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A municipality’s level of public engagement and especially community involvement is associated with a greater
rate of recovery in Puerto Rico following Hurricane Maria in 2017. This finding is based on an analysis of the
relationship between the capacity of Puerto Rico’s 78 municipal governments and their rates of post disaster-
recovery, controlling for both exposure to Maria and pre-storm trends. Municipal capacity for community
involvement may help activate social capital and the co-production of disaster recovery. Community involve-
ment may increase trust among local officials and residents, increase government’s knowledge of community
priorities, and help residents access federal and state aid. Other measures of management capacity are not
consistently associated with a faster rate of post-disaster recovery. The findings suggest that investing in
municipal capacity for public engagement as part of disaster preparedness may provide benefits for disaster
recovery. For researchers, the combination of original survey data and readily available post-disaster indicators

provides a model for assessing recovery after disaster in the short term.

1. Introduction

Large-scale disasters can overtax local government management
systems, particularly outside of major metropolitan areas [1]. However,
even as they are overwhelmed by major disasters, local governments are
essential for identifying recovery priorities and implementing recovery
spending and risk reduction. Johnson and Olshansky [2]; 9) emphasize
that post-disaster recovery is “best accomplished at local levels of gov-
ernment” because of localities’ familiarity with constituents’ priorities
and needs and the local context. In practice, however, post-disaster re-
covery efforts “tend to be overly fixated on the management” of assis-
tance programs operating at the federal and state levels [3]; 248). Much
of the disaster management scholarly literature focuses on emergent or
networked forms of organization for managing complex disasters (e.g.,
Ref. [4]. Meanwhile, the black box of local government capacity remains
relatively underexplored. Government capacity refers to elements of
strategy, management, operations, and finance [5]; 293-294). More-
over, with rare exceptions that focus more on resilience that recovery [6,
82], there is little research examining the link between increases in local
government capacity and their effect on recovery. Researchers lack

empirical evidence showing that increases in local government capacity
lead to less damage or faster recovery.

This study explores how municipal capacity affects recovery from
natural disasters by analyzing how Puerto Rico’s municipalities
weathered the effects of Hurricane Maria in 2017. Puerto Rico’s
governance structure includes 78 distinct municipalities, each with an
independent government and individually elected mayor and legislative
body. There are no regional intermediary levels of government between
the municipal governments and the Government of Puerto Rico (GPR),
and in comparison to the continental United States, relatively few ser-
vices are shared or provided regionally [8]. Furthermore, even when
services are provided by the GPR, municipal governments may be more
likely to have more granular information about community vulnerabil-
ities and areas of critical need, and as a result have deeper knowledge of
how resources should be administrated and services prioritized.
Accordingly, the capabilities of the individual municipal governments
could be expected to be of particular importance to both limiting initial
damage from the hurricanes and recovering from them afterwards.
Indeed, the Center for Puerto Rican Studies at Hunter College found that
post-disaster recovery depends upon “the local government’s ability to
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prioritize needs and appropriately direct and manage funds and/or
available programs” [9].

In 2017 Hurricane Maria devastated Puerto Rico, cutting large parts
of the island off from assistance for extended periods of time due to the
collapse of the energy grid and communications networks and wide-
spread landslides and floods that destroyed bridges and roadways con-
necting communities [8,10]. Thousands of residents were rendered
homeless by the severe damage to housing stock, and response efforts in
many cases took days and weeks to reach far flung communities. The
territory’s 78 individual municipal governments with varying levels of
capacity were exposed to a major shock. We examine this case to assess
the role of municipal capacity in hastening recovery following a major
disaster. For the purposes of this analysis, recovery is defined as the
period after the response, when hurricane winds and waters have died
down, life-saving activities have slowed, and “during which the
longer-term activities of reconstruction, rehabilitation and recovery
proceed” [11]; 51).

This article poses two research questions: First, how does municipal
capacity affect post disaster recovery? And second, what aspects of
municipal capacity have the most significant impact on recovery?

To answer these questions, we operationalize the constructs of
municipal capacity and recovery. We measure municipal capacity
building off of work by Johnson [3,13]. We develop a means for char-
acterizing overall municipal capacity as well as key subcomponents in
order to assess the role that overall municipal capacity and specific as-
pects of capacity, such as management, may play in reducing damages
incurred during a disaster and in recovering from disaster more quickly.
To control for variance in damages and exposure, we focus on reported
housing damages above $5000. We also take into account damages
which may not be recorded in official estimates as a result of Puerto
Rico’s informal housing market. We measure recovery using key
socio-economic indicators and compare them to their counterfactual
had the hurricanes not occurred, based on previous trends. Accounting
for this counterfactual is critical in the case of Puerto Rico. Long-term
economic decline over the past decade, combined with large-scale
population outmigration, make it difficult to interpret indicators that
may have continued to decline on their own in the absence of the hur-
ricanes. Finally, we use OLS regression analysis to determine the sta-
tistical relationship between capacity and recovery. Fig. 1 shows the
analytic approach.

The study finds that public engagement and, in particular, commu-
nity involvement is positively associated with a greater rate of recovery.
Community involvement includes much of what the public administra-
tion literature refers to as “co-production” of public services by gov-
ernment and residents: citizen involvement in planning, designing, and
delivering services, and government support for community develop-
ment [14]. Appendix I shows the components of this variable.

The remainder of this paper is organized as follows. The paper begins
with a discussion of how the role of municipal capacity and in particular
public engagement has been neglected in theoretical and empirical
studies of disaster recovery. Then, it explains the process for measuring

Municipal Indicators

“Regressions use controls for nanwral exposure to burricane, poverty, and
popularion. The capacity index is the independent wariable.

““Municipal indicators for recovery inde are derived from the difference

International Journal of Disaster Risk Reduction xxx (xxxx) xxx

capacity, damages, and recovery, drawing on relevant literature and
prior research. We then present our empirical approach and discuss the
data we used to assess municipal capacity, damage from Maria, and
recovery after Maria. We present the results of our assessment of how
overall municipal capacity and specific components of municipal ca-
pacity may have impacted damage to municipalities from Maria and
how quickly they are recovering. We discuss the limitations of our
analysis, including data availability and potential limitations of the in-
dicators. We end with conclusions summarizing our interpretation of our
findings, their implications for disaster assistance funding and future
attempts to study recovery from catastrophic disasters, and potential
next steps for future research.

2. Municipal capacity as an underexplored component of
recovery

Disaster recovery is sometimes conceptualized as a stage in a cycle of
disaster, following mitigation, preparedness, and response. More
broadly, it is a phase in restoring community functioning and well-being
[15]. Despite being a core concept in the hazards and disasters field,
many scholars have noted that recovery remains undertheorized [16,
17]. Olshansky and Johnson [18] identify the immature state of recov-
ery theory, and point to “time compression” as a concept to show how
the recovery period differs from the routine. In the recovery period,
there is an intensification of activities that opens up possibilities for
change.

Time links recovery to the concepts of resilience and preparedness
[19]. Preparedness actions taken before an event can contribute to
resilience, which can lead to faster, fuller, and more equitable
recoveries.

Individual and social vulnerability according to demographic groups
and underlying characteristics can impede resilience and recovery; a
large literature explores these topics [20]. Individual contributions to
resilience and recovery are often studied at the neighborhood level,
reflecting the burgeoning literature on social capital [21]. Social capital
and particularly bridging ties across groups has been shown to be
associated with improved disaster recovery [22,23,25,26,28].

By comparison, theoretical and empirical attention to the govern-
ment’s role in fostering resilience and recovery is lacking. Scholars have
given some attention to the important role that the federal government
plays in recovery from large disasters—and the problems that ensue
when such aid is delayed or absent [18]. Municipal capacity, however, is
less often studied despite the key role that local governments play
linking federal government plans and funding with communities and
neighborhoods. Aldrich [29] suggests that attention to nonprofits and
individual initiative may obscure the role that local governments play in
recovery.

Without sufficient capacity, recovery can be slowed because of a
backlog of work, or recovery activities may be taken up by outside
groups with a poor grasp of local needs. For example, New Orleans’s
planning department suffered large budget cuts after Hurricane Katrina

RQ1: How does municipal

Recovery Index EEEeE capacity affect post-

disaster recovery?

| Regression using

| capacity breakdown

RQ2: What aspects of
municipal capacity have
the most significant impact
on recovery?

betuen the expected value of the indicator in 2018 10 the actual value.

Fig. 1. Analytic approach to municipal Capacity’s impact on recovery.
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[30]. As a result, New Orleans relied on technical assistance from inside
and outside the community [32]. The use of outside technical assistance
rather than municipal plans and capacity was criticized for not meeting
the needs of residents and slowing recovery [33]. However, many gov-
ernments require substantial technical assistance for many services [34],
including after major disasters in order to manage large scale recoveries
and access federal aid [18].

It stands to reason that local governments with greater capacity have
the ability to process recovery aid from government and nonprofit
sources after disaster. More broadly, they may be able to better engage
citizens in pre- and post-disaster planning routines to identify priorities
and build social capital.

Capacity refers to the ability to achieve some end state, and includes
people, money, and other resources. Capacity is a central component of
government’s ability to address public problems [5]; 293-294; [35].
One part of municipal capacity is the sheer amount of budget and
personnel [12,37]. Another part of municipal capacity is the ability to
engage with the public—a crucial component for targeting aid where it
is most needed and helping residents access federal and state govern-
ment aid more quickly after disaster [38,81]. The terms public
engagement and involvement encompass multiple ways to bring people
together to address public problems [39]. The public administration and
urban planning literature find that governments that engage with and
involve the public in the implementation of policy and service delivery
have greater impacts than those that do not engage the public [40,80].
This finding is robust across many fields, but it has specific manifesta-
tions in hazards and disasters contexts [41,42].

To take an example from a specific sector, housing recovery is a
linchpin to community recovery. If housing supply takes too long to
recover, residents may relocate to new cities, extending the economic
disruption by depriving a community of labor and consumers. In island
contexts, a lack of housing supply may also limit the number of off island
recovery workers who may bring necessary skills [13]. Municipalities’
ability to engage with the public may help residents make improvements
that limit damage to the housing stock, or plan for alternative housing
arrangements and provide mutual support. After Hurricane Katrina,
people not evacuated from their residences were more likely to be
employed more quickly [43].

Effective recovery depends on capacities developed and actions
taken before a disaster occurs — one reason why some scholars have
sought to extend the timeline of disaster to include actions before and
after an acute event [44,45]. Preparedness includes “actions taken in
advance of an emergency to develop operational capacity and facilitate
and effective response” [46]; 136). The amount and effectiveness of
these actions depend on sufficient capacity. One recent theoretical
framework for community resilience explains recovery as composed of
social capital and cohesion, preparedness and response, and external
resources [47]. Local government’s role in linking all three deserves
further exploration. Municipal capacity may play an important linking
role in leveraging the capacities of community members, nonprofits, and
the private sector [48]; 29-31).

Finally, our project fills a methodological gap in the literature by
developing indices based on data available before and immediately
following a disaster. Many resilience frameworks rely on expert judg-
ment or data collected long after an event [49]. The vast majority of
approaches consist of fewer than 40 indicators with their selection being
based on the following criteria: validity, sensitivity, robustness, repro-
ducibility, scope, availability, affordability, simplicity, and relevance.
We offer one method for building indicators in a context where data are
limited and perishable.

Moreover, while many disaster recovery frameworks emphasize that
pre-disaster mitigation is a substantial determinant of speed and
strength of recovery [50,51], most recovery evaluations can only cap-
ture snapshots without accounting for preceding trends nor specifying
how existing capacities may be impacting progress. Our method uses
trend data and standardization techniques to cover these gaps and
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provide a more realistic and dynamic view of recovery and its relation to
specific aspects of capacity. This is crucial for targeting investments in
vulnerable locations where systemic failures affect most aspects of
capacity.

3. Measuring capacity and recovery

Consistent with approaches taken in prior research literature (e.g.
Ref. [52], we postulate that capacity and recovery are concepts that
cannot be measured using any single metric or even any single category
of metrics. Accordingly, we attempt to measure capacity and recovery
using indices." We use standardization techniques to combine these
inherently different measures into a common scale. A drawback of this
approach is the loss of specificity and the ability to directly interpret
scores on the indices. As a result, effect sizes are less meaningful.
However, this method allows us to incorporate more elements that the
research literature suggests are relevant to the broad concepts of ca-
pacity and recovery, while not precluding the identification of broader
associations and trends.

3.1. Measuring municipal capacity

Several of the authors, in conjunction with a project conducted for
the Federal Emergency Management Agency (FEMA) by the Homeland
Security Operations and Analysis Center (HSOAC) at the non-profit,
nonpartisan RAND Corporation, developed a framework to measure
municipal capacity in relation to disasters [8,13].

The framework is consistent with three key functional areas for
governments’ ability to solve public problems as identified in classic
management literature: planning, operations, and finance [5]; 293-294;
[53,54]. We added measures of public engagement as a fourth category
to reflect the consensus among disaster recovery scholars that engage-
ment and information sharing with the public is an important part of
capacity. A National Academies [55]; 4) report concluded that “bot-
tom-up interventions—the engagement of communities in increasing
their resilience—are essential because local conditions vary greatly.”

We measure each municipality’s capacity relative to one another in
each of these four areas—planning, operations, finance, and public
engagement—as well as overall capacity. The measures are based on a
subset of 41 indicators based on publicly available data and on data from
the Puerto Rico Municipal Capacity Database [13]. Culbertson et al.‘s
Capacity Index used 49 indicators. We modified the index and dropped
eight indicators to avoid multicollinearity when regressing against re-
covery index and to ensure data source consistency.

An important source of information for the indicators in the Puerto
Rico Municipal Capacity Database was the Municipal Survey, which was
developed by the International City/County Management Association
(ICMA) in consultation with HSOAC, FEMA, and the University of Puerto
Rico as part of HSOAC’s assessment of municipal government damages,
unmet needs, and recovery courses of action following Hurricane Maria
[8]. The survey included questions about key aspects of municipal ca-
pacity, including which services were offered, staffing, and budgets.
Surveys were conducted by onsite research teams in May and June 2018
in all 78 municipalities with a 90% response rate for key sections related
to capacity. Survey responses were self-reported by mayors and other
municipal officials.

Other data sources used in the Puerto Rico Municipal Capacity Data-
base include: i) Publicly available yearly financial statements for each
municipality; ii) Municipal budget and employment-related data, ob-
tained from the Office of Management and Budget of Puerto Rico
(known by its Spanish acronym, OGP); iii) Information on federal grants
received by municipalities, obtained from the Puerto Rico Controller’s

1 For example, the number of employees working on recovery per capita in a
municipality and whether a municipality has a formal recovery plan.
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Office; and iv) Information on availability of permit offices, obtained
from the Puerto Rico Planning Board. Table 1 in the appendix lists all
indicators used in the analysis, the corresponding data source, and the
average value for each indicator. Some indicators are coded with one for
yes and zero for no. Other indicators are coded with zero for the bottom
category and one for the top category, while intermediate categories are
coded with an equidistant value. Table 1 in Appendix A presents the
possible responses from the bottom category to the top category. Other
indicators, such as the annual change in the labor force, are coded with
continuous values.

Indicators were grouped by common topics (for example, human
resources). and each indicator grouping or topic was assigned to one of
the four key functional areas (i.e., planning, public engagement, oper-
ations, and finance/administration) to measure relative capacity in
those areas in addition to overall municipal capacity. These groupings
and assignments are shown in Fig. 2 below and explained in greater
detail in Appendix A.

We generated indices through a multi-step standardization process
using z-scores to determine each municipality’s capacity in each func-
tional area relative to all other municipalities. More specifically we
standardized each indicator, and we then standardized the average of
the z-scores of indicators assigned to the same functional area. Similarly,
to calculate the overall capacity z-score, we standardized the average of
the z-scores in each of the four key areas. We are not able to assess
whether a municipality has “enough” capacity in any given area, how-
ever. We simply measured how much capacity municipalities have
relative to one another.

3.2. Measuring recovery

Recovery is generally defined specifically in the context of an area
that has experienced a disaster [56,57]. For example, in the case of
Puerto Rico, the objective of recovery is not simply to return the island
to pre-storm conditions—which featured decaying infrastructure,
prevalent informal housing, and key public buildings located in flood
plains—but to “build back better.” Recovery frameworks borrow from
concepts used in the study of resilience, but they are distinct, and neither
one should be viewed as a subset of the other (e.g. Refs. [58,59].

We developed a composite measure for recovery which builds on
Nunez-Neto et al. [8]. We chose to focus on recovery in the social and
economic dimensions. Data on other dimensions discussed in
Nunez-Neto et al. [8]; such as infrastructure and environment, were not
readily available at the municipal level for the time period prior to or
after hurricane Maria. Table 1 shows the indicators that were available
in both time periods for measuring recovery, the data source for each
indicator, and the dates of the pre- and post-hurricane data for each
indicator. The indicators in Table 1 are defined in greater detail in the
appendix.

For each indicator in Table 1, we define recovery as the deviation of
the indicator’s actual value in 2018 from its predicted value, which we
calculate using a linear prediction based on data from years 2014-2017.
It is important to note that we collect 2017 values that mostly precede
Hurricane Maria, which made landfall in September 20, 2017, to avoid a
downward skew to our hypothetical estimate for 2018 without storm
impacts. Several of the indicators we used to measure recovery are re-
ported on a quarterly basis. Accordingly, we chose to include data for the
third quarter of 2017 (July-August-September) even though this in-
cludes a number of days in September following the impact of Hurri-
canes Irma and Maria. The alternative would have been to exclude all
third quarter data, which would have resulted in excluding the last two
full months prior to the storms.

The only exception to collecting values prior to Maria is the stan-
dardized mortality rate, for which we use data from 2014 to 2016 and
omit 2017 to derive the 2018 prediction (see Table 1); this is because
this indicator is provided as a yearly estimate and its 2017 value is
skewed downwards due to significant storm effects. Thus, recovery for
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indicator j for municipality m in year 2018 is defined as:

~2018
AV 20 m

Jjm

Where ij,:ls denotes the predicted value (V) using a linear trend.
Smaller negative deviations indicate that the municipality was able to
maintain its previous trend or to return to its previous trends in the
aftermath of Hurricane Maria. In other words, it signals higher recovery.

Table 2 shows the mean values and standard error of AVJ%?IB. For
crime per capita, standardized mortality rate, and unemployment rate,
AZY'S is expressed as the simple difference as in equation (1). For all the

other variables, AVjZm018 is expressed as a percentage points of the pre-

dicted value (i.e., AVZ'® = [(V2018 — Vms) /Vf,:ls] x 100).

jm

On average, crime rate per capita was significantly lower in 2018
than the predicted value. Studies have found that crime rates can in-
crease after disasters in certain neighborhoods and may be inversely
related to recovery activity [60,61]. However, a lower than expected
crime rate can also be driven by declines in population, lower levels of
crime reporting, or less social interaction. Population, labor force, and
employment also stand out as, on average, significantly lower in com-
parison to the predicted trends. The only indicator statistically signifi-
cant above its predicted value, on average, is quarterly wages. We
hypothesize that this may be due to an increase in higher-paying jobs
linked to reconstruction and recovery efforts.

We combined all indicators AV2'® in Table 1 into a single z-score. As

in the case of measuring capacity, we standardized each AV%'® to have

mean zero and standard deviation equal to one. Then we averaged all
resulting z-scores and standardized this value again to ensure it has a
mean of zero and a standard deviation equal to one. The resulting z-
score for each municipality m measures the overall relative rate of re-
covery, which we denote by rrry,.

4. Empirical approach to understanding municipal Capacity’s
relationship to recovery

We estimate the following linear regression, using data at the
municipal level (indexed by subscript m):

Ym = @ + pCapacity,, + ADistance,, + 0X,, + €, 2

The dependent variable y,, denotes our main outcome of interest:
recovery. To measure both damages and recovery, our regressions
include a set of controls. The first is the distance of each municipality to
the path of Hurricane Maria (Distance,,). This variable measures the
shortest distance (in km) from each municipality centroid to the best
track of Hurricane Maria, as provided by NOAA.” We also tried other
definitions, such as the average distance of municipalities from the
center of the hurricane as it crossed Puerto Rico, and had similar results.
The second set of controls, included in vector X, control for character-
istics of municipalities, such as poverty levels (based on 2016 ACS data),
population density (as a proxy for urban versus rural areas), and
whether it is a coastal or mountain municipality.

Arguments can be made both in favor of and against controlling for
these factors. On one hand, these factors can be important determinants
of municipal capacity, and controlling for them may absorb much of the
variation we hope to study, biasing our analysis against finding signif-
icant results. On the other hand, controlling for them allows us to
disentangle the effect of geography, poverty, and differences from being
an urban or rural community (for example, geographic factors) from the
effects of capacity. The relevant thought experiment is whether two
municipalities that have similar levels of poverty, population density,

2 Information on the path of Hurricane Maria can be found here: hitt
ps://www.nhc.noaa.gov/data/tcr/AL152017_Maria.pdf.
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Table 1
Indicators by recovery category.
Indicator Justification for use Source Pre-Hurricane Post-
Date (trend) Hurricane
Date
Social Population change (%) Outmigration, whether from Puerto Rico or simply to another ~ U-S. Census 2014-2017 2018 (June)
municipality, is a sign that conditions in the municipality are (June)
causing citizens to leave; conversely, stable or increasing
population is a sign that the municipality is recovering or doing
well. This indicator is likely associated with quality of
government services, job market/economy, housing stock,
educational opportunities, and infrastructure.

Number of Crimes Crime rates, especially of the type captured in this indicator, Puerto Rico Police 2014-2017 2018

Committed per 1000 are a valuable metric of social cohesion. They are related to Department. U.S. Census (Jan-Sept total) (Jan-Sept

inhabitants quality of law enforcement and effective governance, economic  population. total)
disparity, and other key community capacities.

Standardized mortality SMR can be a valid proxy for underlying health of a municipal ~ Mortality microdata files of =~ 2014-2016 2018 (yearly)

rate (SMR) population, quality of healthcare infrastructure, and social the Puerto Rico Department  (yearly)
support/isolation relative to the rest of Puerto Rico. of Health

Economic  Unemployment This standard measure is regularly available and is a widely Puerto Rico Department of 2014-2017 2018
used metric of economic health. Labor and Human (Jan-Sept (Jan-Sept
Resources Average) Average)

Business Units This indicator provides information on how diversified and Puerto Rico Department of 2014-2017 2018
active municipal economies are. Beyond employment, which Labor and Human (Jan-Sept (Jan-Sept
may be concentrated in certain industries, we also want to Resources Average) Average)
know whether economic recovery is robust enough to sustain
or increase businesses.

Labor force More than high unemployment rates, Puerto Rico has a Puerto Rico Department of 2014-2017 2018
problem with low labor force participation rates. Individuals Labor and Human (Jan-Sept (Jan-Sept
enter or drop the labor force based on economic opportunities. ~ Resources Average) Average)
Thus, this indicator can be used as a proxy for improvements in
local labor markets. In addition, migration will affect local
estimates of the labor force. Thus, this indicator can also be
used to track outmigration which can potentially be linked to
poor economic prospects.

Quarterly Wages Often in disasters, businesses manage to stay active by Puerto Rico Department of 2014-2017 2018
temporarily lowering wages or laying off workers. This, Labor and Human (Jan-Sept (Jan-Sept
however, may depress demand and economic activity at large. = Resources Average) Average)
Quarterly wages provide a more well-rounded picture of
household finances and overall economic health.

Employment Captures the percentage of workers employed as a share of total ~ Puerto Rico Department of 2014-2017 2018
working-age population. It complements our measures of labor ~ Labor and Human (Jan-Sept (Jan-Sept
force participation and unemployment by capturing current Resources Average) Average)

labor market conditions, and corresponding more closely with
economic downturn.

and geography but differ in their level of capacity, experienced different
levels of recovery. We will present results both controlling and not
controlling for these covariates in our analysis. Also, all standard errors
are robust to heteroskedasticity.

5. Results
5.1. Municipal Capacity’s relationship to recovery

Table 4 provides the results of regressing our relative measure of
recovery against municipal capacity and the other covariates. Interest-
ingly, the distance to the path of the hurricane is not a significant pre-
dictor of social and economic recovery, suggesting that municipalities
that were hit harder do not necessarily show signs of slower recovery or
underperformance compared to their previous trend. Other covariates,
such as population density and poverty also do not predict the relative
rate of recovery.

In terms of capacity, we find in columns (1) and (2) that capacity is
positively correlated with recovery, although the effects are not statis-
tically significant at conventional levels. However, columns (3) to (8)
indicate that public engagement has a strong positive correlation with
recovery. On average, a one standard deviation increase in the z-score
for public engagement is associated with a 0.22 to 0.275 standard de-
viation increase in the overall recovery z-score, which is arguably a
small effect size [62]. However, small effects sizes may be expected in
studying the complex relationship between municipal capacity and

recovery from major disasters. Further, we break down public engage-
ment into the two sub-categories found in column (9): community
involvement and public data access. We find that community involve-
ment has a strong, positive correlation to recovery; similarly, a one
standard deviation increase in this indicator is associated with a 0.271
standard deviation increase in the recovery z-score. No other functional
area shows a statistically significant relationship with recovery.

Next, we investigate how capacity relates to each socio-economic
indicator in Table 2, in order to assess whether the effect of capacity
is centered on specific dimensions. We ran separate regressions, with the
full set of controls, using the overall capacity score, and the scores in the
four key areas (jointly). The coefficient on capacity in the first set of
regressions are shown in the first panel of Table 4. The coefficients on
the four key areas in the second set of regressions are shown in the
second panel.

The findings indicate that higher public engagement capacity mat-
ters more for increasing the labor force and total employment than other
factors. This relationship is relatively unexplored in the literature,
however our finding provides a motivation for further research. Hurri-
cane recovery activity is associated with improved economic conditions
in some areas [63]. Public engagement may help target aid where it is
most needed and help residents access government aid more quickly
[38]. Engagement may also help communities plan and provide mutual
support for temporary disruption and remain in their residence. For
example, people not evacuated from their residences were more likely to
be employed more quickly after Hurricane Katrina [43].
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CAPACITY INDEX

1. # professional staff in
Community Development

2. Individual citizens involved in
planning services?

3. Individual citizens involved in
designing services?

4. Individual citizens involved in
delivering services?

2. # professional staff in
Climate adaptation

3. # professional staff in
Planning

4. # professional staff in
Economic Development

5. Comprehensive Land Use
Planning provided?

5. Individual citizens involved in
assessing services?

6. Associations involved in local
govt?

7. Online citizen engagement and
resident comment?

Public Data Access

1. Online access to public/financial
docs

2. Online viewing of legislative
meetings

3. Online project plan review
submission

4. How community kept informed
about recovery process

5. Did auditors have adverse
opinion regarding capital assets
recording in FY2016?

1. Land use review and
permitting provided?

2. Municipal permit office?

Human Resources

1. Able to fill vacancies with
qualified individuals

2. % of employees in regular or
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Planning Public Engagement Operations Finance/Administration
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Emergency Mgmt Community Involvement Permitting Federal funds capacity

1. Federal funds per capita (Syr
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Contracting
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projects
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prior to authorizing tax rate?
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6. Avg budgeted vs realized
incomein GF (2013-18)

Fig. 2. Components of the Puerto Rico municipal capacity index.

Table 2
Average deviation from 2018 expected values.

Mean Std. 95% Confidence Interval
Err.

Lower Upper

limit limit
Mortality Rate 0.56 2.85 —-5.11 6.23
Crime Rate -0.57 0.26 -1.09 —0.06
Unemployment rate 0.11 0.17 -0.23 0.45
Population (difference in %) -2.35 0.03 —2.41 —2.30
Business Units (difference in %) —0.82 0.55 -1.91 0.27
Quarterly Wages (difference in 4.32 0.68 2.95 5.68

%)

Labor Force (difference in %) -1.06 0.33 -1.72 —0.39
Employment (difference in %) -1.28 0.35 -1.98 —0.58

It is worth noting that higher capacity scores in finance and admin-
istration are associated with lower recovery in labor force, employment,
mortality, and change in population. However, these effects are smaller
and are not statistically significant (even at the 10% level) when the
finance and administration score is included by itself in the regression
without the other key areas. In contrast, the positive and significant
effects of the public engagement score are robust to whether this vari-
able is included with or without the scores in the other key areas. Thus, it
is possible that multicollinearity may be driving the statistically

significant negative coefficients on finance and administration in
Table 4. The same could be said about the positive relationship between
overall capacity and reductions in population, which appear to be driven
by the finance and administration score. In general, overall capacity
only appears associated with reductions in crime, but this relationship is
significant at the 10% level.

6. Limitations and lessons for analyses of recovery from
catastrophic disasters

There are inherent limitations to how we calculate municipal ca-
pacity and how we measure recovery. These limitations generally take
three forms: data quality and availability, whether the data were
appropriate measures, and whether composite indices reflect the un-
derlying phenomenon.

We found that very limited data existed covering all 78 municipal-
ities, and even when it existed, it was often not available for all of the
time periods we sought. Data available directly from municipalities was
also limited, both by the lack of depth in the survey instrument used in
Nunez-Neto et al. [8] which aimed more at breadth, and by municipal
officials’ self-reports. However, these limitations may negate one
another: because officials were generally only asked for basic informa-
tion about whether services or personnel existed, and not about their
quality or effectiveness, the survey data lacked detail that would have
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Table 3
Relative recovery regressed against municipal capacity and other covariates.
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Outcome: Index of deviations from trend in 2018 values (z-score)

@D (2 3) 4 ©)] @) ® [C)]
Overall capacity score 0.134 0.037 - - - - - -
(0.106) (0.117)
Planning score - - —0.004 - - - 0.003 0.011
(0.123) (0.116) (0.114)
Public Engagement Score - - - 0.222%* - - 0.275%* -
(0.095) (0.108)
Community Involvement - - - - - - - 0.271%*
(0.118)
Public Data Access - - - - - - - 0.050
(0.121)
Operations score - - - - —0.091 - —0.094 —0.073
(0.128) (0.133) (0.134)
Finance & Admin score - - - - - —0.069 —0.137 —0.135
(0.112) (0.115) (0.112)
Min distance (km) —0.002 0.004 0.005 0.004 0.004 0.004 0.003 0.002
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Interior Municipality - —0.116 —0.111 —0.099 —0.106 —0.108 —0.082 -0.117
(0.238) (0.240) (0.236) (0.237) (0.231) (0.237) (0.234)
Poverty level - 0.037 0.036 0.035 0.037 0.035 0.032 0.033
(0.032) (0.031) (0.030) (0.031) (0.032) (0.030) (0.030)
Ln(Population per sq miles) - 0.625 0.647 0.579* 0.709 0.634 0.609 0.598
(0.384) (0.403) (0.343) (0.430) (0.387) (0.428) (0.414)
Constant 0.052 —6.081 —6.205 —5.707 —6.645 —6.025 —5.720 —5.671
(0.202) (4.176) (4.294) (3.827) (4.481) (4.269) (4.420) (4.292)
Observations 78 78 78 78 78 78 78 78
R-squared 0.020 0.144 0.143 0.190 0.149 0.148 0.217 0.221
Robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Table 4
Capacity regressed against individual socio-economic indicators.
VARIABLES Mortality Crime Population Business Units Quarterly Labor Force Employment Unemploy-ment
Rate Rate Wages rate
(difference in (difference in (difference in (difference in (difference in
%) %) %) %) %)
PANEL 1
Overall capacity score —1.407 —0.467* —0.054** —0.087 -0.114 0.262 0.200 0.054
(2.991) (0.276) (0.026) (0.676) (0.754) (0.311) (0.302) (0.162)
PANEL 2
Planning score 0.170 —-0.274 —-0.011 —0.029 0.234 —0.354 —-0.187 —-0.131
(2.968) (0.271) (0.041) (0.733) (0.782) (0.267) (0.274) (0.168)
Public Engagement 2.721 0.055 0.035 1.050 —0.390 1.251%%** 1.113%** 0.034
Score (3.879) (0.307) (0.029) (0.651) (0.550) (0.331) (0.303) (0.176)
Operations score 1.241 —-0.391 —0.040 —0.603 —-0.079 0.065 —-0.107 0.186
(3.260) (0.323) (0.039) (0.710) (0.864) (0.326) (0.308) (0.187)
Finance & Admin score —5.157* -0.127 —0.061* —0.596 0.069 —0.545* —0.516* 0.014
(3.066) (0.302) (0.035) (0.563) (0.620) (0.284) (0.301) (0.173)

Robust standard errors in parentheses.
**¥*p < 0.01, **p < 0.05, *p < 0.1.

been useful for analysis, but responses were less likely to be biased or
self-serving.

Data quality may also have varied across municipalities for any
number of reasons. We attempted to obtain the highest quality data
possible by using data collected directly for Nunez-Neto et al. [8] or by
using Commonwealth-level sources which were subject to stricter vali-
dation.® However, due to the severe impacts of the hurricanes on Puerto
Rico, the quality of post-hurricane data could have been adversely
affected by the storms. We do not have evidence that this was the case,

3 As noted above, several of the authors of this article are also authors of
Nunez-Neto [8] and participated in the design of the municipal survey used in
that study and data collection using the survey instrument.

but it is reasonable to assume that some measures we relied on, such as
crime, may have been underreported after the hurricanes, and that the
quality of reporting could have varied across municipalities.

Even where data were available, we may not have selected the best
indicators for measuring capacity or recovery. We attempted to account
for variation in exposure to the storm as this could have had a significant
impact on damages incurred, but our controls were inherently limited.
We used the same capacity and recovery indicators for all municipal-
ities, but there may be reasons to treat municipalities with different
characteristics differently. For example, some of the elements of ca-
pacity we measured may be more or less important based on a munici-
pality’s topography, population density, or other factors. The measures
we selected may not have been accurate representations of municipal
capacity or may have measured capacities which are not likely to be
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associated with the traits needed to reduce damage from hurricanes and
recover more rapidly. Similarly, the recovery indicators we selected may
not be appropriate measures of recovery and could instead reflect some
other aspect of municipal well-being. Some of those indicators could be
influenced, positively or negatively, by recovery activities. For example,
as we note above, economic activity may have increased following the
storms simply as a result of the large number of reconstruction projects
needed and may not reflect underlying municipal fiscal health or sus-
tained employment activity. Some indicators may be influenced more by
external factors which impact every municipality, such as national
economic trends, than by an individual municipal government’s actions.

In controlling for exposure, we used distance as a proxy, but other
factors contribute to exposure, including wind speed, building quality,
and other aspects of geography. Sufficient data were not available to
control for these factors. In addition, indicators could be correlated with
or otherwise impact one another; for example, increases in crime may
have negative impacts on economic activity.

This analysis employs small number of indicators, particularly for
recovery, both by choice and often by necessity. As a result, the selection
of any single indicator may have outsize influence on our results in a
way that indices which rely on a very large number of indicators do not.
A related benefit, however, is that unlike many other indices, these
measures are easily understandable in practical, real-world terms that
resonate with citizens. These indicators may be applicable in future lo-
cations and emergencies where data limitations exist. Ideally, however,
the recovery measures would have included other facets of municipal
well-being suggested by the research literature, such as infrastructure.

Lastly, recovery is a long-term process, generally understood to span
multiple years. We were restricted to assessing near-term recovery from
Maria; as additional longitudinal data become available, a longer-term
assessment of municipal recovery will be possible.

7. Discussion and conclusion

Our project contributes to the understanding of the role of municipal
capacity, and community engagement in particular, in advancing
disaster recovery. The role of municipal capacity has perhaps been
overshadowed by attention to national government, states or provinces,
non-profits and NGOs, or even social capital in hastening recovery.
Municipalities play an important role linking these groups. We also offer
observations about how to analyze recovery given data availability
limitations, time pressure, and perishable data.

We developed measures for pre-storm municipal capacity and post-
disaster recovery using a relatively small number of bellwether in-
dicators. Although we relied in part on a large-scale, unprecedented
post-storm data collection effort to measure capacity, we measured re-
covery using the relatively small number of measures available in post-
Maria Puerto Rico that were frequently updated and likely to be avail-
able island-wide. The lack of quantitative data limits post-disaster
research in the Caribbean, and the region would benefit from efforts
to build longitudinal indicators relevant to disaster resilience and re-
covery [64].

Although Maria had devastating impacts on virtually every com-
munity in Puerto Rico, we controlled for exposure to the storm by using
municipalities’ distance to the hurricane centroid, which we found was
highly correlated to FEMA Verified Losses over $5000. We also
accounted for inherent geographic and other differences across munic-
ipalities and accounted for difference in pre-storm performance on key
recovery indicators to attempt to isolate the effects of pre-storm
municipal capacity. We measured different aspects of municipal ca-
pacity to better understand what factors may be most important. This
general research approach and the data underlying it is likely repeatable
in other communities using readily available data. Puerto Rico may have
relatively less data available than some states or municipalities with
which it is compared in the United States, however other locations
around the world may have similar or greater data availability
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challenges.

We found that only public engagement, composed of measures of
community involvement and public access to data, appears significantly
linked to recovery. When reported separately in Table 3, community
involvement achieves statistical significance, but public access does not.
Municipal governments that successfully engage their constituents may
be able to initiate recovery projects earlier than those that do not. The
literature on disaster recovery suggests that effective community
engagement is a key component of successful recoveries and that a lack
of effective community engagement can lead to problems in recovery
[41,65-68]. Engagement occurs through community involvement in
designing, managing, and delivering public services. It is also associated
with staff and programs within municipalities to engage in community
development by holding meetings, developing contact lists or websites,
and initiating new programs. Engagement may stimulate or be associ-
ated with social capital, including the trust, norms, and networks to
outside resources that have been shown to be associated with recovery
and resilience [7,22]; Roque, Pijawka, and Wutich 2020; [70].

In Puerto Rico, community engagement combined with other ele-
ments of municipal capacity may have allowed engaged municipalities
to start recovery projects sooner. Quarterly wages are higher after the
hurricane relative to pre-storm trends, which suggests a reconstruction
spending and employment bump. Municipal capacity may provide the
foundation for faster spending on recovery projects, new jobs, and
increased employment, though future studies will have to investigate
the causal linkage.

There are many possible links between capacity and faster recovery.
Municipalities with greater capacity for community engagement prior to
disasters may simply be more likely to have greater capacity after di-
sasters [71]. It is also possible that municipalities with greater com-
munity engagement capacity prior to disasters may have developed
stronger relationships with their communities as a result prior to
disaster, so that when disaster strikes, they are able to leverage these
relationships. Indeed, Nunez-Neto et al.‘s [8]; 86) report mentions that,
“services provided by nongovernmental organizations [including
nonprofit organizations, organized volunteers, and others] played a key
role immediately after the hurricane.” It is possible that improved re-
covery outcomes are due to a number of intertwined factors: underlying
municipal capacity, the effects of pre-disaster outcomes from capacity
on recovery, and the social capital that results from both. Our findings
provide evidence that municipal programs to enhance community
engagement may be an important part of social capital.

We did not find that management capacity at the municipal level
more broadly is associated with faster recovery, however. Our null
finding contributes to debates in the literature by showing that the ef-
fects may be too small to measure, or that additional measures should be
analyzed. Public management and natural hazards scholars emphasize
the importance of managerial capacity in local governments [72,73],
but evidence for its effects on outcomes is limited. Exceptions include
Andrews and Boyne’s [74] study of general public management and de
Loe et al.’s [75] findings concerning groundwater protection. Public
engagement may be a particularly important form of management ca-
pacity for disaster preparedness.

7.1. Implications for policy

Our findings point to an opportunity to fund public engagement to
improve resilience and recovery. Communities might invest in pre-
disaster capacity for community engagement in order to reap benefits
during recovery in the future. Scholars and policy advocates have called
on government policies to be more pro-active to reduce disaster losses in
advance rather than reactive, spending to help survivors after an event
[76].

Funding for resilience is often associated with specific systems and
infrastructure and is rarely provided to shore up basic municipal gov-
ernment capacity or promote community engagement. Disaster recovery
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funds, by definition are typically available only after a disaster has
occurred.

In an alternative approach consistent with our findings, technical
assistance funds could be made available for community engagement
programs. This assistance could include models from other communities
for providing public access to data, promoting community involvement,
and providing education about buyouts, restoration, and government
and nonprofit aid. Local authorities are in the best position to engage
residents and determine pre-and post-disaster needs. Some other forms
of capacity such as technical assistance or logistics can be provided after
disaster by state, territorial, or federal authorities, but local govern-
ment’s particular expertise is in engaging residents. Other forms of
municipal capacity may matter for recovery and deserve research in
future studies. For example, building code enforcement may be associ-
ated with faster recovery times, but many code studies have focused on
earthquakes rather than hurricanes (e.g., Ref. [77].

7.2. Implications for future research

Future research could measure municipal capacity differently in two
ways. First, having access to, or collecting, better data would be useful to
measure capacity more accurately and to differentiate among specific
aspects of municipal capacity to identify and prioritize the most
important. Second, data could be collected on capacities that are
believed to be more closely related to emergency management, hazard
mitigation, preparedness, response, and recovery to contrast the impact
of these capacities with the impact of more general, non-disaster spe-
cific, municipal capacity and to assess the correlation between disaster-
specific and non-disaster-specific municipal capacity.

Scholars of post-disaster recovery could collect data to measure re-
covery more comprehensively to determine if richer measures provide
different insights than our more parsimonious approach (e.g., Ref. [78].
Indicators tied to FEMA’s recovery support functions and local
pre-disaster recovery plans may prove to be particularly rich where the
data are available [79]. In Puerto Rico’s relatively sparse data envi-
ronment, we relied on a set of bellwether indicators which were avail-
able for each of Puerto Rico’s 78 municipalities, which necessarily led to
the exclusion of some key elements of recovery which would have
ideally been included and are suggested by the research literature, such
as measures related to infrastructure recovery.? However, as noted
above, we also argue that this is a potential strength of our approach. A
similar assessment could be performed after any disaster; rather than
relying on a pre-identified set of indicators, our findings suggest that it
may be possible to identify meaningful differences in recovery relative
to pre-disaster trends and relative to peer communities simply by using
available data.

Our work shows that assessing recovery does not require a new data
collection effort to identify recovery-specific indicators. Existing data,
such as data from 311 systems and other municipal performance data,
may be equally effective. In our study, using a small number of readily
available indicators that may already be meaningful to both government
officials and the public increases transparency and makes replication
relatively straightforward.
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