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Preface 

On September 19 and 20, 2017, Hurricane Maria devastated Puerto Rico. Coming just two 
weeks after Hurricane Irma, the storm significantly damaged local infrastructure and interrupted 
the provision of essential services to the people of Puerto Rico. In the aftermath, President 
Donald Trump signed a major disaster declaration for Hurricane Maria on September 20, 2017,1 
under the Robert T. Stafford Disaster Relief and Emergency Assistance Act.2 In the wake of 
Hurricanes Irma and Maria, FEMA worked closely with the governments of the commonwealth 
and its municipalities; other federal agencies; private-sector entities; and voluntary, faith-based, 
and community organizations to stabilize Puerto Rico; attention has since turned to its long-term 
recovery needs. 

The supplemental appropriation bill required the governor of Puerto Rico, in coordination 
with FEMA, the U.S. Department of Treasury, the U.S. Department of Housing and Urban 
Development, and other federal agencies having responsibility under the National Disaster 
Recovery Framework, to submit a report to Congress that describes Puerto Rico’s 12- and 24-
month economic and disaster-recovery plan within 180 days of enactment of the legislation.3 The 
recovery plan was required to define priorities, goals, and expected outcomes of the recovery 
effort in Puerto Rico, including the following sectors: housing, economic issues, health and 
social services, natural and cultural resources, governance and civic institutions, electric-power 
systems and grid restoration, environmental issues, and other infrastructure systems. 

To establish an evidence-based foundation and respond to the requirements established by 
Congress, the federal coordinating officer for Hurricane Irma and Maria response asked the 
Homeland Security Operational Analysis Center (HSOAC), a federally funded research and 
development center (FFRDC), to support the development of Puerto Rico’s recovery plan. 
HSOAC was charged with considering what would be required for long-term recovery for Puerto 
Rico and not to be limited by only what federal resources could cover through particular funding 
streams or existing federal programs. This recognizes the reality that multiple federal agencies, 
the government of Puerto Rico, and the private sector (including philanthropic foundations) will 
all play a part in funding the recovery and longer-term actions described in the plan. The 
approach to plan development included engagement with key partners to gather information and 
solicit feedback, an assessment of damage and recovery needs by sector, goals and objectives for 
recovery, identification and evaluation of potential solutions (i.e., courses of action [COAs]), 

 
1 Federal Emergency Management Agency (FEMA), 2017a. 
2 Pub. L. 100-707, 1988. 
3 U.S. Department of Homeland Security (DHS), 2016. 
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estimation of rough-order-of-magnitude costs for COAs, and identification of funding 
mechanisms for COAs.  

On August 8, 2018, the government of Puerto Rico submitted its recovery plan, 
Transformation and Innovation in the Wake of Devastation: An Economic and Disaster Recovery 
Plan for Puerto Rico (known as the recovery plan). This report presents the results of research 
and analysis conducted under the HSOAC FFRDC (70FBR218F00000032), “Puerto Rico 
Economic and Disaster Recovery Plan: Integration and Analytic Support,” which provided 
background information for the recovery plan. The results presented to Congress in the recovery 
plan and this report do not necessarily reflect official federal policy, nor do they constitute an 
agreement by the federal government or the government of Puerto Rico to fund any of the 
potential COAs. This is not meant to be construed as a request for further appropriations. More 
information about HSOAC’s contribution to planning for recovery in Puerto Rico, along with 
links to other reports being published as part of this series, can be found at 
www.rand.org/hsoac/puerto-rico-recovery. 

Because the recovery plan covered 12 sectors, the level of detail presented about any one 
sector was limited. This report presents the evidence base that supports the damage assessments 
and potential COAs related to moving toward a more resilient housing sector that appeared in the 
recovery plan. The report describes the housing conditions that existed prior to the storms, the 
specific impacts and damage to the housing sector resulting from the storms, the potential COAs 
that can be undertaken to lead to a more resilient housing sector, the associated rough-order-of-
magnitude costs for each COA and potential funding mechanisms. We conducted the assessment 
between February and June 2018 and were focused on what would be required for long-term 
recovery. The reader should note that, since that time, many activities have been funded and 
initiated. 

The intended audience for this report includes decisionmakers, residents, and stakeholders in 
Puerto Rico; federal agencies involved with Puerto Rico’s recovery; and planners and 
researchers in the United States and worldwide who are interested in post-disaster damage 
assessment, recovery, and resilience planning. 

This research was sponsored by FEMA and conducted within the Strategy, Policy, and 
Operations Program of the HSOAC FFRDC. 

About the Homeland Security Operational Analysis Center 
The Homeland Security Act of 2002 (Section 305 of Public Law 107-296, as codified at 

6 U.S.C. § 185), authorizes the Secretary of Homeland Security, acting through the Under 
Secretary for Science and Technology, to establish one or more FFRDCs to provide independent 
analysis of homeland security issues. The RAND Corporation operates HSOAC as an FFRDC 
for DHS under contract HSHQDC-16-D-00007. 

http://www.rand.org/hsoac/puerto-rico-recovery
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The HSOAC FFRDC provides the government with independent and objective analyses and 
advice in core areas important to the department in support of policy development, 
decisionmaking, alternative approaches, and new ideas on issues of significance. The HSOAC 
FFRDC also works with and supports other federal, state, local, tribal, and public- and private-
sector organizations that make up the homeland security enterprise. The HSOAC FFRDC’s 
research is undertaken by mutual consent with DHS and is organized as a set of discrete tasks. 
This report presents the results of research and analysis conducted under 70FBR218F00000032, 
“Puerto Rico Economic and Disaster Recovery Plan: Integration and Analytic Support.” The 
results presented in this report do not necessarily reflect official DHS opinion or policy. 

For more information on HSOAC, see www.rand.org/hsoac. For more information on this 
publication, visit www.rand.org/t/RR2602. 
  

http://www.rand.org/hsoac
http://www.rand.org/t/RR2602
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Summary 

Introduction 

Hurricanes Maria and Irma struck Puerto Rico in September 2017 with devastating impact. 
The storms caused extensive damage to structures and infrastructure across Puerto Rico and 
caused months-long interruptions in electricity, water, and other essential services. 

The housing sector was particularly hard hit. Not only did the storm reveal the extreme 
vulnerability of Puerto Rico’s housing stock to wind, flood, and landslide risk as it existed before 
the storms, it also brought to light many deficiencies in the structure of the housing market. 
Following the storms, the Federal Emergency Management Agency (FEMA) asked the 
Homeland Security Operational Analysis Center (HSOAC)—a federally funded research and 
development center (FFRDC) managed by the RAND Corporation—to assist the government of 
Puerto Rico in developing a congressionally required recovery plan.4 HSOAC was charged with 
considering what would be required for long-term recovery for Puerto Rico and not to be limited 
by what federal resources could cover through particular funding streams or existing federal 
programs. This recognizes the reality that multiple federal agencies, the government of Puerto 
Rico, and the private sector (including philanthropic foundations) will play a part in funding the 
recovery and longer-term actions described in the plan. This plan, which was submitted to 
Congress on August 8, 2018, outlined a broad strategy for recovery. The recovery strategy for 
the Housing Sector team is “Repair and rebuild safe and affordable housing to create a better and 
more resilient physical environment for Puerto Rico’s citizens.” 

This supplemental report presents the evidence base that supports the vision of moving 
toward a more resilient housing sector that appeared in the recovery plan. That report was limited 
in its detail specifically related to the housing sector. This report provides a more detailed and 
comprehensive analysis of the housing damage caused by the storms, the challenges facing the 
housing sector both before and after the storms, and the potential courses of action (COAs) that 
could address those challenges. The results presented in the recovery plan and this report do not 
necessarily reflect official federal policy, nor do they constitute an agreement by the federal 
government or the government of Puerto Rico to fund any of the potential COAs. This is not 
meant to be construed as a request for further appropriation. We used a variety of approaches to 
collect the necessary data to make informed recovery recommendations. First, we characterized 
the state of the Puerto Rico housing sector prior to Hurricanes Irma and Maria, which we did 
through a review of the governor’s housing plan; the use of extant data, such as from the census; 

 
4 More information about HSOAC’s contribution to planning for recovery in Puerto Rico, along with links to other 
reports being published as part of this series, can be found at www.rand.org/hsoac/puerto-rico-recovery. 

http://www.rand.org/hsoac/puerto-rico-recovery
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detailed geospatial data sets of building footprints; parcel-level data on building characteristics 
and spatial flood zone overlays; and interviews of Puerto Rico’s housing stakeholders and 
subject matter experts (SMEs). Second, we characterized the damage caused by the hurricanes 
and determined the unmet needs remaining after initial recovery efforts, which we did by 
analyzing FEMA and Small Business Administration (SBA) inspection data, constructing 
damage models based on wind and flood maps, and reviewing government disaster assistance 
databases. Finally, we developed recommended recovery COAs through further discussions with 
policymakers and SMEs and through participation in U.S. Housing and Urban Development 
(HUD) and the Puerto Rico Department of Housing (PRDH)–led Housing Recovery Task Force 
(HRTF). 

State of the Puerto Rico Housing Sector Before the Hurricanes 

Before the 2017 hurricanes, the Census Bureau estimated that there were 1.5 million housing 
units in Puerto Rico serving 1.2 million households. Many of these units were vacant: 
335,000 units, or about 20 percent of the total. Single-family homes, both attached and detached, 
are the predominant type of housing in Puerto Rico. A rough estimate of the number of prestorm 
owner-occupied residential structures comes to 786,000. Although homeownership rates are 
generally high in Puerto Rico (69 percent), mortgages are less common than they are in other 
areas of the United States. The median value of owner-occupied housing units was slightly 
below $120,000, based on Census data from 2012 through 2016, which includes both the value 
of the land and the structure. 

Renter-occupied housing units in Puerto Rico totaled 388,000 before the storms, with a 
median rent of $460 per month. A considerable number of rental housing units (approximately 
30 percent) were subsidized. The PRDH and certain municipalities operate these programs with 
funding from HUD and the U.S. Department of Agriculture–Rural Development (USDA-RD) 
program. 

Prior to the arrival of Hurricanes Irma and Maria, Puerto Rico’s housing sector faced many 
challenges, which we identified through a review of the available literature and discussions with 
knowledgeable stakeholders. The most significant challenges are 

1. high vulnerability to natural hazards 
2. poor building code enforcement and the high cost of the building permit process 
3. inconsistent application of land-use plans 
4. lack of property title or unregistered titles 
5. confusing address system 
6. high housing construction costs 
7. lack of comprehensive or accessible housing data 
8. low percentage of homes with insurance 
9. increasing foreclosure rates 

10. vacancy and blight 
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11. isolated residential structures (housing in isolated areas) 
12. lack of housing affordability for low-income households 
13. lack of resilient infrastructure to support housing. 

Housing Damage Caused by Hurricanes and Remaining Need After Initial 

Recovery Efforts 

We used two different approaches to estimate the damage caused by Hurricanes Irma and 
Maria. The first was an inspection-based approach motivated by the procedure HUD uses to 
allocate Community Development Block Grant–Disaster Recovery (CDBG-DR) funds. Our 
approach differs from the method HUD typically uses after disasters, in part because it includes 
estimates of damage to homes that were not inspected. The second was a modeling approach 
that uses data on the types and locations of structures in Puerto Rico, data on flood depths and 
wind speeds during the storm, and damage functions that project the amount of damage suffered 
by the structure. We used two different approaches because each has strengths and weaknesses. 
The advantage of the inspection-based approach is that it is based on actual property inspections, 
but there are important limitations on the scope and number of inspections. The models used in 
the modeling approach were validated to some extent using real-world data but are still model 
projections of damage caused by observed wind speeds and flood levels. 

Inspection-Based Approach Damage Estimate 

The number of registrants for FEMA assistance following Hurricanes Irma and Maria totaled 
over 1.1 million. There were approximately 1.2 million occupied housing units in 2016, implying 
that approximately 90 percent of households in Puerto Rico applied for assistance. When they 
registered for FEMA assistance, approximately two-thirds of owners (527,000 out of 768,000) 
indicated that the storms had caused damage to their real property, and just under three-quarters 
indicated personal property loss. 

Using the inspection-based approach, we projected a high and a low estimate for real 
property damage and personal property damage, excluding real property damage in the rental 
housing sector. The estimates for real property damage to owner-occupied structures ranged 
from $14.1 billion to $18.3 billion (the first two columns in Table S.1). Estimates of personal 
property damage for owners and renters combined ranged from $4.4 billion to $6.3 billion. These 
estimated repair costs include more than just the cost of simply restoring the property to its 
prestorm condition. Rather, the repair costs include the cost of completing repairs that are done 
to code. For example, if a low-quality roof was destroyed by the storm, the repair cost reflects 
the cost of rebuilding the roof to code. 
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Table S.1. Summary of Structure Damage by Type ($ Billions) 

Structure Type 

Inspection-
Based 

Approach 
(Low) 

Inspection-
Based 

Approach 
(High) 

Modeling 
Approach 

Single family or duplex 

Owner-occupied 14.1 18.3 17.2 

Renter-occupied -- -- 4.3 

Vacant or for seasonal use  -- -- 5.7 

Multifamily and residential condominiums -- -- 6.7 

Total 14.1 18.3 33.9 
  

Modeling Approach Damage Estimate 

The second approach—a geospatial modeling approach—provides estimates of the number 
of residential structures damaged, the extent of the structural damage, and the cost to repair or 
replace the damage caused by Hurricane Maria, which was the larger of the two 2017 storm 
events. Estimates for personal property damage are not calculated. The degree of damage is 
measured by repair cost as a percentage of the structure’s estimated pre-event market value. 
Given the wind speeds and flood levels across Puerto Rico, the model predicts that every 
structure in Puerto Rico sustained some damage, although damage may have been slight for 
many structures. The damage was less than 25 percent of pre-event market value for just over 
80 percent of all residential structures. Approximately 20 percent (166,000) of structures are 
projected to have sustained substantial damage, meaning that the repair cost equals or exceeds 
50 percent of the structure’s pre-event market value. 

As shown in the final column in Table S.1, the estimated cost of repairing damaged 
structures is just under $34 billion for all residential structures, both owner- and renter-occupied 
($17.2 billion for owner-occupied only). The vast majority of the estimated damage occurred 
outside the floodplain and was caused by wind. Substantially damaged structures account for 
$21.9 billion (65 percent) of the total, and non–substantially damaged structures accounted for 
the remainder. As with the estimates using the inspection-based approach, these estimated repair 
costs include the cost of completing repairs that are done to code. 

Comparing the Two Estimates 

Where comparable, estimates from the inspection-based and modeling approach are similar. 
According to the modeling approach, real property damage to owner-occupied structures totals 
$17.2 billion, which falls within the $14.1 billion to $18.3 billion range estimated using the 
inspection-based approach for the same set of properties. 
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Assistance Provided to Deal with the Damage Estimated 

Government and private organizations have provided substantial resources to address the 
housing-related damage caused by the disaster. We find that the total assistance provided was 
$2.9 billion through May 2018. When combining the estimates of real and personal property loss 
from the inspection-based and modeling approaches, and accounting for the $2.9 billion already 
provided, we estimate the remaining uncompensated loss is large: ranging from $25.6 billion to 
$31.8 billion. The large uncompensated loss reflects the low take-up rates for homeowners, 
flood, and renters insurance; if the percentage of households with insurance had been higher, the 
uncompensated loss arising from the storms would have been lower. 

Remaining Needs for Recovery 

It is clear that substantial resources are still needed to repair and rebuild residential structures 
damaged from the 2017 hurricanes. In addition, a goal of the recovery process is to make 
residential structures less vulnerable to natural disasters going forward. In some cases, it may make 
sense to move households to safer areas. In other cases, it may make sense to harden structures 
with little or no damage. Based on the evaluation of prestorm challenges facing the housing sector 
and the hurricane damage estimated, we identified needs associated with restoring a functioning 
and resilient housing sector and grouped these remaining needs and resulting COAs into three 
categories: 

1. repair and reduce vulnerability of the housing stock 
2. improve housing availability for lower-income households 
3. modernize housing market infrastructure. 

Recommended Recovery Housing COAs to Meet Remaining Need 

In developing COAs to address the extent of identified housing issues, the project team used 
a variety of methods, including background research, literature review, interviews with 
government representatives and other stakeholders, participation in the HRTF, and analysis of 
existing plans. The team primarily relied heavily on two approaches: participation in the HRTF 
and expert interviews. The HRTF was a regular meeting organized by HUD and PRDH to bring 
together federal, state, private, nongovernmental organizations (NGOs), and academic 
stakeholders to discuss strategies for addressing preexisting and post-disaster housing issues. The 
project team worked closely with the HRTF and participated in its subcommittee meetings on a 
regular basis. The HRTF was organized into 12 subcommittees tasked with developing strategies 
for addressing priority issues. Project team members worked closely with, and participated in 
almost all, the subcommittees to capture the strategies being developed therein. 

The HRTF proved to be highly influential in formulating these COAs and to be a highly 
successful framework to develop coherent and inclusive recovery strategies. By building an 
effective framework that allowed public, private, nonprofit, and academic housing stakeholders 
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to have decisive input into how the recovery was conducted, Puerto Rico has set itself on the 
path to successfully implement its transformative programs. 

Ultimately, the project team identified 12 housing COAs and grouped them into the three 
remaining needs categories. Tables S.2, S.3, and S.4 highlight the COAs in each of the three 
categories, respectively, and present each COA in terms of the problem being solved, an 
overview of the COA, performance metrics, and estimated budget. More detail on each of the 
12 COAs is provided in Chapters 5, 6, and 7.5 

Table S.2. Summary of COAs to Repair and Reduce Vulnerability of Housing Stock 

COA 
Number/Title Problem Being Solved Overview of COA Performance Metrics 

Budget 
Estimatea 

HOU 1: Assess, 
Repair, 
Rehabilitate, or 
Relocate 
Substantially 
Damaged 
Owner-Occupied 
Homes 

Many owner-occupied structures 
suffered substantial damage and 
need to be either repaired in 
place or replaced by homes in 
neighborhoods and communities 
that are safe, resilient, affordable, 
and that have access to 
economic and educational 
opportunities, transportation, 
and health care. 

Targets owner-
occupied homes that 
were substantially 
damaged or destroyed 
in the hurricanes 

• Number of substantially 
damaged structures in 
different phases of mitigation 
process 

$12.5 billion 

HOU 3: Assess 
Vulnerability of 
Non-
Substantially 
Damaged 
Homes 

Many structures that were not 
substantially damaged remain 
vulnerable to natural hazards, 
such as wind, flood, landslides, 
fire, and earthquake risk. 
Communities need a better 
understanding of which 
structures are most vulnerable 
so they can develop plans and 
policies to move people out of 
harm’s way or else mitigate 
structures to be more resilient. 

Assesses housing 
stock in high-risk areas 
and then develops 
strategies to determine 
which structures can be 
secured through partial 
or full mitigation or 
which structures need 
to be demolished or 
else relocated and to 
where 

• Progress constructing 
geospatial maps that  
overlay housing structures 
with flood, landslide, and 
seismic risk 

• Progress constructing 
validated geospatial maps 
that indicate the construction 
type of each residential 
structure 

• Number of properties 
inspected in higher-risk 
areas and in lower-risk areas 

• Progress developing 
strategies to reduce structure 
vulnerability 

$40 million 

HOU 4: Make 
Owner-Occupied 
Homes More 
Resilient (Less 
Vulnerable to 
Natural Hazards) 

HOU 1 addresses substantially 
damaged owner-occupied 
homes, whereas this COA 
addresses owner-occupied 
homes that were not 
substantially damaged. Many of 
these homes remain vulnerable 
to the risks posed by weather 
and natural hazards, either 
because of where they are 
located or how they were 
constructed. 

With HOU 3 (which 
focuses on assessment 
of vulnerability), 
improves these 
structures to better 
withstand the risks or to 
relocate households to 
safer areas 

• Number of non–substantially 
damaged structures in 
different phases of mitigation 
process 

$7.7 billion 

 
5 Note that COAs are numbered following the identification used in the final recovery plan and are, hence, not 
numbered sequentially here. There are COAs for 12 sectors represented in the final recovery plan. COAs that begin 
with HOU signify they are Housing COAs to differentiate the COAs from other sectors such as Energy (ENR) or 
Transportation (TXN). 



 
 

xvii 

COA 
Number/Title Problem Being Solved Overview of COA Performance Metrics 

Budget 
Estimatea 

HOU 2: Assess, 
Repair, and 
Mitigate 
Damaged 
Subsidized 
Rental Housing 

Of the over 57,500 public 
housing units, initial estimates 
indicate damage of $411 
million. While public housing is 
just one of several types of 
subsidized rental housing, it is 
indicative of extensive damage 
to the overall subsidized rental 
housing stock.  

Repairs or replaces 
damaged units/ 
properties and funds 
upgrades and the 
implementation of 
measures to mitigate 
damage from future 
storm events 

• Number of units repaired and 
mitigated 

• Number of units demolished 
and reconstructed in place 

• Number of units demolished 
and replaced with new 
construction in different 
locations 

$900 million 

HOU 8: Increase 
Adoption of 
Adequate Wind 
and Flood 
Insurance for 
Homeowners 
and Renters 

More properties need to be 
insured to improve recovery and 
enhance Puerto Rico’s 
resiliency. 

Examine ways to 
increase the number of 
properties insured for 
the perils of wind and 
flood 

• Take-up rate for wind 
insurance 

• Take-up rate for flood 
insurance in the 100-year 
floodplain and outside the 
100-year floodplain 

• Compliance with mandatory 
purchase requirement for 
flood insurance 

• Availability and use of 
alternative insurance 
products 

• Surveys on consumer 
awareness and knowledge 
about insurance products 

• Progress adopting 
requirements that home 
purchasers review insurance 
options/requirements at least 
48 hours before closing of 
escrow 

$625 million 

 
a The amount provided is the best estimate cost for each COA; the full descriptions of the COAs provided in  
Chapters 5, 6, and 7 often additionally provide the low and high estimates. 

Table S.3. Summary of COAs to Improve Housing Availability for Lower-Income Households 

COA 
Number/Title Problem Being Solved Overview of COA Performance Metrics 

Budget 
Estimatea 

HOU 9: Reduce 
Mortgage 
Delinquencies 
and Foreclosures 

Mortgage foreclosures and 
delinquencies rose sharply 
following the hurricanes, peaking 
in November and December 
2017 and declining moderately 
in 2018. As of August 2018, 
approximately 20,400 hurricane-
related delinquencies remain. 

Initiates several 
programs aimed at 
reducing delinquencies 
and foreclosures 
Implements monthly 
payment assistance 
programs for households 
that fell behind on 
monthly payments 
Supports homeowners 
receiving financial 
counseling programs for 
borrowers from HUD-
approved housing 
counseling agencies 
Provides resources for 
partnership and 
education and outreach 
campaigns aimed at 

• Reduction in number of 
mortgage delinquencies, 
especially delinquencies 
moving from 30- and 60-
day delinquencies into 90-
day delinquencies 

$130 million 
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COA 
Number/Title Problem Being Solved Overview of COA Performance Metrics 

Budget 
Estimatea 

lenders and borrowers 

HOU 10: Assess 
and Renovate 
Vacant and 
Blighted 
Properties 

In the years leading up to the 
hurricanes, vacancy rates were 
increasing across communities 
as homeowners were facing 
foreclosures, and residents were 
moving to locations outside 
Puerto Rico. 

Assess true extent of the 
vacancy problem by 
initiating inventory to 
distinguish vacant 
properties from currently 
unoccupied vacation 
properties 

• Reduction in number of 
vacant and blighted 
properties 

$2 billion 

HOU 7: Assess 
Need for—and 
Adopt and 
Implement 
Programs to 
Provide—
Additional 
Subsidized 
Rental Housing 
and Special 
Housing 

Existing public and assisted 
housing are insufficient to meet 
the needs of low-income families 
on the public and assisted 
housing waiting lists. 

Assesses overall need 
for assisted rental 
housing and special 
housing  
Reduces public and 
assisted housing waiting 
lists by increasing the 
inventory of assisted 
housing  
 
Provides technical 
assistance to public 
agencies and nonprofits 
to understand complex 
financing tools available 
but not being used or 
maximized to fullest 
potential 

Properties Converted to Assisted 
Housing  
• Number of properties 

converted 
• Number of units converted 

New Construction 
• Number of replacement 

units 
• Number of new units 

created beyond 
replacement units 

• Number of properties 
constructed 

Across All Activities 
• Total development cost per 

year 
• Percentage of leveraged 

funds (private funds/public 
funds) 

• Construction cost by 
property 

• Construction cost per unit 
• Construction cost per 

square foot 
• Number of households on 

waiting list 
• Number of rental subsidies 

provided 

$2.5 billion 

 
a The amount provided is the best estimate cost for each COA; the full descriptions of the COAs provided in  
Chapters 5, 6, and 7 often additionally provide the low and high estimates. 
b Rehabilitation refers to going beyond storm-related repair to update the unit. 
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Table S.4. Summary of COAs to Improve the Housing Market Infrastructure 

COA 
Number/Title Problem Being Solved Overview of COA Performance Metrics 

Budget 
Estimatea 

HOU 5: Collect, 
Integrate, and 
Map Housing 
Sector Data 

Practitioners in Puerto Rico see 
a significant gap between the 
government’s current housing 
data capabilities and the best-
practice data capabilities 
maintained by other jurisdictions 
in the U.S. and around the 
world. Puerto Rico lacks a 
central source of data related to 
housing stock, where one can 
simultaneously access 
information on title, permits, land 
use, property tax, and location. 

Creates an integrated 
database of housing 
data allowing for 
research, data analysis, 
planning, and integrated 
mapping; such a 
database would realize 
synergies by integrating 
multiple databases from 
multiple government and 
private sources 

• Decrease in time/effort for 
government agencies to 
adjudicate permitting and 
land-use decisions 

• Decrease in time/effort for 
government agencies to 
update Puerto Rico and 
municipal land-use  
plans 

• Increase in 
alignment/consistency 
between Puerto Rico land-
use plans and municipal 
land-use plans 

• Use of a tool by individuals 
to retrieve information 
about their own properties 
or properties they are 
interested in buying or 
selling 

• Use of a tool by government 
agencies (other than 
planning boards) in making 
decisions about land and 
structure use 

$43 million 

HOU 11: 
Improve the 
Address System 

Puerto Rico lacks a 
standardized and uniform 
physical address system. Such a 
system is needed for the 
automated processing of postal 
services and is required for 
determining the accurate 
geographic location of a specific 
site. 

Develops a standardized 
and uniform physical 
address system, 
develops an outreach 
and education campaign 
about the new address 
system, and re-signs 
streets and updates 
government databases 

• Adoption of a standardized 
address system 

$100 million 

HOU 6: Enforce 
Land-Use Plans 
and Improve 
Compliance with 
the Building 
Permitting 
Process 

The current permitting process 
requires over 18 separate 
approvals, taking between 30 to 
45 days on average for projects 
to obtain a use permit. As such, 
it discourages owners from 
building with permits, and 
building without permits leads to 
nonenforcement of the building 
code standards that are 
mandated by permits. 

Improves compliance 
with land-use plans and 
building permitting 
standards through five 
components 

• Decrease in time/cost of 
permitting process 

• Increase in number of new 
permit applications 

• Increase in rate of 
compliance with land-use 
plans 

• Increase in number of 
inspections and audits 

• Decrease in number of 
structures constructed 
informally 

• Number of previously 
unpermitted structures 
given retroactive permits 

• Number of previously 
substandard structures 
brought up to code 

$200 million 

HOU 12: 
Register 
Properties and 
Resolve Titling 

Many property owners in Puerto 
Rico lack formal title to their 
properties. Obtaining formal title 
and registering property is a 

Improves process for 
attaining homeowner 
and land titles so that 
options for obtaining 

• Percentage of properties 
with complete ownership 
documentation 

• Statistics of MRCC and 

$805 million 
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COA 
Number/Title Problem Being Solved Overview of COA Performance Metrics 

Budget 
Estimatea 

Issues costly and time-consuming 
process for many Puerto Rican 
families. 

titles would be extended 
to communities and 
individuals who have 
demonstrable land 
tenure but previously 
have not had access to 
title 

Property Register 
integration, such as total 
parcels with titling 
information, amount of 
property registry records 
lacking parcel information 

• FEMA assistance program 
for past and future new 
cases and cases resolved 

• Statistics on title 
information not yet digitized 
by PRDJ 

 

a The amount provided is the best estimate cost for each COA; the full descriptions of the COAs provided in Chapters 5, 6, and 7 
often additionally provide the low and high estimates. 

Conclusions 

As Puerto Rico moves to implement its recovery strategy for the housing sector, it will need 
to move forward on multiple fronts simultaneously. However, it will also need to consider when 
and how to prioritize its activities. For example, program designers and administrators might 
consider prioritizing mitigation measures that target informally constructed all-wood structures, 
which are typically more vulnerable to flood and wind damage than other construction types. Or 
they might prioritize the removal of structures from floodways, because although there are not 
many of these structures, they are the most vulnerable to flooding. Several of the COAs develop 
data needed to both scale and target efforts, and these should also be given priority. For example, 
better information on the number, location, and vulnerability of structures that were not 
substantially damaged in the storms will allow better targeting of mitigation funds (HOU 3). And 
the development of an integrated database on title, building permit, and property tax information 
would help focus efforts to improve titling and the building permit compliance process (HOU 5 
and HOU 6). A thoughtful effort to assess how best to sequence recovery activities using 
relevant criteria would be worthwhile. 

Tracking performance and progress in reaching goals is an essential part of the program 
implementation process. We have identified a number of potential metrics that might be useful, 
and these can be refined and expanded on as implementation proceeds. These metrics can be 
used to track program progress and budget needs and to make midcourse corrections. It is not 
unreasonable to expect many of these COAs to take a decade to implement, and it is important to 
make adjustments as new information becomes available along the way. 
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Chapter 1. Introduction 

Background 

Hurricanes Irma and Maria struck Puerto Rico in September 2017 with devastating impact. 
The storms caused extensive damage to structures and infrastructure across Puerto Rico and 
months-long interruptions in electricity, water, and other essential services. The housing sector 
was particularly hard hit. As we document in this report, 1.1 million of an estimated 1.2 million 
households in Puerto Rico registered for Federal Emergency Management Agency (FEMA) 
assistance, and approximately two-thirds of homeowners indicated that their homes (their real 
property) had been damaged by the storms; a similar percentage of owners and renters also 
indicated personal property damage. 

Not only did the storms reveal the extreme vulnerability to wind, flood, and landslide risk of 
Puerto Rico’s housing stock before the storms, they also brought to light many deficiencies in the 
structure of the market itself. These deficiencies both contributed to the vulnerability of the 
housing stock in the first place and, in some cases, impeded disaster response. The poor 
enforcement of building codes and the high cost of the building permit process meant that many 
homes were not built to code. The inconsistent application of land-use plans meant that homes 
were sometimes built in high-risk areas. The lack of property titles in many cases made it 
difficult for FEMA to provide repair assistance for many homeowners. Low take-up rates for 
homeowners and flood insurance meant that many homeowners did not have the resources to pay 
for temporary shelter or to repair or rebuild their homes. 

Following the storms, FEMA asked the Homeland Security Operational Analysis Center 
(HSOAC)—a federally funded research and development center managed by the RAND 
Corporation under contract with the Department of Homeland Security (DHS)—to assist the 
government of Puerto Rico in developing a congressionally required recovery plan.1 HSOAC 
was charged with considering what would be required for long-term recovery for Puerto Rico 
and not to be limited by what federal resources could cover through particular funding streams or 
existing federal programs. This recognizes the reality that multiple federal agencies, the 
government of Puerto Rico, and the private sector (including philanthropic foundations) will play 
a part in funding the recovery and longer-term actions described in the plan. This plan was 
submitted to Congress on August 8, 2018 and outlined a broad strategy for recovery. A recovery 
strategy for the housing sector was one part of that plan. This supplemental report presents the 
evidence base that supports the vision of moving toward a more resilient housing sector that 

 
1 More information about HSOAC’s contribution to planning for recovery in Puerto Rico, along with links to other 
reports being published as part of this series, can be found at www.rand.org/hsoac/puerto-rico-recovery. 

http://www.rand.org/hsoac/puerto-rico-recovery
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appeared in the recovery plan. That report was limited in its detail specifically related to the 
housing sector. This report provides a more detailed and comprehensive analysis of the housing 
damage caused by the storms, the challenges facing the housing sector both before and after the 
storms, and the potential courses of action that could address those challenges. The results 
presented in the recovery plan and this report do not necessarily reflect official federal policy, 
nor do they constitute an agreement by the federal government or the government of Puerto Rico 
to fund any of the potential COAs. This is not meant to be construed as a request for further 
appropriations. 

Our analysis recognizes that residential structures must be repaired or rebuilt to make them 
less vulnerable to wind, flood, and other natural hazards and that Puerto Rico’s housing 
institutions must be modernized. Such modernization is needed both to ensure that the rebuilding 
done over the next five to ten years is less vulnerable to future risk and that institutions are in 
place to support resilience over time. Such modernization is also required to improve response 
and speed recovery when the next hurricane or other disaster strikes. 

Overview of Study Approach 

In conducting this analysis, we used a variety of approaches to collect the data required to 
develop findings and make informed recovery recommendations. First, we needed to 
characterize the state of the Puerto Rico housing market prior to Hurricanes Irma and Maria, 
which we did by reviewing relevant documents and literature and by conducting extensive 
interviews with Puerto Rico’s housing stakeholders and subject matter experts (SMEs), as 
discussed in Chapter 2. Second, we needed to characterize the damage caused by the hurricanes 
and determine the losses remaining uncompensated after initial recovery efforts (uncompensated 
loss), which we did by analyzing FEMA and Small Business Administration (SBA) home 
inspection data, constructing damage models based on 
wind and flood maps, and reviewing government 
disaster assistance databases, as detailed in Chapter 3. 
Finally, we developed recommended recovery COAs 
through further discussions with policymakers and 
SMEs and through participation in the U.S. Department 
of Housing and Urban Development (HUD) and Puerto 
Rico Department of Housing (PRDH)-led Housing 
Recovery Task Force (HRTF), as further discussed in 
Chapter 4 and Appendix A. 

Organization of This Document 

The remainder of this document is structured as follows. Chapter 2 provides an overview of 
Puerto Rico’s housing sector and the challenges it faced before the storms, while Chapter 3 

Housing Recovery Task Force Case Study 
Throughout the development of the Housing 
COAs, our team worked extensively with the 
HRTF to ensure that our COAs included input 
from the entire range of relevant stakeholders. In 
Appendix A, we explore in more detail the role 
played by the HRTF in bringing these 
stakeholders together and how it can provide a 
useful framework for future housing recovery 
efforts. 
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assesses the damage caused by Hurricanes Irma and Maria and identifies what is needed to create 
a modern and resilient housing sector. Remaining needs are grouped into three categories: (1) 
repair and reduce the vulnerability of the housing stock, (2) improve housing availability for 
lower-income households, and (3) modernize the housing market infrastructure. Chapter 4 
describes the methods used to develop the 12 COAs that address the three categories of 
remaining needs identified in Chapter 3. Chapters 5, 6, and 7 present the COAs that address each 
of the three remaining need categories, respectively. Chapter 8 provides some concluding 
observations. The document also includes four appendices with additional detail on various 
aspects of the analysis.
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Chapter 2. Overview of Housing Sector and Prestorm Challenges 

This chapter first provides an overview of Puerto Rico’s housing sector. It then identifies the 
challenges that faced the sector prior to the 2017 hurricanes. 

Overview of Housing Sector Prior to the Storms 

The Census Bureau estimates that there were 1.5 million housing units in Puerto Rico serving 
1.2 million households before the 2017 hurricanes (Table 2.1, top rows). Many of these units 
were vacant: 335,000 units, or about 20 percent of the total. In contrast, approximately 12 percent 
of housing units in the 50 states are vacant (last column of Table 2.1). Owner-occupied units in 
Puerto Rico total just under 850,000, with the vast majority (91 percent) being single-family 
structures (middle rows of Table 2.1). A rough estimate of the number of owner-occupied 
residential structures, which can include multiple units, is 786,000. Although homeownership 
rates are generally high in Puerto Rico (69 percent), mortgages are less common than they are in 
other areas of the United States. Specifically, the Census Bureau estimates that 41 percent of 
homeowners had a mortgage in Puerto Rico, as opposed to approximately 64 percent who had a 
mortgage in the United States as a whole. The median value of owner-occupied housing units 
was slightly below $120,000, based on data from 2012 through 2016, which includes both the 
value of the land and the structure.1 

Renter-occupied housing units in Puerto Rico total 388,000, with a median rent of $460 per 
month (Table 2.1, bottom rows). A far higher percentage of Puerto Rico’s rental units are in 
single-family structures (62 percent) than in the United States (34 percent). A considerable 
number of rental housing units (approximately 30 percent) are subsidized, including 
approximately 53,000 public housing units, 30,000 using Housing Choice Vouchers (HCVs), and 
20,000 households receiving other types of assistance. The PRDH and certain municipalities 
operate these programs with funding from HUD and the U.S. Department of Agriculture–Rural 
Development (USDA-RD) program. 

Table 2.2 lists the key federal and commonwealth public agencies and programs that oversee 
the housing sector in Puerto Rico, summarizes each agency’s role, and lists relevant regulations. 

 

 
1 Studies by housing experts in Puerto Rico have estimated that the value of the structure averages 62 percent of the 
total property value (Estudios Técnicos Inc., “Impact of Hurricane Maria–Puerto Rico: Submitted to Association de 
Constructores de Puerto Rico,” 2017). 
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Table 2.1. Overview of Housing Sector in Puerto Rico Prestorms 

Metric Puerto Rico United States 

Population and Overall Housing Stock 

Population 3,337,000 321.0 M 

Households 1,237,000 118.9 M 

Housing units 1,572,000 135.4 M 

Vacant housing units 335,000 16.6 M 

Housing units for seasonal, recreational, or occasional use (these units are 
included in the total for vacant housing units) 77,000 5.46 M 

Percentage of housing units in single-family structures  79% 68% 

Number of housing structures (occupied and vacant) 1,310,000 n/a 

Homeownership rate (percentage of occupied housing units that are owner-
occupied)  69% 64% 

Owner-Occupied Housing Units  

Number of owner-occupied unitsa 849,000 75.8 M 

Number of owner-occupied structuresa 786,000 n/a 

Percentage of occupied units in single-family structures 91% 88% 

Percentage of owner-occupied units with a mortgage 41% 64% 

Median value of owner-occupied housing units $118,600 $193,500 

Median selected monthly ownership costs with a mortgage $887 $1,515 

Median selected monthly ownership costs without a mortgage $154 $474 

Renter-Occupied Units  

Number of renter-occupied units 388,000 43.0 M 

Number of renter-occupied structuresb 263,000 n/a 

Median monthly gross rent  $460 $982 

Percentage of occupied rental units that are in single-family structuresb 62% 34% 

Public housing unitsc 53,000 (14%) n/a 

Units in Housing Choice Voucher Programc 30,000 (8%) n/a 

Units in HUD Multifamily Assisted Programd 20,000 (5%) n/a 
SOURCES: For Puerto Rico, U.S. Census Bureau American Fact Finder, “Demographic and Housing Estimates: 
2012–2016,” in American Community Survey, “2012–2016 ACS 5-Year Estimates.” For the United States, 
U.S. Census Bureau American Community Survey, “2013–2017 ACS 5-Year Estimates,” 2017. Figures for the 
United States do not include Puerto Rico.  
NOTES: M = million. 
a Assumes that owner-occupied structures with multiple units are entirely owner-occupied. 
b Assumes that renter-occupied structures with multiple units are entirely renter-occupied. 
c Figures for Puerto Rico from Government of Puerto Rico, Puerto Rico Disaster Recovery Action Plan: For the Use 
of CDBG-DR Funds in Response to 2017 Hurricanes Irma and Maria, 2018b, p. 50. Percentage of renter-occupied 
units in parentheses. 
d Personal communication with HUD, May 10, 2019. 

 



 
 

6 

Table 2.2. Agencies and Programs Engaged in the Housing Sector in Puerto Rico 

Agency or Program Role 
Relevant 

Regulations 

U.S. Department of 
Housing and Urban 
Development (HUD) 

Certifies and issues Community Development Block Grants 
(CDBGs) and develops housing policies for the United States. 
Also provides mortgage insurance for single-family and 
multifamily loans through the Federal Housing Administration 
(FHA) and provides funding to the Administración de Vivienda 
Pública (AVP) and direct subsidy (assistance) to privately owned 
multifamily housing. 

Housing and 
Community 
Development Act of 
1974; 24 CFR 570; 
Public Law 115-123 

U.S. Department of 
Agriculture–Rural 
Development (USDA-RD) 

Issues and administers low-income single-family and multifamily 
grants and loans in rural development areas 

7 CFR Part 1980; 
Public Law 101-625 

Federal Emergency 
Management Agency 
(FEMA) 

Administers federal disaster response and disaster recovery 
housing programs 

Public Law 93-288; 
44 CFR 

National Flood Insurance 
Program (NFIP) 

Administers programs and develops policies aimed at mitigating 
damage to houses caused by flooding by providing flood 
insurance for homeowners and encouraging communities to 
adopt and enforce floodplain management regulations 

42 U.S.C. 4001 

Departamento de la 
Vivienda (DV) (PRDH) 

Puerto Rico governmental entity charged with developing and 
administering housing programs and policies 

Ley Num. 97 of 
July 10, 1972 

Autoridad para el 
Financiamiento de la 
Vivienda (AFV) (Housing 
Finance Authority) 

Government bank that uses public and private financing 
alternatives to help low- and moderate-income families build, 
rebuild, acquire, refinance, or expand their own homes 

 

Administración de 
Vivienda Pública (AVP) 
(Public Housing Authority) 

Ensures the maintenance, rehabilitation, and effective 
management of public housing projects to increase the 
availability of affordable housing, promote economic 
development, and improve the quality of life of families to 
achieve self-sufficiency 

 

Junta de Planificación 
(JP) (Puerto Rico 
Planning Board, PRPB) 

Collects data and develops land-use plans for Puerto Rico; 
serves as the Floodplain Manager required by the NFIP for 
Puerto Rico 

Ley Num. 75 of 
June 24, 1975 

Oficina de Gerencia de 
Permisos (OGP) (Office 
of Permit Management) 

In charge of issuing final determinations and permits, licenses, 
inspections, certifications, and any other authorization or 
procedure that is necessary to meet citizens’ requests 

Ley 161 of 
December 1, 2009 

Oficina para el Desarrollo 
Socioeconómico y 
Comunitario de Puerto 
Rico (Office for the 
Socioeconomic and 
Community Development 
of Puerto Rico) 

Administers CDBG grants and programs for Puerto Rico  

Puerto Rico Housing 
Recovery Task Force 
(HRTF) 

Federal, Puerto Rico, and private-sector task force created to 
develop housing recovery strategies and COAs 

 

Autoridad para las 
Alianzas Público Privadas 
(Puerto Rico Private-
Public Partnerships 
Authority)  

Puerto Rico agency that implements and administers public-
private partnerships, such as infrastructure projects, including 
the redevelopment of public housing projects 

 

 



 
 

7 

Prehurricane Challenges 

Prior to the arrival of the hurricanes, Puerto Rico’s housing sector faced many challenges. 
The poor economic condition of Puerto Rico had negatively affected the housing market for 
many years. For example, between 2010 and the third quarter of 2017, home prices in the 
continental United States increased 35 percent while home prices fell 18 percent in Puerto Rico. 
Fair market rents declined slightly (5 percent) between 2010 and 2018.2 This section includes a 
brief description of 13 separate challenges facing the housing sector prior to the hurricanes. 

Methods to Identify Prestorm Challenges 

To identify prestorm challenges facing the housing sector that should be considered and/or 
addressed in the recovery process, our team reviewed the available literature, such as the Puerto 
Rico State Housing Plan,3 and consulted with a number of government, private-sector, and 
nonprofit organizations. These entities included those government agencies listed in Table 2.2, 
the Puerto Rico HRTF (see Table A.1), the Puerto Rico Home Builders Association, the 
Mortgage Bankers Association of Puerto Rico, the Resilient Puerto Rico Advisory Commission 
(funded by the Rockefeller Foundation), insurance experts, SMEs working with Enterprise 
Community Partners, Dewberry Engineers, local housing organizations, and Habitat for 
Humanity. In total, we conducted approximately two dozen semistructured interviews that 
explored prestorm conditions and rebuilding challenges and constructed a measure of residential 
structures that exist in isolated areas. The analysis also drew on some of the data sets assembled 
for estimating storm damage, which are described in Chapter 3. These included detailed 
geospatial data sets of building footprints, parcel-level data on building characteristics, and 
spatial flood zone overlays. 

Challenge 1: High Vulnerability to Natural Hazards 

Housing that can resist natural and man-made hazards is crucial for minimizing the impact of 
disasters and improving recovery. The risks posed to housing in Puerto Rico by high winds, 
flooding, erosion, earthquakes, and landslides are widespread.4 

According to the detailed geospatial analysis done for this study, there are 124,000 residential 
structures in areas with at least a 1-percent chance of flooding each year (the 100-year 
floodplain), implying that just under 10 percent of housing structures are in the 100-year riverine 
or coastal flood zones (Table 2.3). Of these, 13,000 residential structures in riverine floodplains 

 
2 M. Kasper, “Issue Deep-Dive: Housing,” briefing presented to Recovery Support Function Leadership Group, 
Executive Vice President, Ginnie Mae, U.S. Department of Housing and Urban Development, 2018. 
3 Puerto Rico Department of Housing, “Puerto Rico State Housing Plan: Fiscal Years 2014–2018,” 2014. 
4 J. Morelock and M. Barreto, “An Update of Coastal Erosion in Puerto Rico,” 2000; A. Skibell, “You Build Castles 
on the Sand, They Will Fall into the Sea,” E&E News, January 24, 2018. 
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are located in floodways.5 Floodways are at very high risk given their proximity to the stream 
channel and potential for high-velocity flooding, and the floodplain management ordinances that 
communities agree to adopt when they join FEMA’s National Flood Insurance Program (NFIP) 
prohibit new construction in floodways that will increase the water surface elevation of the base 
flood more than one foot at any point in the community. Based on the current flood risk maps, a 
relatively small number of residential structures in coastal floodplains are in V-zones, which are 
areas in coastal flood zones that are subject to storm waves of three feet or higher. 

Table 2.3. Location of Residential Housing Structure by Flood 
Zone Prestorm (Number of Structures) 

Flood Zone 
All Residential 

Structures  
Percentage of  

Total Structures 

100-year floodplaina 124,000 9.7% 

Floodway 13,000 1.0% 

V-zone 2,900 0.2% 

Outside 100-year floodplain 1,152,000 90.3% 

Total residential structures 1,276,000 100% 

SOURCE: Research team analysis of geospatial data on housing stock. 
a Includes structures in floodways and V-zones. Numbers are rounded. 

 
A map of the 100-year flood zones is shown in Figure 2.1. The map first shows the areas that 

had been designated in the 100-year flood zones at the time of the 2017 hurricanes (as of 
June 28, 2016). FEMA is currently updating the flood maps for Puerto Rico, so the figure also 
shows in purple the areas proposed to be added to the 100-year flood zones (as of October 4, 
2017). 

Landslide risk across the island is high, with more than 40,000 separate landslide sites 
identified after the 2017 hurricanes.6 The number of structures in areas with high landslide risk 
warrants further investigation. 

 
5 A floodway is the channel of a river or other watercourse and the adjacent land areas that must be reserved to 
discharge the base flood without cumulatively increasing the water surface elevation more than a designated height. 
6 A. Morales Valez and K. Hugher, Geotechnical Damages in Puerto Rico After the Passage of Hurricanes Irma 
and María, Módulo 4: Huracanes B, Mega Viernes Civil, San Juan: Colegio de Ingenieros y Agrimensores de 
Puerto Rico, 2018. 
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Figure 2.1. Current and Proposed 100-Year Flood Zones 

 

SOURCE: Map created by research team with data from NFIP.  

Unlike the continental United States, where the vast majority of residential units are wood-
framed construction, Puerto Rico has a broad range of residential construction types, ranging 
from one-story wood-framed structures with wood-framed tin roofs to high-rise reinforced 
concrete-framed structures with concrete roof decks. Table 2.4 summarizes the characteristics of 
the housing stock prestorm based on the multiple geospatial data sets described in Chapter 3. As 
will become apparent in Chapter 3, concrete construction has the lowest vulnerability to wind 
and flood risk. Approximately two-thirds of the residential structures identified in the geospatial 
analysis (839,000 of 1,276,000) are one- and two-family structures of all-concrete construction. 
Wood structures, as they have been constructed in Puerto Rico, are most vulnerable to wind and 
flood. Approximately 10 percent (124,000 of 1,276,000) of the residential structures existing in 
Puerto Rico prior to Hurricanes Irma and Maria were one- and two-family structures with all-
wood construction. The number of structures by building type in the floodplain, floodway, and 
V-zones are also shown in Table 2.4. 

The vulnerability of residential structures to seismic risk also varies across construction 
types. We conducted a basic assessment of potential seismic risk and vulnerability, starting with 
a basic classification of vulnerability to an International Building Code (IBC) design-level 
earthquake occurring in the vicinity of Puerto Rico (Table 2.5). 
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Table 2.4. Characteristics of Prestorm Housing Stock (Number of Structures) 

Construction Type 

All 
Residential 
Structures  In Floodplaina In Floodway In V-Zone 

One- and two-family 

All concrete construction 839,000  70,000  7,300  1,200  

Combination of wood and 
concrete construction 

140,000   21,000  2,300  500  

All wood construction 124,000  16,000  1,700  500  

Otherb 600 <100 <100 <100 

Multifamily and residential 
condominiums 

172,000  16,900  1,600  700  

Total 1,276,000  124,000  13,000   2,900  

NOTES: Figures are rounded to the nearest 100 or 1,000. 
a Includes structures in floodways and V-zones. 
b Includes manufactured housing and mixed-use structures. 

Table 2.5. Seismic Damage Risk Levels 

Seismic 
Damage Risk 
Level Description of Typical Damage 

Anticipated Damage  
Repair Cost 

Low Slight damage to architectural finishes and 
mechanical, electrical, plumbing (MEP) systems; 
no structural damage; building considered safe 
for occupancy 

Less than 20% of building 
replacement cost 

Moderate Significant damage to architectural finishes and 
MEP systems; some structural damage; 
occupancy is restricted 

Between 20% and 60% of 
building replacement cost 

Severe Serious damage to architectural finishes, MEP 
systems, and building structures; lateral load 
resisting system has been compromised; 
building is unsafe for occupancy 

Exceeds 60% of building 
replacement cost; repair may 
not be feasible because of 
damaged or collapsed building 
elements 

 

NOTE: The seismic damage risk levels are intended to approximate damage levels expected from an International 
Building Code (IBC) design-level earthquake event occurring in the vicinity of Puerto Rico. Ground accelerations from 
such an event are predicted to be slighter higher in the southwest part of Puerto Rico. In addition to ground shaking, 
the geology of the surrounding area poses a significant risk of tsunami. However, tsunami damage has been omitted 
in defining these categories. 

 
Then, based on a high-level assessment of the various residential housing types by a seismic 

SME, we assigned potential seismic damage risk levels to each housing category. The results are 
shown in Table 2.6 and indicate that the potential seismic-damage risk for all-wood, most 
combinations of wood and concrete, and all-concrete construction varies widely depending on 
whether the residence was constructed in accordance with current building codes and standards, 
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something that has been extremely difficult to track in Puerto Rico. In addition to non-code 
compliance, other potential seismic vulnerabilities for various residential buildings observed in 
Puerto Rico include poor floor and roof diaphragms in wood-framed and combination wood and 
concrete construction, unreinforced masonry wall failures in concrete construction using 
masonry infill, and homes constructed on steep and potentially unstable slopes with inadequate 
foundation support systems. 

Table 2.6. Seismic Damage Risk Levels by Residential Housing Category 

Construction 
Type Subcategory 

Total 
Structuresa 

Potential 
Seismic 

Damage Risk 
Level Comments 

All-wood 
construction 

1-story 95,000 Moderate to 
Severe 

Wood structures, even if non-code-
compliant, may have less damage 
than expected because of their 
flexibility; buildings that are anchored 
to their foundations will also fare better 

Elevated 1-
story 

11,000 Moderate to 
Severe 

Multistory, noncompliant wood 
structures would be expected to 
sustain serious damage in an 
earthquake, height being a 
contributing factor 

2-story 18,000 Moderate to 
Severe 

Manufactured 
housing 

None <100 Severe Older mobile homes were not typically 
designed for seismic loading; in 
addition, the units are not always 
properly anchored to their foundations 

Combination 
wood and 
concrete 
construction 

1-story 107,000 Moderate to 
Severe 

Non-code-compliant unreinforced 
masonry/concrete construction is 
especially susceptible to earthquake 
damage, including collapse; besides 
lack of steel reinforcing, inadequate 
connections between the various 
materials will contribute to the damage 

Elevated 1-
story 

12,000 Moderate to 
Severe 

2-story 21,000 Severe 

Mixed use None 58,000 Severe Non-code-compliant unreinforced 
masonry/concrete construction is 
especially susceptible to earthquake 
damage, including collapse; besides 
lack of steel reinforcing, inadequate 
connections between the various 
materials will contribute to the damage 



 
 

12 

Construction 
Type Subcategory 

Total 
Structuresa 

Potential 
Seismic 

Damage Risk 
Level Comments 

All concrete 
construction 

1-story 305,000 Low to Severe Recently constructed code-compliant 
concrete and masonry buildings 
should survive with minimal damage; 
structures designed under older codes 
may sustain higher levels of damage; 
non-code-compliant unreinforced 
masonry/concrete construction is 
especially susceptible to earthquake 
damage, including collapse; these 
buildings typically lack the steel 
reinforcing, design detailing, and 
connections needed to resist seismic 
loads 

Elevated  
1-story 

34,000 Low to Severe 

2-story 443,000 Low to Severe 

Multifamily 
residential/ 
condominiums 

2- to 4-story 
(3 to 9 units) 

171,000 Low Recently constructed code-compliant 
multifamily residential buildings should 
survive with minimal damage; 
structures designed under older codes 
may sustain higher levels of damage 

4- to 8-story 
(10 to 49 units)  

200 Low 

8+ story 
(50+ units)  

100 Low 

Total — 1,276,000 — — 
   

NOTE: The Potential Seismic Damage Risk Levels described in Table 2.5 are intended to approximate damage 
levels expected from an International Building Code (IBC) design-level earthquake event occurring in the vicinity of 
Puerto Rico. Ground accelerations from such an event are predicted to be slighter higher in the southwest part of 
the island. In addition to ground shaking, the geology of the surrounding area poses a significant risk of tsunami. 
However, tsunami damage has been omitted in defining these categories.  
a The number of structures in this column are based on the data sets in Tables 3.1.  

Challenge 2: Poor Code Enforcement and High Cost of the Building Permit Process 

Building regulations based on international best practices and mechanisms for enforcing 
those regulations (e.g., adequate staffing of inspectors and the ability to enact fines and other 
compliance mechanisms) can ensure that structures are built to withstand hazards and are located 
in areas with low hazard exposure. Following such practices will result in less damage when 
natural disasters do hit and faster recovery from them. 

Building codes were first enacted in Puerto Rico in the 1960s and have since gone through a 
series of revisions and updates.7 The most recent major revision of the Puerto Rico Building 
Code was in 2011 and was intended to align the building codes to those of International Code 
Council, a standard-setting body for international building codes.8 The 2011 codes were based on 
the 2009 International Code Council codes and designed to protect against Category 3 

 
7 Commonwealth of Puerto Rico Regulations and Permits Administration, “Puerto Rico Building Code,” 1999.  
8 Commonwealth of Puerto Rico Oficina de Gerencia de Permisos, “Puerto Rico Building Code,” 2016.  
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hurricanes; the codes in place immediately prior to 2011 were designed to protect against 
Category 2 hurricanes.9 After much discussion in Puerto Rico on how best to update the building 
codes following the 2017 hurricanes, the government of Puerto Rico adopted the 2018 
International Code Council codes in November 2018.10 

Despite the adoption of these building codes, a substantial number of the residential housing 
structures are part of the so-called informal housing sector. While it is difficult to precisely 
define the term, homes in the informal housing sector were often built without approved 
engineering or architectural plans; thus, the construction falls far short of the building codes in 
effect at the time of construction.11 The structures could be on either public or private land, but 
the residents often do not have a registered title to the land. A 2007 study commissioned by the 
Puerto Rico Builders Association estimated that 55 percent of residential and commercial 
construction was informal.12,13 

One reason why so many residential structures are built without permits is that the building 
permit process is costly and time-consuming. Despite efforts by the government of Puerto Rico 
to streamline the permitting process,14 Puerto Rico still falls far behind the continental United 
States in its “Dealing with Construction Permits” ranking in the World Bank’s Doing Business 
report.15 Puerto Rico ranked 131 out of 190 countries in 2017, compared with an overall U.S. 
ranking of 39. 

According to those we interviewed, an inadequate number of inspectors to ensure compliance 
with land-use plans and building permit requirements also contributes to the large number of 
unpermitted structures. 

 
9 Commonwealth of Puerto Rico Oficina de Gerencia de Permisos, “Puerto Rico Building Code,” 2016; and 
E. Dooley, “Building Codes on Puerto Rico Unable to Withstand Category 5 Storms: Expert,” ABC News, 
September 20, 2017.  
10 Federal Emergency Management Agency, “FEMA P-2020: Mitigation Assessment Team Report: Hurricanes 
Irma and Maria in Puerto Rico,” October 31, 2018.  
11 Puerto Rico’s Build Back Better report uses “informal housing” to describe homes built by people on government 
land without permission and without following building code requirements (“Impact to Housing” section) (Governor 
of Puerto Rico, “Build Back Better Puerto Rico: Request for Federal Assistance for Disaster Recovery,” 2017).  
12 The Puerto Rico Builders Association found that 55 percent of the developed land area in Puerto Rico was 
developed without demonstrating compliance with planning and environmental regulations. 
13 Asociación de Constructores de Hogares, Perfil de la Construccion en Puerto Rico, 2007.  
14 Puerto Rico Public Law 161 of 2009 (Puerto Rico Permitting Process Reform Act) was intended to streamline the 
permitting process by centralizing the application for development and construction permits to one agency. The law 
was amended in 2013 and 2017 (prior to Hurricanes Irma and Maria). However, it is unclear whether the reform has 
been successful.  
15 World Bank Group, Doing Business 2018: Reforming to Create Jobs, Economy Profile, Puerto Rico (U.S.), 
Washington, D.C.: World Bank, 2018. 
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Challenge 3: Inconsistent Application of Land-Use Plans 

Land-use plans are important in avoiding development in particularly risky areas, in 
conserving important natural resources, and in integrating population location with economic 
development goals and initiatives. However, land-use planning in Puerto Rico appears lacking in 
both coordination and effectiveness. The Puerto Rico Planning Board (PRPB) recently completed 
a land-use plan for Puerto Rico, but according to PRPB staff, the plan is not well coordinated 
with municipal plans.16 Furthermore, municipal plans are required to be approved by the PRPB, 
but in many cases, this has not happened.17 

Given the lack of coordinated, binding land-use plans, government agencies tend to use a 
case-by-case approach for development approvals. The result can be residential and economic 
development in risky areas or areas not compatible with conservation or economic development 
goals. A 2002 study, for example, concluded that uncontrolled rural development, which is 
closely linked to the widespread practice of informal housing in Puerto Rico, was “having an 
adverse effect on soil erosion and sedimentation on water bodies, increasing flash flood events 
and contamination of ground waters.”18 This study also noted that the “disorganized pattern of 
development,” paired with the ineffective regulatory and zoning guidelines on rural areas, 
“increased Puerto Rico’s vulnerability to natural hazards.” 

Challenge 4: Lack of Property Title or Unregistered Titles 

Lack of clear property title is common in Puerto Rico, and this status affected hundreds of 
thousands of Puerto Ricans after Hurricanes Irma and Maria. This is a consequence of migration 
flows dating back to the 1930s and 1940s, when industrialization drew rural Puerto Ricans to 
urban areas. Insufficient affordable housing prompted takeovers of farming land for housing, 
resulting in the widespread formation of informal, unsanctioned communities. Many properties 
have also been subdivided without any formal change or modification in title. 

Even when title is clear, the title may not appear in an official property registry. There has 
been no requirement to register title to properties in Puerto Rico; thus, families sometimes went 
decades without registering their land or structures with the government, and many have never 
registered their properties. Estimates are that only about 70 percent of titles are recorded in the 
land registry and that many of those are likely out of date.19 Furthermore, data from a sample 

 
16 Puerto Rico Planning Board, personal communication, March 8, 2018. 
17 Puerto Rico Law No. 81 (Autonomous Municipalities Act of 1991, Puerto Rico Law No. 81, August 30, 1991) 
gave municipalities more authority in land-use planning. 
18 URS Corporation, Integrated Hazard Assessment for the Island of Puerto Rico, San Juan: URS Dames and Moore 
Lebron LLP, 2002, p. 4-1. 
19 Governor of Puerto Rico, “Build Back Better Puerto Rico,” 2017.  
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of properties in selected municipalities show the percentage of parcels with title in some 
municipalities could be less than 50 percent.20 

Lack of good property title records makes it difficult for both public and private entities to 
provide assistance after disasters and complicates processes for collecting the property taxes that 
fund community services. 

Challenge 5: Confusing Address System 

Addresses in Puerto Rico typically rely on “urbanizations” or neighborhoods and community 
names. In addition, the address numbers on streets are sometimes not monotonically increasing 
or decreasing.21 There are often multiple uses of the same street name in a community, which 
means that both the community name and urbanization must be specified to identify a location. 
This complexity hinders emergency response and makes it difficult to map properties in 
geographic information systems and determine the risks to which they are exposed. It also limits 
the use of modern tools that use geolocation to develop and enforce land-use plans and building 
codes. 

Challenge 6: High Housing Construction Costs 

The price of new housing in Puerto Rico in recent years has not fallen in line with the 
declining median income from economic contraction, thus pushing the cost of new housing out 
of financial reach for most residents. Explanations for the persistence of high prices often point 
to the high construction costs associated with obtaining raw materials and transporting them to 
building sites in Puerto Rico.22 Also contributing to high construction costs is the costly and 
time-consuming permitting process, discussed in challenge 2. Economic theory suggests that 
these high construction and permitting costs will result in lower construction activity and higher 
home prices than would be the case if construction and permitting costs were lower. 

Challenge 7: Lack of Comprehensive or Accessible Housing Data 

According to those we interviewed, there is no central source of data related to the housing 
stock, including title, permits, land use, property tax, and location. Data are distributed across 
multiple agencies at both the municipality and Puerto Rico level. There is a need for integrated 
and validated data that are transparent and accessible to inform planning and decisionmaking 
related to reconstruction and future development. More readily available information is also 
needed on housing sales, prices, and construction and on the rental market. This lack of available 

 
20 Government of Puerto Rico, Puerto Rico Disaster Recovery Action Plan for the Use of CDBG-DR Funds in 
Response to 2017 Hurricanes Irma and Maria, Draft for Public Comment, 2018a.  
21 Kasper, “Issue Deep-Dive: Housing,” 2018. 
22 For further discussion, see additional reports covering Puerto Rico’s economy and the transportation sector on the 
project webpage. RAND Corporation, “Supporting Puerto Rico’s Disaster Recovery Planning,” webpage, undated. 
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and transparent data on sales and rentals has prohibited the development of consumer-based 
products, such as the Multiple Listing Service (MLS), which is available to consumers in the rest 
of the United States; there are also no websites consolidating available rental listings. 

Challenge 8: Low Percentage of Homes with Insurance 

Risk-based insurance premiums are central to providing developers and homeowners with 
the appropriate signals of where to build and what types of structures to build or retrofit. They 
are also a way to reduce taxpayer outlays for disaster response and recovery costs. However, 
despite the many risks facing residential structures in Puerto Rico, the percentage of homes with 
either homeowners insurance or both homeowners and flood insurance is low. 

Homeowners policies in Puerto Rico cover loss from wind, and they also typically cover 
earthquake damage. Conversely, they typically do not cover losses from landslides, and 
insurance for flood losses must usually be purchased separately. The majority of homeowners 
insurance and residential flood insurance purchased is required by lenders through the mandatory 
purchase requirement, and the majority of this insurance is sold through the in-house insurance 
agencies of lenders. Because renters are not subject to these insurance requirements, very few 
renters insurance policies are sold in Puerto Rico, and a limited number of flood insurance 
policies are written outside the areas currently mapped in the 100-year floodplain—except in 
areas outside the 100-year floodplain that are known to flood (e.g., communities such as 
Levittown and Ocean Park). Likewise, when a loan is paid off, the policyholders typically drop 
their coverage of both dwelling and flood insurance.23 

As a result, the take-up rates for homeowners insurance and flood insurance are thought to be 
low. The Puerto Rican government puts the take-up rate for homeowners insurance at 31 percent, 
and some of those with insurance are thought to be underinsured.24 At the end of 2017, there 
were only slightly more than 44,000 flood policies on residential structures.25 The majority of the 
flood policies likely cover structures in the high-risk flood zone, but the percentage of policies 
inside the high-risk flood zones is not known. However, even if all flood policies were in high-
risk flood zones, the flood insurance take-up rate would still be less than 35 percent for structures 
in high-risk flood zones.26 

 
23 The observations in this paragraph are based on interviews with insurers and lenders in Puerto Rico and the 
Office of the Insurance Commissioner in Puerto Rico. 
24 Governor of Puerto Rico, “Build Back Better Puerto Rico,” 2017.  
25 Flood insurance in Puerto Rico is available from both the NFIP and private insurers. At the end of 2017, there 
were just over 4,200 NFIP policies and another 40,000 private policies on residential structures (C. Kousky and 
B. Lingle, “Residential Flood Insurance in Puerto Rico,” Wharton Risk Management and Decision Processes Center, 
2018). The high percentage of residential policies purchased from private insurers as opposed to the NFIP is in stark 
contrast to what happens in the continental United States. 
26 44,000 is 35 percent of the estimated 124,000 residential structures in areas with a 1-percent or more annual risk 
of flooding. 
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Challenge 9: Increasing Foreclosure Rates 

The housing market is tightly linked to the economy and demography. Puerto Rico’s 
prolonged economic recession before the hurricanes led to job loss, prolonged outmigration, 
declining home values, and increases in mortgage delinquencies and foreclosures. The Federal 
Housing Administration (FHA) loan default rate in Puerto Rico was about 7 percent in 2016 and 
2017 but jumped to approximately 18 percent in February 2018. 

Challenge 10: Vacancy and Blight 

As residents have emigrated from Puerto Rico, some have left behind vacant properties. In 
2016, there were an estimated 334,000 vacant properties in Puerto Rico. Of these, 178,000 were 
not listed on long-term rental, short-term rental, or sales markets, nor were they listed as 
properties for seasonal or recreational use.27 From 2009 to 2016, the total number of vacancies 
increased by 51 percent, and the number not on the market or for seasonal or recreational use 
increased by 59 percent.28 Many of these properties are also likely to be blighted properties, but 
figures on the number of blighted properties before the 2017 hurricane season were not available 
as of the writing of this report. 

Challenge 11: Isolated Residential Structures 

Households that live in isolated areas may find it difficult to access health care, 
transportation, utilities, education, and employment opportunities. It may also be difficult to 
reach these households after a major hurricane, earthquake, or other event and to restore vital 
services to them. To better understand how many residential structures might be considered 
isolated and where in Puerto Rico they are located, we developed an isolation measure. The 
measure is based on the sum of the straight-line distances of each structure to the nearest of each 
of the following: health care facility, school, road, fire station, police station, and electricity 
substation. Based on the resulting scores, the 1.276 million residential structures prestorm are 
grouped into six isolation categories. The measure and its construction are detailed in Appendix B. 
As far we are aware, such a measure has not previously been constructed for Puerto Rico. 

Table 2.7 reports the number and percentage of structures in each category. The categories 
are relative, and further analysis would be needed to determine the score cutoff at which a 
residential structure would be considered isolated in an absolute sense. However, the scores are 
useful in identifying where in Puerto Rico the most isolated residential structures are located (see 
Figure 2.2). 

 
27 U.S. Census Bureau American Fact Finder, “Demographic and Housing Estimates: 2012–2016,” in American 
Community Survey “2012–2016 ACS 5-Year Estimates,” 2016.  
28 U.S. Census Bureau American Fact Finder, 2016.  
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Table 2.7. Number of Residential Structures by Isolation Category 

Isolation Category Isolation Score 

Category Label 
Used in  

Figure 2.2 

Number of 
Residential 
Structures 

Percentage of  
Total  

Structures  

1 ≤7 Not isolated 574,000 45% 

2 8–10 Very low isolation 367,000 29% 

3 11–14 Low isolation 256,000 20% 

4 15–18 Somewhat isolated 67,000 5% 

5 19–29 Isolated 13,000 1% 

6 ≥30 Very isolated <100 <0.1% 

Total — — 1,276,000 100% 

NOTE: The category labels do not necessary reflect whether a structure is truly isolated—only the relative isolation of 
structures. 

Figure 2.2. Residential Structures Categorized by Relative Isolation 

 

Challenge 12: Need for Affordable Housing 

HUD defines affordable housing as housing for which occupants pay no more than 
30 percent of their income for gross housing costs. According to American Community Survey 
(ACS) data, monthly housing costs for owners exceed 30 percent of income for 46 percent of 
homeowners in Puerto Rico. And gross rent exceeds 30 percent of income for 56 percent of 
renters who pay rent.29,30 According to the 2014 State Housing Plan, the projected numbers of 
residents in need of affordable housing services from the government of Puerto Rico included 

• 29,792 persons on the public housing waiting list (as of May 2014) and 7,955 on the 
Section 8 waiting list (as of June 2014) 

 
29 U.S. Census Bureau American Fact Finder, 2016.  
30 Excludes a sizable number of nonowners who do not pay rent. 
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• more than 4,100 homeless persons as of 2013 
• an expected growth of 14,212 low- and moderate-income households during the next 

five years.31 

Puerto Rico does have affordable housing programs, but it does not have enough to meet this 
demand. In addition, according to a 2010 study from HUD,32 the Puerto Rico Public Housing 
Administration is expected to face a $3 billion backlog in needed maintenance and capital 
improvements. A 2016 inspection of 94 Section 8 units in Puerto Rico by HUD’s Office of 
Inspector General revealed that 64 failed to comply with HUD’s minimum housing quality 
standards.33 The combination of deferred maintenance and demand that exceeded supply before 
the storms added to the increase in demand for assisted housing post-storms, outstripping the 
available supply of safe and affordable assisted housing. 

Challenge 13: Lack of Resilient Infrastructure to Support Housing 

Livable housing depends on many different types of infrastructure, including physical 
infrastructure (e.g., electricity, waste management, water, roads) and community infrastructure 
(e.g., schools, hospitals, economic centers). In Puerto Rico, much of this infrastructure was in 
poor condition before the storms and thus vulnerable to flood, wind, and other hazards. For 
instance, because of a fragile electric grid, parts of Puerto Rico experienced frequent rolling 
blackouts and brownouts before the storms. 

 
31 Puerto Rico Department of Housing, “Puerto Rico State Housing Plan: Fiscal Years 2014–2018,” 2014. 
32 M. Finkel, et al., “Capital Needs in Public Housing Program: Revised Final Report,” prepare for U.S. Department 
of Housing and Urban Development, Cambridge, Mass.: Abt Associates Inc., 2010.  
33 Puerto Rico Department of Housing Office of Inspector General, “The Puerto Rico Department of Housing, San 
Juan, PR, Did Not Adequately Enforce HUD’s Housing Quality Standards,” 2016.  
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Chapter 3. Hurricane Damage and Post-Storm and Remaining 
Needs 

This chapter estimates the amount of damage to residential structures in Puerto Rico caused 
by Hurricanes Irma and Maria. We begin by providing an overview of the data and methods 
involved, which include two damage assessment approaches—assessments done by FEMA and 
SBA inspections (inspection-based approach) and an assessment based on detailed geospatial 
modeling of the housing stock and storm conditions (modeling approach). We present estimates 
based on the two approaches and compare the two estimates. We then summarize the assistance 
residents received in the first seven months following the storms and identify the amount of 
losses uncompensated as of that time. The chapter concludes by identifying remaining financial 
needs for recovery. 

Data and Methods 

Damage Assessment Methods 

Our team used two different approaches to estimate the damage caused by Hurricanes Irma 
and Maria. The first was an inspection-based approach that is similar to the procedure HUD uses 
to allocate Community Development Block Grant–Disaster Recovery (CDBG-DR) funds. The 
second is a modeling approach that uses data on the types and locations of structures in Puerto 
Rico, data on flood depths and wind speeds during the storms, and damage functions that project 
the amount of damage suffered by the structure. We used two different approaches because each 
has strengths and weaknesses. The advantage of the inspection-based approach is that it is based 
on actual property inspections, but as will become clear, there are important limitations on the 
scope and number of inspections. The models used in the modeling approach were validated to 
some extent using real-world data but are still model projections of damage caused by observed 
wind speeds and flood levels. Each method is briefly discussed. 

Inspection-Based Approach 

The inspection-based approach starts with the property inspections that FEMA conducted for 
those requesting FEMA assistance following the hurricanes. FEMA received approximately 
1.1 million applications for assistance following Hurricanes Irma and Maria. Once disaster 
survivors register, FEMA is required to verify losses to determine eligibility for its Individual 
Assistance (IA) program. An on-site inspection is typically used to verify losses. As of May 
2018, FEMA had completed approximately 600,000 inspections (top row of Table 3.1). Trained 
inspectors record detailed information on the damage from the disaster (such as square feet of 
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roof damaged); then, a computer algorithm estimates the “FEMA verified loss” (FVL) separately 
for real property (structures) and personal property (household contents). FEMA was able to 
provide the project team with FVL and a subset of the information collected for each inspection 
with name and street address removed (referred to as de-identified data in Table 3.1). 

Table 3.1. Summary of Authors’ Data Sources Used to Assess Damage in Both Approaches 

Data Set Source 
Date of Last 

Update Notes 

Inspection-Based Damage Assessment 

FEMA property 
inspections  

FEMA 
Individual 
Assistance 
Data Team 

May 11, 
2018 

De-identified records on approximately 600,000 on-site home 
inspections done post-storms. Used to calculate FEMA 
verified loss (FVL).  

SBA property 
inspections 

SBA May 15, 
2018 

De-identified records on verified loss from inspections of 
approximately 82,000 households post-storms. Used to 
calculate SBA verified loss (SVL). Data set used to determine 
relationship between SVL and FVL via regression approach. 

Public housing 
damage 
inspections 

PRDH and 
PRPHA 

Apr 30, 
2018 

Aggregated results of inspections done by PRDH and the 
PRPHA. 

Multifamily 
housing project 
damage 
estimates 

U.S. 
Department of 
Agriculture 
(USDA) 

Apr 2018  

Model-Based Damage Assessment 

Building footprints Multiple 
sources 

2018 No single data set offers complete coverage. Authors 
compiled the best footprints from 2004–2018 data sets. 

Parcel-level 
property  
data 

Puerto Rico 
Municipal 
Revenue 
Collection 
Center (CRIM) 

Oct 2017 Property data for 507,000 parcels of the total 1,449,571 
parcels in Puerto Rico (35%); includes Parcel Count, Year 
Built, Area, Number of Stories, Use Type, Construction 
Material(s). 

Damage 
assessment 
points 

Dewberry 
Engineers 

2017 Dewberry Engineers placed points across Puerto Rico 
indicating if a building was “Affected” or “Destroyed”; provides 
inference on building type for 53,212 parcels (3.7%). 

Blue tarp 
distributions 

U.S. Army 
Corps of 
Engineers 
(USACE) 

Oct 2017 Data collected wherever blue tarps were distributed as of 
October 2017 (22,679 parcels; 1.6%). Used as an indicator of 
tin (wood) roof type and/or wood building type. 

FEMA pre-
Substantial 
Damage 
Estimator (SDE) 
damage analysis 

Strategic 
Alliance for 
Risk Reduction 
(STARR II) 
(FEMA 
contractor) 

Jan 16, 
2018 

SDE is a post-storm assessment tool used to determine 
where damage repair costs are 50% or greater than the pre-
event market value of the structure; preliminary analysis 
included 455,009 parcels (31%). 

Hazus field data FEMA 2012–2017 Input data for FEMA Hazus model gathered by FEMA Region 
II and Cooperating Technical Partner (CTP) in Puerto Rico; 
most data exist for select areas/municipalities only. 
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Data Set Source 
Date of Last 

Update Notes 

Hazus GBS, and 
NSI data 

FEMA/USACE 2010 
Census 

Hazus General Building Stock (GBS) data (by census block) 
includes percentage-based distributions of foundation types 
and various other building characteristics; the National 
Structure Inventory (NSI), a collaborative data set produced 
by FEMA and the USACE, includes similar characteristics; 
these data were used to fill gaps where other local or more 
reliable data were not available. 

Permit database FEMA CTP 2014 CTP maintains a database of permits for 82,290 parcels 
(5.7%). It is unclear if the database includes applications only, 
approvals only, or a combination of both. Used on a case-by-
case basis to help verify other uncertain data or to fill gaps 
where no other data are available. 

Puerto Rico 
Electric Power 
Authority 
(PREPA) use 
types 

PREPA 2014 Use type (Residential, Commercial, Public Housing, 
Government, Industrial, PREPA Use) for 832,434 parcels 
(57%). Used to make initial distinctions to separate building 
footprints into subcategories for ultimate residential subtype 
distinctions. 

Bare Earth LiDAR  U.S. Geological 
Service 
(USGS) 

2017 Light Detection and Ranging (LiDAR) ground elevation data 
used to identify buildings on steep slopes that may have 
structural pylons supporting the building and could be 
vulnerable to damage from future floods or earthquakes. 

Pre- and post-
storm 
orthophotography 

Dewberry, 
Vexcel, 
National 
Oceanic and 
Atmospheric 
Administration 
(NOAA) 

2017 Used to distinguish and develop building data while seeking to 
maintain existence of buildings from pre–Irma/Maria ground 
condition. 

Other Data Sets Including Post-Storm Assistance to Date 

Revised flood 
zone and 
landslide risk GIS 
layers 

PRPB 2018  

Low-income and 
special 
community GIS 
layers 

PRPB Not dated  

FEMA Individual 
Assistance 

FEMA 5/15/2018 Individual records (with personal identifiers removed) of 
Individuals and Households Program (IHP) registrations, 
inspections, and payments. 

SBA loans SBA 5/17/2018 Individual records (with personal identifiers removed) of SBA 
applications, inspections, and loan amounts.  

Sheltering and 
Temporary 
Essential Power 
(STEP) Program 

FEMA 6/18/2018  

VALOR program 
purchases 

FEMA 6/13/2018  

NFIP claim 
payments 

NFIP 4/25/2018  
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Data Set Source 
Date of Last 

Update Notes 

Claim payment by 
private flood 
insurers 

Office of the 
Insurance 
Commissioner 
(OCS) 

2/28/2018  

Claim payments 
on homeowners’ 
policies  

OCS 5/10/2018 As reported in Government of Puerto Rico, 2018a 

 
The FEMA inspections are the most comprehensive source of information on damage 

available, but the method to verify loss—FVL—does not capture the full cost to repair. Instead, 
FVL is designed to measure the cost of making the home safe and habitable. To scale up the 
FVL to the full repair cost, data from inspections done by SBA are typically used. Some 
households apply for SBA disaster loans, and SBA conducts on-site damage assessments for 
these households.1 The SBA inspection is akin to an inspection done by an insurance adjuster, 
with the goal of estimating the full repair cost. The SBA inspection may overstate the damage 
caused by the storms because it estimates the cost of repairing the damaged components of the 
structure to code and overlooks any depreciation that occurred before the storms. The result may 
be that the rebuilt component is of better quality than the damaged component was prior to the 
storms.2 However, because the aim of our damage assessment is to estimate the cost to repair or 
replace homes to a code-compliant state, the SBA estimates are appropriate for our purpose. 

FEMA provided the authors with the FVL data and a number of other variables for each of 
the approximately 600,000 inspections it conducted in Puerto Rico post-storms. These inspection 
data were stripped of personally identifiable information, or PII. Meanwhile, the SBA provided 
our team with the verified loss (“SBA verified loss,” or SVL) data from its property inspections 
for each of the approximately 82,000 households that applied for home loans (again, stripped of 
PII). 

Using data for homes with both SBA and FVL data, our team then extrapolated an estimate 
of the full losses for both real and personal property for owner-occupied homes damaged by the 
storms. Personal property losses were also estimated for renter-occupied homes. Specifically, our 
team applied a regression approach to estimate the average real property SVL (RPSVL) and 
personal property SVL (PPSVL) using average real property FVL (RPFVL) and personal 
property FVL (PPFVL) as independent variables. The team also considered other regressors, 
including median household income, percentage of registrants with damage from flooding, and 
household characteristics (persons per household, residence size, number of occupied bedrooms, 

 
1 After a presidential disaster declaration, the Small Business Administration provides low-interest disaster loans to 
homeowners, renters, businesses of all sizes, and private nonprofit organizations. 
2 The SBA estimate can in principle include the cost of code-required mitigation, such as structure elevation in the 
100-year floodplain. In this case, however, the estimates do not do so, because at the time the SBA inspections were 
conducted, it had not yet been determined whether elevation would be required. 
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and number of floors). However, only median household income was found to be statistically 
significant. Because the data were de-identified, the HSOAC team collapsed the individual 
observations by ZIP code and performed the analysis at the ZIP code level. 

Modeling Approach 

The HSOAC team also used a modeling-based approach to estimate storm damage. We used 
a second approach in part because, as will be seen, the inspection-based approach is based on a 
set of properties that is not large relative to the total number of damaged properties; as such, 
these properties may not be representative of damaged properties as a whole. In addition, the 
inspection-based approach can only be used to estimate real property damage for owner-
occupied structures and thus overlooks real property damage to other parts of the housing stock. 

The modeling approach is based on a detailed geospatial data set the authors constructed of 
the housing sector in Puerto Rico using the data sources described in the middle section of 
Table 3.1. For the modeling approach, we first combined damage functions in Hazus-MH—
FEMA’s damage assessment software tool—with flood depth grids developed by Dewberry 
Engineers and wind speed maps developed by Applied Research Associates (ARA) to project 
overall damage. We made separate projections for substantially damaged structures (i.e., 
structures for which the cost of repair is 50 percent or greater of the structure’s pre-event market 
value) and structures with low to moderate damage (i.e., structures below the 50 percent 
threshold). 

To conduct this assessment, the HSOAC team first identified three pilot municipalities—
Carolina, Humacao, and Morovis—to make a detailed damage assessment. The three pilot 
municipalities were selected for availability of data, diversity of development (urban, suburban, 
rural), and flood-related hazards (riverine/coastal, coastal, landslide) that exist across Puerto 
Rico. We used the data sets listed in Table 3.1 to conduct the more detailed assessment, and in 
June 2018, HSOAC sent field reconnaissance teams to spot-check data within the three pilot 
municipalities and confirm assumptions made as part of a more detailed assessment. After 
confirming the accuracy of our assessment via in-person spot checks, we then extrapolated 
from the results in these three municipalities to refine the housing data for the remaining 
75 municipalities. 

Additionally, the HSOAC team reviewed various sources of cost data—including Xactimate, 
RS Means, and other sources—to develop average residential building replacement values 
(BRVs) for Puerto Rico based on housing type, number of stories, and quality of construction to 
determine housing costs in Puerto Rico. 

Using these data, we estimated flood damage using a Hazus analysis of Puerto Rico–wide 
flood depth grids developed after Hurricanes Irma and Maria. The depth grids were combined 
with initial geospatial housing data to estimate flood depths and combined with depth damage 
functions (DDFs) developed by FEMA and the U.S. Army Corps of Engineers (USACE) to 
determine draft damage and losses. DDFs were refined as needed based on field reconnaissance 
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data collected for the three pilot municipalities and combined with refined final geospatial 
housing data to determine final flood damage and losses. 

We estimated wind damage using a Hazus analysis of Puerto Rico–wide wind speed maps 
developed by ARA after Hurricanes Irma and Maria. As with flood damage, wind speed maps 
were combined with geospatial housing data to estimate wind speeds and combined with Hazus 
wind damage functions (WDFs) customized by the research team to determine draft damage and 
losses. As with the DDFs, these WDFs were refined as needed based on field reconnaissance 
data collected for the three pilot municipalities and combined with refined final geospatial 
housing data to determine final wind damage and losses. 

For all residential buildings, we added the total flood and wind damage together to determine 
the total damage repair cost. Next, we estimated the actual cash value (ACV) based on the BRV 
adjusted for depreciation to determine the pre-event market value of the structure. Finally, we 
divided the damage repair cost by the pre-event market value to determine whether the 
residential building was substantially damaged. 

Approach for Assessing Assistance Received Post-Storm 

After estimating total damage, our next step was to tally the amount of assistance already 
provided to determine the balance of assistance still needed, which is an estimate of 
uncompensated loss. Government and private organizations provided substantial resources to 
address the housing-related damaged caused by the disaster. We provide estimates of the 
assistance received through May 2018 based on the data sources in the bottom section of Table 
3.1. 

Data Gaps 

Limited information is available on the condition of the considerable number of vacant 
properties in Puerto Rico. Some stakeholders believe that at least some percentage of these 
vacant properties can be effectively used to house those currently living in the informal housing 
sector. Others want to focus on new construction, believing that the vacant structures are in poor 
condition or otherwise undesirable. Better information on the condition of the vacant structures is 
needed to assess what mix of the two approaches is best. 

Data on the damage to rental properties are limited. FEMA does inspect rental properties for 
real property damage, but the inspections are less detailed than they are for owner-occupied 
structures.3 Damage to the public housing projects, which is one subset of the overall rental 
housing stock, has been assessed to some extent, but we are unaware of any detailed assessment 
of damage to other assisted and unassisted housing. Also relevant would be the extent to which 
insurance was available to cover the damage to rental properties. But data could not be 
assembled during this project on the percentage of rental structures insured. Finally, better and 

 
3 Damage is characterized as moderate, major, or destroyed.  
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more transparent information is needed on the size of the informal housing sector (i.e., structures 
built without permits). 

Damage Estimates Using an Inspection-Based Approach 

FEMA Inspection Results 

The number of registrants for FEMA assistance following Hurricanes Irma and Maria totaled 
over 1.1 million (Table 3.2, bottom row). As shown earlier, there were approximately 1.2 million 
occupied housing units in 2016 (Table 2.3), implying that approximately 90 percent of households 
in Puerto Rico applied for assistance. When they registered for FEMA assistance, approximately 
two-thirds of owners (527,000 out of 768,000) indicated that the storms had caused damage to 
their real property, and just under three-quarters indicated personal property loss. 

Table 3.2. Registrants for FEMA Assistance for Properties with Damage as of May 2018 

Registrants Owners Renters Unknown Total 

Registrants indicating real property damage 527,000 
(69%) 

183,000  
(54%) 

6,000  
(86%) 

715,000 
(64%) 

Registrants indicating personal property damage 561,000 
(73%) 

197,000  
(58%) 

5,000  
(71%) 

763,000 
(68%) 

Registrants indicating real or personal property damage 624,000 
(81%) 

239,000  
(70%) 

6,000  
(86%) 

869,000 
(78%) 

Total registrants for FEMA Individual Assistance 
Program 

768,000 341,000 7,000 1,115,000 

SOURCE: Research team analysis of FEMA-provided registration and inspection data for the Individuals and 
Households Program (IHP). 
NOTE: Percentage of column total is in parentheses. 

 
The percentage of renters indicating damage was somewhat lower but still considerable: 

54 percent of the renters applying for FEMA assistance indicated real property damage to the 
building in which they lived (183,000 of 341,000), and 58 percent indicated damage to their 
personal property (197,000 of 341,000). 

Figure 3.1 shows the number of FEMA registrants indicating either real or personal property 
damage by municipality. The distribution across municipalities is driven by the path of the 
hurricane and by the distribution of population across Puerto Rico. 
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Figure 3.1. Map of IA Registrants by Municipality Indicating Real or Personal Property Damage 

 

Overall, FEMA inspections were completed for 596,000 properties (first row of Table 3.3). 
Nearly all the inspections were done at properties where the registrant indicated that damage 
to either real or personal property occurred. Table 3.3 reports RPFVL for owner-occupied 
properties with inspections.4 Properties are grouped according to RPFVL cutoffs that FEMA 
typically uses to classify damage 

• RPFVL between 1 and $3,499. FEMA refers to the properties as affected, and they are 
typically habitable. 

• RPFVL between $3,500 and $16,999. Typical damage to these properties includes 
damage to one of the structure’s systems, such as the electrical system or the heating, 
ventilation, and air conditioning (HVAC) system. 

• RPFVL greater than or equal to $17,000. These properties have typically sustained 
structural damage. 

• Destroyed. 

A substantial number of owner-occupied properties that were inspected (149,000 of 436,000) 
show no RPFVL. These structures could still have sustained damage, but just not the type that 
would make them eligible for FEMA Individual Assistance. The number of properties in the 
structurally damaged and destroyed categories is quite modest (7,000). It could be that the 
RPFVL cutoffs used to include properties in these bins make sense for disasters in the 
continental United States but not in Puerto Rico. This issue warrants further investigation. 
Table 3.3 also reports the breakdown of PPFVL using the same dollar cutoffs. 

 
4 As discussed above, FEMA inspections are the most comprehensive source of information on damage available, 
but FVL does not capture the full cost of repair. Instead, FVL is designed to measure the cost of making the home 
safe and habitable. 
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Table 3.3. FEMA IA Inspection Status as of May 2018 

Registrants Owners Renters Unknown Total 

Registrants Receiving FEMA Inspection 436,000 158,000 2,000 596,000 

Registrant indicating real property damage 407,000 131,000 2,000 539,000 

Registrant indicating personal property damage 393,000 130,000 2,000 525,000 

Registrant indicating either real or personal 
property damage 

435,000 157,000 2,000 594,000 

RPFVL 

None (RPFVL = $0) 149,000 – 2,000 – 

Affected (RPFVL = $1–$3,499) 236,000 – <500 – 

System damage (RPFVL = $3,500–$16,999) 43,000 – <500 – 

Structural damage (RPFVL ≥ $17,000) 3,000 – <500 – 

Destroyed  4,000 – <500 – 

PPFVL 

$0 192,000 53,000 2,000 246,000 

$1–$3,499 208,000 91,000 <500 299,000 

$3,500–$16,999 36,000 14,000 <500 50,000 

≥ $17,000 0 0 0 0 

Registrants without inspections 332,000 183,000 4,000 520,000 

Registrant indicating real property damage 120,000 53,000 4,000 177,000 

Registrant indicating personal property 
damage 

167,000 67,000 4,000 238,000 

Registrant indicating either real or personal 
property damage 

189,000 82,000 4,000 275,000 

No primary residence 14,000 5,000 4,000 23,000 

Has insurance 55,000 2,000 500 57,000 

No substantiation of loss submitted 4,000 4,000 50 11,000 

No contact for inspection 13,000 7,000 0 20,000 
SOURCE: Research team analysis of FEMA IHP registration and inspection data. 
NOTE: RPFVL categories can be described as follows: affected properties are generally habitable; system damage 
includes damage to one of the structure’s systems, such as electrical or HVAC; and structural damage or destroyed 
are self-explanatory. 

 
Inspections were not conducted for 520,000 registrants (the bottom half of Table 3.3), even 

though just over 50 percent of those registrants (275,000 out of 520,000) indicated either real or 
personal property damage.5 There are several possible reasons why these properties were not 
inspected. One is that 23,000 of the 275,000 properties were not primary residences, and FEMA 
does not conduct inspections for nonprimary residences because the occupants are not eligible 

 
5 Registrants without property damage might have applied for assistance because of lack of power or inability to 
access the property, among other reasons. 
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for FEMA assistance. Another 57,000 indicated they had insurance, and it is possible that FEMA 
determined that the insurance was adequate to cover the loss for a portion of registrants. In an 
additional 11,000 cases, no substantiation of losses was submitted to FEMA, even though the 
registrant had indicated damage occurred. FEMA was also not able to contact 20,000 registrants 
to schedule inspections. FEMA may have determined that many of the remaining registrants 
suffered insufficient loss of the types covered by FEMA to warrant an inspection. However, 
there was no explicit indication that this was the case in the data provided, which means 
approximately 164,000 of the homes of registrants have not been inspected for reasons that are 
not documented. 

Relationship Between Losses Measured by FEMA and Losses Measured by the SBA 

Recall from the beginning of this chapter that the property damage documented in SBA 
inspections is a more complete measure of damage than those done through the FEMA IA 
Program. However, while there were 596,000 FEMA inspections in Puerto Rico, there were only 
68,000 SBA inspections, and the incomes with households with SBA inspections were higher 
than those for the typical FEMA registrant. Using the regression analysis approach described 
earlier applied by ZIP code, RPSVL was estimated as a function of RPFVL and other predictors 
to help project RPSVL for all FEMA registrants with inspections.6 

Table 3.4 summarizes the regression results used to project real and personal property 
damage based on the relationship between SVL and FVL. The regression model shows that the 
predicted mean RPSVL in a ZIP code is higher in ZIP codes with higher mean RPFVL when 
median household income in the ZIP code is held constant. In particular, a $1,000 increase in 
mean RPFVL results in a $676 increase in mean RPSVL. Similarly, RPSVL is higher in 
ZIP codes with higher median income for a given value of mean RPFVL in that ZIP code. The 
positive constant and the positive coefficient on median income indicate that even when mean 
RPFVL is zero in a ZIP code, mean RPSVL would be positive. This finding is consistent with 
the observation that RPFVL is only a partial measure of property damage. Comparable results 
are found for PPSVL. 

One might expect the effect of RPFVL on RPSVL to vary with income, but the interaction 
between RPFVL and income was not statistically significant. Other variables considered were 
not statistically significant once RPFVL and income were included in the regression. Similar 
results were found for the PPSVL for owners and PPSVL for renters. (Renters do not have real 
property damage because the real property is owned by the landlord.) 

 
6 We use ZIP code as the unit of analysis because street address was removed from the individual records for FEMA 
registrants and SBA applicants to protect confidential information. 
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Table 3.4. Regression Results for SBA Verified Loss 

Regressors 
Owner: Real 

Property (RPSVL) 
Owner: Personal 
Property (PPSVL) 

Renter: Personal 
Property (PPSVL) 

Mean RPFVL  0.676a  
(3.11)   

Mean PPFVL   1.19a  
(3.35) 

0.246 
(0.61) 

Median household income  0.300a  
(2.66) 

0.079a  
(3.31) 

0.096a  
(2.08) 

Constant 25.99a  
(5.07) 

4.42a  
(3.74) 

5.61a  
(2.08) 

R-squared (adjusted) 0.34 0.54 0.27 

Number of observations (ZIP code-SBA 
loan status combinations) 

374 374 235 

NOTES: t-statistic indicated in parentheses. Coefficients on fixed effects omitted. Unit of analysis is ZIP code-SBA 
loan status category combination. Regression restricted to observations with more than five FEMA and five SBA 
property inspections. 
a The 95-percent confidence interval does not contain zero. 

 
The relationships in Table 3.4 were used to project total losses for the large number of 

FEMA registrants that had FEMA inspections but not SBA inspections. These relationships 
differ in two important ways from those used in the draft Community Development Block 
Grant–Disaster Recovery (CDBG-DR) plan submitted by Puerto Rico in May 20187 to make 
the same projections. First, they include a constant, which acknowledges that total loss may be 
positive even if FVL is zero. Second, they consider income, which captures the reality that the 
incomes of households that have not been referred to SBA are substantially lower than the 
incomes of households that have been referred to SBA.8 Even though the relationships in Table 
3.4 allow extrapolations to lower-income households, these extrapolations are outside the 
sample used to estimate the regressions and should be interpreted with care. 

It is difficult to compare the multiplier between SVL and FVL implied by the relationship in 
Table 3.4 with other estimates for Puerto Rico or estimates from other hurricanes. Our approach 
projects RPSVL of $14.08 billion for homeowners with a FEMA IA inspection, while the total 
RPFVL for properties with an IA inspection (including inspected properties with zero RPFVL) is 
$1.08 billion. The resulting multiplier is 13.0. The Governor’s draft recovery action plan reports 
an average RPFVL loss that is 6.96 times average RPSVL; however, the average RPFVL 
considers only properties with positive RPFVL, and the calculations are done on all properties 
with positive RPFVL and all properties with an SBA inspection, not on a matched set of 
properties. The medians (not average) are compared for a matched set of properties, and the 

 
7 Government of Puerto Rico, 2018a. 
8 The median income for registrants who have not been referred to SBA is $12,000, and the median income for 
those who have been referred is $26,000 (calculated at the individual registrant level). 



 
 

31 

median of RPFVL is 31.9 times higher than the median RPSVL.9 After Superstorm Sandy, New 
York State calculated RPFVL-RPSVL ratio for a matched set of properties. It found the 
multiplier for average loss varied from 2.1 for properties with more than $28,000 in RPFVL to 
44.2 for properties with less than $3,000 in RPFVL. It seems likely that the latter category 
includes properties with RPFVL equal to zero, but the report does not explicitly state one way 
or the other whether it does so.10 

Real and Personal Property Loss Results 

Using the inspection-based approach previously described, we project $18.4 billion in 
combined real and personal property losses for the just under 600,000 renters and owners with 
FEMA IA inspections. These results are summarized in Table 3.5. Most of the losses are for real 
property ($14.1 billion), with an additional $4.3 billion for personal property. This total does not 
include real property losses incurred in the rental housing sector. 

Table 3.5. Damage Estimates for IA Registrants with Inspections 

 Owners Renters Total 

Number of registrants 434,000 157,000 591,000 

Total real property loss ($B) $14.08 –a $14.08 

Total personal property loss ($B) $2.86 $1.46 $4.32 

Total loss ($B) $16.94 $1.46 $18.40 

Average loss per FEMA registrant with a  
FEMA inspection ($)    

Real property $32,500 –a – 

Personal property $6,600 $9,300 $7,300 
a Real property loss is not assessed for renters because the real property is owned by the landlord, and renters are 
not eligible for assistance for damage to the landlord’s property. 

 
These projections include some of the costs needed to bring those parts of the structure that 

were damaged up to code. For example, if the electrical system was damaged, that part of the 
electrical system that needs to be replaced or repaired would be brought up to code. However, 
the estimates do not include the cost of code-required elevation because at the time of the SBA 
inspection, it was not determined whether elevation would be required by code. The estimates 
also do not include the cost of additional mitigation that would make the home less vulnerable to 
natural disasters. Those costs are discussed in relation to individual repair or mitigation COAs in 
Chapter 5. 

 
9 Government of Puerto Rico, 2018b, p. 64. 
10 New York State Homes and Community Renewal, Office of Community Renewal, “State of New York Action 
Plan for Community Development Block Grant Program Disaster Recovery,” 2013. 
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As reported in Table 3.3, 520,000 FEMA registrants did not have property inspections, even 
though 275,000 of these registrants indicated that they suffered either real or personal property 
damage. It could be that these registrants indeed suffered little or no damage. However, it could 
also be that inspections were not done at these properties for various reasons, even though some 
were damaged. We multiplied the average loss projected for properties with inspections 
(conditional on the registrant indicating damage)11 by the number of registrants without 
inspections indicating damage (from Table 3.3) to provide an estimate of the losses for 
registrants without inspections. The results are presented in the “Upper Estimate” column of 
Table 3.6. The “Lower Estimate” column assumes zero losses at properties without FEMA 
inspections. As can be seen, the difference between the two estimates is approximately $6 billion 
($24.57 versus $18.40 billion). 

Table 3.6. Damage Estimates Factoring in Losses for Registrants Without  
FEMA Inspections ($ Billions) 

 Lower Estimate Upper Estimate 

Owners 

Real property damage   

Losses for owners with FEMA inspection 14.08 14.08 

Losses for owners without inspections 0 4.19 

Personal property damage   

Losses for owners with FEMA inspection 2.86 2.86 

Losses for owners without inspections 0 1.22 

Total owners 16.94 22.35 

Renters 

Real property damage –a –a 

Personal property damage   

Losses for renters with FEMA inspections 1.46 1.46 

Losses for renters without inspections 0 0.76 

Total renters 1.46 2.22 

Owners and Renters 

Total owners and renters 18.40 24.57 
a Real property loss is not assessed for renters because the real property is owned by the landlord, and renters are 
not eligible for assistance for damage to the landlord’s property. Thus, real property damage to public housing, 
Section 8 housing units, or unassisted rental housing units is not included in the table. 

 
11 The average loss values presented in Table 3.5 include all IA registrants with inspections. A high percentage of 
these owners indicated that they had suffered real property losses, and high percentages of owners and renters 
indicated personal property losses. After adjusting for the percentage who indicated that they did not suffer losses, 
the average loss in each category is somewhat higher than the numbers shown in the table. Specifically, the $32,500 
average loss increases to $34,900; the $6,600 average loss increases to $7,300; and the $9,300 average loss increases 
to $11,300. These higher average values were used to estimate potential losses for properties without inspections. 
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Estimates for Real Property Losses in the Rental Housing Sector 

For this discussion, we consider that public housing includes privately owned, government-
subsidized rental housing and nonsubsidized rental housing. All are part of the rental sector. 
PRDH reported in April 2018 that 362 public housing properties sustained damage during the 
storm—332 owned by Puerto Rico Public Housing Administration (PRPHA) and 30 owned by 
Puerto Rico Department of Housing (PRDH). The properties include administrative and office 
buildings and public housing projects.12 Damage identified as of April 2018 amounted to 
$396.6 million.13 The U.S. Department of Agriculture (USDA) also reported that damage 
assistance was requested at 12 of 92 projects administered by the USDA-RD Program. The 
12 projects consist of 768 units, and damage estimates totaled $2 million.14 

In addition to the households living in public housing projects, there are approximately 
30,000 households using Housing Choice Vouchers (HCVs) and 20,000 households in project-
based Section 8 units.15 Using data from site visits and property owner recovery plans, HUD 
estimates that the restoration costs for these units totals $27.6 million. However, inspection-
based estimates of real property damage for these other types of assisted housing and for 
unassisted rental housing are not available. Consequently, estimates for real property damage are 
not provided in the renter section of Table 3.6. 

However, we do have some indication of the fraction of rental units with structure damage. 
As discussed previously, 341,000 renters registered for FEMA assistance, and FEMA inspections 
were conducted for 158,000 of them (46 percent). Of these, the FEMA inspector determined that 
17,000 suffered moderate real property damage and that 6,000 suffered major property damage, 
with approximately 1,100 units in structures that were destroyed.16 Thus, approximately 15 percent 
of those units inspected suffered moderate or greater damage. The percentage of all rental units 

 
12 The PRPHA is the second-largest housing authority in the United States, with over 53,000 units across 
327 properties. PRPHA reports that 15,396 public housing units were damaged (28 percent of the total) 
(Government of Puerto Rico, 2018b, p. 50). 
13 Dennis G. Gonzalez-Ramos, Deputy Secretary, Puerto Rico Department of Housing, “Submission of Preliminary 
Property Damages Identified, FEMA-4339-DR-PR, Puerto Rico Department of Housing, Puerto Rico Public 
Housing Administration,” memorandum to FEMA, April 30, 2018. A spreadsheet that identified the damaged 
structures accompanied the memo. 
14 Data provided to authors by U.S. Department of Agriculture. 
15 Personal communication from HUD, May 10, 2019. 
16 FEMA’s definition of moderate damage is as follows: The term is used when the home has incurred less than 
four feet of floodwater on the first occupied floor; and/or heating/cooling system requires a technician to repair; 
and/or windows or doors require repair to be safe and secure; and/or roof cover or siding is damaged, preventing 
safe and sanitary occupancy; and/or a professional is required to clean the occupied areas of the home; and/or 
reconnection of utilities is necessary for occupancy; and/or road or bridge repairs are required to gain access. 

By FEMA’s definition, major damage is used when the home has incurred four feet or more of floodwater on the 
first occupied floor; and/or the majority of the foundation walls or piers are collapsed or significantly separated from 
the floor frame; and/or the majority of the roof or wall components are structurally damaged; and/or the only access 
bridge has collapsed. 
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with damage (inspected or not) would thus range from roughly 8 percent (assuming none of the 
units that were not inspected suffered real property damage) to 15 percent (assuming that the 
non-inspected units are similar to the inspected units). 

Damage Estimates Using a Modeling Approach 

The geospatial modeling approach provides estimates of the number of structures damaged, 
the extent of the structural damage, and the cost to repair or replace the damage caused by 
Hurricane Irma and Hurricane Maria, which was the larger of the two 2017 hurricane events. 
Unlike the inspection-based approach, the estimates from the modeling approach do include real 
property damage to both renter-occupied structures and vacant structures. The modeling 
approach assumes that buildings are repaired or replaced with code-compliant construction—as 
is the case for estimates developed using the inspection-based approach. Table 3.7 categorizes 
residential structures by the amount of damage and the type of construction. The degree of 
damage is measured by repair cost as a percentage of the structure’s estimated pre-event 
market value. Given the wind speeds and flood levels across Puerto Rico, the model predicts 
that every structure in Puerto Rico sustained some damage, although damage may have been 
slight for many structures. As shown in the last row of Table 3.7, damage was less than 
25 percent of pre-event market value for just over 80 percent of all residential structures. 
Approximately 20 percent (166,000) of structures are projected to have sustained substantial 
damage, meaning that the repair cost equals or exceeds 50 percent of the structure’s pre-event 
market value. 

For comparison, FEMA inspections identified less than 50,000 structures with either system 
or structural damage or that were destroyed (Table 3.3). This figure is not directly comparable to 
the 166,000 substantially damaged structures predicted by the modeling approach for a number 
of reasons. 

• FEMA did not inspect 164,000 structures, even though the registrant indicated that there 
was real property damage. 

• Our model-based estimate of 166,000 substantially damaged homes includes renter-
occupied structures and vacant structures, while the FEMA number for real property 
damage does not. 

• The damage cutoffs used by FEMA to identify structures with system damage (defined in 
the note in Table 3.3) and structural damage may not correspond well to the definition of 
substantial damage. 
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Table 3.7. Damage to Residential Structures by Structure Type from Hurricane Maria Based on 
Modeling Approach 

Construction Type 

Structural Damage as a Percentage of  
Prestorm Market Value 

>0 and <25 ≥25 and <50 ≥50 
All 

Structures 

All concrete (1- and 2-unit structures) 

Number  819,116 13,630 6,523 839,269 

% of row total 97.6% 1.6% 0.8% 100.0% 

Mixed wood and concrete (1- and 2-unit structures) 

Number 25,752 25,129 89,517 140,398 

% of row total 18.3% 17.9% 63.8% 100.0% 

All wood (1- and 2-unit structures) 

Number 26,145 29,963 67,929 124,037 

% of row total 21.1% 24.2% 54.8% 100.0% 

Other 1- and 2-unit structures 

Number 193 5 387 585 

% of row total 33.0% 0.9% 66.2% 100.0% 

Multifamily and residential condominiums (3+ unit structures) 

Number 159,070 10,951 1,567 171,588 

% of row total 92.7% 6.4% 0.9% 100.0% 

All structure types 

Number 1,030,276 79,678 165,923 1,275,877 

% of row total 80.8% 6.2% 13.0% 100.0% 

NOTE: The numbers do not all add up because of rounding errors. 
 
The projected extent of damage varies considerably by construction type. All concrete 

structures fared relatively well, with less than 1 percent sustaining substantial damage. However, 
there are still over 6,500 all-concrete structures estimated to have been substantially damaged 
(first two rows of Table 3.7). Similarly, multifamily and residential condominiums also fared 
relatively well. The outcomes are very different for all-wood and mixed-wood-and-concrete 
structures. The model projects that over 50 percent of each of these structure types suffered 
substantial damage, amounting to approximately 160,000 structures in the two categories 
combined. 

There is not as much variation in the extent of damage across flood zones. As can be seen in 
the first three sets of rows in Table 3.8, between 19 and 25 percent of structures in the floodplain 
(but outside the floodway and V-zones), in the floodway, or in V-zones sustained substantial 
damaged. This is approximately double the 12 percent for structures outside these high-risk flood 
zones. Even though the percentage of structures outside the high-risk flood zones that sustained 
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substantial damage is lower, the total number of structures is large—137,000 out of the 
166,000 structures that suffered substantial damage are outside the high-risk flood zones. These 
results are generally consistent with the observation that Hurricane Maria was primarily a wind 
event and wind caused most of the damage across Puerto Rico. 

Table 3.8. Damage to Residential Structures by Flood Zone from Hurricane Maria, According to 
Modeling Approach 

Flood Zone in Which  
Structure Is Located 

Structural Damage as a Percentage of  
Prestorm Market Value 

>0 and <25 ≥25 and <50 ≥50 
All 

Structures 

Floodplain (excludes floodway 
and V-zones) 

Number  68,533 14,248 25,814 108,595 

% of row total 63.1% 13.1% 23.8% 100.0% 

Floodway 

Number 7,981 2,517 2,483 12,981 

% of row total 61.5% 19.4% 19.1% 100.0% 

V-Zones 

Number 1,684 451 723 2,858 

% of row total 58.9% 15.8% 25.3% 100.0% 

Outside floodplain 

Number 952,078 62,462 136,903 1,151,443 

% of row total 82.7% 5.4% 11.9% 100.0% 

All flood zones 

Number 1,030,276 79,678 165,923 1,275,877 

% of row total 80.8% 6.2% 13.0% 100.0% 

NOTE: The flood maps adopted in June 2016 and in effect at the time of this writing are used for this analysis. 
 
The number of structures we estimate through the modeling approach to be substantially 

damaged in the 100-year floodplain is considerably higher than the results of substantial damage 
determinations done by FEMA. These inspections are separate from FEMA IA inspections and 
aim to identify those structures in the 100-year floodplain that must be repaired or replaced to 
meet current floodplain construction standards.17 Based on the inspections of 30,000 structures in 
the 100-year floodplain following Hurricane Maria, FEMA estimated that approximately 
1,100 structures in the 100-year floodplain were substantially damaged by wind or flood in the 

 
17 As a condition of participating in the National Flood Insurance Program (NFIP), substantially damaged structures 
in the 100-year floodplain must be repaired or replaced to meet current floodplain construction standards (e.g., 
elevated above the base flood elevation). 
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2017 hurricanes18—far less than the roughly 29,000 estimated in the modeling approach. One 
possible reason for the discrepancy is a difference in what is assumed about compliance of the 
required repairs with current building codes. In the modeling approach, the estimated repair cost 
includes more than just the cost of simply restoring the property to its prestorm condition. 
Rather, it includes the cost of completing repairs that are done to code. For example, if a low-
quality wood roof was destroyed by the storm, the repair cost would include the cost of 
rebuilding the roof to code. FEMA’s substantial damage determinations only consider the value 
of the low-quality wood roof that was destroyed. 

Figure 3.2 maps the location of the substantially damaged structures as projected by the 
modeling approach. To construct this map, a 0.3-mile (500-meter) grid was placed over Puerto 
Rico, and the mean of the projected damage percentages for the residential structures in each cell 
was calculated. Red cells, for example, indicate that, on average, the damage suffered by the 
residential structures in the cell was 75 percent or more of prestorm value. 

The estimated cost of repairing damaged structures is presented in Table 3.9. The overall 
estimate is just under $34 billion. The vast bulk of the estimated damage occurred outside the 
floodplain and was caused by wind. Substantially damaged structures account for $21.9 billion, 
or 65 percent of the total. 

 
18 FEMA mitigation staff, personal communication, November 19, 2018. Recall from Chapter 2 (Table 2.4) that 
there are approximately 124,000 residential structures in the 100-year floodplain. 
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Figure 3.2. Projected Residential Building Damage Levels 
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Table 3.9. Repair Cost of Damaged Structures, According to Modeling Approach ($ Billions) 

Flood Zone 
Substantially Damaged 

Structures 
Non–Substantially 

Damaged Structures 
All Damaged  
Structures 

100-year floodplain $3.6 $1.8 $5.4 

Floodplain but not 
floodway and V-zone 

$3.2 $1.6 $4.7 

Floodway $0.3 $0.2 $0.5 

V-zone $0.1 $0.1 $0.2 

Outside 100-year floodplain $18.3 $10.2 $28.5 

Total $21.9 $12.0 $33.9 

NOTE: The flood maps adopted in June 2016 and in effect at the time of this writing are used for this analysis. 

Comparison of Findings Using Inspection-Based and Modeling Approaches 

The $33.9 billion estimate using the modeling approach is roughly double the $14.1 billion to 
$18.3 billion loss estimate for owner-occupied residential structure damage using the FEMA and 
SBA inspections. There are several reasons to expect the modeling estimate to be larger than the 
inspection-based estimate. 

• Multifamily units. The estimates in Table 3.9 include approximately $6.7 billion for 
172,000 structures with three or more units; these are not included in the inspection-
based approach. 

• Vacant and seasonal use units. Approximately 21 percent of units are vacant in 
Puerto Rico (or for seasonal use). The modeling approach covers the cost of repairing 
both vacant and occupied structures, whereas the inspection-based approach excludes 
vacant structures. Removing these properties from the modeling estimate after the 
$6.7 billion is excluded would reduce the modeling estimate by an additional 
$5.7 billion.18 

• Renter-occupied single-family or duplex units. Even after the $6.7 billion is 
excluded from the modeling estimate for multifamily units, the estimate still includes 
losses for many renter-occupied single-family homes and duplexes. In contrast, the 
inspection-based estimate does not consider renter-occupied structures. Census data 
indicate that approximately 200,000 single-family homes and duplexes are occupied 
by renters. Taking this into account reduces the modeling estimate by roughly another 
$4.3 billion.19 

Combining all these reductions reduces the $33.9 billion projection to $17.2 billion for owner-
occupied structures, which is consistent with the results from the inspection-based approach. 

 
18 Calculated as 21 percent of $27.2 billion (the $33.9 billion minus $6.7 billion) = $5.7 billion. 

19 The 200,000 single-family homes and duplexes occupied by renters amount to about 20 percent of the roughly 

1 million single-family homes and duplexes occupied by owners or renters; therefore, 20 percent of $21.5 billion 

($33.9 billion minus $6.7 billion minus $5.7 billion) is $4.3 billion. 
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Table 3.10 summarizes the structure damage comparisons from each method using these 
equivalent comparisons. 

Table 3.10. Summary of Structure Damage by Type, According to Both Methods ($ Billions) 

Structure Type 

Inspection-
Based 

Approach 
(Low) 

Inspection-
Based 

Approach 
(High) 

Modeling 
Approach 

Single-family or duplex 

Owner-occupied 14.1 18.3 17.2 

Renter-occupied — — 4.3 

Vacant or for seasonal use  — — 5.7 

Multifamily and residential condominiums — — 6.7 

Total 14.1 18.3 33.9 

 
Even though the two approaches have different strengths and weaknesses, they yield similar 

results for the repair costs of owner-occupied structures damaged by Maria. The advantage of 
using the FEMA and SBA inspections to estimate repair cost is that the resulting predictions are 
based on actual inspections, however incomplete. In contrast, the models used in the modeling 
approach are validated to some extent using real-world data but are still model projections of 
damage caused by observed wind speeds and flood levels. However, a major downside of the 
inspection-based approach is that the SBA inspections are done for relatively few properties. 
Recall that SBA inspections were done for 68,000 properties—a small percentage of the nearly 
600,000 properties with FEMA inspections and the 715,000 FEMA registrants indicating real 
property damage. There are multiple reasons to think these 68,000 properties are not 
representative of all damaged properties. First, they are owned by the higher-income households 
that are considered for an SBA loan. Second, it is conceivable the properties of owners applying 
for SBA loans may not be the worst damaged ones—it may not be financially feasible for an 
owner to apply for a loan large enough to repair a destroyed structure. 

Assistance Following the Hurricanes and Uncompensated Losses 

Having estimated the total cost to repair or replace rental and owned homes to code, our next 
step was to estimate the amount of assistance already provided for repairs and reconstruction. 
Subtracting the latter from the former will allow us to identify the uncompensated losses at the 
end of this section. 



 
 

41 

Assistance and Reimbursement Related to Residential Damage 

Government and private organizations have provided substantial resources to address the 
housing-related damage caused by the disasters. Table 3.11 provides an overview of the 
assistance from public and private sources related to the residential losses from Hurricanes Irma 
and Maria. The numbers provided in the table reflect conditions as of May 2018, unless 
otherwise noted. 

As shown in Table 3.11, $3.04 billion in assistance has been provided as of May 2018. 
FEMA had approved substantial payments through its Individual Assistance Program: 
$517 million to 134,000 registrants through the home repair and replacement assistance 
programs and an additional $402 million in personal property assistance (including a relatively 
small amount of transportation assistance) to 211,000 registrants. Although assistance was 
provided to a large number of homeowners and renters, the number receiving home repair and 
replacement assistance is less than 50 percent of the 287,000 registrants (from Table 3.3) with 
inspections that showed positive RPFVL. The number receiving personal property assistance is 
approximately 60 percent of the 349,000 registrants with inspections and positive PPFVL.20 One 
potential reason for the discrepancies is that FEMA determined that some registrants with FVL 
had other sources of assistance. Further examination of this issue is warranted. 

FEMA administers the Sheltering and Temporary Emergency Power (STEP) program, a 
housing repair program that provides recovery grants to the PRDH.21 The STEP grants are to be 
used by the PRDH to hire local contractors to make up to $20,000 in emergency repairs to 
individual homes and an additional $40,000 for the purchase and installation of an emergency 
generator. This program is intended to eliminate the need for families to stay in shelters for 
extended periods of time by making the repairs necessary for them to live in a safe and sanitary 
home until more extensive repairs can be made. As shown in Table 3.11, the STEP program has 
assisted 23,325 households and disbursed $221 million though PRDH to date. 

 
20 Through mid-May 2018, FEMA had provided $1.14 billion through its Individual and Household Assistance 

Program (IHP), often also referred to as the Individual Assistance (IA) Program. The bulk of the total ($919 million) 

was for the home repair and replacement and personal property assistance programs listed in Table 3.11. Roughly 

half of the remaining $221 million was for rental assistance, with the rest for medical, dental, funeral, moving, and 

other types of expenses. This $221 million in assistance is not included in the table because it does not pertain to 

damage to real or personal property. Overall, 448,000 registrants received some payment through the IHP program. 

21 STEP is funded through the FEMA Public Assistance program (as opposed to the IHP). 
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Table 3.11. Assistance Received for Real and Personal Property Damage 

Source of Assistance 
Number of  
Recipients 

Assistance  
Approved 

($ millions) 

FEMA 

FEMA Individual Assistance program 

FEMA Home Repair or 
Replacement Assistance programs 134,000 $517 

FEMA Personal Property 
Assistance programa 211,000 $402 

FEMA STEP programd 23,325 $221 

FEMA Blue Roof program 125,981 n/a 

USACE Operation Blue Roof 59,469 n/a 

FEMA VALOR Program outlayse 525 $1.2 

Insurance 

NFIP paymentsf 479 $21 

Private flood insuranceb 1,399 $14 

Homeowners insuranceb 59,123 $358 

Public housing insuranceb — $288 

Insurance held by Puerto Rico Housing 
Finance Authority — $10 

USDA property insurance 320 $1 

Commercial residential policies 
(5+ units) n/a n/a 

Other   

SBA home loansc 40,948 $1,200 

USDA grants and loans 87 $6.3 

NGO and charitable outlays for 
housing repair and reconstruction n/a n/a 

Total — $3,040 
a Includes transportation assistance. 
b Government of Puerto Rico, 2018a, pp. 51, 58, 59. 
c Does not include business loans or economic injury disaster loans (EIDLs). 
d Government of Puerto Rico, Tu Hogar Renace (Your Home Reborn) Program, data as of June 24, 2018. 
e Federal Emergency Management Agency, “Incident Complex-Puerto Rico, Common Operation Picture,” June 14, 
2018.  
f FEMA report provided to authors by NFIP staff. Data as of July 19, 2018. As of that date, 97 percent of the claims 
related to the storms had been closed. 

 
Both FEMA and the U.S. Army Corps of Engineers (USACE) have programs that disperse 

blue tarps free of charge to households that lost their roofs in the hurricanes. The tarps are 
intended to be a temporary fix until more permanent roof replacements can be secured. The 
FEMA Blue Roof Program distributes self-help tarps to municipalities that can be acquired by 
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homeowners to self-install on their own roofs. This program has dispersed 125,981 blue tarps to 
municipalities. The USACE’s Operation Blue Roof is activated only at FEMA direction under 
the Stafford Act. It uses local contractors to install blue tarps for the homeowner using methods 
that last up to 30 days. Operation Blue Roof has installed 59,469 tarps to date. 

Through the Voluntary Agencies Leading and Organizing Repair (VALOR) program, FEMA 
provides building materials and supplies to NGOs and charities working around Puerto Rico to 
make essential and necessary repairs to homes damaged by the hurricanes. These materials come 
at no cost to the voluntary organization, and to date the program has assisted 525 families and 
spent $1.2 million on building supplies. 

Insurance was another substantial source of assistance for losses from Hurricanes Irma and 
Maria. The largest payouts ($358 million) were on homeowners policies written by private 
insurance companies (insurance section of Table 3.11). Modest payments were made on policies 
written by NFIP and providers of private flood insurance. Insurance policies held on government-
owned public housing are expected to pay $288 million, with additional recoveries on policies 
held by the Puerto Rico Housing Finance Authority (PRHFA). Our team was not able to obtain 
information on the number and amount of insurance claims paid on commercial residential 
structures.22 More information on insurance claims and payments is presented in Appendix C. 

SBA also provided substantial resources for the repair or replacement of damaged structures. 
As can be seen, SBA has provided $1.2 billion in low-interest loans to nearly 41,000 households. 
Businesses that own residential structures are generally not eligible for grants from FEMA 
because they are expected to purchase insurance if they do not want to bear the risk themselves. 
Business are eligible for low-interest loans from the SBA, but the data obtained for SBA did not 
separate out loans to businesses in the housing sector from other business loans. 

Uncompensated Loss for Housing-Related Damage 

The estimate of uncompensated loss for housing-related damage is the difference between the 
estimates for real and personal property damage and the assistance provided thus far. Table 3.12 
combines the estimates of real and personal property loss from the inspection-based and 
modeling approaches and the totals for assistance. Structural damage to multifamily dwellings 
is excluded because information is not currently available on how much of the estimated 
$6.7 billion in damage to these structures (as shown in Table 3.10) will be covered by insurance. 
If the owners of multifamily dwellings carry insurance that cover the bulk of losses, the estimate 
for uncompensated loss will not differ much from what is presented in the table. 

 
22 Commercial residential in the insurance field typically refers to residential structures with five or more units. 



 
 

44 

Table 3.12. Uncompensated Loss for Real and Personal Property Damage for Residential 
Structures (Excluding Real Property Losses for Multifamily Units) 

Estimated Damage or Assistance 
Amount 

($ Billions) 

Estimated damage  
Owner-occupied 14.1 to 18.3 
Renter-occupied single-family and duplex 4.3 
Homes that are vacant or for seasonal use  5.7 
Personal property damage 4.3 to 6.3 
Total 28.4 to 34.6 

Assistance through May 2018 2.8 

Uncompensated loss 25.6 to 31.8 

NOTE: Missing from these figures are real property damage to multifamily structures (three or more units) and 
insurance payments on multifamily structures. 

 
After subtracting the $2.8 billion in assistance (which is the $3.04 billion shown in 

Table 3.11 less $288 million in public housing insurance) from total damage, the estimate of 
uncompensated loss ranges from $25.6 billion to $31.8 billion.23 The uncompensated loss is large 
and reflects the low take-up rates for homeowners, flood, and renters insurance.24 FEMA has 
provided some assistance to make structures safe and habitable and to replace essential personal 
property, but the amounts are small relative to the overall estimated loss. Households that are 
low-income, are in the informal housing sector, or both will have difficulty securing resources to 
rebuild and repair without government assistance. 

As discussed previously, these projections include some of the costs needed to bring those 
parts of the structure that were damaged up to code. However, the estimates do not include the 
cost of code-required structure elevation or of voluntary elevation. They also do not include the 
cost of additional mitigation to nondamaged parts of the structure that would make the home less 
vulnerable to natural disasters. 

Remaining Needs for Recovery 

Substantial resources are needed to repair residential structures damaged from the 2017 
hurricanes. In addition, a goal of the recovery process is to both build back structures to prestorm 

 
23 Consistent with excluding real property losses for multifamily dwellings, the $288 million in public housing 

insurance and insurance held by the PRHFA (from Table 3.11) is excluded from that total amount of assistance in 

Table 3.12. 

24 As discussed previously, FEMA Individual Assistance is meant to make the home safe and habitable, not to fully 

repair damage. Because work may have to be redone, combined structure repair and replacement payments from 

FEMA may not make much difference in the full repair cost for the structure. Thus, there may not be a one-to-one 

trade-off between FEMA Individual Assistance and unmet need. In this analysis, however, we assume that FEMA 

IA for repair and rebuilding and for personal property loss is fully deducted from estimated damage. 
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conditions and make them less vulnerable to natural disasters going forward. In some cases, it 
may make sense to move households to safer areas and to harden structures with little or no 
damage. Based on the evaluation of prestorm challenges facing the housing sector (Chapter 2) 
and the estimates of hurricane damage (Chapter 3), we conclude this chapter by identifying 
needs associated with restoring a functioning and resilient housing sector. The needs are grouped 
into three categories. 

• repair and reduce vulnerability of the housing stock 
• improve housing availability for lower-income households 
• modernize housing market infrastructure. 

Taken together, programs that address these needs will both reduce the vulnerability of the 
current housing stock and put in place programs, policies, and institutions that help ensure that 
future building is resilient to the hazards facing Puerto Rico. Addressing these needs will also 
improve the ability of Puerto Rico to access the resources needed to recover from the future 
events that will undoubtedly occur. We discuss the needs within the three categories below. 

Repair and Reduce Vulnerability of the Housing Stock 

• Repair or replace residential structures substantially damaged or destroyed during 
the 2017 hurricane season. An estimated 166,000 structures were substantially damaged 
or destroyed. Resources are needed to repair or replace these structures and to bring those 
portions of the structure that were not damaged up to code. This challenge applies to the 
substantial number of homes in the informal housing sector and to homes outside the 
informal housing sector built before more-protective building codes were adopted or for 
which building codes were not enforced. 

• Identify new resources and strategies to improve housing resilience to disaster risk. 
Resources and strategies are required to retrofit or replace the large number of structures 
in Puerto Rico that were not substantially damaged in the storms but remain vulnerable to 
wind, flood, earthquake, and landslide risk. This applies to the large number of homes in 
the informal housing sector and to homes outside the informal housing sector built before 
more-protective building codes were adopted or for which building codes were not 
enforced. 

• Implement a strategy to increase take-up rates of risk-based insurance and maintain 
them over time. Risk-based insurance premiums are central to providing developers and 
homeowners with the appropriate signals of where to build and what types of structures 
to build or retrofit. A difficult challenge for Puerto Rico will be how to increase insurance 
take-up rates—and maintain them—as memories of the hurricanes fade. 

Improve Housing Availability for Lower-Income Households 

• Develop a strategy to provide adequate affordable housing. Puerto Rico has various 
programs to provide affordable housing, but the programs are not big enough to meet 
demand. A challenge will be to increase the supply of affordable housing units and make 
affordable housing accessible to people with disabilities. 
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• Reduce mortgage delinquencies and foreclosures. Black Knight Financial Technology 
Solutions reported in April 2018 that 100,000 of Puerto Rico’s 400,000 first-lien 
mortgages are in the some state of delinquency or foreclosure, more than half of which 
are hurricane-related.25 Over time, mortgage holders have increasingly shifted to 
federally backed loans.26 The FHA loan default rate was about 7 percent in 2016 and 
2017, but jumped to approximately 18 percent in February 2018.27 There has been a 
moratorium on foreclosures since the storms, and it was in place until August 16, 2018.28 
Officials overseeing federal loan programs and Puerto Rico mayors have expressed 
concern that foreclosure rates will rise now that the moratorium is lifted.29 

• Assess and renovate vacant and blighted properties. There appear to be a substantial 
number of residential properties in Puerto Rico that are vacant. Many of these properties 
are likely to be blighted, but the number of blighted properties either before the hurricanes 
or following the hurricanes is not available as of the writing of this report. Not only can 
the renovation or repurposing of these properties increase community safety and 
economic vibrancy, but it can also create an additional source of housing for households 
in need of a replacement structure. 

Modernize Housing Market Infrastructure 

• Better enforce land-use plans and improve compliance with building permit 
requirements. Puerto Rico appears to have had little success in enforcing the building 
permit requirement, both because of a lack of resources for qualified inspectors and 
because of an uneven history of requiring building permits before construction can 
proceed. A major challenge during the recovery will be to require and enforce building 
permits, which has implications for both personnel and processes to enforce building 
codes and collect penalties. 

• Develop an integrated housing data system. Such a system, which could include the 
updates noted previously, is necessary for the government of Puerto Rico to analyze 
property issues and make informed decisions while administering federally funded 
programs. FEMA officials would also be able to respond faster in the recovery process, 
thus helping individuals and communities to rebuild faster. Municipality planners and 
officials would benefit from integrated data to help prepare plans and strategies to rebuild 
communities. 

• Develop a process for establishing property titles. There are a considerable number of 
structures built on land for which the structure owner does not have clear title. A longer-
term need is therefore to resolve title issues. Title must be established to qualify for most 
types of federal assistance for structure repair or replacement. 

 
25 Black Knight Financial Technology Solutions, “Mortgage Monitor: April 2018 Report,” 2018. 

26 Kasper, 2018. 

27 U.S. Department of Housing and Urban Development, “State Default and Foreclosure Statistics Fiscal Years 

2013–2017 and 2018 to Feb 2018,” 2018. 

28 A. Tanzi, “Hurricane-Related Loan Delinquencies Cause Havoc in Puerto Rico,” Bloomberg Quint, June 4, 2018. 

29 Kasper, 2018. 
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• Develop a comprehensive property registry. There is no comprehensive property 
registry to determine and levy taxes, which is important for financing infrastructure and 
other improvements that can reduce ongoing risks. 

• Develop a modernized property address system. A modern property address system is 
needed to more accurately construct databases of home locations and disaster risk, as well 
as to improve the response time of emergency responders. 

The three categories of needs are used to categorize the COAs we present in Chapters 5, 6, 
and 7. First, Chapter 4 talks about the approach we used in COA development. 



 
 

48 

Chapter 4. COA Development: An Overview 

This chapter discusses the methods we used in developing the COAs for the housing sector 
and shows how we organized them for discussion in Chapters 5, 6, and 7. The COAs include 
recovery actions that require investments and ones that call for policy changes. 

Data and Methods 

COA Development 

Because of the large scale and short timeline for developing the Puerto Rico recovery plan, 
HSOAC approached the development of COAs for the overall recovery plan using both a top-
down strategic and bottom-up grounded approach.1 The top-down approach involved the 
HSOAC project team working with the Puerto Rico Central Recovery and Reconstruction Office 
(COR3) and the Governor’s Authorized Representative (GAR) to distill the governor’s recovery 
priorities into policy objectives that would allow recovery planning to remain aligned with the 
governor’s vision for recovery. The bottom-up approach was conducted by 12 sector teams of 
HSOAC experts, who first developed a damage and needs assessment (DNA), as exemplified by 
the DNA for the Housing Sector team in the previous chapters. The sector teams then worked 
with sector stakeholders and SMEs to discuss approaches to address each remaining need. This 
vision is summarized in the governor’s plan as “repair and rebuild safe and affordable housing to 
create a better and more resilient physical environment for Puerto Rico’s citizens.”2 

The nexus between the top-down and bottom-up approaches resulted in the COAs, which 
combined both the top-level guidance provided by the government of Puerto Rico and the 
recommendations provided by stakeholders and SMEs. HSOAC’s Developing Recovery Options 
document defines COAs as “potential activities, policies, programs, and strategies designed to 
further the goals prioritized by the [government of Puerto Rico] and other commonwealth 
stakeholders. Each individual COA describes an approach to addressing a problem or issue 
associated with hurricane damage or with a pre-existing condition that inhibits economic 
recovery.”3 

 
1 The overall recovery plan includes COAs for the housing sector and for 11 other sectors. 

2 Governor of Puerto Rico, “Transformation and Innovation in the Wake of Devastation: An Economic and Disaster 

Recovery Plan for Puerto Rico,” 2018, p. 113. 
3 RAND Corporation, Developing Recovery Options: Process Methodology to Support the Building of an Economic 

Disaster. For further discussion, see additional reports covering Puerto Rico’s economy and the transportation sector 

on the project webpage. RAND Corporation, “Supporting Puerto Rico’s Disaster Recovery Planning,” webpage, 

undated.  



 
 

49 

In developing COAs, HSOAC ensured that its approach was in line with three principles: 
(1) ensure consistency across sectors; (2) enhance transparency; and (3) serve as a tool to fine-
tune and integrate research methods and products coherently. Although consistency was a 
priority in COA development, the COAs were defined at different levels of granularity given the 
expansive scope and complexity of recovery in Puerto Rico. Most COAs were also scalable 
depending on implementation, which would help the government of Puerto Rico account for 
differing levels of funding while still taking the necessary actions. 

By approaching recovery planning in this way, HSOAC could identify and address the needs 
for Puerto Rico’s recovery but allow for modularity and flexibility in implementation depending 
on the governor’s priorities and funding availability. 

Housing Sector Approach 

In developing COAs to address the extent of identified housing issues, the HSOAC Housing 
Sector team used a variety of methods, including background research, literature review, 
stakeholder engagement, and analysis of existing plans. But initially, the team primarily relied 
heavily on two approaches: Housing Recovery Task Force (HRTF) participation and expert 
interviews. 

HRTF 

The HSOAC Housing Sector team worked closely with the HRTF and participated in its 
subcommittee meetings on a regular basis. The HRTF was a regular meeting organized by HUD 
and PRDH to bring together federal, state, private, NGO, and academic stakeholders to discuss 
strategies for addressing preexisting and post-disaster housing issues. The HRTF was organized 
into 12 subcommittees tasked with developing strategies for addressing priority issues. The 
Housing Sector team liaison worked closely with, and participated in almost all, the 
subcommittees to capture the strategies being developed therein. Appendix A provides a more 
detailed exploration of the HRTF as a collaborative framework for housing recovery. 

Expert Interviews 

A second approach used by the HSOAC Housing Sector team to develop COAs was to 
conduct meetings and interviews with a wide range of experts in the housing sector. This 
included meeting with representatives from federal and state housing agencies, including HUD, 
FEMA IA program, SBA, PRDH, and PRPB. The Housing Sector team also met at length with 
nonprofit and private-sector experts to gain additional insight. These organizations included 
Enterprise Community Partners, Dewberry Engineers, and Bender Consulting Services. These 
expert interviews were used to fill in the details of each COA, especially in terms of costing and 
funding sources, two topics not extensively discussed by the HRTF. The expert interviews also 
helped to set the COA in the larger context of recovery and drew on expertise gained from 
previous housing recovery efforts. 
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Data Gaps, Assumptions, and Uncertainties 

Resources and time constraints put limitations on the depth of research the HSOAC Housing 
Sector team could complete during this study. In most cases, experts knowledgeable about a 
particular COA were readily available and eager to share their perspectives. For some COAs, 
however, the COA development approach was limited because of a lack of response or interest 
on the part of a specific stakeholder. 

Because the project was looking at recovery from the strategic level and wanted to leave 
flexibility for recovery entities in implementing recovery strategies, specific programs and 
policies were not put forward. This made it difficult to provide precise costing information for 
some COAs, requiring rough estimates instead. The information about the Housing COAs cost, 
potential funding mechanisms, and potential implementers in this report match what is in the 
governor’s long-term recovery plan for the most part. This report was written several months 
after the long-term recovery plan; therefore, some of the information in this report is updated. 
Where costs might differ from the two reports, this report notes the discrepancy and provides a 
rationale for the difference. For potential funding mechanisms and potential implementers, this 
report contains all those listed in the long-term recovery plan and adds some additional funding 
mechanisms and implementers when they were identified. 

Table of COAs Organized by Category 

All told, we identified 12 COAs in the housing sector. Table 4.1 breaks those 12 COAs into 
the three categories used at the conclusion of Chapter 3: (1) repair and reduce vulnerability of 
housing stock; (2) improve housing availability for lower-income households; and 
(3) modernize the housing market infrastructure. Chapters 5, 6, and 7, respectively, present 
those COAs as divided across the three categories. Note that COAs are numbered following 
the identification used in the governor’s long-term recovery plan and are hence not numbered 
sequentially here. There are COAs for 12 sectors represented in the final recovery plan. COAs 
that begin with HOU signify they are Housing COAs, to differentiate the COAs from other 
sectors such as Energy (ENR) or Transportation (TXN). However, the order of the COAs 
within the categories does reflect some appropriate sequencing. For example, damaged 
structures should be fixed (HOU 1) before one assesses the vulnerability of nondamaged 
structures (HOU 3). However, further implementation analysis is required to finalize how all 
the COAs should be sequenced. 

To provide consistency, the same template is used in Chapters 5, 6, and 7 to describe the 
COAs. 

• Problem Being Solved 
• Overview of COA 
• Issues to Consider in Program Design and Implementation 
• Performance Metrics 
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• Potential Costs 
• Potential Funding Mechanisms 
• Potential Implementers. 

As will become apparent, many of the performance metrics focus on the characteristics of the 
housing infrastructure, because a key goal of the recovery effort is to develop a housing stock 
that is more resilient to the hazards facing Puerto Rico. However, a fundamental objective is to 
put people in decent and safe housing, which includes the ability of the housing structure to 
withstand natural hazards. 

Table 4.1. Courses of Action for the Housing Sector 

Number Title 

Repair and Reduce Vulnerability of Housing Stock 

HOU 1 Assess, Repair, Rehabilitate, or Relocate Substantially Damaged Owner-
Occupied Homes 

HOU 3 Assess Vulnerability of Non-Substantially Damaged Homes 

HOU 4 Make Non-Substantially Damaged Owner-Occupied Homes More Resilient 
(Less Vulnerable to Natural Hazards) 

HOU 2 Assess, Repair, and Mitigate Damaged Subsidized Rental Housing 

HOU 8 Increase Adoption of Adequate Wind and Flood Insurance for Homeowners and 
Renters 

Improve Housing Availability for Lower-Income Households 

HOU 9 Reduce Mortgage Delinquencies and Foreclosures 

HOU 10 Assess and Renovate Vacant and Blighted Properties 

HOU 7 Assess Need for—and Adopt and Implement Programs to Provide—Additional 
Subsidized Rental Housing and Special Housing 

Modernize Housing Market Infrastructure 

HOU 5 Collect, Integrate, and Map Data on Housing Sector 

HOU 11 Improve the Address System 

HOU 6 Enforce Land-Use Plans and Building Codes 

HOU 12 Register Properties and Resolve Property Issues 
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Chapter 5. COAs That Repair and Reduce the Vulnerability of the 

Housing Stock 

Chapter Overview 

This chapter focuses on the five COAs that repair Puerto Rico housing stock and reduce its 
vulnerability to natural hazards. We start with a COA for substantially damaged owner-occupied 
structures (HOU 1), because it is typically apparent which structures are substantially damaged, 
and it is a priority to repair or replace those structures to reduce the hardship caused by the 
storms. We then turn to non–substantially damaged owner-occupied structures (HOU 3). Even 
though these structures did not suffer substantial damage during the storms, it is important to 
assess their vulnerability and develop strategies to reduce such vulnerability. HOU 3 is designed 
to better understand this vulnerability and to develop strategies to reduce it. Based on this 
information, the next COA (HOU 4) funds efforts to mitigate owner-occupied non–substantially 
damaged structures. 

We then move on to renter-occupied structures. Although no COA was developed for market-
rate rental units because the property owners were assumed to have adequate resources and/or 
insurance to repair and appropriately mitigate these structures, a COA was developed to assess, 
repair, and mitigate damaged subsidized rental housing (HOU 2). Included in this category are 
publicly owned housing units and privately owned units that receive government subsidies. 

Although insurance in and of itself does not prevent damage from natural hazards, it does 
provide households with the resources to recover following a disaster and is thus an important 
component of housing resilience strategy. The last COA in this chapter (HOU 8) aims to increase 
the percentage of homeowners and renters with homeowners and flood insurance. 

HOU 1: Assess, Repair, Rehabilitate, or Relocate Substantially Damaged, 
Owner-Occupied Homes 

Problem Being Solved 

Many owner-occupied structures suffered substantial damage from Hurricanes Irma and 
Maria and need to be either repaired in place or replaced by homes in neighborhoods and 
communities that are safe, resilient, and affordable and that have access to economic and 
educational opportunities, as well as transportation and health care services.1 

 
1 Structures are considered substantially damaged if the cost of repair is 50 percent or greater of the structure’s pre-

event market value. 
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Overview of COA 

This COA targets owner-occupied homes that were substantially damaged or destroyed in the 
hurricanes. If the structures can be made reasonably safe from natural hazard risk at reasonable 
cost, they will be repaired, rehabilitated, or rebuilt to code on-site. If not, homeowners will be 
offered relocation assistance to move to an existing home (potentially a formerly vacant home) in 
a lower-risk location, or they will be temporarily housed while a new home is constructed in a 
lower-risk location. Damaged structures will then be acquired and demolished. Relocation will 
only take place if the risks at the site cannot be reasonably mitigated. Rebuilding and relocation 
will emphasize safe, resilient, affordable communities with access to good schools, jobs, 
transportation, and health care.2 

Issues to Consider in Program Design and Implementation 

Design Considerations 

The first step for households participating in this program is an assessment of the housing 
structure using a resilience capital needs assessment.3 This needs assessment should be 
customized to the setting in Puerto Rico and assess the structural conditions of the house walls, 
foundation, roof, and anchorage, as well as a variety of considerations, including the availability 
of ventilation, energy-efficient fixtures, and backup power. This assessment could be informed 
by tools that exist in the marketplace, such as the Enterprise Community Partners Resilience 
Capital Needs Assessment tool. This assessment would determine the top-tier priorities for the 
structure and what strategies or recommendations would be needed to meet the terms and goals 
set by this program. It would assess if it is appropriate to completely reconstruct the house or 
acquire and demolish the house and move the household to a safer area. 

All rehabilitation would be code-compliant. After the assessment is completed, a housing 
mitigation program team would meet with the owner of the home or housing facility and 
determine a course of action. A housing mitigation program needs to work closely with the 
homeowner to create a scope of work that both identifies technical challenges and the availability 
of financial resources. The team working with the owner would consult with the owner about the 
variety of financial resources available and would assist the owner in finding contractors to make 

 
2 The Home Repair, Construction, or Relocation Program proposed in Puerto Rico’s disaster recovery action plan 

targets some of the same issues addressed by this COA. 
3 A resilience capital needs assessment is a tool to audit and assess the climate risk profile and vulnerability of a 

housing facility or site and to provide recommendations on solutions to adapt to and mitigate risk and damage to the 

facility. Examples of such tools include those developed by Enterprise Community Partners. They have created 

several risk capital needs assessment tools to assess a variety of multifamily housing typologies to risks common in 

the Mid-Atlantic and Northeast. The tools can be used by a building professional such as an engineer, architect, 

contractor, or even building manager. See Enterprise Community Partners, Ready to Respond: Strategies for 

Multifamily Building Resilience, Washington, D.C.: Enterprise Community Partners, 2015.  
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the repairs. Any housing mitigation program should ensure the homeowner approves of the scope 
of work. 

The projects funded under this COA could also include mitigation work to protect groups of 
structures or communities, where it is reasonable and available. 

Considerations for Isolated Structures 

As discussed in Chapter 2, some residential structures in Puerto Rico are located far from 
services and infrastructure; thus, policymakers should also consider how to best address such 
structures that were substantially damaged. For example, rather than repair or reconstruct these 
structures on-site, it may make sense to demolish the structure and relocate the household to areas 
with better access to transportation, education, health care services, utilities, and job opportunities. 

Priority of Using Existing Housing Stock 

In some cases, it may make the most sense to relocate the household to a safer area. When 
doing so, policymakers should evaluate the extent to which it is preferable to build a new 
structure or use existing units that are either available for sale, vacant, or abandoned. Whether 
purchasing existing homes is the preferred method of relocation will partly depend on what type 
of repair or mitigation work must be done on them. 

Potential Pitfalls 

Establishing title/ownership/legality is necessary to determine if the homeowner would be 
eligible for a repair or buyout grant. Relocating households is politically sensitive and could 
affect the social fabric and economy of a local community. Low-income communities may 
perceive that higher-income communities were left intact because of preference or income 
instead of the fact that many lower-income communities are sited in more vulnerable zones and 
also that higher-income households may have the resources to build to code. Limited availability 
of temporary housing and replacement housing in low-risk areas could be barriers. 

A large government-funded housing mitigation program could also reduce incentives for 
homeowners to maintain flood and homeowners insurance (which covers wind and earthquake 
risks) over the long run. Homeowners may ask why they should purchase insurance when 
government money will be available for rebuilding after an event. Consideration might be given 
to reducing or eliminating program benefits for higher-income households that could have 
purchased homeowners or flood insurance but did not. 

Performance Metrics 

Metrics for this COA would track the number of substantially damaged structures in different 
phases of the mitigation process. For example, the metrics could include 

• number of properties acquired 
• number of properties demolished 



 
 

55 

• number of new structures under construction 
• number of displaced owners who have purchased another home 
• number of properties on which repair or reconstruction has begun. 

Potential Costs 

To develop a rough estimate of the resources needed to achieve the objectives of this COA, 
we first constructed a plausible mitigation scenario for the different types of substantially 
damaged owner-occupied structures in Puerto Rico. We then developed estimates of the average 
per-structure cost of the different mitigation approaches. The per-structure estimates were finally 
multiplied by the number of structures subject to each mitigation approach to generate an overall 
cost estimate. 

Illustrative Mitigation Scenario 

We began by identifying a number of reconstruction and rehabilitation options that might be 
considered for substantially damaged one- and two-unit residential structures. 

• Acquisition/Demolition (A/D): This option involves paying the homeowner the pre-
event fair market value of the substantially damaged property to acquire the site, 
demolishing the existing structure, and placing a deed restriction on the acquired site to 
prohibit future development and maintain it as public open space. A/D is the most 
effective option for eliminating future flood and wind damage and future seismic risk, but 
it is expensive. The owner would use the resources to acquire a safer existing home or to 
build a new home in a safer area. 

• Mitigation Reconstruction (MR): This option—formerly known as “demo-rebuild”—
involves demolishing the existing substantially damaged structure and rebuilding a 
structure within the existing footprint that is elevated to the design flood elevation and 
constructed in accordance with the latest building codes and design standards. MR is a 
highly effective option for reducing future flood and wind damage and future seismic 
risk, but it is expensive. 

• Abandon First Floor (ALF): This option involves abandoning the first floor of the 
existing substantially damaged structure that is two or more stories high and modifying 
the abandoned floor by removing living space and flood-prone materials and equipment, 
installing flood damage–resistant materials, adding hydrostatic openings, and elevating 
any building utility systems and key contents. The abandoned first floor can only be used 
for vehicle parking, building access, and limited storage in accordance with NFIP 
regulations. ALF is an effective option for reducing future flood damage in taller 
buildings; however, it does not reduce future wind damage or future seismic risk, results 
in a loss of living space, and can be expensive for smaller structures. 

• Wood Roof Replacement Upgrade (WRU): This option involves replacing wood-
framed roofs with metal roof coverings and replacing them with code-compliant 
reinforced concrete roofs. WRU is an effective option for reducing future wind damage 
and flooded roofs, but it does not reduce future flood damage or future seismic risk. 

• Repair Only (RO): This option repairs the structure, complying with current building 
codes, but it does not add any additional resiliency features. 
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Note that elevation (i.e., raising the first floor of the existing structure on an elevated 
foundation) was not considered a feasible mitigation option for substantially damaged residential 
buildings in Puerto Rico because lifting an existing residence that is substantially damaged is 
technically difficult and has significant residual risk of structural damage or collapse.4 For many 
concrete structures and/or homes constructed on slab-on-grade foundations, elevation was also 
found to be more expensive to implement than mitigation reconstruction. Additionally, dry 
floodproofing (i.e., using sealants and shields to make the structure essentially watertight) was not 
considered a feasible retrofit option for existing substantially damaged residential buildings; dry 
floodproofing relies on human intervention to be effective (active mitigation), has significant 
residual risk of significant damage or structural collapse if the system fails or is overtopped, and is 
not permitted to bring a substantially damaged residential building into compliance with the NFIP. 

The agencies that implement this program will need to determine the appropriate mitigation 
measures for different types of structures, and Table 5.1 provides a possible roadmap for how 
they might proceed. The table categorizes substantially damaged structures by construction type 
and flood zone and the number of substantially damaged structures in each category according to 
the modeling approach listed in the first column. Note that in addition to owner-occupied 
structures, the counts include vacant and renter-occupied properties. This COA applies only to 
owner-occupied properties, so the target number of structures will likely be much less than the 
approximately 164,000 structures in Table 5.1. If 21 percent of housing units are vacant and 
69 percent of occupied housing units are owner-occupied (from Table 2.1), the number of 
substantially damaged owner-occupied structures drops to 55 percent of the 164,000 total—that 
is (1 – 0.21) × 0.69.5 

The mitigation approach in Table 5.1 acquires and demolishes all substantially damaged 
structures in the 100-year floodplain—also known as the Special Flood Hazard Areas (SFHAs). 
These are areas with at least a 1-percent chance of flooding each year and that account for 
approximately 28,000 structures (17 percent of the 164,000). Again, if the program is restricted 
to owner-occupied structures, the total structures addressed will be considerably less than 
28,000. FEMA regulations do not require substantially damaged structures to be demolished. 
They can be reconstructed if elevated to required heights. The government of Puerto Rico has 
expressed an initial preference for this option.6 

 
4 We note the mitigation option of elevating the home because this has been a relatively popular measure after 

storms on the mainland. Many homes in Louisiana were elevated after Hurricane Katrina and in New York and New 

Jersey after Hurricane Sandy. 

5 Such an estimate assumes the amount of damage does not systematically differ based on occupancy (vacant versus 

occupied) or tenure (owner-occupied versus renter-occupied). Also, the definition of “vacant” used here included 

housing units for seasonal, recreational, or occasional use (see Table 2.1). 

6 See Government of Puerto Rico, 2018a, p. 127. 
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Table 5.1. Mitigation and Repair Options for Substantially Damaged Structures (Excluding 
Structures with Three or More Units and Residential Condominiums) 

Flood Zone 

Estimated 
Number of 
Structuresa 

Mitigation Alternative 

A/D MR ALF WRU RO 

All Concrete 

SFHA-Zone Ab 4,023 X     

SFHA-Floodway 641 X     

SFHA- Zone V 41 X     

Non-SFHA 1,818  Higher-cost  
option 

  Lower-cost 
option 

Mixed Wood and Concrete 

SFHA-Zone Ab 13,290 X     

SFHA-Floodway 1,033 X     

SFHA-Zone V 334 X     

Non-SFHA 74,860  Higher-cost  
option  Lower-cost 

option  

All Wood 

SFHA-Zone Ab  7,481 X     

SFHA-Floodway 632 X     

SFHA-Zone V 317 X     

Non-SFHA 59,499  X    

Total 164,000 – – – – – 

NOTES: The flood maps adopted in June 2016 and in effect at the time of this writing are used for this analysis. Cells 
that are empty do not use a mitigation alternative. 
a Number of structures predicted by the modeling approach. Includes renter-occupied and vacant structures. 
b Excludes floodway and V-zones. 

 
Outside the 100-year floodplain, substantially damaged structures constructed completely of 

wood are reconstructed to current building code because our analysis has shown these structures 
currently are highly vulnerable to hurricane risk (Table 3.7). For all-concrete and mixed-wood-
and-concrete structures, two options are considered. In the higher-cost option, all substantially 
damaged structures outside the 100-year flood plain are reconstructed to meet current wind and 
earthquake codes. In the lower-cost option, 

• all-concrete structures outside the 100-year floodplain are repaired with no added 
mitigation measures because these structures are thought to be fairly resilient to 
hurricane risk 

• the most vulnerable part of the mixed wood and concrete structures outside the 100-year 
floodplain—the roof—is upgraded in addition to repairing the storm damage. 

Program designers will have to consider the advantages and disadvantages broadly defined of 
different mitigation approaches. A/D of substantially damaged structures in the 100-year 
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floodplain is the most effective means for eliminating future flood risk (as opposed to on-site 
reconstruction), but it is disruptive for the community and the individual owners. 

Policymakers should also consider the best approach for substantially damaged, isolated 
structures. The vast majority of the most isolated structures are outside the 100-year flood zone 
(see Table 2.6), which means that substantially damaged isolated structures would be repaired or 
reconstructed in place if the mitigation scenarios proposed in Table 5.1 were followed without 
modification. However, the government should work with communities to decide if it is 
appropriate from a social point of view to acquire and demolish these structures and relocate the 
household to areas with better access to transportation, education, health care services, utilities, 
and job opportunities. 

Per-Structure Mitigation Cost 

The HSOAC Housing Sector team developed algorithms to provide a rough estimate of the 
cost per structure of the mitigation options identified in Table 5.1. These algorithms were based 
on RS Means, Xactimate, and other historical cost data the research team had developed for past 
FEMA mitigation studies, adjusted to reflect current local costs in Puerto Rico. Estimates of cost 
per square foot were developed (see Appendix D) and applied to the square footage of the 
individual structures that the modeling approach identified as substantially damaged. Based on 
this analysis, we developed the average remediation cost per structure by construction type for 
the different mitigation alternatives (Table 5.2). Some cells in the table are labeled “Not used” 
because estimates were only developed for the mitigation-alternative, construction-type 
combinations pursued in Table 5.1. 

Table 5.2. Assumed Average Cost of Mitigation Measures for Substantially Damaged Owner-
Occupied Structures 

Construction Type 

Mitigation Alternative 

A/D MR WRU RO 

All concrete $175,000 $200,000 Not used $100,000 

Mixed wood and concrete $175,000 $150,000 $110,000 Not used 

All wood $175,000 $130,000 Not used Not used 

Projected COA Cost 

When the average costs per structure in Table 5.2 are applied to all 164,000 substantially 
damaged structures in Table 5.1, the costs run from $21.0 billion in the lower-cost mitigation 
option to $24.2 billion in the higher-cost option. The vast bulk of the costs are for the 
136,000 structures outside the 100-year floodplain, with the cost ranging from $16.2 billion to 
$19.3 billion. The cost for 28,000 structures inside the floodplain is the same in the lower- and 
higher-cost alternatives ($4.9 billion), because these structures are acquired and demolished in 
both alternatives. 
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This COA is applied only to owner-occupied structures and, as discussed previously, might 
be expected to apply to roughly 55 percent of the 164,000 structures in Table 5.1. An initial 
estimate of the upfront cost of this COA for the resulting 90,000 structures would thus run from 
$12 billion to $13 billion.7 Our best estimate for this COA is consequently $12.5 billion. 

Potential Funding Mechanisms 

HUD CDBG-DR, FEMA Individual Assistance, FEMA Hazard Mitigation Grant Program 
(HMGP), FEMA Pre-Disaster Mitigation Grant Program (PDM), and the FEMA Flood 
Mitigation Program are the primary potential funding sources. Other potential funding sources 
may include the Small Business Administration, U.S. Department of Agriculture, private 
insurance, nongovernment sources, and national and state funds for site improvement. FEMA is 
also rolling out its new Building Resilient Infrastructure and Communities (BRIC) Program, 
which expects to make its first grants in 2020. Other funding sources are USDA housing grant 
programs, SBA disaster home loans, FHA 203K rehab loans, and nongovernmental sources. 
Weatherization programs and energy utility rebate programs should also be considered. 

Funding from government sources typically must be focused on lower-income households. 
For example, according to the HUD CDBG-DR program, households must have income below 
80 percent of median income or under the federal poverty level (FPL) to be eligible for funds for 
home repair, reconstruction, or relocation.8 

Potential Implementers 

It would be desirable for the work to be done at the community level with standard guidance 
from Puerto Rico (PRDH, PRPB, and OPM) and local municipality and Housing Community 
Development Corporations (CDCs) where and when applicable. In addition, the strategy should 
be implemented by PRDH and ideally bid out to Puerto Rico–based, community-trusted CDCs, 
Community Housing Development Organizations (CHDOs), and other nonprofit developers and 
entities to manage program deployment, outreach, and assessment. The nonprofit network would 
coordinate homeowners and partners in the community and contractors they would work with to 
implement the program scope. 

 
7 The governor’s recovery plan put the cost of this COA at between $8 billion and $12 billion, with a best estimate 

of $10 billion. The estimate here is based on more detailed analysis of the number of structures targeted and the 

average cost per structure but remains consistent with the recovery plan. 

8 Government of Puerto Rico, 2018b, p. 125. 
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HOU 3: Assess Vulnerability of Non-Substantially Damaged Homes 

Problem Being Solved 

Many structures that were not substantially damaged by Irma or Maria remain vulnerable to 
future natural hazards, such as wind, flood, landslides, fire, and earthquake risk. Communities 
need a better understanding of which structures are most vulnerable so that they can develop 
plans and policies to move people out of harm’s way or mitigate structures to be more resilient. 

Overview of COA 

This COA would begin by assessing the housing stock in high-risk areas through 
comprehensive property inspections customized to the specific technical circumstances in Puerto 
Rico. It would then develop strategies to determine which structures can be secured through 
partial or full mitigation or which structures need to be relocated and to where. This would be a 
Puerto Rico–wide program that would entail a larger effort at the beginning to initially inspect 
properties and then a smaller, ongoing effort to continually assess mitigation needs across time. 

The goal of the inspections would be threefold. 

• assess if the home is safe for habitation and where there are critical code infractions 
• assess what mitigation measures might be needed to make it more resilient to future 

natural hazards and to be code-compliant. 

This assessment would first prioritize the most vulnerable community members, such as the 
elderly, the disabled, special communities, and the informal housing sector, but the assessment 
would eventually be expanded to all housing structures in Puerto Rico. The assessment should 
document vacant structures that could be repurposed and brought back into the market for 
families in need of homes, as detailed in COA HOU 10. This assessment should also identify a 
full slate of secondary and even tertiary risks. For example, flooding may damage housing, but it 
can also lead to secondary impacts, such as increasing mold growth, as well as tertiary impacts, 
like increasing asthma. All these should be accounted for in the mitigation assessment process. 

Working with community groups and municipalities, homeowners and building owners of 
housing would have an improved understanding of their risk to natural hazards and their options 
for mitigating that risk to make their homes safer and stronger. The insurance industry would 
have a better sense of true risk for better meeting the needs of potential customers. Other sectors 
benefit from more efficient housing that is able to shelter households safely, thus reducing lag 
time during recovery and ensuring community and economic continuity. 

Issues to Consider in Program Design and Implementation 

Implementation Approach 

Trained assessment teams, either from the Puerto Rico government or NGOs, would need to 
consider the particularity of the site, the construction and the demographic of the occupants, and 
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their ability and capacity to bring the home up to code. Considerations would need to be made 
for the structural integrity and health of the structure and recommendations made about what 
steps need to be taken to repair and mitigate the structure. And the assessment tool would need to 
account for informally constructed housing. 

Models for such an assessment can be collected from other storms, such as the FloodHelpNY 
program developed by the Center for New York City Neighborhoods following Hurricane Sandy 
to support building assessments of housing and recommend resiliency solutions. In this program, 
community-based organizations worked with single and multifamily affordable-housing owners 
in New York City to assess their flood risk and provided recommendations for mitigation 
methods, such as purchasing flood insurance or implementing structural mitigation on the home.9 

Potential Pitfalls 

A shortage of adequately trained building inspectors in Puerto Rico and/or inadequate 
assessment tools that do not detail true structural damage could lead to incomplete and/or low-
quality inspections. Buildings, particularly those built informally, may not be able to be 
sufficiently retrofitted to comply with code, which could lead to a building that is only partially 
code-compliant or that will require a complete reconstruction. 

Performance Metrics 

Performance metrics include 

• progress in constructing geospatial maps that overlay housing structures with flood, 
landslide, and seismic risk 

• progress in constructing validated geospatial maps that indicate the construction type  
(all-wood, mixed wood and concrete, and all-concrete) of each residential structure 

• number of properties inspected in higher-risk areas and in lower-risk areas 
• progress in developing strategies to reduce structure vulnerability 
• number of homeowners counseled about potential mitigation measures. 

Potential Costs 

The best estimate for this COA is approximately $40 million in upfront costs and will include 
funds for municipalities to work with experienced community-based organizations or NGOs to 
conduct comprehensive assessments of housing structures in high-risk areas, develop mitigation 
strategies, and work with homeowners to understand their individualized risk and how it can be 
mitigated. This estimate is based on discussions with the PRPB. Costs should include an 
education and outreach campaign to homeowners, the development or purchase of an assessment 
tool, and the creation and hosting of a central data platform to store information and to develop 

 
9 See FloodHelpNY.org, webpage, undated.  
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and provide centralized guidance on assessment methodology. The low-end cost estimate is 
$30 million, and the high-end cost estimate is $80 million. 

Potential Funding Mechanisms 

Funding would be provided to municipalities and community groups, through FEMA 
HMGP, HUD CDBG-DR, and some nongovernment sources, to work together to assess the 
housing stock and engage with affected homeowners. Data from assessments would be stored in 
a central database, most likely at the PRPB or PRDH. 

Potential Implementers 

A team consisting of the PRPB, PRDH, FEMA, OPM, municipal governments, and the 
University of Puerto Rico schools of architecture, planning, and engineering would be well 
suited to develop or adopt Puerto Rico–wide assessment guidance, protocols, and assessment 
tools based on case studies and best practices, such as those outlined by the California Safety 
Assessment Program (SAP).10 

HOU 4: Make Non-Substantially Damaged, Owner-Occupied Homes More 
Resilient (Less Vulnerable to Natural Hazards) 

Problem Being Solved 

Many homes that were not substantially damaged by Hurricanes Irma and Maria remain 
vulnerable to the risks posed by weather and natural hazards, either because of where they are 
located or because of how they were constructed. Hazard risks in Puerto Rico include 
earthquakes, floods, landslides and high winds. 

Overview of COA 

In concert with funding for identifying structures most vulnerable to flood, wind, landslide, 
and earthquake hazards (HOU 3), this COA provides funding to improve these structures to 
better withstand these risks or to relocate households to safer areas. This course of action could 
include mitigation work to protect groups of structures or to relocate groups of households, 
where it is cost-effective to do so. Relocation should only take place if the risk conditions of the 

 
10 California’s Safety Assessment Program (SAP) utilizes volunteers and mutual aid resources to provide 

professional engineers and architects and certified building inspectors to assist local governments in safety 

evaluation of their built environment in the aftermath of a disaster. See California Governor’s Office of Emergency 

Services, “Safety Assessment Program,” webpage, undated.  
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site cannot be reasonably mitigated. This program will have an income-eligibility cutoff to target 
lower-income households.11 

Issues to Consider in Program Design and Implementation 

Design Considerations 

All rehabilitation would be code-compliant. After the assessment is completed, a team would 
meet with the owner of the home or housing facility and determine a course of action. It is 
important that a housing mitigation program work closely with the homeowner to create a scope 
of work that both identifies technical challenges and the availability of financial resources. The 
team working with the owner would consult with the owner about the variety of financial 
resources available and would assist the owner in finding contractors to make the repairs. Any 
housing mitigation program should ensure the homeowner approves of the scope of work. 

The projects funded under this COA could also include mitigation work to protect groups of 
structures or communities, where it is reasonable and available. 

Implementation Approach 

It would be desirable for the work to be done at the community level with standard guidance 
from Puerto Rico government agencies (PRDH, PRPB, and OPM) and local municipality and 
housing Community Development Corporations (CDCs) where and when applicable. In addition, 
the strategy should be implemented by PRDH and ideally bid out to Puerto Rico–based, 
community-trusted CDCs, Community Housing Development Organizations (CHDOs), and 
other nonprofit developers and entities to manage program deployment, outreach, and 
assessment. The nonprofit network would coordinate housing owners and partners in the 
community and contractors they would work with to implement the program scope. 

Considerations for Isolated Structures 

As discussed in Chapter 2, some residential structures in Puerto Rico are located far from 
services and infrastructure, and policymakers should also consider how to best address such 
structures that were not substantially damaged. For example, rather than repair and upgrade these 
structures on-site, it may make sense to demolish the structure and relocate the household to areas 
with better access to transportation, education, health care services, utilities, and job opportunities. 

Priority of Using Existing Housing Stock 

In some cases, it may make the most sense to relocate the household to a safer area. When 
doing so, policymakers should evaluate the extent to which it is preferable to build a new 
structure or use existing units that are either available for sale, vacant, or abandoned. Whether 

 
11 The Home Repair, Construction, or Relocation Program proposed in Puerto Rico’s disaster recovery action plan 

targets some of the same issues addressed by this COA. 
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purchasing existing homes is the preferred method of relocation will partly depend on what type 
of repair or mitigation work must be done on them. 

Potential Pitfalls 

Establishing title/ownership/legality is necessary to determine if the homeowner would be 
eligible for a repair or buyout grant. Relocating households is disruptive and will be politically 
sensitive and could affect the social fabric and economy of a local community. Low-income 
communities may perceive that higher-income communities were left intact because of 
preference or income as opposed to the fact that many lower-income communities are sited in 
more vulnerable zones and also that higher-income households may have the resources to build 
to code. Limited availability of temporary housing and replacement housing in low-risk areas 
could be barriers. 

A large government-funded rebuilding program could also reduce incentives for homeowners 
to maintain flood and homeowners insurance (which covers wind and earthquake risks) over the 
long run. Homeowners may ask why they should purchase insurance when government money 
will be available for rebuilding after an event. Consideration might be given to reducing or 
eliminating program benefits for higher-income households that could have purchased 
homeowners or flood insurance but did not. 

Performance Metrics 

Metrics for this COA would track the number of non–substantially damaged structures in 
different phases of the mitigation process. The metrics could include 

• number of properties acquired 
• number of properties demolished 
• number of new structures under construction inside and outside high-risk flood zones 
• number of displaced owners who have purchased another home 
• number of properties on which repair or reconstruction has begun. 

Potential Costs 

The approach for HOU 1 is replicated here to develop a rough estimate of the resources 
needed to achieve the objectives of this COA. 

• Construct a plausible mitigation scenario for the different types of substantially damaged 
owner-occupied structures in Puerto Rico. 

• Develop estimates of the average per-structure cost of the different mitigation 
approaches. 

• Generate an overall cost projection by multiplying the number of structures subject to 
each mitigation approach by the estimated costs per structure. 
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Illustrative Mitigation Scenario 

We identified a number of reconstruction and rehabilitation options that might be considered 
for one- and two-unit residential structures that were not substantially damaged in the 2017 
hurricanes. 

• Acquisition/Demolition (A/D): This option involves paying the homeowner the fair 
market value of the non–substantially damaged property to acquire the site, demolishing 
the existing structure, and placing a deed restriction on the acquired site to prohibit 
development and maintain it as public open space. A/D is the most effective option for 
eliminating future flood and wind damage and future seismic risk, but it is expensive. 

• Mitigation Reconstruction (MR): This option—formerly known as “demo-rebuild”—
involves demolishing the existing non–substantially damaged structures and rebuilding a 
structure within the existing footprint that is elevated to the design flood elevation and 
constructed in accordance with the latest building codes and design standards. MR is a 
highly effective option for reducing future flood and wind damage and future seismic 
risk, but it is expensive. 

• Wet Floodproofing (WF): This option involves modifying the first floor of the existing 
structure by installing flood damage–resistant materials, adding engineered flood 
openings (e.g., flood vents), and elevating any building utility systems and key contents. 
WF is an effective option for reducing future flood damage, but post-flood cleanup 
remains. WF does not reduce future wind damage or future seismic risk and can result in 
a loss of usable space. 

• Wood Roof Retrofit (WRR): This option involves retrofitting wood-framed roofs with 
stronger roof framing connections, thicker roof sheathing, and more-resilient roof 
coverings. WRR is an effective option for reducing future wind damage and potential 
water infiltration through roofs, but it does not reduce future flood damage or future 
seismic risk. 

• Repair Only (RO): In this option, the structure is repaired, but no new mitigation 
features are added. 

Note that relocation (i.e., lifting and moving the existing structure to a new location outside 
the floodplain) and elevation (i.e., raising the first floor of the existing structure on an elevated 
foundation) were not considered feasible mitigation options for residential buildings that were 
not substantially damaged because lifting or moving an existing structure is technically difficult 
and has significant residual risk of structural damage or collapse. Additionally, for many 
concrete structures and/or homes constructed on slab-on-grade foundations, elevation and 
relocation were found to be more expensive to implement than mitigation/reconstruction. 
Additionally, dry floodproofing (i.e., using sealants and shields to make the structure essentially 
watertight) was not considered a feasible retrofit option for existing residential buildings that 
were not substantially damaged because dry floodproofing relies on human intervention to be 
effective (active mitigation) and has significant residual risk of significant damage or structural 
collapse if the system fails or is overtopped. 

Similar to Table 5.1, which identifies what was done for substantially damaged structures, 
Table 5.3 presents a potential mitigation strategy for owner-occupied structures that were not 
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substantially damaged. FEMA floodplain regulations do not allow structures in floodways, and 
in this illustrative strategy, all structures in floodways, regardless of construction type, are 
acquired and demolished and the household relocated outside the floodplain. We estimate that 
there are approximately 9,000 one- and two-unit residential structures in floodways. But if this 
COA is restricted to owner-occupied structures, the total will be on the order of 45 percent less. 

All-wood structures are the most vulnerable to wind and flood risk, and an aggressive 
mitigation approach is taken for these structures. As shown in the bottom set of rows in 
Table 5.3, all-wood structures in the 100-year floodplain are demolished and the households 
located outside the floodplain. Given the vulnerability of these structures, the alternative to 
acquisition and demolition would be reconstruction in place. But given the government 
preference to acquire and demolish substantially damaged structures in the floodplain, it does not 
seem consistent to reconstruct all-wood structures in the floodplain in place. 

Table 5.3. Mitigation and Repair Options for Non–Substantially Damaged Structures (Excluding 
Structures with Three or More Units and Residential Condominiums) 

Flood Zone 

Estimated 
Number of 
Structuresa 

Mitigation Alternative 

A/D MR WF WRR RO 

All Concrete 

SFHA-Zone Ab  57,384   X   

SFHA-Floodway 6,677 X     

SFHA- Zone V 1,160   X   

Non-SFHA  767,525     X 

Mixed Wood and Concrete 

SFHA-Zone Ab  5,315   X X  

SFHA-Floodway 1,241 X     

SFHA- Zone V 289   X X  

Non-SFHA  44,174    X  

All Wood 

SFHA-Zone Ab  6,527 X     

SFHA-Floodway 1,100 X     

SFHA- Zone V 181 X     

Non-SFHA 48,300  X    

Total 939,873 – – – – – 

NOTE: Cells that are empty do not use a mitigation alternative. 
a Includes renter-occupied, owner-occupied, and vacant structures. 
b Excludes floodway and V-zones.  

 
Turning to mixed-wood-and-concrete structures, a reasonable mitigation strategy would be 

wet floodproofing and providing wood roof retrofits for structures in the 100-year floodplain but 
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outside the floodway. Outside the 100-year floodplain, these structures would receive a wood 
roof retrofit in addition to any repairs that were needed because of storm damage. 

Finally, the least aggressive approach is taken for all-concrete structures that were not 
substantially damaged. These structures are least vulnerable to flood and wind risk. They also 
account for the vast majority of the structures that were not substantially damaged—833,000 of 
the 940,000 non–substantially damaged structures. Those all-concrete structures inside the 100-
year floodplain but outside floodways would involve wet floodproofing. The 768,000 non–
substantially damaged all-concrete structures outside the 100-year floodplain would only be 
repaired. 

This potential mitigation strategy for residential structures that were not substantially 
damaged does not consider mitigation for earthquake risk. For the relatively small percentage of 
non–substantially damaged structures that will be acquired and demolished or reconstructed 
(approximately 6 percent), this is not an issue because the new or rebuilt structures will be built 
to current building codes, which considers earthquake risk. 

As discussed in Chapter 2, it is difficult to evaluate the seismic vulnerability of residential 
structures without detailed inspections. Based on the result of the inspections for COA HOU 3, 
policymakers should consider whether additional mitigation for seismic risk is warranted for 
mixed-concrete and all-concrete structures that were not substantially damaged. This analysis 
similarly does not consider additional mitigation for residential structures in dangerous landslide 
areas. 

Per-Structure Mitigation Cost 

Using the same approach that was used for the substantially damaged structures, we 
developed rough estimates of the per-structure cost of the different mitigation options for non–
substantially damaged structures (Table 5.4). As before, some cells in the table are missing 
values because estimates were only developed for the mitigation-alternative, construction-type 
combinations pursued in Table 5.3. 

Table 5.4. Assumed Average Cost of Mitigation Measures for Non–Substantially Damaged Owner-
Occupied Structures 

Construction Type 

Mitigation Alternative 

A/D MR WF WRR RO 

All concrete $175,000 $200,000 $30,000 “Not used”  $3,000 

Mixed wood and concrete $175,000 $150,000 $30,000 $15,000 Not used 

All wood $175,000 $130,000 Not used Not used Not used 
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Projected COA Cost 

Multiplying the per-structure costs in Table 5.4 by all the structures mitigated in Table 5.3—
which includes renter- and owner-occupied structures—results in a total cost of $14.0 billion. 
Over one-half the costs ($7.6 billion) are from treating all-wood structures. 

However, because this COA applies only to owner-occupied structures and, as discussed 
before, might be expected to apply to roughly 55 percent of the 940,000 structures in Table 5.3, 
an initial estimate of the cost of this COA for the resulting 516,000 structures would be on the 
order of $7.7 billion (55 percent of $14.0 billion).12 Restricting the program to households with 
income below a certain level would further reduce the cost of the program, but additional 
analysis is needed to provide an estimate of the extent of the reduction. 

Potential Funding Mechanisms 

HUD CDBG-DR, FEMA Hazard Mitigation Grant Program (HMGP), FEMA Pre-Disaster 
Mitigation Grant Program (PDM), and the FEMA Flood Mitigation Program are the primary 
federal programs that are potential funding sources. FEMA is also rolling out its new Building 
Resilient Infrastructure and Communities (BRIC) Program that expects to make its first grants in 
2020. Other funding sources are USDA housing grant programs, SBA disaster home loans, and 
nongovernmental sources. Weatherization programs and energy utility rebate programs should 
also be considered. 

Funding from government sources typically must be focused on lower-income households. 
For example, according to HUD’s CDBG-DR program, households must have income below 
80 percent of median income or under the federal poverty level (FPL) to be eligible for funds for 
home repair, reconstruction, or relocation. 

Potential Implementers 

PRDH and municipal governments should implement this COA. 

HOU 2: Assess, Repair, and Mitigate Damaged Subsidized Rental Housing 

Problem Being Solved 

The PRPHA owns 54,000 public housing units. Initial assessments of PRPHA’s housing 
stock indicate damage of $411 million. Eight public housing communities, with 1,800 units, 
experienced the most severe flooding and will likely need to relocate remaining residents, 
demolish the properties, and replace the lost units. Another 80 public housing properties are in 

 
12 The governor’s recovery plan put the cost of this COA at between $12 billion and $18 billion, with a best estimate 

of $15 billion. The estimate here is based on more detailed analysis of the number of structures targeted and the 

average cost per structure. The main reason for the difference is the substantial number of all-concrete structures in 

this analysis that have an average repair cost of only $3,000 per structure. 
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flood zones and will need repairs and flood- and wind-resilience measures. In general, damage 
was more severe to common-area structures and roofs than to individual units.13 

PRPHA controls the planning and expenditure of its capital funds, which amounted to 
$101 million in 2017 and another $151 million for 2018. PRPHA will lead the effort to repair 
damaged public housing by making either immediate repairs using existing funds or including 
damaged property in its overall long-range development plans by building on its existing Asset 
Repositioning Strategic Plan. 

In addition to the public housing units in Puerto Rico, there are approximately 
33,000 households using HCVs and 20,000 households in other subsidized units such as 
Section 8. Reported damage estimates for these other types of assisted housing and unassisted 
housing are not available. Our estimates of damage, as discussed in Chapter 3, indicate that 
8 percent to 15 percent of all rental units experienced damage. The PRHFA will lead the effort to 
provide financing mechanisms to developers for repairing assisted rental housing. For both 
public housing and assisted rental housing, building owners will typically have some insurance 
coverage to fund repairs. 

Overview of Response Action 

This COA addresses the needs of low-income renters who live in rental housing that received 
rental assistance (hereafter, assisted housing) and residents served by homeless housing and 
shelters. In addition to repairing or replacing damaged units/properties, this COA addresses 
funding for upgrades such as energy conservation and the implementation of measures to 
mitigate damage from future storm events.	

If implemented, the COA would update existing assisted rental housing and homeless 
housing/shelters to be resilient to natural hazards and to accommodate people with disabilities 
and special-needs populations, such as seniors, veterans, and others. Owners of private buildings 
that provide assisted rental housing and homeless shelters could be aided to make repairs or to 
mitigate damaged structures or, if feasible, could relocate structures that are vulnerable to natural 
hazards. This COA could also rehabilitate existing public housing units and privately owned 
buildings so that assisted rental housing and homeless shelters are more resilient to natural hazards. 

Issues to Consider in Program Design and Implementation 

Precursors 

To implement this COA, a comprehensive needs assessment of the damaged properties 
providing assisted rental housing and homeless housing/shelters should first be conducted to set 
priorities, review available insurance proceeds, analyze whether certain programs (e.g., HUD’s 
Rental Assistance Demonstration or Section 18 demolition/disposition) work better for given 

 
13 Gonzalez-Ramos, memorandum to FEMA, April 30, 2018. 
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properties, and determine whether leveraged debt and tax credit equity, along with capital funds 
of PRPHA, would constitute appropriate leverage for recovery funding. The needs assessment 
would also develop initial scopes of work. Once the scopes of work are set, the repair, 
rehabilitation, modernization, and new construction of the subsidized properties would begin. 

Implementation Considerations 

For properties impacted by hurricane damage, substantial renovation or new construction 
could take years. Planning for demolition and new construction in phases could take up to ten 
years to master-plan, design, and finance; seek appropriate entitlements and permitting; 
construct; and then lease the units. In the short term, damaged properties in low-lying areas need 
immediate repairs with a renovation scope of work that is sufficient for reoccupancy. However, 
that same property may be the subject of a longer-term redevelopment process that may entail 
demolition and new construction to bring the property to current code standards and/or 
rebuilding outside of floodplain zones. To best address as many unique needs as efficiently as 
possible, PRHPA’s inventory of hurricane-affected properties could be categorized as 
Immediate, Moderate, or High Need. 

To address properties in the Immediate Need category, PRPHA could use insurance proceeds 
and capital funds, which are the most immediately available funding sources, to make emergency 
repairs. Capital funds and insurance proceeds can support what public housing calls 
“Extraordinary Maintenance,”14 which can take place in the short term and address properties 
categorized into Immediate Need. These repairs will typically address water and wind damage. It 
should be recognized that many repairs in this category may already have been made. 

Under the Moderate Need category, more extensive capital improvements, particularly to 
make the units more resistant to wind and water damage, will require planning and analysis, the 
preparation of plans and specifications, assembling of financing, and the technical work to attain 
financial closing. As of the publication of this report, many repairs have already been made, 
and others are ongoing. Capital improvements typically have an 18- to 24-month time frame to 
achieve financial closing, resulting in more significant improvements and upgrades completed in 
a two- to five-year time frame. 

High Need projects have the longest time frame and typically involve the demolition and 
replacement of public housing—either at an existing site (but with a new design) or at a new 
location (which entails moving the units). Temporary relocation of residents (on-site and off-
site) because of redevelopment or rehabilitation is also a factor affecting the time frame and the 
cost. Relocation requires significant planning to ensure compliance with federal relocation 

 
14 HUD defines extraordinary maintenance as “all maintenance costs that are typically for unforeseen events and 

highly unusual in nature, where the work is clearly not part of routine maintenance and would not be subject to 

capitalization under GAAP” (U.S. Department of Housing and Urban Development, Office of Public and Indian 

Housing, Real Estate Assessment Center, Financial Assessment Subsystem–Public Housing [FASS-PH], “Financial 

Data Schedule, Line Definition Guide,” 2012, sec. 97100, p. 49). 
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rules and recommendations and to minimize disruption to residents and funding to cover 
relocation costs. Administrative and technical capacity also impact the ability to address the 
numerous projects in need of more extensive capital improvements and the adoption of 
resiliency measures. 

This COA also includes new approaches to financing this work, potentially using the Rental 
Assistance Demonstration (RAD) program in combination with others, such as an expansion of 
the Low-Income Housing Tax Credit (LIHTC). The RAD program is a federal housing program 
that was enacted as part of the Consolidated and Further Continuing Appropriations Act of 2012 

and is administered by HUD. The purpose of RAD is to provide a set of tools to address the 
unmet capital needs of public housing rental properties15 by converting them to Section 8 rental 
assistance properties in a revenue-neutral manner. This alternative form of rental assistance lifts 
the prohibition on placing debt on converted public housing units. Through a new Housing 
Assistance Payments (HAP) contract, the PRPHA or owner can leverage debt and, potentially 
equity, for renovation or new construction.16 The LIHTC, meanwhile, provides incentives for the 
private sector to acquire, rehabilitate, or construct new rental housing targeted to lower-income 
households through the extension of tax credits. 

Using the RAD program to convert public housing properties to project-based Section 8 
properties can raise debt and equity to support difficult construction costs. This approach 
complements PRPHA’s current priorities by combining RAD with noncompetitive 4 percent 
credits and targeting the scarce 9 percent LIHTC17 so that they are available for the mixed-
income redevelopments that require more resources. Based on the availability of substantial 
4 percent volume caps, estimated to be over $1 billion for Puerto Rico, PRPHA can scale up its 
conversion of public housing to project-based Section 8. Transfer of Assistance under the RAD 
program can provide PRPHA with the ability to address High Need properties and create new 
affordable housing through a transfer to, and project-basing of, those Section 8 vouchers at other 
sites that meet HUD’s site and neighborhood standards.18 This approach provides an opportunity 

 
15 The RAD program has two components, the first addressing public housing, and the second addressing some 

existing Section 8 projects, such as Moderate Rehabilitation, Rent Supplement, Rental Assistance Payment, and, 

most recently, Project Rental Assistance Contract (PRAC) projects. 

16 Before the creation of the RAD Program in 2012, housing authorities were limited to few options for 

maintaining and upgrading their public housing stock, primarily through the capital fund program, which, prior 

to 2018, was experiencing significant cuts annually at the same time that the backlog of capital needs was 

increasing. 

17 Nine-percent LIHTC awards have been forward-committed through 2021. The 2018 Consolidated Appropriations 

Act (Public Law 115-141) increased the amount of credits states will receive by 12.5 percent through 2021. See 

Congressional Research Service, “An Introduction to the Low-Income Housing Tax Credit,” CRS Report RS22389, 

Washington, D.C.: Office of Congressional Information and Publishing, 2019.  
18 “HUD’s site and neighborhood standards facilitate and further compliance with Title VI of the Civil Rights Act 

of 1964, the Fair Housing Act, Section 504 of the Rehabilitation Act of 1973, various executive orders, and the 

implementation of regulations. Site and neighborhood standards apply when PHAs [public housing agencies] use 

HUD financial assistance to construct, acquire, or site housing” (U.S. Department of Housing and Urban Development 
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for existing low-income, high-density sites to be repurposed. It also provides an opportunity for 
PRPHA to identify sites for new construction at RAD rents in conjunction with non-RAD 
LIHTC units to create mixed-income communities. 

To date, the RAD program has generated funding to cover $6.4 billion in improvements 
nationwide, with over 109,000 units closed and ready for construction to begin, in progress, or 
already completed. HUD’s Office of Policy Development and Research (PD&R) produced an 
interim evaluation for Congress that indicates that non-HUD funding has leveraged 19 times the 
amount of HUD funding used.19 Several large and many smaller public housing agencies (PHAs) 
have converted or are in the process of converting their entire portfolios to project-based Section 8 
through RAD. This puts these properties on a solid financial footing and addresses the backlog of 
capital needs, including energy conservation measures to make the projects more resilient and 
cost-effective and to operate for both the authority and the residents. The 2018 budget authorized 
an increase in the number of units available for the RAD program from 225,000 to 445,000; as a 
result, there is currently no waiting list for this program.20 

A primary benefit of this program is that it locks in the PHAs’ current level of funding 
(which, for 2018, has had a major increase in capital funding) and then adds annual operating 
cost adjustments to that base amount (averaging about 2 percent per year), under a 20-year 
renewable contract. This program changes public housing from a program subject to annual 
changes in funding (at levels that barely cover operating costs and cannot support project-level 
reserves for replacement) to the Section 8 program, which is a much more reliable and bankable 
funding stream. 

Potential Pitfalls 

Previously, PRPHA used HUD’s Capital Fund Financing Program (CFFP) to borrow 
against its future stream of capital fund grants to undertake major renovations. This debt has 
not yet been fully retired, and bondholders would need to agree to partial prepayment of the 

 
Fair Housing and Equal Opportunity and Public Indian Housing, “Guidance on Non-Discrimination and Equal 

Opportunity Requirements for PHAs,” PIH Notice: PIH-2011-31, 2011, p. 10).  

19 “So far, RAD has been extremely successful in attracting capital to help stabilize affordable housing developments. 

As of October 2015, 185 public housing developments [throughout the United States] had completed the conversion 

process. They raised a total of $2.5 billion in funding, of which $2.25 billion came from sources external to the 

PHAs, for a leverage ratio of nearly 9:1. RAD appears to strengthen the long-term financial stability of converting 

properties, including those conducting nonfinancial deals that do not access external capital. Many important 

questions remain, however, about RAD’s potential to meet the long-term challenge to preserve, improve, and 
stabilize public housing. The second phase of this evaluation will examine precisely how RAD impacts the physical 

and financial condition of properties being converted and how project residents are affected. The final report is 

expected to be published by December 2018” (U.S. Department of Housing and Urban Development, Interim 

Report: Evaluation of HUD’s Rental Assistance Demonstration (RAD), Washington, D.C.: HUD Office of Policy 

Development and Research, 2016, p. iii). 

20 Ahmad Abu-Khalaf, “HUD’s RAD Program Reaches 100,000 Unit Milestone,” Enterprise Community Partners, 

September 20, 2018. 
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CFFP obligation to remove units from the authority’s public housing inventory as part of RAD 
conversions. 

Using the RAD program presents potential challenges, including adherence to the strict 
timeline requirements of the program. The RAD program requires that PHAs follow milestone 
timelines for submission of capital needs assessments (180 days), and it requires a finance plan 
(dependent on the type of financing, such as nonfinancial conversion, debt only, or tax credit 
supported) within a variable number of days of receipt of a Commitment to Enter into a Housing 
Assistance Payments Contract, or “CHAP,” which is the means by which a RAD award is 
communicated to the recipient. The PHAs then must close within four months of submitting the 
finance plan. Timelines are extended by 90 days for 4-percent LIHTC transactions, while 9-
percent LIHTC awards have an additional 180 days from receipt of the 9-percent LIHTC award 
to submit a finance plan. Should a CHAP awarded by the PHA not be able to meet these 
timelines, then the PHA risks losing the CHAP, although HUD in practice has been quite flexible 
to keep projects moving toward closing. As experience has shown with hurricane-impacted 
public housing properties, planning for substantial renovation work or redevelopment can take 
much longer than the time allotted because of the many funding sources being used. One way to 
overcome this particular challenge is to encourage Congress to lift the cap for properties 
impacted by hurricane damage.21 By lifting the cap specifically for hurricane-impacted 
properties, these properties would not be subject to any of the timelines under the RAD program 
prescribed to regular public housing properties. 

The level of effort required of staff to analyze the feasibility of such an endeavor and procure 
and engage consultants and developer partners as needed, as well as other authority priorities, 
may deter PRPHA from aggressively pursuing RAD conversion at scale. Scaling up with 
systems, staffing, and expert resources to manage the new recovery funds will be key to a 
successful and timely recovery effort. Performing the initial damage assessments and creating 
appropriate cost estimates is a herculean task given the volume of PRPHA’s public housing 
rental portfolio, coupled with other privately owned assisted rental housing. Substantial 
rehabilitation would require extensive planning for either temporary relocation or in-place 
rehabilitation. The duration of new construction can range from 12 to 24 months, depending on 
the size and complexity of the redevelopment. Therefore, any displacement of more than a year 
is considered a permanent relocation under the Uniform Relocation Act. Wherever possible, 
building first with only one move, as in the case of Ocean City, New Jersey’s Pecks Beach 
Senior (see Text Box 1), helps to avoid managing relocations off-site. See Text Box 2 for an 
example of how RAD was used to attract new investment. 

 
21 Current Congressional appropriations for HUD cap the number of RAD conversions at 445,000 units (see 

Congressional Research Service, “HUD FY2018 Appropriations: In Brief,” by Maggie McCarty, CRS Report 

R44931, 2018). 
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Text Box 1. Using the RAD Program in Ocean City, New Jersey 

When Superstorm Sandy slammed into the East Coast of the United States, hurricane-force winds, flooding, 
and storm surge caused $65 billion in estimated damage and affected nearly every community on the coast, 
particularly in the state of New Jersey.1 The City of Ocean City created a Strategic Recovery Planning Report that 
serves as a blueprint for recovery efforts. FEMA statewide data indicate that 59,971 owner-occupied homes and 
21,900 rental units sustained some level of physical damage from the storm.2 

The Ocean City RAD conversion is a good example of the consideration of short-term repairs and long-term 
redevelopment. The Ocean City Housing Authority is working with HUD and local and state officials to redevelop 
121 housing units affected by Sandy through a RAD conversion and the use of CDBG-DR. Although the properties 
were repaired for immediate reoccupancy, the longer-term plan involves new construction and renovation in three 
phases. The RAD conversion is made up of three properties: (1) Pecks Beach Senior, with 20 one-bedroom 
garden-style senior units; (2) Bayview Manor, with 61 senior units in a high-rise building; and (3) Pecks Beach 
Family, with 40 units of townhouse-style housing. Both Pecks Beach Senior and Pecks Beach Family suffered 
significant damage during Superstorm Sandy. The properties have now been rehabbed and reoccupied; however, 
both sites are well below the FEMA flood elevations. The long-term maintenance and rehabilitation of these sites 
will require demolition and reconstruction to take the repetitive flood risk away so that the Ocean City Housing 
Authority (OCHA) can provide safe housing in the long term. Bayview Manor continues to suffer from flooding on 
the ground floor. The plan is to construct 34 new units of senior housing in the parking lot of the Bayview Manor 
building, demolish the Pecks Beach Senior properties, and move all residents to the newly constructed building. 
The ground floor of the Bayview Manor building would be converted to common-area space, and the 14 units 
currently located on that floor relocated to the new building as well. The 40 family units would be renovated. This 
six-year effort has required careful coordination between local, state, and federal resources. Not only was OCHA 
able to address immediate needs in the short term, but doing so allowed the housing authority to rehouse 
residents safely and provided time to plan for new construction of a building that meets flood standards. 

 
1 Doyle Rice and Alia E. Dastagir, “One Year After Sandy, 9 Devastating Facts,” USA Today, October 29, 2013.  
2 City of Ocean City, “Strategic Recovery Planning Report,” 2015, p. 31. 

 
A related consideration is creating a smooth process for requests for CDBG-DR funding 

from PRHFA. The existing process for a request for proposal (RFP) or a request for 
qualifications (RFQ) may, of course, be used. To make use of this process, applicants would 
include PHAs, municipalities, private owners, and developers. In some instances, the applicant 
may need technical assistance to apply. While prioritization for awards should be based on need, 
it may also depend on readiness to proceed, funds leveraged, and demonstrated capacity to 
undertake the scope of work. 
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Text Box 2. Using the RAD Program in New York City Following Superstorm Sandy 

Another example of a public housing authority using RAD and disaster recovery funding is the Ocean Bay 
Development of the New York City Housing Authority (NYCHA). Overall, NYCHA properties faced $3 billion in 
damage following Superstorm Sandy in 2012.1 Ocean Bay—a 1,395-unit public housing development comprised 
of 28 buildings on 33 acres of land—was pummeled by Superstorm Sandy, suffering extensive damage, including 
flooding and damage to the complex’s central heating plant. Like many housing authority properties across the 
country, Ocean Bay, built in the early 1960s, was already in poor condition and deteriorating before it was further 
damaged by Superstorm Sandy. Renovations to the structures post-storm included roof replacements, a complete 
upgrade of elevator machinery and equipment, updated kitchens and bathrooms, and new boilers and heating 
systems. To prepare for future extreme weather events, the rehabilitation included a suite of resiliency measures, 
such as solar panels, a secure flood wall, water retention swales, stand-alone electric service buildings built above 
the flood zone, and the conversion from one central boiler steam system to 24 individual hydronic boilers on the 
roof of each building. Improved safety features included new and updated security cameras, better interior and 
exterior lighting, and a new key fob entry system. The total development costs of the rehabilitation were 
approximately $560 million, using RAD authority to convert the property from Section 9 (public housing) to Project-
Based Section 8. RAD allows public housing authorities to shift apartments funded by HUD’s Public Housing 
program (under Section 9) to a long-term contract under Section 8 that provides the stability to attract new 
investment. RAD preserves the strong tenant protections of the public housing program and restricts resident rent 
to no more than 30 percent of income. The program also guarantees permanent affordability through mandatory 
contract renewals and preserves NYCHA’s ownership/control interest in the property. Additional funding in the 
amount of $194.4 million toward mitigation costs from FEMA, $213 million in tax-exempt bond financing, and $170 
million in low-income housing tax credits, among other sources, was provided. The issuance of FEMA dollars was 
compelling to NYCHA in facilitating the use of RAD. The FEMA dollars were classified under Section 428,2 which 
provides disaster-affected communities the option to use capped grants to restore disaster-damaged facilities. 
Under Section 428, communities are required to use the funding to innovate by building back in a cost-effective 
and resilient way that better meets the needs of the whole community. 
 
1  NYC Housing Authority, “Sandy History: Recovery and Resilience,” webpage, undated. 
2 Section 428 is part of the Sandy Recovery Improvement Act of 2013, which was signed into law by President 
Barack Obama on January 29, 2013. See Federal Emergency Management Agency, “Alternative Procedures,” 
August 15, 2018.  

Performance Metrics 

Measuring activity during the recovery period and beyond requires a set of metrics that can 
be easily tracked and shared with agencies and the public. Metrics that are in addition to, but not 
a substitute for, other required reporting on housing activity include 

• number of properties repaired and mitigated 
• number of units repaired and mitigated 
• number of properties demolished and reconstructed in place 
• number of units demolished and reconstructed in place 
• number of properties demolished and replaced with new construction in different 

locations 
• number of units demolished and replaced with new construction in different  

locations. 



 
 

76 

Potential Costs 

Neither final damage estimates nor the amount to be covered by insurance are known yet. 
The best estimate on costs is approximately $900 million,22 based on certain initial estimates. 

• Conduct comprehensive needs assessment and strategy development: $2 million. 
• Repair wind and flood damage to public housing: $411 million less $288 million 

estimated insurance proceeds: $123 million. 
• Relocate residents and replace units in highly vulnerable locations: $160 million. 
• Fund resiliency measures for public housing: $3.6 million per average project times 

90 projects: $327.6 million. 
• Provide electricity for centers where displaced residents can shelter post-disaster: 

$75 million. 
• Fill financing gap for privately owned subsidized rental housing: $200 million. 

Leveraging repairs and resiliency measures with 4-percent LIHTC can provide as much as a 
third of the total cost through tax credit equity. 

Based on additional research to be undertaken, it is possible that using the RAD program for 
addressing public housing needs may result in project-based support for private debt. Further 
study is needed to assess what savings could be obtained through this mechanism. Also, for 
projects to be developed to replace demolished sites (because they are in highly vulnerable flood 
areas), the RAD Transfer of Assistance mechanism may be able to be leveraged to support 
renovations or redevelopment of additional existing multifamily housing, resulting in further 
savings. 

Potential Funding Mechanisms 

FEMA PA, HUD, CDBG-DR, and private insurers are the primary funding sources. The 
HUD programs of relevance include the Capital Fund Program, RAD Program, Choice 
Neighborhood Initiative, Low-Income Housing Tax Credit, Section 18 (demolition/disposal), 
Energy Performance Contracting (EPC), and HCVs (increasing the percent that are project-
based). 

Potential Implementers 

This COA would be implemented primarily by PRPHA and HUD, in partnership with 
PRHFA and the U.S. Department of Agriculture–Rural Development (USDA-RD) housing 
program.  

 
22 This estimate has been refined somewhat since the governor’s recovery plan was released. The cost of this COA 

in the governor’s plan is $1 billion. 
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HOU 8: Increase Adoption of Adequate Wind and Flood Insurance for 
Homeowners and Renters 

Problem Being Solved 

More properties need to be insured to improve recovery and enhance Puerto Rico’s 
resiliency. As discussed in Chapter 2, only about 30 percent of homes carry wind insurance, and 
only about 4 percent of households have flood insurance, even though approximately 10 percent 
of residential structures are in high-risk flood areas. 

After a disaster, it is important that Puerto Rican residents and business owners have the 
financial means to personally recover quickly. Relying on disaster assistance from FEMA or the 
SBA means either receiving a small grant relatively quickly to make minimal repairs or receiving 
a loan that has to be repaid along with any other existing loans. What is more, that loan or grant 
is only available if the president declares the event a federal disaster. Private insurance and 
federal flood insurance, by contrast, pays relatively quickly for covered losses, regardless of the 
size of the event, and does not need to be paid back. Households without insurance can also hope 
for a grant through a program such as HUD’s CDBG; such programs must be approved by 
Congress, and it can take over a year for the funds to become available. 

Making property owners more aware of the importance and value of insurance and making it 
more affordable could result in more Puerto Ricans becoming financially protected by insurance. 
More homes insured will allow individuals and Puerto Rico to recover more quickly when the 
next wind and flood disaster hits. 

Overview of COA 

This COA looks at ways to increase the number of properties insured for the perils of wind 
and flood, recommending three areas to explore. 

1. Conduct a marketing and education campaign about different insurance products and the 
benefits of carrying insurance. 

2. Perform studies to identify other insurance-related products to increase the number of 
homes covered (e.g., parametric insurance, community-based insurance, wind pools).23 

3. Perform studies to identify financial assistance options to help purchase and/or reduce 
cost (e.g., resiliency credits, means-tested vouchers to assist with insurance premiums). 

Issues to Consider in Program Design and Implementation 

Marketing and Education Campaign 

Several different education efforts would assist in increasing the take-up of insurance and 
increase homeowners’ understanding of coverage and processes. First, a general education and 
outreach campaign is needed to raise awareness about the benefits of carrying insurance and the 

 
23 Committee on Community-Based Flood Insurance Options, A Community-Based Flood Insurance Option, 

Washington, D.C.: National Academies Press, 2015. 
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costs of not being covered. Our interviews with insurance companies and agents identified that a 
top action needed to help grow the number of insurance policies is to increase public awareness 
about insurance products and the benefits of being covered. There is a general lack of 
understanding among Puerto Rican homeowners about how insurance works. This was also 
identified as a top need by the Office of the Insurance Commissioner (OCS) during our 
discussions. The OCS has already begun putting together a Puerto Rico–wide marketing plan in 
conjunction with a marketing firm. 

Second, for those homeowners who already carry insurance, insurance companies need to 
educate them on the parameters of coverage and the claims process. According to our interviews 
with insurance agents, homeowners did not understand that additions to their structures made 
after purchasing insurance were not covered within the initial coverage limits. This has led many 
homeowners to complain that their insurance companies did not cover the full cost of their 
claims when part of the structure was not actually covered by insurance. Another common post-
Maria complaint around claims was that the policyholder did not understand the claims process. 
Insurance companies should consider updating their clients at least once a year (i.e., prehurricane 
season) on structure coverage and on how to submit a claim. 

Third, a few days prior to closing a home purchase, the lender or insurance agent should 
educate the new homeowners about insurance. There is a belief that given all the paperwork that 
has to be signed when a house sale is closed, detailed information related to insurance coverage 
is getting lost in the noise. Agents should review the insurance policy with the borrower several 
days in advance of closing and highlight what is and is not covered and the insured’s 
responsibility to inform the agent of any changes to the property that occur after the initial 
insurance purchase. 

Studies of Alternative Insurance-Related Products 

Creative ways to improve the uptake rate of insurance, for both wind and flood, need to be 
explored. Parametric products, such as the Caribbean Catastrophe Risk Insurance Facility, could 
be created that cover post-disaster repairs or temporary housing; doing so could then help speed 
up recovery.24 Microinsurance could be targeted for low-income families to cover property 
damage.25 Community-based flood insurance may work in Puerto Rico or in specific (NFIP-
participating) communities. Further research should be funded to identify what product(s) would 
work best on a Puerto Rico–wide basis or when targeted at very specific populations. A pilot 
should be conducted of each insurance program before releasing any new product. In addition, 
Puerto Rico’s Legislative Assembly may have to revise legislation to allow certain products to be 
written and sold. 

 
24 See Caribbean Catastrophe Risk Insurance Facility (CCRIF) website for additional information.  

25 Insurance Information Institute, “Background on: Microinsurance and Emerging Markets,” October 15, 2018.  
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Studies of Financial Assistance Options 

As per the U.S. Census, more than 40 percent of Puerto Ricans live below the poverty level. 
Consequently, cost is a very big barrier to purchasing wind and flood insurance. In the high-risk 
flood areas, there is often a greater concentration of lower-income families who cannot afford to 
move and cannot afford flood insurance. An affordability framework could be created, such as a 
means-tested voucher to help cover insurance costs for a targeted group of low-income 
homeowners. In a recent study, FEMA identified options to make flood insurance more 
affordable,26 and New York City, following the flooding from Hurricane Sandy, is considering 
different potential options,27 including vouchers. This COA would enable the research needed to 
identify the best financial vehicle to use and the group best suited to be targeted for this assistance. 
The study should also consider whether insurance should be mandatory and, if so, for whom. 

Puerto Rico could also explore setting up programs to provide insurance discounts for 
resiliency-related construction, much like what Alabama and Oklahoma have done. In 
Oklahoma, using the Institute of Business and Home Safety’s FORTIFIED Homes requirements, 
if homes are built to a certain standard, insurance companies are required to provide a discount.28 
In Alabama, coastal counties actually had access to funding (through the Strengthen Alabama 
Homes grant program) to help homeowners strengthen their roof system, windows and doors, 
and structural system and then provided them with discounts on their insurance.29 Again, Puerto 
Rico’s Legislative Assembly may have to pass a law to create such a program, and/or the Office 
of the Commissioner of Insurance would have to mandate discounts like in Oklahoma. 

Likely Precursors 

The integrated data system on housing (COA HOU 5) will provide information about where 
homes are located in relation to natural hazard risks, who is in informal structures, and the 
location of special communities. This integrated data system on housing will in turn help target 
the education and outreach campaign. 

Potential Pitfalls 

Insurance that is not mandatory has historically had low take-up rates. In addition, a large 
number of citizens living in the high-risk Special Flood Hazard Areas (SFHAs) are low-income 
families that cannot afford to move from where they reside and could not take on the additional 

 
26 Federal Emergency Management Agency, “Affordability Framework on the National Flood Insurance Program,” 

April 17, 2018. 

27 Lloyd Dixon, et al., The Cost and Affordability of Flood Insurance in New York City, Santa Monica, Calif.: 

RAND Corporation, R-1776-NYCEDC, 2017. 

28 See Insurance Institute for Business and Home Safety, “FORTIFIED Resilient Home Programs Launched by 

IBHS at National Tornado Summit,” news release, March 2, 2016.  
29 See Strengthen Alabama Homes, webpage, undated. The grant program has temporarily stopped accepting new 

grant applications. 
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cost of insurance. Without a mandate or financial assistance, there is a risk that Puerto Rico may 
not see an increase in wind and flood insurance take-up. 

Performance Metrics 

Performance metrics include 

• take-up rate for wind insurance 
• take-up rate for flood insurance in the 100-year floodplain and outside the 100-year 

floodplain 
• compliance with the mandatory purchase requirement for flood insurance 
• availability and use of alternative insurance products 
• surveys on consumer awareness and knowledge about insurance products 
• progress in adopting requirements that home purchasers review insurance options and 

requirements at least 48 hours before the closing of escrow. 

Potential Costs 

The best estimate of upfront costs is $20 million, with a range between $10 million and 
$40 million, depending on the scale of the program. The upfront cost covers education 
campaigns and studies. An affordability program that provides partial premium subsidies to 
lower-income households is projected to cost $65 million annually. The best estimate of total 
costs over 11 years is $750 million, with a range between $500 million and $1.0 billion.30 

Potential Funding Mechanisms 

HUD CDBG-DR, FEMA NFIP, FEMA HMGP, private insurance, PRDH, and PRHFA are 
potential funding mechanisms. 

Potential Implementers 

OCS, OCIF, and insurance companies would implement this COA. 

 
30 To provide an illustrative estimate of the cost of an affordability program, we start with the 786,000 owner-

occupied structures in Puerto Rico and assume that assistance will be provided to those in the bottom income 

quartile of the owners living in these structures. A modest homeowners insurance subsidy of $300 is provided per 

year, resulting in a cost of approximately $59 million per year (786,000 × 0.25 × $300). An estimated 10 percent of 

structures in Puerto Rico are in the 100-year flood zone, and we assume that an additional $300 subsidy is provided 

for flood insurance for such structures. The total annual subsidy is thus $59 million + $5.9 million, or approximately 

$65 million. The affordability program is assumed to remain in effect for 11 years (which is the budget horizon used 

in the development of the overall Puerto Rico Long-Term Recovery Plan). The resulting program costs is thus 

$20 million (upfront cost) + $65 million per year × 11 years or $735 million, which we round up to $750 million. 

Lower and upper estimates are derived by assuming an annual subsidy cost of $45 million and $85 million, 

respectively. Because of updated assumptions on key program parameters, the $500 million to $1.1 billion estimate 

of total cost over 11 years for the COA varies by roughly 10 percent from the $450 million to $1.1 billion range in 

the governor’s recovery plan. 
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Chapter 6. COAs That Improve Housing Availability for Lower-

Income Households 

Chapter Overview 

Puerto Rico’s poor economic conditions over the past decade have led to the loss of jobs and 
then to significant outmigration. This, in turn, has led to a decline in property values and an 
increase in foreclosures. Homes were abandoned, and many have remained vacant for years. The 
lack of enforcement of land-use plans and building codes resulted in more than half of the 
housing stock being informal—that is, it was built without permits, not up to appropriate 
construction codes, and often in dangerous areas where construction is prohibited. This was the 
situation before the hurricanes. The widespread devastation of the storms has only exacerbated 
these problems and has led to broad-scale damage to the housing stock, more job losses, even 
more outmigration, a spike in foreclosure rates, further declines in property values, and an 
increase in demand for federally assisted rental housing. 

The COAs in this chapter are efforts aimed at improving housing availability for low-income 
households. HOU 9 discusses actions that could be taken to reduce foreclosures by providing 
temporary mortgage payment assistance. HOU 10 addresses repurposing abandoned properties to 
be used by households in need of a replacement structure. HOU 7 discusses funding mechanisms 
that can be used to increase the inventory of assisted housing, thereby addressing the existing and 
future supply of assisted rental housing for lower-income households and special housing for 
people with accessibility and functional needs, seniors, veterans, homeless, and others. 

HOU 9: Reduce Mortgage Delinquencies and Foreclosures 

Problem Being Solved 

Mortgage foreclosures and delinquencies rose sharply following Hurricanes Irma and Maria, 
peaking in November and December 2017 and declining moderately in 2018. As of August 2018, 
approximately 20,400 hurricane-related delinquencies remain. About 18,000 are considered 
severe delinquencies (more than 90 days past due),1 which indicates households in greater 
economic distress. Borrowers behind on mortgage payments likely have employment and/or 
economic issues beyond housing, such as employment disruption, loss of employment, change of 
employment, or extraordinary recovery expenses. 

 
1 Black Knight Financial Technology Solutions, “Mortgage Monitor: April 2018 Report.”  
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A moratorium on foreclosures was issued post-storm by the FHA. It has been extended 
multiple times and expired on September 16, 2018, and lenders are unsure how many borrowers 
will resume payments. It is better for the stability of Puerto Rico’s already-fragile job and 
housing markets if homeowners are able to remain in their houses while their own individual 
circumstances and the economy at large go through recovery and improvement. For individuals, 
minimizing the risk of foreclosure also allows them to focus on their own recovery and 
improvement plans. Reducing foreclosures also avoids the negative effects that foreclosures 
can have on the property values of neighbors2 and on public safety and crime.3 

Overview of COA 

This COA initiates several programs aimed at reducing delinquencies and foreclosures. First, 
the COA implements monthly payment assistance programs for households that fell behind on 
monthly payments as a result of Hurricanes Irma and Maria. (See Tables 6.1 and 6.2 at the end of 
this section for a sample of mortgage assistance programs initiated in other jurisdictions 
following natural disasters or to deal with economic disasters.) Funds will be provided for 
mortgagor payments for limited periods to establish stabilized households capable of sustaining 
mortgage payments that were based on prehurricane incomes. Second, the COA supports 
homeowners receiving financial counseling programs for borrowers from HUD-approved 
housing counseling agencies. Third, the COA provides resources for partnership and education 
and outreach campaigns aimed at lenders and borrowers. This campaign will explain the 
payment assistance program and other loss mitigation options. (See Table 6.1 for a sample of 
Federal Housing Administration Loss Mitigation Programs.) The program for lenders will focus 
on ensuring that individual bank agents are assessing each foreclosure case fairly and taking into 
account the circumstances surrounding the case. Additionally, it will encourage coordination 
between lenders and insurers in their handling of foreclosure cases. Coordination between 
lenders and insurers is necessary because the premium for most homeowners insurance for 
mortgagors in Puerto Rico is included in the monthly mortgage payment, and the lender passes 
on the accumulated premium to the insurer when the annual policy needs to be renewed. The 
concern is that borrowers who are late with mortgage payments risk accumulating insufficient 
premiums for the insurance policies to be renewed, which may threaten their ability to be 
compensated for subsequent losses. 

This COA will allow homeowners to avoid the social disruption of relocating and to preserve 
the equity investments in their real estate properties. Enabling individuals and families to remain 

 
2 J. Schuetz, V. Been, and I. Gould Ellen, “Neighborhood Effects of Concentrated Mortgage Foreclosures,” Journal 

of Housing Economics, Vol. 17, No. 4, 2008, pp. 306–319. 

3 C. Branas, D. Rubin, and W. Guo, “Vacant Properties and Violence in Crime,” ISRN Public Health, Vol. 2012, 

2012, pp. 1–23; and L. Cui and R. Walsh, “Foreclosure, Vacancy, and Crime,” Journal of Urban Economics, 

Vol. 87, 2015, pp. 72–84. 
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in their homes provides a base for social and economic stability. Beyond immediate housing 
needs, the COA also serves broader issues of well-being facing Puerto Ricans. 

Issues to Consider in Program Design and Implementation 

Design Considerations 

According to data published by the Office of the Commissioner of Financial Institutions 
(OCIF) (based on information through June 2018), the mortgage delinquencies for 30 and 
60 days are lower than levels in early 2017, prior to the hurricanes. However, the 90-day 
delinquency rates remain significantly higher than prestorm levels. At an aggregate level, these 
figures suggest that while many mortgagors experienced hardships and missed payments 
following the storms, many have caught up or entered into loss mitigation programs. Another 
group, represented in the elevated 90-day late figures, have been unable to make payments and 
are not in loss mitigation programs. This subgroup may be the most deeply affected, and their 
circumstances are unlikely to change significantly without intervention. Additional information 
about this subgroup, including data on vacancies, would be helpful for the implementation of 
this COA. 

In an interview in October 2018, members of the Mortgage Bankers Association of Puerto 
Rico indicated that they did not expect a spike in foreclosures following the expiration of the 
mortgage payment moratorium. This may be partly because of the lengthy process in Puerto Rico 
to put a property through the foreclosure process. It may take two to three years after foreclosure 
initiation for the transfer of title to be finalized, most of which takes place through the local court 
systems. 

Quicker than a foreclosure, a short sale may offer a faster method of transferring mortgage-
delinquent properties into the hands of new owners. For FHA-insured properties, the housing 
unit must be owner-occupied to effect a short sale; vacant properties or those rented to third 
parties are not eligible for a short sale. Future research should be conducted on the implications 
of relaxing this FHA policy so that vacant and rented properties can participate in short sales. 
Such a change could serve multiple parties. 

Implementation Approach 

Implementation measures can be taken immediately and should continue until the foreclosure 
rate has dropped significantly, which is likely to take several years. The program should monitor 
a borrower’s mortgage position over time as homeowner participation in some loss mitigation 
programs comes to an end. 

Potential Pitfalls 

Low adoption of the mortgage assistance program and counseling could result in more 
foreclosures and delinquencies. 
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Performance Metrics 

A key performance metric is the reduction in the number of mortgage delinquencies, 
especially delinquencies moving from 30- and 60-day delinquencies into 90-day delinquencies. 

Potential Costs 

The best estimate of potential costs is $130 million, with a range of between $85 million and 
$180 million,4 depending on the scale of the mortgage assistance program. This estimate 
assumes that 20,000 households with hurricane-related mortgage delinquencies a year after the 
storm are in need of assistance. The mortgage assistance program assists with a year’s worth of 
mortgage payments, with an average mortgage payment of $500 per month. Estimates also 
include $10 million for assistance with financial counseling programs and education and 
outreach campaigns. 

Potential Funding Mechanisms 

Funding would be provided through the CDBG-DR, the private sector (e.g., private banks), 
and nongovernmental sources. 

Potential Implementers 

The COA will be implemented by the PRHFA, in coordination with the PRDH, Mortgage 
Bankers Association of Puerto Rico, private lenders, and insurance companies. 

Table 6.1. Sample of Mortgage Assistance and Loss Mitigation Programs Following Natural 
Disasters (Hurricane, Tornado, Earthquake, Tsunami/Flooding, Wildfires, Mudslides, etc.) 

Organization Program Name Program Description 

City of Houston Interim Mortgage 
Assistance 

Interim Mortgage Assistance is provided to ease financial 
hardships homeowners may face during the post-disaster 
recovery period and prevent homeowners from going into 
foreclosure. Eligible homeowners are those making both a 
mortgage payment on their storm-damaged home and a 
rental payment for their temporary home.  
Homeowners may receive up to 20 months of assistance 
based on the lesser of their monthly mortgage or temporary 
rental housing payments. This option may be considered 
when the rehabilitation or reconstruction of a home extends 
beyond three months, during which mortgage payments may 
be due, but the home remains uninhabitable.  

 
4 The upper bound of the range has been reduced from what appeared in the governor’s recovery plan. The upper 

bound represented here reflects a drop in the number of severe delinquencies from 50,000 in April 2018 to about 

20,000 in August 2018. 
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Organization Program Name Program Description 

Harris County, TX Homeless Prevention 
Program: Short-Term  

Short-Term Mortgage Assistance. The program provides 
up to $10,000 to assist low- and moderate-income (LMI) 
households with mortgage payments on their primary 
residence. Mortgage assistance may not exceed 20 months. 
The program is intended to prevent foreclosure or predatory, 
low-value buyouts of homes in the impacted areas and to 
ensure that households can continue down the road to 
recovery without the imminent threat of homelessness. 
Applicants must be delinquent on mortgage payments to be 
eligible. 

Federal Housing 
Administration (FHA)  

FHA Foreclosure 
Moratorium  
(Hurricanes Katrina, 
Wilma, Rita, Harvey, 
Irma, and Maria) 

Owners with an FHA-insured mortgage and living in a 
presidentially declared disaster area are automatically 
covered by a 90-day foreclosure moratorium. 
To be eligible, borrowers must 
• live within the geographic boundaries of a presidentially 

declared disaster area 
• have their ability to make mortgage payments directly or 

substantially affected by a disaster 
• have mortgage that was no more than 60 days past due 

prior to the date of the presidentially declared major 
disaster 

• have not already been approved for forbearance or other 
loss mitigation option(s). 

Disaster Standalone 
Partial Claim Program 
(Hurricanes Harvey, 
Irma, and Maria, and 
California Wildfires) 

For owners with an FHA-insured mortgage and living in a 
presidentially declared disaster area, the Disaster 
Standalone Partial Claim option helps struggling borrowers 
resume mortgage payments without payment shock. The 
option wraps up to 12 months of missed mortgage payments 
into an interest-free second loan. The second loan is then 
payable when the borrower sells or refinances. This option 
allows borrowers to keep their existing interest rate, loan 
term, and existing monthly mortgage payment. 
The Partial Claim option is available to borrowers who live 
and work in presidentially declared major disaster areas and 
who became delinquent on their mortgage payments 
because of the disaster, and whose initial mortgage 
forbearance periods are ending. Additionally, there are 
requirements that 
• borrowers must be current on mortgage payments at the 

date of the disaster 
• borrower’s income is equal to or more than their 

predisaster income 
• property is owner-occupied. 

U.S. Department of 
Veterans Affairs (VA) 

Natural Disaster Relief Owners with a VA loan and a home affected by a natural 
disaster can potentially receive relief or assistance. The VA 
encourages servicers of guaranteed loans in disaster areas to 
extend all possible forbearance to borrowers in distress. 
Although loan holders are ultimately responsible for 
determining when to initiate foreclosure and complete 
termination action, VA encourages holders to establish a 90-
day moratorium on initiating new foreclosures in a disaster 
area. 
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Organization Program Name Program Description 

Federal Housing 
Finance Agency (FHFA) 
Fannie Mae and 
Freddie Mac 

Fannie Mae: Loan 
Servicing Disaster 
Assistance  
 Homeowner 
Advisory 
 Hurricane Florence 
Freddie Mac: Disaster 
Loan Servicing 
 Reference Guide  
 Relief Summary 

If affected by a hurricane or other natural disaster and the 
home loan is owned by Fannie Mae or Freddie Mac, it may 
render the owner eligible to temporarily stop making monthly 
mortgage payments (forbearance) for up to 12 months and/or 
receive a loan modification to avoid burdensome repayment of 
higher monthly payments after forbearance. Potentially, after 
forbearance 
• no late fees accrue during the temporary break 
• no delinquencies are reported to the credit bureaus 
• homeowners will not have to catch up on all payments at 

once 
• servicers must suspend foreclosure/legal proceedings if 

they believe the homeowner has been impacted by a 
disaster 

• homeowners can work with a loan servicer to resume 
making a mortgage payment that is similar to predisaster, 
or on other options to keep the home. 

New Jersey New Jersey 
Forbearance Program 

A payment Forbearance Program is available for homeowners 
affected by Superstorm Sandy. To be eligible, applicants must 
• have an outstanding mortgage obligation on a Sandy-

impacted primary home 
• have construction or elevation work that remains to be 

done on applicant’s primary residence, which is the result 
of damage sustained in Superstorm Sandy 

• qualify as a Sandy-impacted homeowner (e.g., received 
FEMA rental assistance or was approved for assistance 
from the Rehabilitation, Reconstruction, Elevation and 
Mitigation program or LMI programs). 

Forbearance only applies to the mortgage payment; 
applicants must continue to pay property taxes and insurance 
on property. 

Table 6.2. Sample of Mortgage Assistance and Loss Mitigation Programs Following Economic 
Disasters (Subprime Mortgage Crisis) 

Organization 
Program 

Name Program Description 

U.S. Treasury Home 
Affordable 
Modification 
Program 
(HAMP) 

Home Affordable Modification Program is designed to help financially 
struggling homeowners avoid foreclosure by modifying loans to a level that is 
affordable for borrowers now and sustainable over the long term. This is 
accomplished by interest-rate reduction, fixing the interest rate, principal 
reduction or forbearance, and term extension. To participate, borrowers must 
have  
• loans that originated on or before January 1, 2009 
• first-lien loans with unpaid principal balance up to $729,750 (higher limits for 

2–4-unit properties) 
• property that is not condemned or uninhabitable 
• debt-to-income ratio that meets certain standards showing financial 

hardship. 

US Treasury Hardest Hit 
Fund (HHF)  

Hardest Hit Fund targets aid to families in states hit hard by the economic and 
housing market downturn. HHF provides funding for state HFAs to develop 
locally tailored foreclosure prevention solutions in areas hard hit by home price 
declines and high unemployment. Most HHF programs target assistance 
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Organization 
Program 

Name Program Description 

toward unemployed homeowners and those with homes worth less than the 
value of their mortgages. HHF programs vary from state to state, but may 
include  
• mortgage payment assistance for unemployed or underemployed 

homeowners 
• principal reduction to help homeowners get into more affordable mortgages 
• help for homeowners who are transitioning out of their homes and into 

more affordable places of residence 
• blight elimination and down payment assistance efforts. 

Sample HHF Programs in California–conducted by CalHFA Mortgage 
Assistance Corporation (CalHFA MAC) 
• Unemployment Mortgage Assistance (UMA)—provides mortgage 

payment assistance to eligible homeowners who have experienced an 
involuntary job loss and are receiving unemployment benefits. Benefit 
assistance can last up to 18 months, with maximum assistance per 
household of $54,000. 

• Principal Reduction Program (PRP)—provides assistance to eligible 
homeowners who owe more than their home is worth and/or have an 
unaffordable payment. Homeowners must have experienced economic 
hardship or a severe decline in their home’s value to be considered; the 
maximum assistance is $100,000. 

• Mortgage Reinstatement Assistance Program (MRAP)—provides 
assistance to eligible homeowners who because of a financial hardship 
have fallen behind on their mortgage payments and need help to reinstate 
their past-due first mortgage loan. Benefit assistance can be a one-time 
payment of up to $54,000 to cover principal, interest, taxes, insurance, and 
homeowner’s association dues. 

• Transition Assistance Program (TAP)—provides one-time assistance to 
help eligible homeowners relocate into new housing after executing a 
short sale or deed-in-lieu of foreclosure. TAP can provide up to $5,000 in 
transition assistance per household. 

• Reverse Mortgage Assistance Pilot Program—provides up to $25,000 
to eligible senior homeowners who have fallen behind on property 
expenses (e.g., property taxes, homeowners insurance, and HOA dues or 
assessments) to reinstate past-due amounts (terminated on November 30, 
2017). 

HUD FR-6066-N-01 Federal Register Notice regulations under PL 115-56 allows for interim 
mortgage assistance for up to 20 months in lieu of up to three months, as is 
traditionally allowed under CDBG. This allows grantees to develop either a 
stand-alone program or incorporate this assistance into their single-family 
housing rehab program. This flexibility helps affected households that may 
otherwise be at risk of foreclosure to stay in their homes. 

HOU 10: Assess and Renovate Vacant and Blighted Properties 

Problem Being Solved 

In the years leading up to Hurricanes Irma and Maria, vacancy rates were increasing across 
Puerto Rican communities as homeowners were facing foreclosures and residents were moving 
to locations outside Puerto Rico. Construction projects also stalled during this period. The full 
number of Puerto Ricans who will return after the hurricanes remains unknown. 
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In 2016, there were an estimated 334,000 vacant properties in Puerto Rico. Of these, 178,000 
were not listed on long-term rental, short-term rental, or sales markets.5 Vacancies are expected 
to continue increasing as a result of the outmigration following the storms and foreclosure trends. 

Vacant buildings were also damaged during the hurricanes, creating blight that reduces 
property values and reinforces feelings that the community is in distress. In general, vacancies in 
communities, particularly the urban core, can cause economic and community decline, thus 
resulting in increased crime and blight, health and safety issues, and a reduction of services.6 
Depending on the amount of investment required, vacant buildings can be rehabilitated or 
demolished, thus clearing the way for repurposing the land or for developing new housing 
inventory that is needed by the community. 

Additionally, there are many properties in Puerto Rico that are not active most of the year 
because their primary use is as a second home or a vacation property. It will be important to 
inventory vacant properties and compare that inventory against housing and tax records to ensure 
vacation properties do not get counted as vacant. 

Overview of Response Action 

This COA focuses on the development of strategies to address the high vacancy of 
residential and commercial properties across Puerto Rico. In particular, it provides an 
opportunity to increase the inventory of safe housing by identifying vacant properties that are 
in locations safe from natural hazards and integrates these properties into the formal housing 
system of proper permits, property registration, and property taxes. This effort would also add 
to the economic development of the community, providing additional revenue to address 
community needs. 

This COA will also assess the true extent of the vacancy problem by establishing an 
inventory to distinguish vacant properties from currently unoccupied vacation properties. It will 
use information from the community planning vulnerability assessment (HOU 3) and the 
integrated housing data system (HOU 5) to identify potentially vacant properties from which to 
start building a vacant property inventory. It will develop strategies to expedite the process to 
gain legal ownership of the property and develop buyout programs. It will engage communities 
to develop strategies to rehabilitate properties for community uses, such as repairing and 
mitigating properties to serve as future homes, developing affordable rental housing, and 
establishing rent-to-own or first-time-homebuyer programs. 

 
5 U.S. Census Bureau American Fact Finder, 2016.  

6 Branas, Rubin, and Guo, “Vacant Properties and Violence in Crime,” 2012; and Cui and Walsh, “Foreclosure, 

Vacancy, and Crime,” 2015. 
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Reducing vacant properties has numerous benefits for the community.7 It reduces crime, 
increases feelings of social cohesion and public safety, raises property values, and stimulates 
economic activity and community development. By reactivating the housing component of the 
community, the community as a whole can be reactivated. Active communities with reduced 
vacancies offer more stable environments for households. 

Issues to Consider in Program Design and Implementation 

Precursors 

Precursors to this COA include the integrated housing data system (HOU 5) and the 
vulnerability assessment through community planning (HOU 3). One would also need skilled 
construction workers, civil engineers, and architects who can build and repair the structures, as 
well as an oversight function to ensure that all structural changes are made to code. 

Implementation Considerations 

There is a need to develop a process for identifying vacant properties and developing 
strategies for reducing and or rehabilitating vacant, abandoned, and blighted residential and/or 
commercial properties across Puerto Rico through demolition, redevelopment, land banking, or 
other interventions. Detroit’s process for reducing the number of vacant residential and 
commercial structures could serve as a model.8 The Detroit Blight Removal Task Force identifies 
legal tools and processes and identifies mechanisms for the proper transfer of title. 

Specific considerations for Puerto Rico include using vacant homes in safe locations for 
relocating households out of dangerous locations as identified in HOU 1 and HOU 3. The 
community should consider giving priority to preserving properties listed, or eligible for listing, 
on the National Register of Historic Places. 

Potential Pitfalls 

Potential pitfalls include the lack of a systemic way to identify and verify ownership, the lack 
of capacity within municipalities to engage in potential lengthy legal proceedings and 
negotiations, the burden on the court system, high costs, political controversy over what to do 
with the structures, and the unknown historical status of the property. 

Performance Metrics 

The key performance metric is the reduction in the number of vacant and blighted properties. 

 
7 Whitaker, S., and T. J. Fitzpatrick IV, “Deconstructing distressed property spillovers: the effects of vacant, tax-

delinquent and foreclosed properties in housing submarkets,” Journal of Housing Economics, Vol. 22, issue 2, 

June 2013. 

8 See the websites of the Detroit Blight Removal Task Force Plan and the Detroit Land Bank Authority for 

additional information. 
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Potential Costs 

The best estimate of upfront costs is $2 billion, with low and high estimates ranging from 
approximately $600 million to $4 billion. The estimate assumes 60 percent of the 178,000 vacant 
properties not for sale or on the rental market will be rehabilitated by families in need of 
alternative housing (HOU 1 and HOU 4) or are not habitable and need to be demolished. The 
other 40 percent of the properties will be covered under this COA, and it is assumed those 
structures would be in need of approximately $25,000 each in repair and mitigation costs. There 
will be $10 million for an assessment inventory and inspection of properties across all 
municipalities. There will also be $10 million for strategies and legal assistance for gaining 
proper ownership of properties. 

Potential Funding Mechanisms 

Funding could be provided through the CDBG-DR, the FEMA HMGP, the U.S. Department 
of the Interior, private developers, and philanthropies. Repurposing these properties is a good 
public-private partnership opportunity. 

Potential Implementers 

This COA could be implemented by the PRHFA in coordination with the PRDH, the PRPB, 
the State Historic Preservation Fund Office, and municipalities. 

HOU 7: Assess Need for—and Adopt and Implement Programs to 
Provide—Additional Subsidized Rental Housing and Special Housing 

Problem Being Solved 

Existing public and assisted housing are insufficient to meet the needs of low-income 
families on the public and assisted housing waiting lists. As described in HOU 2, Puerto Rico has 
53,000 public housing units. Approximately 33,000 households use Section 8 HCVs, and 
20,000 households live in project-based Section 8 units. Additionally, USDA provides rental 
assistance to approximately 4,000 units. Before the hurricanes, about 30,000 households were on 
the PRPHA waiting list, and roughly 8,000 households were on the Section 8 waiting list. In 
2017, a sample study completed by the Puerto Rico Department of the Family (PRDF) recorded 
3,525 Puerto Ricans as experiencing homelessness, with 31 percent of them being chronically 
homeless.9 

 
9 U.S. Department of Housing and Urban Development, “HUD 2017 Continuum of Care Homeless Assistance 

Programs Homeless Populations and Subpopulations, Puerto Rico,” January 25, 2017. 
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Also, many households spend more than a third of their income on housing and are cost-
burdened. The economic recession, coupled with mounting foreclosures and depressed home 
values, has only exacerbated the overall demand for affordable housing. Unfortunately, the 
private market does not produce enough affordable housing to meet the demand for lower-cost 
housing. Thus, these cost-burdened households are at risk of losing their homes. Providing safe 
and stable housing has a positive impact on health, access to education, and economic self-
sufficiency. 

Given the temporary and permanent displacement of thousands of Puerto Ricans because of 
Hurricanes Irma and Maria, the historical problem of the lack of assisted housing in Puerto Rico 
has become acutely apparent and reemerged as a critical concern that needs to be addressed as 
part of an overall recovery and resiliency strategy. With many lingering challenges related to 
lack of formal documentation of ownership (see HOU 12), FEMA cannot provide financial 
support to make the necessary repairs to many of these homes. This is why one still sees many 
blue roofs, signifying unrepaired homes, across Puerto Rico more than a year after the storm. 
The high percentage of illegally constructed homes (more than 50 percent of the housing sector) 
complicates the rebuilding process. Even for legally constructed homes, few repairs will be 
covered by insurance because only about 30 percent of homeowners carried homeowners 
insurance. For those who did carry it, insurance companies have been slow to process and pay 
claims (see Appendix C for a detailed discussion). In addition, shifting demographics point to a 
need for smaller units to house seniors and accommodate the potential to age-in-place. Producing 
new units is recommended to meet the demand for Uniform Federal Accessibility Standards 
(UFAS) accessible units, because retrofitting existing units for accessibility can prove to be 
challenging and too costly. 

Given the lack of funds for the new construction of public housing, the long-term demand for 
quality-assisted housing in Puerto Rico must be met with public-private partnerships that have 
creative financing strategies to leverage private debt with limited public resources in smaller 
developments across Puerto Rico. Additionally, mixed-income and mixed-use developments 
with increased access to centers of economic opportunity, such as jobs, education, health care, 
and transportation, are also highly attractive. Strategies for housing creation should be paired 
with creating jobs that generate incomes sufficient to support housing costs and generate 
additional demand for housing. Strong job growth is a primary driver for multifamily housing 
investment. The challenge in Puerto Rico with developing additional affordable housing is that 
incomes are very low; thus, lower rents without some kind of subsidy are barely sufficient to 
support the operational expenses of these developments, let alone leverage any debt. According 
to a U.S. Census Bureau report on household income from 2016, the median household income 
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in Puerto Rico is $20,078. This amount stands in stark contrast with the national median 
household income of $57,617 for the United States.10 

Overview of COA 

The COA recommends first assessing the overall need for assisted rental housing and special 
housing. The COA would reduce the public and assisted housing waiting lists by increasing the 
inventory of assisted housing. The COA also recommends that technical assistance be provided 
to public agencies and nonprofits to understand complex financing tools that are available but not 
currently being used or maximized to their fullest potential. This COA complements the efforts 
in HOU 2 and HOU 10. 

Issues to Consider in Program Design and Implementation 

Precursors 

Developing a plan is key to successfully increasing the supply of subsidized rental housing. 
One step to achieve this goal is to conduct a needs assessment of the overall demand for 
subsidized rental housing and special housing. Another method is to conduct an inventory 
assessment that quantifies the potential available supply of housing that may be available for 
redevelopment and repair. There is an oversupply of inadequate, vacant, or incomplete 
multifamily housing developments in Puerto Rico. Some of these include Section 8 properties 
with expiring contracts, Rural Development units with expiring contracts, unsold vacant 
multifamily properties, unfinished multifamily properties, foreclosed properties, and publicly 
owned property available for development. An accurate accounting of the type and number of 
properties available for redevelopment would inform the overall strategy for creating additional 
affordable housing opportunities by minimizing the cost of new construction. 

Employment growth is also an important precursor to new housing growth. Jobs drive 
demand for housing, which in turn creates more jobs. According to the Bureau of Labor 
Statistics, employment in Puerto Rico decreased by 2.4 percent while it grew by 1 percent in the 
continental United States between September 2016 and September 2017, the year preceding 
Hurricane Maria.11 

Implementation Considerations 

This COA would provide the financial mechanisms and resources (e.g., gap financing, 
business loans, revolving loans) to allow developers and others to access the necessary capital to 
construct assisted rental and special housing. It would also develop housing strategies to better 

 
10 Gloria R. Guzman, “Household Income: 2016: American Community Survey Briefs,” U.S. Census Bureau, 

September 2017.  

11 Bureau of Labor Statistics, “County Employment and Wages in Puerto Rico —Third Quarter 2017,” news release, 

May 16, 2018.  
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align the demand for housing with the supply, such as the current high demand for senior 
housing and other special housing. Specifically, to be compliant with federal regulations 
governing accessible units, the production of 2,500 UFAS-accessible units for the mobility-
impaired by the end of 2021 could be prioritized. Another objective could be to meet the goals of 
the Puerto Rico State Housing Plan 2014–2018 that previously identified the need to house 
14,000 new low- and moderate-income households during this five-year time period.12 Another 
potential approach could be to consider creating alternatives to promote turning abandoned 
properties into affordable housing as a strategy to promote urban and economic revitalization in 
the traditional urban centers near centers of economic activity (HOU 10). 

Potential Pitfalls 

Investing in existing affordable housing properties and producing new affordable housing 
must rely on more deliberate capital investment in assisted housing. The lack of additional grant 
funding sources to produce new housing may make reaching the goal difficult. In addition, 
incomes are too low to cover rents, and additional rental assistance such as Section 8 is needed to 
create new units. The economy has benefited from low-interest rate loans for the last ten years. A 
year ago, those rates began to climb steadily. Between October of 2017 and 2018, the prime rate 
increased 100 basis points, with a 25-basis point increase between October and December 
2018.13 With no slowdown of rates in sight, today’s higher interest rates limit the amount that 
can be borrowed, thus making financing gaps larger. 

Public agencies are key players in the successful production of assisted rental housing. Not 
only do agencies set priorities, but they also bring resources to the table that may include 
discounted land, funding, tax abatements, and reduced or waived tap fees.14 Producing assisted 
housing at scale relies on qualified and sufficient resources at the government level to attract the 
capital funding. Providing sufficient capital to fund the gap for redevelopment must be coupled 
with sufficient funding to cover adequate staffing to manage the presumably increased volume. 
The review of complex layers of public and private financing entails careful and time-consuming 
reviews. Creating a long-term plan for managing capital is critical to achieving successful 
deployment of resources. To be successful, it will be important to hire qualified staff to perform 
streamlined and efficient reviews, underwrite and approve new housing, and monitor 
compliance. 

 
12 Government of Puerto Rico, “Puerto Rico State Housing Plan 2014–2018,” 2014. 

13 Federal Reserve, “Open Market Operations: FOMC’s Target Federal Funds Rate or Range, Change (Basis Points) 

and Level,” December 19, 2018.  

14 The Law Dictionary, “What Is a Tap Fee?” webpage, undated. 
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Performance Metrics 

Measuring activity during the recovery period and beyond requires a set of metrics that can 
be easily tracked and shared with agencies and the public. The following metrics are in addition 
to, but not a substitute for, other required reporting on housing activity. 

Properties Converted to Assisted Housing 

• number of properties converted 
• number of units converted 

New Construction 

• number of replacement units 
• number of new units created by replacement units 
• number of properties constructed 

Across All Activities 

• total development cost per year 
• percentage of leveraged funds (private funds/public funds) 
• number of CHAPs entered into 
• construction cost by property 
• construction cost per unit 
• construction cost per square foot 
• number of households on waiting list 
• number of rental subsidies provided. 

Potential Costs 

Compared to the continental United States, construction costs in Puerto Rico are higher 
because of the cost of imported materials. The hurricanes have created more volatility in 
construction pricing. Equity raised from low-income housing tax credits and debt underwritten 
with rental income is insufficient to cover the development cost of new affordable units. With 
increasing interest rates, less debt can be underwritten. There is a gap between the total 
development cost and the debt and equity that can be supported by the project and that must be 
financed with other “soft” sources, like grants or silent second mortgages. The rough cost 
estimate is $120,000 in gap financing per unit. The underwriting income in Puerto Rico that 
produces new housing also requires an additional award of new Section 8 Project-Based 
Vouchers.  

The best estimate of upfront cost is $840 million, with a range between $250 million and 
$1.7 billion. Additional annual costs to provide gap financing and rental assistance funds are 
estimated between $1.1 billion and $2.8 billion, over a period of 11 years. Combining the upfront 
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and annual costs, the best estimate cost for this COA is $2.5 billion, with a range between 
$1.4 billion and $4.4 billion. 

Potential Funding Mechanisms 

This COA could be funded through HUD, LIHTC, PRPHA, nongovernment sources, and the 
USDA. Funding mechanisms could include the following federal programs: Capital Fund 
Program, Rental Assistance Demonstration (RAD), Choice Neighborhood Initiative, Low-
Income Housing Tax Credit, Section 18 (demolition/disposal), Energy Performance Contracting 
(EPC), HCVs (increasing the percent that are project based), and the CDBG-DR. 

Potential Implementers 

This COA would be implemented by the PRHFA, PRPHA, HUD, and the USDA-RD 
program. 
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Chapter 7. COAs That Modernize Housing Market Infrastructure 

Chapter Overview 

Puerto Rico’s housing sector is plagued by symptoms of its poor underlying market 
infrastructure. By housing market infrastructure, we mean the mechanisms by which property 
ownership and improvements are tracked, approved, and certified. In developed countries around 
the world, the functioning of this market infrastructure is considered a social norm. However, as 
described in detail in Chapter 2, the housing market infrastructure in Puerto Rico is not nearly up 
to this standard. The result has been the spread of the informal housing sector. 

A root cause of the large informal housing sector in Puerto Rico can be the high effort or 
monetary cost associated with following the letter of the law. This disincentive can be mitigated 
in two directions: decreasing the time or monetary cost of compliance, and increasing the actual 
benefits associated with participation in the formal housing sector and spreading awareness of 
these benefits. Additionally, enforcement increases the penalty of noncompliance. 

The four COAs in this chapter all relate to the modernization of the housing market 
infrastructure in an attempt to reduce the size of the informal housing sector. The COAs are 
strongly interconnected. Implementers should be aware that decisions made in one COA could 
preclude elements of another COA if the implementation is not done carefully. However, there 
are implementation options by which the four COAs can work in concert with one another to 
bring a large number of properties into the formal housing sector. 

First, we present a COA that relates to a comprehensive integrated property data system 
(HOU 5). This COA would be supplemented by a COA to standardize the irregularities in Puerto 
Rico’s address system (HOU 11). These COAs address the problem that there is not enough data 
available for decisionmakers to use when addressing market infrastructure problems in Puerto 
Rico. Next, we present two COAs that are interrelated: the registration of title records (HOU 12) 
and compliance with land-use plans and building codes (HOU 6). These are some of the most 
common reasons that properties in Puerto Rico are deemed to be “informal.” 

The data systems and standardization in HOU 5 and HOU 11 will help decisionmakers 
implement logically consistent, fair, and impactful implementation strategies for HOU 12 and 
HOU 6. The end result for Puerto Rico will be a housing sector with a market infrastructure that 
promotes formality, generating the benefits of safety and property rights that come with it. 
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HOU 5: Collect, Integrate, and Map Data on Housing Sector 

Problem Being Solved 

Practitioners we interviewed in Puerto Rico, both from government and the private sector, 
see a significant gap between the government’s current housing data capabilities and the best-
practice data capabilities maintained by other jurisdictions in the United States and around the 
world. Puerto Rico lacks a central source of data related to the housing stock, where one can 
simultaneously access information on title, permits, land use, property tax, and location. Some 
data, such as property ownership, is incomplete because of a lack of a requirement to register 
property title, which would also capture transactions such as number of sales and price of each 
transaction. Data that do exist are distributed across multiple agencies at both the municipality 
and Puerto Rico level. The lack of a consistent and centralized housing data set available to the 
public, the Puerto Rico government, and municipal governments makes planning-related 
decisions exceptionally difficult. 

In the aftermath of an emergency, the impact on decisionmaking becomes even more 
apparent. After Hurricane Maria, many homeowners faced difficulties trying to prove property 
ownership. FEMA employees faced a similar dilemma because it was difficult to validate the 
information provided given the lack of centralized data on titling information. 

This issue could be solved with the creation of a system for integrated and validated housing 
and property data that is transparent and accessible. Such a system would provide an evidence 
base to inform planning and decisionmaking related to reconstruction and future development. 

Overview of COA 

This COA would consist of an effort to create an integrated database of housing data, one 
allowing for research, data analysis, planning, and integrated mapping. In making such a 
database, the creators would integrate multiple databases from multiple government and private 
sources. Practitioners we interviewed recommend creating a geographic information system 
(GIS)–centric housing database for ease of use. A comprehensive database could include data on 

• geolocation of all structures, formal and informal 
• structure and construction type 
• ownership information (title) 
• permits associated with the structure 
• property tax information 
• sales price information 
• rental information 
• vacancies 
• mortgage data 
• foreclosures and delinquencies 
• insurance information 
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• land-use zone 
• hazard information, such as flood zone and landslide and earthquake risk. 

This COA has a number of benefits. An integrated permitting, property tax, and titling 
system overlaid with physical characteristics would allow Puerto Rican and municipal 
government officials to know the location, legal status, and physical characteristics of all 
structures. This is a common best practice in other jurisdictions. Such data integration can be 
critical for day-to-day government functions. 

Planners at the Puerto Rico Planning Board (PRPB), as well as other Puerto Rican agencies 
such as the PRDH and municipalities, would benefit from this COA. The data set would be 
useful for decisionmaking on both public and private land uses. On the public side, data 
indicating residential locations and population centers are necessary for civic planning to 
efficiently locate and deliver emergency and other public services, such as firefighter response. 
Further integration with demographic and infrastructure information allows for informed 
analyses on the location and operation of services, such as hospitals and schools. The data set 
would also make it easier for individuals and firms to understand what zoning and land-use 
regulations apply to their properties. In turn, this would make it more straightforward for 
authorities to review planned projects on private land and issue building and land-use permits for 
them. 

Knowledge about the location of housing, its ownership, and its physical vulnerabilities can 
also support relocation and mitigation efforts needed to make communities resilient against 
future natural disasters. This information can also contribute to developing emergency plans and 
recovery efforts. Puerto Rican officials would benefit from such a tool when analyzing property 
issues related to the administration of federally funded programs. 

Communities and individuals that need to clarify title and ownership of land and structures 
(HOU 12) could also benefit from such a system. After aggregating different data related to the 
housing stock, occupants, and owners into a single source, it should be easier to determine what 
land or structures have irregularities or competing claims and exactly what the irregularities and 
claims are in each case. 

Additionally, this recovery strategy would likely improve the efficiency of property tax 
collection by the government of Puerto Rico and municipal governments. The collection process 
is most objective and fair when it is based on a comprehensive set of demonstrably true facts 
about the properties being assessed. A comprehensive property registry data set could serve as 
the central repository for such information. 

Issues to Consider in Program Design and Implementation 

Potential Approach 

In the planning stages for developing the database and the tool used to access it, the 
decisionmaker(s) for this recovery strategy could reach out to sectors that intersect with housing, 
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such as energy, water, infrastructure, and telecommunications. The decisionmaker might ask 
whether there are any features of the GIS data tool that would be particularly helpful for 
practitioners in those other sectors. Not all such features will necessarily be feasible, but broad 
outreach during the scoping of the tool will likely improve its overall long-term impact. 

The most salient design and implementation issues for this COA relate to operationalizing 
the intent to share data. There will likely be a need for data-sharing agreement(s) to allow 
government and private agencies to share their data and capabilities. In addition, technological 
solutions to facilitate data integration from multiple sources will be required. Several specific 
actions could help with achieving these complex tasks. 

• Legislative review of relevant government agencies. This would assess whether the 
agencies that keep and maintain relevant data for this recovery strategy are allowed or 
required by law to share their data. Furthermore, it would determine if the same agencies 
are able to actively participate in the data integration process required to successfully 
accomplish this recovery strategy. 

• Legislative review of private firms. This would assess laws relating to those firms that 
currently collect and maintain proprietary data relevant to this COA (such as property 
transaction information). New legislation and/or strategic negotiations may be needed to 
facilitate private-sector participation and cooperation. 

• Maintaining data formats and preferences. It will be desirable to design the data 
exchange and system integration protocols in a way that maximizes data integration and 
data sharing between agencies. Because each participating agency is likely to prefer to 
control its own data, collaboration will be easier if agency data formats and preferences 
are maintained to satisfy internal needs. However, technological solutions can be 
implemented to support exchange and integration of differing formats. 

• Creating unifying benefits of the integrated system. A unique identifier field—such as 
cadastre number, XY centroid location, or a new unique physical address—could be 
chosen. The unique identifier would be useful when merging between the disparate data 
sources. This can be done in conjunction with the address standardization described in 
HOU 11. 

• Providing tools to map and characterize informal housing. As one might expect, data 
on informal housing units and land plots are likely inaccurate, outdated, or just missing. 
To make the maximum impact in tracking and characterizing informal properties, the 
integrated data system could have tools or capabilities so that relevant information about 
informal structures can be captured, presented, and used alongside data on formal units 
and land plots. 

• Integration with municipality plans, data, and capabilities. To provide maximum 
impact, the Puerto Rico–wide data system could be designed with the capability to be 
integrated with corresponding municipal systems. This would mirror the responsibility-
sharing arrangement in land-use planning and enforcement that currently exists between 
the PRPB and municipal governments. 

Potential Pitfalls 

Data integration across government agencies is likely to be a challenge. Cooperation from 
data originators, the Puerto Rican government, municipality governments, and the private sector 
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is crucial for the success of this recovery strategy. There may be unknown difficulties in 
reporting, rationalizing, or aggregating data on Puerto Rico’s housing sector because it is 
affected by so many deep, challenging, and intertwined issues. For example, it is possible that 
unresolved title and ownership information may bring to attention a legal issue that needs to be 
resolved before the data can be made publicly available. Such complexity will likely increase 
costs. We have tried to account for this uncertainty in our cost estimate. 

Public-private partnership or legislation would likely be required for government agencies to 
gain access to data sets. Public-private partnerships could be used as a vehicle to share data in 
two directions. The public sector could work to provide relevant housing information more 
accessibly and transparently, such as through zoning and land use, title, demographics, and 
required permits. In return, private-sector entities such as realtors and banks would share more of 
their housing market outcomes data, such as sales, rentals, and foreclosures. Legislative action 
could be used as a last resort for the Puerto Rican government to attain access to the data, but a 
deeper level of cooperation, and thus a better data product, would likely result from voluntary 
sharing of data between the private and public sector. 

The identification of changing housing variables—especially statistics that change quickly, 
such as vacant properties and rental units—would likely require constant inventorying and 
fieldwork to maintain an updated database. Thus, ongoing funding and sustained effort from 
stakeholders will be needed to prevent the data system from becoming obsolete. 

Performance Metrics 

Once the integrated system is running at a functional operational level, performance metrics 
will include 

• decrease in time and effort for government agencies to adjudicate permitting and land-use 
decisions 

• decrease in time and effort for government agencies to update Puerto Rico and municipal 
land-use plans 

• increase in alignment/consistency between Puerto Rico land-use plans and municipal 
land-use plans 

• use of the tool by individuals to retrieve information about their own properties or 
properties they are interested in buying or selling 

• use of the tool by government agencies (other than planning boards) in making decisions 
about land and structure use. 

Potential Costs 

The best estimate for upfront costs is $43 million with a range between $30 million and 
$50 million. The estimate relies on certain tasks and assumptions. 

• Permitting, titling, and taxing information is available from Puerto Rico government 
agencies and is already in digital format. The cost of a permitting system developed by 
municipalities is around $400,000. This includes the cost of interfacing with the 
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centralized OPM system and integrating property tax and titling systems. This estimate 
assumes OPM, MRCC, and PRDJ have digitized data ready to use. Under that scenario, 
the total for all municipalities is estimated to be $31.2 million ($400,000 × 
78 municipalities). 

• Data capabilities for implementing housing information will require integration from 
several sources, including banks, realtors, insurance companies, and social network apps. 
The costs of integration for an application to collect and display housing data will be an 
approximation using cost information from other apps in the market. The cost could be 
around $3.0 million to $5.0 million. 

• Adding the mapping component could cost an additional $5.0 million because PRPB may 
need to add to its data and staffing capabilities. 

Potential Funding Mechanisms 

To cover upfront enhancements in information technology, the government of Puerto Rico 
could seek federal funds, including assistance from HUD CDBG-DR, FEMA HMGP, and 
FEMA PDM. Annual operation and maintenance of the system could be sustained through fees 
for registration and permits or through property taxes. 

Potential Implementers 

PRPB, PRDH, PRDJ, OPM, CRIM, private-sector firms such as banks and insurance 
companies could implement this COA. 

Based on current Puerto Rican government structure and capabilities, PRPB working with 
PRDH would be well suited to implement the integrated housing data system. PRPB would be 
able to incorporate its land-use data and GIS capabilities for the baseline functioning of the data 
tool. PRPB’s GIS technology is currently used by several government agencies and 
municipalities.  

Because the nature of this task would be integration, the bulk of the implementation would 
rely heavily on input from other Puerto Rico government agencies. This includes the PRDJ for 
title registration information, OPM for permitting information, and MRCC for property tax 
information. In addition, leveraging the data of private-sector entities could make the data set 
more robust. This could include data on home sales or rentals, which could come from traditional 
sources such as banks, mortgage servicers, and insurers. Additionally, social network data may 
be of use. 

HOU 11: Improve the Address System 

Problem Being Solved 

Puerto Rico lacks a standardized and uniform physical address system; such a system is 
necessary for the automated processing of postal services and is required for determining the 
accurate geographic location of a specific site, such as what is used in GPS systems that 
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consumer-based services rely on (e.g., Uber and most other mobile phone applications). In many 
areas of Puerto Rico, the physical address and the postal address are not the same. The lack of a 
uniform physical address system poses several challenges. The first challenge is that the address 
format does not comport with standard forms, especially federal forms. Many programs need to 
match addresses to verify eligibility, which has resulted in the denial of services for Puerto Rican 
residents. The second challenge of not having a uniform physical address system is that it creates 
burdens on emergency responders and other service providers, such as utilities and package 
delivery services, in being able to identify the correct location. The third is that it hampers the 
efforts of planners and social scientists to analyze the built environment because it is not easy to 
identify who lives where. 

Overview of Response Action 

This COA recommends developing a standardized and uniform physical address system, 
developing an outreach and education campaign about the new address system, and re-signing 
streets and updating government databases. 

Accomplishing this COA and having a more consistent and comprehensible street address 
system would benefit Puerto Rico in several ways. First, it would help to alleviate the immediate 
burden on disaster response agencies such as FEMA, which initially had to deny thousands of 
applications for individual assistance because applicants were not able to provide adequate 
records on their permanent addresses (among other key address-related records, such as title).1 
Physical address is also a key input in many other federal government assistance programs. 
Puerto Rican households unable to produce adequate address records may encounter similar 
difficulties in accessing federal benefits, like the Supplemental Nutrition Assistance Program 
(SNAP) or Social Security. 

Second, an improved address system would improve the ability of emergency responders to 
locate structures. Physical address is the key component in navigation, and many local 
emergency services like police, fire, and emergency medical teams rely on proper addresses to 
route personnel and resources to the locations of the emergencies. In extreme cases, a proper 
address can be the difference between life and death.  

Third, it would also improve the ability of urban planners and social service providers to map 
and analyze urban problems and develop solutions. In most spatial, economic, and statistical 
analysis software programs, a crucial identifier is the physical address (or the latitude and 
longitude of that address). Addresses can be displayed to show the distribution of populations 

 
1 Multiple generations of one family often live in separate structures on the same plot of land and use one address. If 

one family applied for FEMA Individual Assistance using that address, other family members living in separate 

structures were subsequently denied assistance. The data system interpreted multiple applicants using one address as 

potential fraud. FEMA recognized the issue and later rectified the denials by allowing households to submit 

affidavits certifying that they were indeed the residents or owners of that structure. 
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and structures, which have myriad applications in a number of policy areas across the 
government and private sectors. 

Finally, a better address system would also improve the day-to-day efficiency of mail and 
parcel delivery services, ride sharing, and other services that depend on accurate GPS locations 
and would simplify the operations of entities such as water and electricity providers, which rely 
on property addresses to provide and bill for services. 

Issues to Consider in Program Design and Implementation 

Precursors 

Implementation would require mapping and cataloging all structures, parcels, and lots in 
Puerto Rico. Our understanding is that the PRPB has all structures mapped but that uncertainty 
remains about what each structure represents (house, shed, commercial business, etc.). 
Implementation would also heavily depend on legislation that imbues government agencies with 
the authority, funding, and staff to enact the standardization. 

Implementation Considerations 

Implementation might best be broken down into three phases. In the first phase, the Puerto 
Rican government would sponsor a collaborative effort to develop guidelines and protocols 
necessary to establish a standardized physical and postal address system. This could take the 
form of a task force or commission that is charged with identifying the shortcomings of the 
current system and identifying potential approaches for revamping the address system. This 
commission should solicit broad input from municipalities, the private sector, NGOs, and the 
public. The U.S. Virgin Islands, which suffers from similar street addressing problems, 
established the Street Addressing Initiative several years ago and is currently piloting the 
initiative.2 Lessons from that effort are worth exploring. 

Cities in developing countries that have faced rapid urbanization have also been faced with 
the challenge of developing a standardized address system and could provide some lessons 
learned.3 The commission could study the possibility of a nontraditional approach to a 
standardized address system, such as what3words, a global addressing system that has divided 
the world into three-meter-by-three-meter squares, each with a unique, three-word address. The 
company has changed the address framework in a number of countries with complex or 

 
2 See U.S. Virgin Island Street Addressing Initiative, webpage, undated.  

3 Catherine Farvacque-Vitkovic and Lucien Godin, The Future of African Cities: Challenges and Priorities for 

Urban Development, Washington, D.C.: World Bank, 1998, pp. 134–139, box 13.  
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previously nonexistent address systems.4,5 In addition to its integration into the postal systems of 
some countries, what3words has already been used in Puerto Rico. Following Hurricane Maria, 
the nonprofit group All Hands and Hearts used what3words in its rebuilding efforts, 
circumventing Puerto Rico’s cumbersome address system.6 what3words allowed All Hands and 
Hearts to bypass the confusion of inaccurate or nonexistent addresses by providing precise 
coordinates in the form of three-word addresses. The commission should study whether the user 
friendliness of a three-word system is seasoned and reliable enough to overcome the complex 
problem of renovating Puerto Rico’s address system and to ensure it would not introduce 
unintended consequences.7,8  

In the second phase of implementation, the Puerto Rican government and municipal 
governments would engage in a broad outreach and education campaign explaining the rationale 
for a new address system and how such an address system would be structured across Puerto 
Rico. This can be accomplished through a public media campaign and through official letters 
from the U.S. Postal Service (USPS) to residents who identify their correct addresses, as well as 
by ensuring that all parties that rely on correspondence with residents, including the utility 
companies, are using the same addresses. 

The third phase of the effort would focus on the physical re-signing of streets and other 
signage and on updating government databases. 

Potential Pitfalls 

Permanently revising the address system will disrupt current systems of recordkeeping that 
rely on addresses, such as loan documents, title registrations, and insurance, among other vital 
and legal records. It will also disrupt previously used systems of navigation and apportionment, 
which could result in confusion among the public, including business owners and citizens. It 
would also impose additional costs on government, business, and individuals in terms of 
reprinting materials with addresses. This could result in legal challenges and could trigger 
challenges to latent title issues. 

 
4 what3words has changed the postal systems in Côte d’Ivoire, Mongolia, Djibouti, Tonga, and Sint Maarten. 

5 A blog post from the U.S. Postal Service’s Office of Inspector General addresses the global need for addressing 

and mentions what3words as a solution. See USPS, “An Address of One’s Own,” OIG blog, July 13, 2015. 

6	All Hands and Hearts used the geocoding system to more quickly and accurately find addresses following 

Hurricane Maria in Puerto Rico. See what3words, “Rebuilding Disaster-Struck Communities with All Hands and 

Hearts and what3words,” September 28, 2018.  

7 what3words has shown to be successful in a pilot conducted in parts of India where addresses were previously 

complicated or nonexistent. See what3words, “A More Efficient Alternative to Unreliable Street Addresses: India 

Post Pilots what3words,” October 4, 2018. 

8 what3words has been implemented by the Metropolitan Area Communications Center of Denver, Colorado, to 

more efficiently locate fire hydrants in the event of an emergency: See what3words, “3 Words for EMS Asset 

Management with MetCom and Esri,” webpage, undated. 
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Performance Metrics 

The key performance metric for this COA is the adoption of a standardized address system. 

Potential Costs 

The best estimate of upfront cost is $100 million, with a range between $75 million and 
$200 million, based on certain assumptions. 

• Five staff are needed for two years in each municipality on average to develop the 
new street name and numbering system, which would include soliciting public input. 
This amounts to approximately $48 million (78 municipalities × 5 staff per 
municipality × 2 years × $62,000 per staff position). 

• One crew of three people can install new street signs and address numbers for an 
average 50 residential units a day (10,000 per year). For the approximately 
1.5 million units, this comes to $28 million (150 crew years × 3 × $62,000 per crew 
year). 

• Printed street signs, poles, administration costs are $30 million (50,000 signs and 
poles at $100 each) plus $25 million in administrative and oversight costs. 

Potential Funding Mechanisms 

Potential funding mechanisms include the government of Puerto Rico and CDBG-DR. Other 
potential funding sources might include technology companies with considerable expertise in the 
field of spatial analysis or those with large philanthropic arms. Such companies would include 
Google, TomTom, and Uber, which have a large presence in Puerto Rico. 

Potential Implementers 

This COA would be implemented by the PRDH, PRPB, PRDJ, CRIM, and OPM in 
coordination with municipal governments, USPS, and other parcel delivery services and utility 
companies. 

HOU 6: Enforce Land-Use Plans and Building Codes 

Problem Being Solved 

Puerto Rico’s first land-use plan was prepared and adopted by the PRPB in 2015. It 
established areas of risk, ecological areas, and areas where economic activity and development 
are concentrated. Before that time, as per Law 81 of 1991, each municipality developed its own 
land-use plan. Municipal plans were supposed to be approved by the PRPB. However, this 
requirement was not applied consistently, leading to plans that did not always take into 
consideration areas of risk, areas with natural and ecological value, and economic development 
poles. Before the landfall of Hurricanes Irma and Maria, municipalities were in the process of 
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either preparing or updating local land-use plans to align with the Puerto Rico–wide plan.9 The 
completion of this process is critical for the long-term resilience of Puerto Rico’s built 
environment, because smart land-use planning and construction code compliance will lessen the 
damage caused by future hurricanes and other natural disasters. 

In 1975, the permitting process was separated from the PRPB and the Permits and 
Regulations Administration was created; the Office of Permit Management (OPM) is its 
successor today. OPM’s autonomy has increased over the years. Today, it has the authority to 
grant spot changes in zoning, a mechanism known as Consultas de Ubicación. 

However, inefficiencies abound in OPM. From our interviews, we learned that the current 
permitting process requires over 18 separate approvals, taking between 30 to 45 days on average 
for projects to obtain a use permit. The arduous and costly building permit process disincentivizes 
owners to build with permits. In turn, building without permits leads to nonenforcement of the 
building code standards that are mandated by permits. It is estimated that 55 percent of 
residential building construction occurred without engaging in the land-use plan review and 
construction permitting process (see Chapter 2 for an “Overview of Housing Sector and Prestorm 
Challenges”). 

Overview of COA 

To improve compliance with land-use plans and building permitting standards, Puerto Rico 
could proceed in several ways. First, resources could be allocated for municipalities to develop 
and update their land-use plans and bring them into alignment with the Puerto Rico–wide land-
use plan. This process is intended to support strategic goals of avoiding construction in the 
highest-risk areas and making land use consistent with economic development plans. The 
resources required for the effort would be one-time costs associated with hiring consultants or 
supporting existing staff in the municipalities. 

Second, an effort could be made to increase compliance with the permitting process. One 
way to do so is by increasing capacity in both OPM and municipality-level permitting and 
inspection offices. This may include training and hiring building inspectors, developing a robust 
process and system to ensure adequate building inspections take place, and opening permitting 
clinics where applicants would receive building plan approvals from architects and engineers. 
Additionally, these professionals could be able to retroactively issue permits to buildings that are 
already built (for those properties built to code). The FEMA HMGP has already funded an 
increase in the number of inspectors to audit compliance with land-use plans.10 For these 
inspectors and others hired in the future to be effective, a corresponding increase in administrative 
functions and positions would likely be necessary. These resources would assist in administering 

 
9 Thirteen municipalities were in the process of preparing, and the remaining 65 municipalities were in the process 

of updating, their land-use plans. 

10 FEMA’s DR-4339 Hazard Mitigation grant provides $10 million for “Advance Assistance–Code Enforcement.” 
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and processing audits. Additionally, the new inspectors and other planning and permitting staff 
would be aided by the implementation of HOU 5, which develops appropriate data platforms for 
both land use and building permitting. 

A third component of this COA would be to create a pathway to bring noncompliant 
structures into compliance. Relevant activities would include licensing contractors and 
establishing a grace period during which all houses without a permit can be inspected. Those 
whose land-use and building specifications are acceptable would receive a construction or use 
permit. Others would be evaluated with two outcomes. If the structure is in a low-risk area, 
defined by the Puerto Rico–wide land-use plan as acceptable for development, it would be 
brought into compliance. Otherwise, if it is in a high-risk area and cannot be mitigated in place, 
PRPB and OPM would work with the owner and community to determine a permanent solution, 
potentially involving a buyout or relocation. 

A fourth effort would aim to implement process reforms to reduce delays and costs of the 
land-use compliance and building permit process, including liability issues. This could include 
streamlining the permitting application process, adjusting the fees to make permits more 
affordable for those with low incomes, and evaluating whether liability standards that increase 
costs for architects and contractors need to be modified. For example, architects and contractors 
face unclear liability issues when nonrehabbed portions of structures are not up to code. There 
may also be an opportunity to make the permitting process more responsive to the size and 
complexity of each development project. 

The fifth component would be to create an Office of Design and Construction, with the intent 
of providing technical assistance to low-income families interested in building or rehabilitating 
their homes. Sponsored by the architect and engineer trades, on a pro bono basis, this office 
could assist low-income families in navigating the permitting system and providing services at 
no cost. 

This COA has a number of potential benefits. It is intended to remove several barriers to 
complying with land-use regulations and building codes. First and foremost, this would promote 
safety for the residents of Puerto Rico. Residents would face fewer risks from natural hazards 
and unsafe dwellings, thus increasing the number of structures, families, and communities that 
are resilient to future natural disasters. 

Compliance with land-use plans and building codes also creates paths for homeowners and 
other building owners to access financial resources and tools, insurance, and post-disaster funds. 
In addition, improvements to the permitting and approval process may also encourage new 
construction and rehabilitation projects by reducing preconstruction costs and liability issues for 
developers. The enforcement of permitting requirements will likely increase agency revenues 
from permit fees for both Puerto Rico and municipalities. These funds could be used to support 
further land-use planning, building safety, and community resilience efforts. 
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Issues to Consider in Program Design and Implementation 

Implementation Approach 

The success of the enforcement efforts hinges on vigilance from both Puerto Rico and 
municipal governments. In addition, significant community engagement and education is 
necessary. There must be both government and community buy-in, with both sides recognizing 
the merits of land-use planning, code compliance, and permitting for the PRPB and OPM to gain 
the legitimacy and public support necessary to perform their mission. 

Potential Pitfalls 

Lack of resources at the municipal level could impede the alignment of municipal plans with 
the Puerto Rican plan. Likewise, the COA would fail if qualified staff cannot be found in the 
municipalities, PRPB, or OPM to fulfill their enforcement missions. 

Another significant challenge to overcome is the status quo: Low-income families in need of 
shelter are generally not able to pay for authorized professionals. Furthermore, they may find the 
permitting process confusing and may not be able to navigate it on their own. These factors may 
drive them to build without going through the permitting process. Without clear delineation of 
the benefits of land-use planning, code enforcement, and permitting, these families are unlikely 
to be willing to become compliant. Additionally, there could be significant political pushback on 
the increased government oversight and costs that come with enforcing code compliance. 

Finally, some informal builders may oppose training and certification requirements that are 
part of code compliance and permitting enforcement. Many of them will not be able to comply 
because of a lack of formal training. Subsidized education and training programs could alleviate 
this concern. 

Performance Metrics 

Possible performance metrics include 

• decrease in time and cost of the permitting process 
• increase in the number of new permit applications 
• increase in the rate of compliance with land-use plans 
• increase in the number of inspections and audits 
• decrease in the number of structures constructed informally 
• number of previously unpermitted structures given retroactive permits 
• number of previously substandard structures brought up to code. 

Potential Costs 

The best estimate upfront cost is $53 million, with a range between $25 million and 
$64 million. The best estimate of ongoing cost is $144 million, with a range between $77 million 
and $250 million (over 11 years, at which time the program is assumed to become self-supporting). 
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Thus, the best estimate for total cost is $197 million, with a range between $100 million and 
$320 million. 

The upfront cost includes $16 million in one-time programs—$5 million for community 
education campaigns in conjunction with community-based organizations and NGOs, and 
$11 million for preparing or updating municipal land-use plans and aligning with the Puerto 
Rico–wide plan. Individual plans are projected to cost between $60,000 and $200,000, 
depending on the municipality’s population. 

In addition, we estimate costs of full-fledged land-use and building code enforcement 
divisions in Puerto Rico. The upfront cost includes the first year of subsidy that would be needed 
for expanding the capacity of agencies such as PRPB and OPM. The ongoing operating cost 
includes the cost of year 2 through year 10 of program implementation for this capacity 
expansion. The methodology for the estimates is described next. 

We note that the per-capita spending by the PRPB and OPM is much lower than spending by 
comparable departments in other jurisdictions in the continental United States. We consequently 
estimated the annual operating cost for bringing the entirety of Puerto Rico up to the spending 
level consistent with other jurisdictions. Such increased operating costs might manifest 
themselves through hiring more professional staff and increasing operations to perform land-use 
planning review, building permitting, and construction code enforcement. It is possible that the 
scale-up in operations will be distributed between PRPB, OPM, and analogous departments in 
the municipalities of Puerto Rico. Further study and discussion among implementers are 
necessary to determine the best form of partnerships between municipalities, PRPB, and OPM. 

We estimated the annual cost of operating full-scale land-use planning and building 
permitting departments across all of Puerto Rico by making comparisons with jurisdictions in the 
continental United States. Specifically, we took averages for per-capita costs in the planning 
budgets of two cities/towns in Connecticut (Hartford11 and Fairfield12), the City of Miami13 and 
Miami-Dade County,14 and the City of Los Angeles.15 We used different types of jurisdictions 
because the jurisdictional overlap fulfilling the mission of land-use planning, permitting, and 
code enforcement in Puerto Rico could follow one of three models. 

• Decentralized. The process occurs mainly in municipality planning and permitting 
departments. This would be analogous to Connecticut, where planning and permitting are 
done by individual cities and towns that collectively cover a population of 3.5 million 
people. 

 
11 City of Hartford FY2018 Adopted Budget, webpage, 2017.  

12 Town of Fairfield Approved Budget, 2017–18, webpage, 2017.  

13 City of Miami, “The City of Miami Commission Adopts FY2018–19 Budget,” webpage, September 28, 2018.  

14 Miami-Dade County, “FY 2017–18 Proposed Budget and Multi-Year Capital Plan,” webpage, undated. 

15 City of Los Angeles, Ron Galperin LA Controller, “2017–2018 Adopted Budget,” September 21, 2017. 
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• Partially Centralized. Some municipalities remain independent, and some share 
resources or outsource to PRPB and OPM. This would be analogous to the duality of 
incorporated regions (e.g., City of Miami) and unincorporated regions of Miami-Dade 
County, which covers a population of 2.7 million people. 

• Centralized. PRPB and OPM process the bulk of land-use and construction permits and 
enforcement activities across Puerto Rico. This would be analogous to the citywide 
planning department for Los Angeles, which covers a population of 4 million people. 

Since implementers have not yet decided on the exact centralization model, the average 
across centralization models seemed appropriate at this stage for cost estimation purposes. The 
cost estimate is based on taking an average of costs for these sample jurisdictions. To arrive at 
the estimated annual operating costs, we multiply the population of Puerto Rico as rounded down 
to the nearest million persons (3,000,000) by the average number of land-use planning or code 
enforcement employees per capita, multiply this figure by the $62,300 annual compensation per 
employee (fully burdened),16 and multiply that figure by the average ratio of annual operating 
costs to total annual compensation costs. 

From the total operating cost over ten years, we subtract appropriations and revenue that 
PRPB and OPM could be expected to attain. We make certain assumptions. 

• Current (FY18, year 0) PRPB and OPM revenue from fees and appropriations are equal 
to approved budget expenditures ($8.8 million and $7.6 million, respectively).17 

• By the final year of implementation (FY28, year 10), PRPB and OPM fee revenue and 
appropriations will have increased enough to fully cover the annual costs of the expanded 
land-use plan enforcement and building permit and code enforcement operational 
mandate ($18.1 million and $40.6 million, respectively). 

• Fee revenue and appropriations will increase linearly between year 0 and year 10 levels. 

So, for years 1 through 10, an operating subsidy would be necessary for PRPB and OPM. 
The subsidy amount will decrease in total dollar amount each year, finally reaching $0 in 
year 10. As per this report’s convention, the operating subsidy in year 1 is a component of the 
total “upfront cost” of the COA. The sum of the operating subsidies for years 2 through 10 is the 
total “ongoing cost” of the COA. 

Thus, the best estimate for year 1 subsidies for planning and permitting departments together 
is $37 million. The best estimate for the year 2 through 9 subsidies is $144 million. Combining 
the upfront and annual costs, the best estimate for this COA is $200 million. 

Potential Funding Mechanisms 

Potential funding mechanisms include HMGP, CDBG-DR, government of Puerto Rico, and 
nongovernment funds. However, in the long run, annual costs should be funded by government 

 
16 This comes from the HSOAC standard assumption for cost estimation. 

17 This does not take into account municipal revenues from permits and fees, as these are assumed to be very low. 
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revenues from property taxes and other sources, such as permitting fees. Federal funds could 
cover the difference between costs and revenues, while the tax base grows as more structures 
become compliant and begin to pay the associated fees and taxes. Other sources of funding might 
include partnerships with trade associations (such as realtors), foundations, community-based 
organizations, and NGOs, particularly for retroactive permitting efforts and pro bono construction 
plan consulting and approvals. 

Potential Implementers 

Principal agencies implementing this COA could include the PRPB, OPM, and municipal 
governments. 

HOU 12: Register Title and Resolve Property Issues 

Problem Being Solved 

Many property owners in Puerto Rico lack formal title to their properties. The lack of title 
can apply to housing built with or without proper permits. For those who do possess title to their 
property, there is no legal requirement to register the title document with the Puerto Rican 
government. Puerto Rico’s Secretary of Housing, the Puerto Rico Home Builders Association, 
and leadership of NGOs advocating on behalf of informal communities have all stated that the 
existing property registry system and permitting system needs to be revamped.18 

We heard from NGOs that assist homeowners that obtaining formal title and registering 
properties is a costly and time-consuming process for many Puerto Rican families. It can be 
extremely difficult, if not impossible, to discern who currently owns a particular structure on a 
particular property. This is especially common among Puerto Rican families residing on property 
for multiple generations without clear title. Especially given the challenging economic 
circumstances many Puerto Ricans face, the expensive and onerous process of obtaining clear 
title is likely to appear to be a burdensome task with very little tangible benefit. Thus, many 
discouraged Puerto Ricans are unable to formalize their occupancy or ownership. 

Extending clear title to property owners, and registering the title in a registry, is part of the 
normal functioning of a formal housing sector. For example, to comply with legal permitting 
requirements before building or modifying a structure, residents are generally required to 
produce legal documents, such as a deed or title. If those documents are unavailable or 
prohibitively expensive, residents may avoid the title requirements by improving or modifying 
their structures without a permit or without regard for building codes, thus further exacerbating 
the supply of informal housing. 

 
18 See Andres Viglucci, “Half of Puerto Rico’s Housing Was Built Illegally. Then Came Hurricane Maria,” Miami 

Herald, February 14, 2018.  
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This phenomenon can also apply to legal documents relating to the sale or transfer of 
property. Informal property transfers tend to increase the likelihood of future informal transfers. 
Informal sales or transfers between family members are much easier than going through an 
arcane legal process, particularly if there is no compelling social norm or benefit from following 
the formal process. The lack of formal documentation also leads to many inherited properties in 
Puerto Rico remaining vacant and neglected. In turn, this leads to the deterioration of those 
properties, thus resulting in noncompliance with habitability standards or building codes. 

Unclear titles and informal housing in general can also contribute to lack of access to formal 
credit markets. This occurs because borrowers are not able to prove to lenders that they are the 
legal owners of the asset (such as a house) they would like to borrow against. For example, at 
least one borrower usually must be on the title deed to qualify for a mortgage or home 
improvement loan. Thus, families without clear title face considerable difficulty in acquiring 
private or public financing for the maintenance or improvement of their homes. 

Furthermore, unclear legal ownership status for structures may require informally connecting 
these properties to electricity, water, sewer, and roads. This is problematic from both a day-to-
day operations standpoint and in building resiliency to natural disasters. For example, an electric 
power authority may not know that some of its “customers” are without power because these 
customers do not make themselves known given that their connection is informal. This also 
limits the ability of utilities to collect fees for their services, contributing to possible financial 
challenges in other sectors. Furthermore, this situation fosters uncertainty over responsibility and 
prioritization for fixing connections if they are broken. 

Overview of Response Action 

Under this COA, the government of Puerto Rico would improve the process for attaining 
homeowner and land titles. Options for obtaining titles would be extended to communities and 
individuals that have demonstrable land tenure but previously have not had access to title. Legal 
or other assistance would be provided for residents whose properties have unclear status or 
conflicting legal claims. Legal assistance would strive to obtain a clear formal title document in 
as many cases as possible. The benefits of granting title could be compounded by legislation or 
government action requiring all titles to be registered in the official property registry maintained 
by PRDJ. 

In general, this COA would seek to reduce future uncertainty related to property ownership. 
Several guiding principles could guide this effort. Among them, the COA would benefit from 
promoting a consistent, inclusive, and fair process for determining property ownership. 
Consistency and inclusivity could be achieved by specifying what types of documentation are 
acceptable for various forms of title. Inclusivity might include studying ways to make the system 
simpler and easier for all to participate in. 

In some cases, it will be clear that full property rights should be granted. In other cases, 
fairness and consistency may dictate that only limited property rights should be granted. This 
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might be the result of the circumstances contributing to the property’s informality or to the 
circumstances related to the residents’ occupation of that property. 

Communication with the public would be necessary to mitigate current and future 
misinformation about the title and property registration processes. For example, the requirements 
for providing an affidavit of ownership in lieu of title when applying for disaster assistance from 
FEMA could be made clear, explained to the public, and made permanent for future disasters. To 
gain public support and ownership, the COA might also create and disseminate information on 
the importance and benefits of obtaining a clear property title and on the potential downside risks 
of failing to establish title and register properties. 

There are a number of benefits from this COA. An immediate benefit of extending, clearing, 
and registering title to residential properties will be to allow more homeowners affected by 
Hurricanes Irma and Maria to obtain access to disaster recovery funds. Some funds were denied 
because of an inability to prove ownership. Likewise, future disaster recovery funds will be 
distributed more rapidly because of clarified homeownership. Establishing clear title will 
simplify the building permit process, which requires demonstration of title. It also will provide 
other opportunities for homeowners to use their homes as equity, thus potentially providing 
access to loans and other credit mechanisms. 

Requiring property registration will aid in knowing and locating the full number of 
residential structures in Puerto Rico. Data drawn from this process, particularly in conjunction 
with HOU 5 and HOU 11, can be applied to a variety of purposes. Examples include building a 
unified parcel registry; developing a robust addressing system, therefore enabling effective 
emergency services responses and mail delivery; improving the collection of property taxes; and 
developing more informed and accurate land-use plans. 

Issues to Consider in Program Design and Implementation 

Implementation Approach  

The COA will likely require partnerships, such as those between Puerto Rico and municipal 
governments with NGOs. Additionally, broad-based participation from the residents and 
occupants of untitled properties will be necessary. Actions likely to foster such participation are 

• inclusion of all affected stakeholders in the strategy development process to ensure 
transparency and inclusive participation 

• consensus on a set of strategic interventions 
• sustained commitment by all parties 
• integrated policies and systems to implement the strategic interventions. 

In addition to the general goals of these actions, there are several on-the-ground 
implementation strategies that could help to operationalize the process of extending, clearing, 
and registering title across Puerto Rico. 
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Local or Regional One-Stop Building Centers. There would be a need to thoroughly—and 
as simply as possible—communicate to residents the entirety of the steps and requirements in the 
“formal” land and structure acquisition and construction process. This could, in conjunction with 
HOU 6, include information on the building, modification, and permitting processes. A practical 
solution is to set up locations in each municipality or region that serve as a one-stop building 
center, where the prospective home or property buyer, home builder, or homeowner learns about 
all the documentation required to buy, sell, or modify land or structures and identifies documents 
that are lacking and required by the government. Further analysis is necessary to establish the 
process to help and incentivize low- and moderate-income residents to obtain the total array of 
documents to proceed with the formal world of property acquisition, construction, permitting, 
and titling. 

Title Clearing Navigators. Intense resources need to be allocated to training advocates to 
assist residents by promoting title clearing as a matter of health, safety, and wealth building; 
educating residents about their options (programs and mechanisms); and guiding them as 
navigators through the title-clearing process. 

Eminent Domain. According to a 2006 U.S. Government Accountability Office (GAO) 
report, “Alabama, Kansas, and Nebraska allow the use of eminent domain to clear a defective 
title under certain circumstances.”19 This could be an important tool to clear title for families that 
have long and demonstrable tenure in structures and/or that live on land where the title is 
difficult to clear. If there is sufficient reason to believe the current residents are the legitimate 
owners, eminent domain could be invoked by the government to acquire the property from other 
claimants. Eminent domain should be used with extreme discretion, but it can be a successful 
tool for resolving title issues in some such instances. 

Potential Pitfalls 

Households and families with long-standing residence and occupation of land parcels may 
be denied title to the unit or the land, prompting legal battles and possibly pressure on elected 
officials and public-sector employees to relax the titling process or create exemptions. 

There is a need to ensure that the information technology systems at the PRDH and the 
CRIM can accommodate a massive uptick of property (land and/or house) registrations. This 
could be addressed in part or in whole by HOU 5. The data system could also assist with 
providing a cost estimate by building typology of the corrective actions needed to secure title. 

 
19 U.S. Government Accountability Office, Report to Congressional Committees, “EMINENT DOMAIN: 

Information About Its Uses and Effect on Property Owners and Communities Is Limited,” GAO-07-29, 

November 2006.  
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Performance Metrics 

Possible performance metrics include  

• percentage of properties with complete ownership documentation 
• statistics of MRCC and property register integration, such as total parcels with titling 

information, amount of property registry records lacking parcel information (i.e., cadastre 
number), and amount of matched records between MRCC and Property Register  

• FEMA assistance program past and future (i.e., new cases and cases resolved) 
• Statistics on title information not yet digitized by PRDJ. 

Potential Costs 

The best estimate upfront cost is $800 million. This estimate is notional, reflecting an 
implementation approach centered on municipalities as the implementers and notional pricing for 
media outlets for outreach and education. Real costs could vary widely, depending on the 
implementing agency and the pricing, methods, and level of effort used for outreach. 

The midpoint estimate is based on certain assumptions. 

• $780 million for municipal administration and operation ($10 million average per 
municipality × 78 municipalities). This assumes that municipalities would pay for legal 
assistance and other support services for their residents. 

• One new administrative staff per municipality is needed for five years, on average, to 
promote, manage, and administer the property (land and/or home), titling process, and 
resolution of titling issues. This amounts to approximately $24.1 million (78 municipalities 
× 1 staff per municipality × 5 years × $62,000 per staff position).  

• A Puerto Rico–wide outreach and education campaign via television ($250,000 for 
development and $390,000/year for 260 spots at $1,500 each), radio (free public service 
announcements), community and social media ($250,000/year), amounting to 
approximately $0.9 million. 

Potential Funding Mechanisms 

Potential funding mechanisms include FEMA IA, CDBG-DR grants, and the government of 
Puerto Rico (with revenue streams needing to be established). 

Potential Implementers 

Implementing agencies for this COA include municipalities, PRDJ, OPM, PRPB, CRIM, and 
PRDH. 
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Chapter 8. Conclusion 

The 2017 hurricanes revealed in harsh detail the vulnerabilities of Puerto Rico’s housing 
sector to wind and flood risk. They also brought to light multiple features of the housing market 
that both create and perpetuate this vulnerability. The storm damage was enormous, but the 
substantial amount of assistance being provided by the federal government, the private sector, 
and philanthropies provides an opportunity to modernize the housing sector so that it better 
serves the people of Puerto Rico and is more resilient to future natural disasters that will 
inevitably strike. 

Based on interviews, the review of relevant documents, and our analysis of damage to the 
housing sector, this report identifies challenges facing the sector both pre- and post-storms and 
the COAs to address them. In addition to repairing, upgrading, or replacing homes so that they 
are less vulnerable to natural disasters in the future, these COAs attempt to reform and 
modernize the infrastructure of the housing market itself—the mechanisms by which property 
ownership and improvements are tracked, approved, and certified. A central part of this effort 
involves reducing the size of the informal housing sector in Puerto Rico—that is, that part of the 
housing sector that is constructed without building permits and often on property for which title 
is unclear or not held by the occupant. The COAs also attempt to stabilize the markets so that 
lower-income homeowners are able to stay in their homes and adequate housing in available for 
lower-income households. Finally, the COAs attempt to improve the take-up of insurance so that 
it is at least on par with that in the continental United States. Greater insurance take-up will not 
only reduce the need for assistance following future disasters but can also provide owners with 
incentives to mitigate risk. 

As Puerto Rico moves to implement its recovery strategy for the housing sector, it will need 
to move forward on multiple fronts simultaneously. It will also need to consider when and how 
to prioritize its activities. For example, program designers and administrators might consider 
prioritizing mitigation measures that target informally constructed all-wood structures, which are 
more vulnerable to flood and wind damage than other construction types. Or they might 
prioritize the removal of structures from floodways because although these structures are not 
large in number, they are the most vulnerable to flooding.  

Several of the COAs develop data that can be used to both scale and target efforts, and these 
should also be given priority. For example, better information and the number, location, and 
vulnerability of structures that were not substantially damaged in the storms will enable better 
targeting of mitigation funds (HOU 3). And the development of an integrated database on title, 
building permit, and property tax information would help focus efforts to improve titling and 
building permit compliance (HOU 5 and HOU 6). A thoughtful effort to assess how best to 
sequence recovery activities using relevant criteria would be well worth the cost. 
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Tracking performance and progress in reaching goals is an essential part of the program 
implementation process. We have identified a number of potential metrics that might be useful, 
and they can be refined and expanded on as implementation proceeds. These metrics can be used 
to track program progress and budget needs and to make midcourse corrections. It is not 
unreasonable to expect many of these COAs to take a decade to implement, and it is important to 
make adjustments as new information becomes available along the way. 

Last, we note that the HRTF proved to be highly influential in the formulation of these COAs 
and a highly successful framework to develop coherent and inclusive recovery strategies. By 
building an effective framework that allowed public, private, nonprofit, and academic housing 
stakeholders to have decisive input into how the recovery was conducted, Puerto Rico has set 
itself on the path to successfully implement its transformative programs. This model, with 
adjustments for local conditions, may prove to be a successful template for future disasters 
across multiple sectors. 
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Appendix A. Case Study of the Housing Recovery Task Force 

This appendix provides a case study of the work of the Housing Recovery Task Force 
(HRTF), starting with some background on the HRTF; it then discusses some key takeaways 
from the HRTF and some challenges of the effort (along with lessons learned for other recovery 
efforts), before closing with some conclusions. 

Background 

In response to the unprecedented level of housing damage caused by Hurricanes Irma and 
Maria, the U.S. Department of Housing and Urban Development (HUD) and the Puerto Rico 
Department of Housing (PRDH) convened the first meeting of the HRTF on March 8, 2018. This 
and subsequent meetings were well attended by representatives from federal and Puerto Rico 
stakeholders in the housing sector. The HRTF quickly became the central collaborative 
organization for housing recovery in Puerto Rico; as a result of its efforts, Housing-sector 
stakeholders were able to have their voices heard by policymakers and directly influence the 
recovery process. 

Predisaster 
Before the 2017 hurricanes, the HUD Puerto Rico field office and PRDH had organized the 

State Agencies Meeting, a regular meeting of federal and Puerto Rico housing stakeholders to 
discuss legacy housing issues and the administration of HUD’s annual Community Development 
Block Grant (CDBG) and Emergency Solutions Grant (ESG) allotment, which totaled around 
$800 million per year.1 Agencies participating in the State Agencies Meeting included 

• PRDH 
• PR Housing Finance Authority (PRHFA) 
• PR Public Housing Authority (PRPHA) 
• Office for the Socioeconomic and Community Development of Puerto Rico (ODSEC) 
• PR Department of Family (PRDF). 

The State Agencies Meeting was held monthly or quarterly to facilitate open dialogue and build 
crucial relationships between Puerto Rico stakeholders. 

 
1 This figure is based on the authors’ semistructured interviews on October 31, 2018, with relevant HUD staff who 

worked with the HRTF. 
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Task Force Formation 
After the National Disaster Recovery Framework (NDRF) was activated in response to 

Hurricanes Irma and Maria, HUD—in its role as the Housing Recovery Support Function 
(HRSF)2 lead coordinating agency—proposed to the State Agencies Meeting that it shift the 
focus of its activities to housing recovery, taking advantage of the increased federal presence, 
attention, and funding opportunities. HUD recognized the unprecedented level and complexity of 
the damage caused by the hurricanes and wanted to ensure that the recovery coordination effort 
was organized as soon as possible. However, the scope would not be restricted to only disaster-
related recovery and would also include preexisting issues in the housing market because these 
issues had significantly increased both the damage caused by the storm and complications in 
beginning recovery measures. This proposition was adopted by the State Agencies Meeting, as 
well as by HUD and PRDH leadership, and the State Agencies Meeting transitioned into the 
HRTF. The steering committee membership remained similar to that of the State Housing 
Meeting committee, but it was expanded to include more HRSF partners, including FEMA, 
whose Housing Sector Chief also served on the steering committee. Table A.1 includes the full 
list of HRTF member organizations.3 

Table A.1. HRTF Membership 

Chair Federal Members State Members 
Private-Sector 

Members 
Nonprofit 
Members 

Academic 
Members 

Steering Committee 

PRDH FEMA, HUD, USDA-RD PRDH, PRPHA, 
PRHFA, 
ODSEC, PRDF, 
COR3, PRPB 

   

Addressing System 

PRPB HUD, US Census Bureau, 
USPS 

PRDH, DTOP, 
PRHFA, PR 
Institute of 
Statistics, 
PRPB,  
911 

FedEx, UPS Puerto 
Rican 
Planning 
Society 

UPR 

Code Enforcement 

PRDH FEMA, HUD PRDH, PRPB F&R Construction 
Group   

 
2 HRTF is the Housing Recovery Task Force and the subject of the case study; the HRSF is the Housing Recovery 

Support Function, which is the main federal coordination entity for housing recovery that helped scope and run the 

HRTF. HUD has a crucial role in both organizations, but they are different organizations. 

3 HSOAC was not an official HRTF member, although we attended the meetings and assisted in capturing the 

discussions. 
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Chair Federal Members State Members 
Private-Sector 

Members 
Nonprofit 
Members 

Academic 
Members 

Delinquencies and Foreclosures 

Commissioner 
for Financial 
Institutions 

HUD, USDA-RD ODSEC, PRDH, 
PRHFA, PRPB 

Banco Popular of 
Puerto Rico, PR 
Mortgage Bankers 
Association 

  

Elderly, Special-Needs, and Underserved Populations 

Ombudsman 
for the Elderly 

USHHS, USDA-RD, VA, 
FEMA, HUD 

ODSEC, 
Ombudsman for 
the Elderly, 
PRDH, PRDH, 
PRPB, 
Continuums of 
Care 

DWH Business 
Services 

Solo Por 
Hoy, AARP, 
Fondita de 
Jesus, 
Movement 
to Reach an 
Independent 
Living, 
Pathstone 

 

Homeowners Without Title 

PRDH FEMA, HUD PRDH, PRPB PR Builders 
Association, PR 
Mortgage Bankers 
Association 

Puerto Rico 
Community 
Foundation  

Informal and Substandard Housing 

ODSEC FEMA, HUD, USDA-RD PDSEC, PRDH, 
PRHDA, PRPB 

Martinal Property 
Management 

Puerto Rico 
Community 
Foundation 

 

Permitting 

FEMA FEMA, HUD PRDH, PRPB PR Builders 
Association, F&R 
Construction Group 

  

Properties Located in Flood Zones 

PRPB HUD, FEMA ODSEC, PRDH, 
PRHFA, PRPB 

Prisa Group, 
Starlight 
Development 

  

Resilient Housing and Infrastructure 

PRPHA EDA, EPA, FEMA, HUD, 
USDA-RD 

PRDH, PRPB, 
PRPHA 

PR Builders 
Association,   

Vacant and Blighted Properties 

PRDH FEMA, HUD PRDH, PRPB Martinal Property 
Management   

SOURCE: U.S. Department of Housing and Urban Development, “Housing Damage Assessment and Recovery 
Strategies Report Puerto Rico,” June 29, 2018. 

 
At its first meeting in early March 2018, the HRTF steering committee established the issues 

and priorities on which the HRTF would focus. HUD identified these issues early in the recovery 
using different sets of data, including FEMA Individual Assistance (IA) inspections, a mayoral 
survey, housing fairs, and extensive field visits into the most affected areas in Puerto Rico. In 
addition, this initial effort helped identify both the most pressing issues facing the Puerto Rico 
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housing market and the most devastated areas. These issues were presented to the Puerto Rico 
Secretary of Housing, Fernando Gil Enseñat, and the HRTF steering committee during the first 
meeting. The committee added, subtracted, organized, and prioritized issues based on their 
observations in the wake of the disasters. The result was a list of issues, split between two 
categories. 

• Stabilize the housing market for homeowners and renters. The issues here are 
- high delinquency and foreclosure rates 
- high number of vacant and blighted properties 
- high rate of uninsured/underinsured and incidence of denied insurance claims 
- high rate of homeowners without title to property 
- lack of affordable, accessible, and disaster-resilient housing for elderly, special-needs, 

and underserved populations. 
• Restore housing infrastructure. The identified issues are 

- high rates of substandard informal housing  
- code enforcement 
- revising/updating tax structure 
- properties located in flood zone 
- upgrading the address system 
- repairing and rebuilding HUD-assisted affordable housing 
- permits 
- rebuilding a resilient housing infrastructure. 

These issues would become the foundation of the HRTF ad hoc subcommittees, as discussed in 
the next section. Two further categories were identified but were not turned into subcommittees: 
“Build local capacity to address housing issues” and “Support economic revitalization for 
housing recovery.”4 

During its first official meeting as the HRTF, the committee also established the mission, 
goals, and objectives of the task force. Task force documents list the mission statement of the 
HRTF as “[t]o support the Commonwealth of Puerto Rico in its rebuilding efforts by aiding in 
the creation of resilient, sustainable communities where residents have access to affordable, safe, 
resilient rental and homeownership opportunities.”5 Further documentation lays out the objectives 
the task force would be responsible for. 

• Manage and provide oversight of joint federal and state responsibilities to assess 
preliminary housing impacts and pre- and post-disaster needs. 

• Identify available options for temporary housing and support the development of local 
plans for permanent housing. 

• Create safe and healthy housing solutions that effectively support the needs of the 
affected community and contribute to their sustainability, resilience, and self-sufficiency. 

 
4 Housing Recovery Task Force, “Strategy Development Plan Draft,” March 8, 2018. 

5 Housing Recovery Task Force, “Housing and Puerto Rico Task Force Recovery Support Strategy,” April 25, 2018. 
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• Ensure community leadership and planners focus on adequate, affordable, and universally 
accessible housing. 

• Ensure that preparedness and mitigation measures are incorporated into new housing 
activities.6 

• Collaborate and develop goals and strategies for the identified housing recovery 
priorities.7 

Task Force Organization 
The task force organized itself around the identified issues by establishing ad hoc 

subcommittees dedicated to “collect input about impacts, needs and proposed strategic solutions” 
to realize lasting reform in the Puerto Rico housing market.8 These subcommittees were the task 
force’s primary method of stakeholder engagement; as such, subcommittee membership also 
included private, nonprofit, and academic entities. Subcommittees were led by a chairperson 
chosen by PRDH who was a senior-level representative from the member agency most 
associated with the issue. The other members of the subcommittee were SMEs from the gamut of 
sectors with a direct stake in Puerto Rico’s housing recovery. These members were originally 
chosen by PRDH, but membership was expanded to include other stakeholders who had not 
originally been included but who were identified as crucial to the discussion. Many 
subcommittees had overlapping membership, especially on related issues. 

The subcommittees usually met twice, once a week over two weeks, although some met less 
often and a few met more often. These meetings were used to identify the root causes of each 
issue and develop methods to both collect further data and to shape programs and policies 
intended to alleviate each issue. The chairpersons of the subcommittees came together to discuss 
the overlaps between the committees and identify common strategies. 

The steering committee met four times between March and June, when the HRSF released its 
joint Mission Scoping Statement (MSA)/Recovery Support Strategy (RSS) report. As discussed 
previously, this first meeting was focused on establishing the HRTF’s mission and priorities. 
Subsequent meetings were used for the chairpersons of each subcommittee to brief their results 
to the steering committee, who gave its input. 

Administrative support for the HRTF was provided primarily by the HUD field office, which 
held the meetings in its San Juan offices. The field office staff were surged temporarily at 
various points during the recovery to provide additional support to the task force, including 
planning and data support. Support was also provided by the FEMA Housing Sector, which 
provided personnel to assist with coordination and communication. The PRDH also provided 

 
6 Housing Recovery Task Force, “Strategy Development Plan Draft,” March 8, 2018. 

7 This objective was added later in the “Housing Damage Assessment and Recovery Strategies Report,” 

Washington, D.C.: U.S. Department of Housing and Urban Development, June 29, 2018, p. 30. 

8 Housing Recovery Task Force, “Strategy Development Plan Draft,” March 8, 2018. 
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support in the form of coordination assistance and was instrumental in identifying subcommittee 
members and leadership. 

Future Steps 
After the release of HUD’s Housing Damage Assessment and Recovery Strategies Report in 

June 2018, PRDH and HUD have been developing plans to allow the HRTF to contribute to the 
implementation stage of the housing recovery. This will involve creating advisory committees to 
counsel policymakers as they develop recovery implementation programs. Advisory committee 
membership will be similar to that of the HRTF subcommittees, consisting of a mix of public, 
private, nonprofit, and academic members. Because of the larger scope of the CDBG-DR 
program, which extends beyond housing recovery to include infrastructure and economic 
recovery, new stakeholders from these sectors have also been added to the framework to ensure 
that policy is examined from all possible angles. PRDH is also putting together working groups 
for specific projects. Group membership will consist of state agency representatives who can 
guide projects through the permitting process. 

Key Takeaways from the HRTF Effort 

The HRTF was successful in creating a collaborative environment in which housing recovery 
strategy could be planned by the major stakeholders across the sector. The task force owes this 
success to several important traits and factors, including an active federal coordination agency; a 
unified funding source; early establishment of the scope, mission, and structure; leveraging a 
preexisting structure; and a diverse membership. Although several of these traits and factors 
were unique to the circumstances of housing recovery in Puerto Rico, each provides valuable 
takeaways that future disaster recovery efforts may be able to use to their advantage. 

Active Federal Coordination Agency 
Active coordination leadership is crucial for the success of a collaborative effort, especially 

in disaster recovery planning, because it can set an agenda, cut through bureaucratic and political 
silos, and ensure that the administrative needs of the organization are accounted for. Without the 
completion of these crucial tasks, a collaboration may not be able to produce consistent and 
coherent recommendations that account for the full population of stakeholders. Disaster recovery 
planning often involves many stakeholders from a wide array of sectors—stakeholders who are 
often not used to working together. Given its funding, manpower, and administrative abilities, 
federal coordination leadership is uniquely positioned to ensure that a recovery planning task 
force functions smoothly. 
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This was especially the case for the HRTF, because coordination in Puerto Rico is often 
limited by a lack of resources and a tendency for political siloing.9 Through its Puerto Rico field 
office and its HRSF team, HUD was able to successfully establish the task force as a collaborative 
organization by providing coordination, data collection, and administrative support. The National 
Disaster Recovery Framework (NDRF) named HUD as the lead coordination agency for the 
Housing Recovery Support Function (HRSF) and outlined its responsibilities as providing 
“leadership, coordination and oversight,” and ensuring “ongoing communication and 
coordination between the primary agencies and support organizations, and between the Federal 
agencies and corresponding local, State and Tribal authorities and nonprofit and private sector 
organizations.”10 

HUD, especially the San Juan field office and its HRSF team, took this charge to heart and 
recognized that it would need to bring together all the relevant stakeholders to the process, 
regardless of sector status, to prevent a disjointed recovery plan and stakeholder objection in the 
future. Leveraging its federal-level position, the HRSF collected data that would be used in 
scoping the effort and developing the framework to assemble the stakeholders into a united, 
inclusive, and transparent group. But instead of taking over the entire effort at the federal level, 
the HRSF went to great pains to ensure that Puerto Rican agencies were at the helm of recovery 
planning. 

The HRSF—as well as the San Juan field office, the FEMA Housing Sector, and the Puerto 
Rico Central Recovery and Reconstruction Office (COR3)—acted as an enabler for the Puerto 
Rican agencies to lead the task force by assuming the administrative burden for the HRTF, 
taking responsibility for such tasks as scheduling and coordination, providing facility space and 
teleconference capabilities, notetaking and dissemination, and facilitation of the meetings. This 
allowed already-burdened member agencies, especially PRDH, to contribute to the task force 
without worrying about the extra workload, as well as ensuring that the small but vital details 
that would be instrumental in ensuring open communication would be accounted for. 

HUD’s and the HRSF’s approach to acting as the federal recovery coordinating element 
could serve as a useful model for future recovery efforts. Although the NDRF specifies which 
agencies are to act as the coordination agency for each Recovery Support Function (RSF), the 
NDRF does not specify how they are to approach this task. The HRSF’s approach of using its 
authority to build a recovery task force framework, collecting relevant scoping data to identify 
priorities, and allowing overburdened local stakeholders to run the task force by providing 
administrative capacity can be applied to other disasters and recovery sectors, although 
circumstances will dictate how it is implemented. 

 
9 Observations from semistructured interviews during October 2018 with relevant HUD staff who worked with the 

HRTF. 

10 Federal Emergency Management Agency, National Disaster Recovery Framework: Strengthening Disaster 

Recovery for the Nation, Washington, D.C.: U.S. Department of Homeland Security, September 2011, p. 6. 
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Unified Funding Source 
Overall, disaster recovery is funded by a wide variety of sources, each with its own 

commitment levels and stipulations on the use of funds, which can determine how sector 
stakeholders organize recovery plans. This can often lead to disjointed recovery planning 
because stakeholders attempt to fulfill different funding requirements without collaboration. The 
housing sector is fortunate to have a single outsized funding source in the form of the 
Community Development Block Grant–Disaster Recovery (CDBG-DR) from HUD. Other 
federal assistance exists as well, such as the Individuals and Households Program (IHP) from 
FEMA and disaster loans from the Small Business Administration (SBA), but both are limited in 
their scope to housing repairs. CDBG-DR is the single largest and most flexible funding source 
available for housing recovery and allows a grantee to conduct programs that enable a 
community to become more resilient and better suited for its residents, rather than just fix homes 
in the community. Grantees must develop an action plan that outlines how they will use the 
CDBG-DR funds and submit this plan to HUD for its approval. HUD typically is only involved 
in determining the parameters for using CDBG-DR, which it posts to the Federal Register, and in 
the approval process for the action plan. 

In the case of Puerto Rico, the HUD field office was authorized by its headquarters to help 
facilitate CDBG-DR planning efforts, although it left the actual job of planning to PRDH, the 
grantee in this case. This provided HUD with the opportunity to facilitate the HRTF and to 
release the subsequent Housing Damage Assessment and Recovery Strategies Report, both of 
which were intended to provide PRDH with a set of recommendations collected from a varied set 
of recovery stakeholders. This also provided HUD with an opportunity to leverage stakeholders 
into participating by providing them with an opportunity to come to the table and have their 
voices heard directly by those crafting the CDBG-DR action plan.11 

Other sectors in future recovery efforts may not be in the same position as the housing sector 
in terms of having a single outsized funding source, but a similar approach may be used. If 
funding agencies can work together to align their requirements and use their funding leverage to 
bring grantees into a consolidated task force, this may prevent isolating recovery efforts along 
funding source lines. 

Early Establishment of Scope, Mission, and Structure 
In large-scale recovery efforts, it is crucial to establish the approach and gain stakeholder 

buy-in as early in the process as possible. The longer it takes to develop a common agenda, the 
more individual stakeholder actions will diverge and gaps will appear, especially if stakeholders 
receive independent funding. By bringing a unified plan to the relevant stakeholders at the 
beginning of the process, the effort stands a better chance of remaining united in its actions. This 

 
11 Semistructured interviews with relevant HUD staff who worked with the HRTF, October 2018. 
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is especially important when stakeholders have been known to remain siloed in their own 
planning efforts, as often happens in Puerto Rico. 

From the very beginning of the HRTF, the steering committee worked to build consensus on 
the scope of issues the task force would be addressing. As a part of its traditional duties, the 
HRSF is asked to write MSA and RSS reports; the former are used to capture the post-disaster 
remaining need for scoping purposes, and the latter contain HUD’s recommendations on 
recovery strategies. Although this requirement was waived in Puerto Rico, the HRSF determined 
that given the scale and complexity of the recovery, these reports were important to complete, 
given the complexity of the disaster.12 This drove HRSF efforts to collect data and guide the 
HRTF. In a scoping meeting in early February, the HRSF approached the State Agencies 
Meeting with a list of 14 pre- and post-disaster issues and challenges it had identified from the 
HRSF’s data collection efforts. The steering committee, led by Puerto Rico Housing Secretary 
Fernando Gil Enseñat, worked to prioritize the identified issues, develop initial approaches, 
develop common metrics, and recognize the overlap with existing recovery efforts. This led 
directly to the establishment of the ten ad hoc subcommittees that carried out most of the direct 
planning and successfully ensured that each subcommittee had its own scope and was mutually 
reinforcing with the other subcommittees, thus guaranteeing that there was little duplication and 
that few gaps were left between them. By establishing a common agenda, scope, and plan very 
early in the process, the HRTF avoided wasted efforts on the part of recovery stakeholders and 
got them all moving in the same direction before recovery funding had been distributed. 

Future disaster recovery efforts should use the approach taken by the HRTF and work 
quickly to establish their own agendas, scopes, and structures early in the recovery process, both 
to quickly begin generating recovery plans and to ensure that those plans are comprehensive and 
coherent before any recovery funding has been distributed. 

Preexisting Structure and Relationships 
Establishing a collaborative effort on the scale of the HRTF can be a monumental effort and 

requires coordination and resources. Relationships must be built between collaborators, open 
lines of communication must be developed, and trust that the collaborative process will achieve 
the desired outcome must be established. This is even more true when stakeholders are historically 
known to remain partitioned.13 

The HRTF was able to minimize this setup effort because it built on a preexisting framework 
by converting the State Agencies Meeting, which dealt with regular housing issues, into the 
HRTF, which was completely focused on housing recovery. Because of this overlap, task force 
members were already familiar with one another and their own roles within the framework. The 
task force steering committee retained the same leadership structure and membership as the State 

 
12 Semistructured interviews with relevant HUD staff who worked with the HRTF, November 2, 2018. 

13 Semistructured interviews with relevant HUD staff who worked with the HRTF, October 2018. 
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Agencies Meeting, but it did integrate HRSF member agencies, such as FEMA, into the steering 
committee, thus enabling it to expand its expertise to include recovery. Therefore, communication 
channels remained the same as they had been prestorm, and dialogue could remain open among 
the task force members. 

The existence of the State Agencies Meeting, a regular meeting of federal and Puerto Rico 
housing stakeholders, prior to the hurricanes allowed relevant stakeholders to continue 
coordinating but now on recovery efforts. This is a potentially scalable model that would 
minimize setup costs associated with establishing a new task force post-storm, when 
stakeholders are already pushed to their limits by their disaster-related duties. An added 
advantage would be that stakeholders would already be discussing sector-related issues even 
before a disaster struck, thus making the entire sector stronger to begin with. 

Diverse Membership 
Because of the usual top-down nature of disaster recovery, nongovernment entities can often 

be left out of planning efforts. This makes implementation more difficult because those who will 
often be implementing housing recovery programs—private and nonprofit entities—are not 
consulted and their implementation capabilities are not assessed before programs are established. 
This often leads to inefficient and delayed implementation further into the recovery, wasting 
considerable time and funds as plans are deconflicted and redrawn. 

The HRTF included a membership of diverse stakeholders from across the housing sector 
through its ad hoc subcommittee structure. Each subcommittee had a varied membership, with 
representatives from federal, state, private, nonprofit, and academic organizations. Although this 
setup heavily favored public and private entities, as shown in Figure A.1, it prevented recovery 
planning from being conducted in a vacuum and allowed a wide range of perspectives to be 
active in the planning process, thereby increasing the depth of each plan and increasing 
stakeholder buy-in before any funding had been distributed. 

Additionally, each of these organizations has its own network of relationships with the 
others, which further extends the planning process to additional stakeholders while retaining a 
central structure of senior policymakers. Task force members did a notable job of managing 
commitment levels by sending the correct level of authority to each component of the HRTF. As 
noted, the steering committee consisted of senior decisionmakers, ensuring that they were 
involved during the entire planning process without demanding a large amount of their time. The 
subcommittees, which met more regularly than the steering committee, consisted of SMEs who 
could dedicate more time to attending meetings and assisting with subcommittee activities. 
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Figure A.1. Subcommittee Membership 

SOURCE: U.S. Department of Housing and Urban Development, “Housing Damage Assessment and Recovery 
Strategies Report Puerto Rico,” June 29, 2018. 

Given these benefits, future recovery organizations would be wise to follow the HRTF’s 
example of including a diverse membership, but they could be even more inviting to 
nongovernment entities, especially the academic sector. This would allow recovery planning to 
take advantage of the in-depth research and emerging techniques being developed in local and 
national research institutes. 

Challenges the HRTF Faced 

Despite the success the HRTF had in creating a collaborative environment for housing 
recovery planning, challenges still existed throughout the process, in particular related to staffing 
and data. These challenges may have kept the HRTF from reaching its full potential, and there 
are actions that can be taken by future disaster recovery planning efforts to address some of these 
challenges. 
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Staffing 
According to task force participants from HUD who were charged with coordination and 

administration, one challenge they faced was a shortage of staff who were designated to assist in 
Puerto Rico for the entire duration of the recovery planning process.14 Although HUD 
headquarters did deploy several capable staff members to assist throughout the process, these 
deployments were time-restricted and spread out throughout the recovery timeline. This 
prevented the HUD field office, which had taken on the mantle of administration for the HRTF, 
from providing a consistent workforce throughout the process. The deficiency of staff in the 
early days of the recovery also hindered the ability of the HRSF to assess the full extent of 
housing damage, because it only had enough staff to collect data in the most affected 
municipalities. A larger staff may have allowed them to collect timely data on a larger portion of 
Puerto Rico. 

Several of those interviewed reported that they would have liked the flexibility to hire local 
staff to supplement field office staff, thereby freeing up HUD personnel to conduct regular 
business and to maintain a dedicated team focused on the HRTF. A good use of such local staff 
would be to coordinate local stakeholders. A local contractor with knowledge of local housing 
issues and familiarity with the local players could be effective in bringing relevant parties 
together for an effort such as the HRTF. Future disaster recovery efforts may want to explore 
rapid hiring models like FEMA’s local hire program, which can increase a disaster workforce 
temporarily while also helping to stimulate the local economy. The use of a local company or 
nonprofit to facilitate task force proceedings would have a similar effect while also bringing in 
facilitation SMEs and a dedicated third-party workforce to ensure that the needs of the task force 
are met. 

Data 
A challenge that emerged early in the process was a significant lack of consistent data sets on 

the prestorm and post-storm condition of the housing market, as well as a lack of access to 
preexisting data. This affected the early data collection effort by the HRSF in its attempt to 
identify the most pressing issues that would be addressed by the task force. FEMA Individual 
Assistance data, which is the primary source of data the HRSF uses to inform its efforts, was 
being collected but at a very slow pace. Alternative data sets, such as vacancy and foreclosures, 
were either incomplete or nonexistent before the disaster, or access to data sets was restricted and 
had to be negotiated, such as insurance data. The complexity and magnitude of the disaster, as 
well as limited staff, made it difficult to conduct extensive field assessments, and negotiating 
access was time-intensive. 

To circumvent this lack of data, the HRSF used a variety of other techniques to collect 
relevant data, including limited field visits to heavily affected municipalities, a mayoral survey, 

 
14 Semistructured interviews with relevant HUD staff who worked with the HRTF, October 2018. 
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and the holding of housing fairs to collect views directly from citizens. These activities allowed 
the HRSF to eventually frame the scope of the HRTF, but it would have been a more rapid 
process if accurate data sets had been available. 

Future disaster recovery planners should take measures to compile and negotiate access to 
relevant data sets prior to a disaster occurring, thereby allowing them to quickly assemble and 
scope a recovery task force if needed. If this is not possible, then planners should remain flexible 
and look for creative ways of collecting the data. 

Conclusion 

The HRTF proved to be a successful collaborative framework that allowed recovery planning 
to be an inclusive and transparent process that resulted in coherent and significant recovery 
strategies. This success was largely the result of the list of traits and characteristics discussed in 
this case study that were unique to the HRTF, but there are also lessons that can be applied 
across disaster types and recovery sectors. This may prove difficult for other RSFs to manage 
efficiently depending on the size of the geographic area impacted and the number of agencies 
that would need to be coordinated. In these cases, the HRTF model is still useful because the 
duties associated with establishing and administering a task force are much less than planning the 
recovery themselves, especially if they help establish a foundational state organization prior to a 
storm while also allowing all relevant stakeholders to have a voice in the recovery. 

Although it has yet to be seen if the HRTF can continue to maintain its collaborative 
environment while it transitions into an implementation advisory working group, this framework 
has laid the foundation for further collaboration in Puerto Rico to ensure that the housing market 
is stronger and more resilient than it was before the storms, thus allowing residents to live in 
safe, secure, and suitable housing. 
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Appendix B. Construction of Isolation Score 

This appendix describes the approach used to calculate the isolation index, which is 
discussed in Chapter 2. 

First, a 0.3-mile (500-meter) fishnet grid was overlaid on the residential structure data. The 
data were converted to points at the center of each fishnet cell. Using the points in each fishnet 
cell, the straight-line distance to the nearest of each of the following types of key infrastructure 
was calculated: electrical substations, health care facility, police station, fire station, school, and 
roads. 

An isolation score for each 500m × 500m cell was calculated using the following approach.  

• For critical facility and utility infrastructure, use the integer value of the distance in miles. 
• For roadway infrastructure, assign a value of 1, 2, or 3 based on the road classification 

values. 
- Primary routes (including intermodal routes)—score of 1 
- Freeways (toll roads with key entry/exit interchanges)—score of 2 
- Secondary routes—score of 2 
- Tertiary routes—score of 3 

• Sum the total scores and define “Isolation Groups” using the cutoffs as shown in 
Table B.1. 

Table B.1. Isolation Categories 

Isolation Category Index Score 

Not isolated ≤7 

Very low isolation 8–10 

Low isolation 11–14 

Somewhat isolated 15–18 

Isolated 19–29 

Very isolated 30–45 
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Appendix C. Insurance Claims Following Hurricane Maria 

This appendix describes the information on insurance claims obtained by the research team 
and identifies some of the issues that arose about claims payment and the function of insurance 
markets more generally following the 2017 hurricanes. 

Claims data for homeowners and dwelling policies (which typically exclude flood 
coverage) were not available from the Office of the Insurance Commissioner (OCS).1 
However, the research team was able to obtain data from the two largest insurers in Puerto 
Rico—MAPFRE PRAICO and United Surety and Indemnity Company (USIC)—and from a 
large, lender-based insurance company. MAPFRE PRAICO reported about 47,600 dwelling/ 
homeowners claims on about 182,000 policies. USIC states it had 14,000 hazard, private flood, 
and builders risk claims; unfortunately, the number of policies that that involved is unknown. 
The large lender-based insurance agency reported that about 35 percent of its 125,000 clients 
had claims. Whether those are only for residential properties (as opposed to commercial 
properties) is not known.  

As for private flood insurance, OCS did report that MAPFRE PRAICO had about 3,000 
($15.5 million) in private flood claims and that USIC had about 1,300 ($6.1 million). Those 
figures translate into very low average claim payments of $5,200 and $4,700, respectively. In 
comparison, the average NFIP claim reported by FEMA was $54,000 on 800 claims. 

Overall, it has been reported that insurers received 279,000 claims following Hurricane 
Maria, presumably including both commercial and residential claims. A total of $4.4 billion has 
been paid as of October 2018, with 65 percent of the claims closed with payment, 30 percent 
closed without payment, and 5 percent (13,600) still open.2 

The media and Puerto Rico’s Insurance Commissioner reported that claims payments were 
slow in coming. At the beginning of 2018, the Commissioner gave 12 carriers an opportunity to 
improve their claims handling. When there was little improvement one month later, he issued 
fines to six carriers totaling $2.4 million. As of June 2018, more than $3.47 billion in claims 
payments and advances had been made, but 272,000 claims were still pending.3 

 
1 OCS collects data from insurers on claims received and claims paid, but at the time of this study, OCS did not 

respond to our requests for tabulations of the number and amounts of claims received and paid. 

2 Danica Coto, “Insurers Under Scrutiny in Puerto Rico with 13,600 Claims Still Open,” Insurance Journal, 

October 25, 2018. 

3 Agustín Criollo Oquero, “Puerto Rico Insurance Industry Hinders Recovery with Unsettled Claims,” Caribbean 

Business, August 17, 2018.  
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As for the claims process, several observations were offered during interviews with insurers 
and other informed parties. 

• There were claims where the insured had altered the building (e.g., added a wooden 
second floor on a concrete block building, converted it to a business) but never informed 
the insurance company; therefore, the insured did not receive payments for what was 
changed. 

• There were claims denied because of poor maintenance and not because of storm-related 
damage or below-the-wind deductible (i.e., 2 percent), so those were not paid. 

• The delay in claim payment slowed down the federal assistance process because the 
federal government needed to know what was being covered to avoid duplication of 
benefits. 

• Insurers saw an increase in claim submittals in the spring when the Internal Revenue 
Service (IRS) announced that the deductible can be a deduction on taxes and other losses 
not covered or denied. 

• The Insurance Commissioner estimated that 60 to 70 percent of losses were not insured. 
• Policyholders do not understand their coverages nor the claims process. 
• Claims adjusting was very challenging because of the size of the disaster, the limited 

number of adjusters,4 and the initial poor working conditions post-Maria (e.g., no 
electricity, no phone service, no street signs, difficulty finding the home and the insured, 
and horrible road conditions). 

 
4 One company reported that there was difficulty in getting Spanish-speaking adjusters from other countries because 

of U.S. immigration controls in Puerto Rico. It ended up being successful by having them fly first to Miami before 

coming to Puerto Rico. 
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Appendix D. Estimates of Mitigation Cost 

This appendix provides the estimates of mitigation cost in dollars per square foot, which 
were used in Chapter 5. 

Engineers and cost estimators on the project developed estimates of the cost of the various 
mitigation alternatives based on commercially available products such as RS Means and 
Xactimate and other historical cost data developed in past mitigation studies. The costs were 
adjusted to reflect current local costs in Puerto Rico. Upper and lower estimates rather than an 
average cost were developed to reflect the limited accuracy of the available data. Table D.1 
shows the results expressed in terms of dollars per square foot of the structure to be repaired or 
replaced. 
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Table D.1. Mitigation Cost per Square Foot 

Housing Data 
Category Subcategory 

Cost 
Range 

Rehabilitation and Reconstruction  
Options for Hazard Mitigation and  

Cost Ranges (Based on Total  
Square Footage) 

Acquisition/ 
Demolition 

(A/D) 

Mitigation 
Reconstruction 

(M/R) 

Abandon 
Lowest 
Floor 
(ALF) 

Wood  
Roof 

Replacement 
Upgrade 
(WRU) 

All-wood 
construction 

1-story Minimum $60.20 $63.60 N/A N/A 

Maximum $100.40 $106.00 

1-story 
elevated 

Minimum $60.20 $63.60 N/A N/A 

Maximum $100.40 $106.00 

2-story Minimum $63.70 $63.60 N/A N/A 

Maximum $106.10 $106.00 

Manufactured 
housing 

None Minimum $27.90 $29.00 N/A N/A 

Maximum $46.50 $48.30 

Combination 
wood and 
concrete 
construction 

1-story Minimum $66.70 $70.10 N/A $14.20 

Maximum $111.10 $116.90 $23.70 

1-story 
elevated 

Minimum $66.70 $70.10 N/A $14.20 

Maximum $111.10 $116.90 $23.20 

2-story Minimum $73.50 $70.10 N/A $23.20 

Maximum $122.50 $116.90 $38.70 

Mixed use None Minimum $66.50 $70.10 N/A $23.20 

Maximum $110.90 $116.90 $38.70 

All-concrete 
construction 

1-story Minimum $85.80 $90.10 N/A N/A 
Maximum $143.00 $150.10 

1-story 
elevated 

Minimum $85.80 $90.10 N/A N/A 
Maximum $143.00 $150.10 

2-story Minimum $87.30 $90.10 N/A N/A 
Maximum $145.50 $150.10 

Multifamily 
residential/ 
condominiums 

2- to 4-story 
(3 to 9 units) 

Minimum $123.20 $128.00 $34.30 N/A 
Maximum $205.40 $213.40 $57.20 

2- to 4-story 
(10 to 49 units) 

Minimum $119.60 $124.30 $17.20 N/A 
Maximum $199.40 $207.10 $28.60 

8+-story  
(50+ units) 

Minimum $118.30 $122.90 $8.80 N/A 
Maximum $197.10 $204.80 $14.60 
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