6 References
	Appendix A.  Glossary and List of Acronyms
	A.1 Glossary
	A.2 List of Acronyms

	Appendix B.  Databases
	B.1 Building-Related Grants
	B.2 Data.gov Database of HMGP grants
	B.3 PA Data Availability
	B.4 EDA

	Appendix C.  City of Moore Wind Code Enhancements
	Appendix D.  Which Years to Include for BCA of PA Grants
	Appendix E.  Innovations Since the 2005 Mitigation Saves Study
	Appendix F.  Sea Level Rise
	Appendix G.  Quality Assurance Procedures
	G.1 Project Quality Assurance Plan
	G.2 QA Procedures for Seismic Hazard and Seismic Vulnerability

	Appendix H.  Discount Rate
	H.1 Options for Selecting the Discount Rate
	H.2 Selected Discount Rate Values
	H.2.1 Real Cost of Borrowing
	H.2.2 Discount Rates According to OMB Circular A-4


	Appendix I.  Actual Economic Life of North American Buildings
	Appendix J.  Cost of Greater Elevation
	Appendix K.  Details of Seismic Vulnerability
	K.1 Calculating the Capacity Curve
	K.2 Calculate Input Motion for Each Point on the Capacity Curve
	K.3 Calculate Damage for Each Point on the Capacity Curve
	K.4 Calculate Building Repair Cost as a Fraction of Building Replacement Cost
	K.5 Calculate Content Repair Cost as a Fraction of Content Replacement Cost
	K.6 Calculate Injured Occupants as a Fraction of All Indoor Occupants
	K.7 Calculate Loss of Function Duration
	K.8 Calculate Direct, Indirect Time-Element Losses per Occupant
	K.9 Calculate Fraction of Residents Displaced from their Homes
	K.10 Calculate Collapse Probability Based on Number of Collapsed Buildings, Total Building Area
	K.11 Calculate Fraction of Buildings that are Red-Tagged, Number of Red-Tagged Buildings as a Factor of Total Building Area
	K.12 Calculate Fraction of Buildings that are Yellow-Tagged, Number of Buildings that are Yellow-Tagged as a Factor of Total Building Area
	K.13 Calculate Persons Trapped in Collapsed Buildings as a Fraction of all Indoor Occupants
	K.14 Tabulating Vulnerability Functions
	K.15 Statewide Weighted-Average Vulnerability Functions
	K.16 Nationwide Weighted-Average Vulnerability Functions
	K.17 Uncertainty Does Not Matter to BCR
	K.18 Calculating BCR at the Census-Tract, County, State, and National Level
	K.19 Aggregation to Counties
	K.20 Aggregation to State Level
	K.21 IEMax Ie Value
	K.22 Sensitivity Tests

	Appendix L.  Project Participants
	Appendix M.  Specific Summaries of Results

	MSv2 vol 2 Combined_Jan 3.pdf
	Foreword
	Technical Documentation
	1 Introduction
	1.1 Background
	1.2 Objectives
	1.3 Future Mitigation Saves Study Activities
	1.4 Organization of Interim Report

	2 Findings
	2.1 Summary Results
	2.2 Results From Designing to Exceed 2015 I-Code Requirements
	2.2.1 Designing to Exceed 2015 I-Code Requirements for Riverine Flood
	2.2.2 Designing to Exceed 2015 I-Code Requirements for Hurricane Surge
	2.2.3 Designing to Exceed 2015 I-Code Requirements for Hurricane Wind
	2.2.4 Designing to Exceed 2015 I-Code Requirements for Earthquake
	2.2.5 Complying with 2015 IWUIC
	2.2.6 Incentivization

	2.3 Results from Federal Grants
	2.3.1 Grants for Flood Mitigation
	2.3.2 Grants for Wind Mitigation
	2.3.3 Grants for Earthquake Mitigation
	2.3.4 Grants to Mitigate Fire at the WUI

	2.4 Aggregate Benefits and Costs
	2.5 Recap of Interim Study Findings
	2.6  Natural Hazard Mitigation Saves in Every State
	2.7 All Stakeholders Benefit from Exceeding 2015 I-Code Requirements
	2.8 Synergies Across Mitigation Strategies
	2.9 Applying Alternative Discount Rates
	2.9.1 OMB Discount Rates
	2.9.2 Calculating BCRs with a 3% Discount Rate
	2.9.3 Calculating BCRs with a 7% Discount Rate

	2.10 Job Creation for Designing to Exceed 2015 I-Code Requirements
	2.11 Avoided Deaths, Injuries, and Cases of PTSD
	2.12 Savings to the Federal Treasury
	2.13 Other Sensitivity Tests
	2.13.1 Designing to Exceed 2015 I-Code Requirements for Coastal Flooding
	2.13.2 Designing to Exceed 2015 I-Code Requirements for Hurricane Wind
	2.13.3 Designing to Exceed 2015 I-Code Requirements for Earthquake
	2.13.4 Designing to Comply with 2015 IWUIC
	2.13.5 Federal Grants


	3 Review of Mitigation Guidance and Quantification of Benefits
	3.1 Building on Prior Work
	3.2 Relevant Building Codes and Standards
	3.3 Options to Exceed Code Minimum Requirements
	3.3.1 Options to Exceed Minimum Wind Design Requirements
	3.3.2 Options to Exceed Minimum Flood Design Requirements
	3.3.3 Options to Exceed Minimum Earthquake Design Requirements
	3.3.4 Complying with the IWUIC
	3.3.5 Options to Adopt or Better Enforce Minimum Design Requirements

	3.4 Estimating Benefits and Costs of Exceeding Code Requirements
	3.5 Efforts to Estimate Benefits and Costs of Federal Grants
	3.6 Methods to Quantify Business Interruption Losses
	3.7 Methods to Quantify Social Impacts
	3.8 Methods to Quantify Other Intangibles
	3.9 Land Use Planning to Reduce Flood Hazard
	3.10 Flood Risk Modeling
	3.11 Estimating Future Growth
	3.12 Alternatives to BCA for Natural Hazard Mitigation

	4 Methodology Employed in This Study
	4.1 Engineering Approach to BCA
	4.2 BCA for Mitigation Estimates Long-Term Averages
	4.3 Calculating Aggregate Benefit-Cost Ratio
	4.4 Selection of Designs to Exceed 2015 I-Code Requirements
	4.5 Identifying the IEMax Level of Additional Mitigation
	4.6 BCA of Federal Mitigation Grants
	4.7 Grant Sampling Strategy
	4.8 Notes on Riverine Flood Methodology
	4.9 Estimating Exposure
	4.9.1 Present Day Exposure
	4.9.2 Creating a Proxy Portfolio for Designing to Exceed I-Code Requirements for Riverine Flood
	4.9.3 Estimating Building Exposure for Riverine Flooding
	4.9.4 Estimating Building Exposure for Coastal Inundation
	4.9.5 Number of People and Households Based on Number of Buildings

	4.10 Estimating Hazard
	4.10.1 Estimating Riverine Flood Hazard
	4.10.2 Estimating Storm Surge Hazard
	4.10.3 Estimating Hurricane Wind Hazard
	4.10.4 Estimating Tornado Wind Hazard
	4.10.5 Estimating Seismic Hazard
	4.10.6 Estimating Fire Hazard

	4.11 Estimating Vulnerability
	4.11.1 Estimating Vulnerability in General
	4.11.2 Estimating Riverine Flood Vulnerability
	4.11.3 Estimating Coastal Flooding Vulnerability
	4.11.4 Estimating Hurricane Wind Vulnerability
	4.11.5 Estimating Seismic Vulnerability
	4.11.6 Estimating Fire Vulnerability

	4.12 Estimating Property Repair Cost and Repair Duration
	4.13 Residential Displacement Cost (Additional Living Expenses)
	4.14 Estimating Business Interruption Loss
	4.14.1 Model Parameters
	4.14.2 Sector Inoperability
	4.14.3 Interdependency Matrix
	4.14.4 Demand Perturbation
	4.14.5 Economic Resilience
	4.14.6 Economic Loss
	4.14.7 Relating Hazus Results with IO Assessment of Indirect Business Interruption
	4.14.8 Additional Considerations in Estimating Business Interruption Losses

	4.15 Estimating Total (Direct and Indirect) Business Interruption Loss
	4.16 Insurance Benefits
	4.17 Deaths, Nonfatal Injuries, and Post-Rraumatic Stress Disorder
	4.17.1 Deaths and Nonfatal Injuries
	4.17.2 Post-Traumatic Stress Disorder (PTSD)
	4.17.3 Discounting Human Life, Nonfatal Injuries, and PTSD

	4.18 Other Intangibles
	4.19 Estimating Expected Annualized Losses
	4.20 Estimating and Aggregating Benefits and Costs to the National Level
	4.20.1 Aggregating Above-Code Design Results by Peril to the National Level
	4.20.2 Aggregating Federal Grant Results by Peril to the National Level
	4.20.3 Aggregating Results Across Perils to a Nationwide Level

	4.21 Allocating Net Benefits to Stakeholder Groups
	4.22 Job Creation

	5 Project Data, Sampling, and Other Analytical Details
	5.1 Federal Mitigation Program Data
	5.2 Designing to Exceed I-Code Requirements for Riverine Flood
	5.2.1 Building Inventory for Above-Code Design for Riverine Flood
	5.2.2 Cost of Designing to Exceed I-Code Requirements for Riverine Flood
	5.2.3 Life-Safety and Additional Living Expense Benefits of Designing to Exceed I-Code Requirements for Riverine Flood

	5.3 Grants for Riverine Flood Mitigation
	5.3.1 Building Inventory for Flood Mitigation Grants
	5.3.2 Riverine Flood Grant Sample
	5.3.3 BCA of Riverine Flood Grants

	5.4 Designing to Exceed I-Code Requirements for Hurricane Surge
	5.5 Grants for Wind Mitigation
	5.6 Designing to Exceed I-Code Requirements for Earthquake
	5.6.1 Cost to Build New Buildings to Exceed I-Code Requirements for Earthquake
	5.6.2 Vulnerability of Buildings that Exceed I-Code Requirements for Earthquake

	5.7 Grants for Earthquake Mitigation
	5.8 Grants for Fire at the WUI

	6 References
	Appendix A.  Glossary and List of Acronyms
	A.1 Glossary
	A.2 List of Acronyms

	Appendix B.  Databases
	B.1 Building-Related Grants
	B.2 Data.gov Database of HMGP grants
	B.3 PA Data Availability
	B.4 EDA

	Appendix C.  City of Moore Wind Code Enhancements
	Appendix D.  Which Years to Include for BCA of PA Grants
	Appendix E.  Innovations Since the 2005 Mitigation Saves Study
	Appendix F.  Sea Level Rise
	Appendix G.  Quality Assurance Procedures
	G.1 Project Quality Assurance Plan
	G.2 QA Procedures for Seismic Hazard and Seismic Vulnerability

	Appendix H.  Discount Rate
	H.1 Options for Selecting the Discount Rate
	H.2 Selected Discount Rate Values
	H.2.1 Real Cost of Borrowing
	H.2.2 Discount Rates According to OMB Circular A-4


	Appendix I.  Actual Economic Life of North American Buildings
	Appendix J.  Cost of Greater Elevation
	Appendix K.  Details of Seismic Vulnerability
	K.1 Calculating the Capacity Curve
	K.2 Calculate Input Motion for Each Point on the Capacity Curve
	K.3 Calculate Damage for Each Point on the Capacity Curve
	K.4 Calculate Building Repair Cost as a Fraction of Building Replacement Cost
	K.5 Calculate Content Repair Cost as a Fraction of Content Replacement Cost
	K.6 Calculate Injured Occupants as a Fraction of All Indoor Occupants
	K.7 Calculate Loss of Function Duration
	K.8 Calculate Direct, Indirect Time-Element Losses per Occupant
	K.9 Calculate Fraction of Residents Displaced from their Homes
	K.10 Calculate Collapse Probability Based on Number of Collapsed Buildings, Total Building Area
	K.11 Calculate Fraction of Buildings that are Red-Tagged, Number of Red-Tagged Buildings as a Factor of Total Building Area
	K.12 Calculate Fraction of Buildings that are Yellow-Tagged, Number of Buildings that are Yellow-Tagged as a Factor of Total Building Area
	K.13 Calculate Persons Trapped in Collapsed Buildings as a Fraction of all Indoor Occupants
	K.14 Tabulating Vulnerability Functions
	K.15 Statewide Weighted-Average Vulnerability Functions
	K.16 Nationwide Weighted-Average Vulnerability Functions
	K.17 Uncertainty Does Not Matter to BCR
	K.18 Calculating BCR at the Census-Tract, County, State, and National Level
	K.19 Aggregation to Counties
	K.20 Aggregation to State Level
	K.21 IEMax Ie Value
	K.22 Sensitivity Tests

	Appendix L.  Project Participants
	Appendix M.  Specific Summaries of Results


